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In   the  translitoration  of  Russian    winls   strictly    plioni-lir   notation    is   usert  ;    Russian  y  is  denoted  by  oo,  Russian  x  by    kli. 
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Building,  and  this  interest  was  sustained  throughout.  Enthusiastic  conferences  were  held  by  represen- 
tatives from  the  fourteen  Local  Sections  and  plans  were  laid  for  greater  development  of  the  Society. 
Abstracts  of  a  portion  of  the  papers  and  an  account  of  the  meeting  appear  in  this  issue. 


SCIENCE   IN   ITS   RELATION   TO 
ENGINEERING 

Presidential  Address 

BY  DR.  JOHN  A.  BRASHEAR,  PITTSBURGH,  PA. 

The  early  historj'  of  engineering  in  at  least  three  of  its 
phases, — namely,  civil,  mining  and  mechanical, — has  much 
of  interest  to  the  teelmical  student  of  to-day,  and  we  of  the 
twentieth  centurj'  would  be  false  to  our  convictions  did  we  not 
give  our  mead  of  praise  to  the  pioneers  who  have  left  in  evi- 
dence some  of  the  monuments  of  their  labors  which  stand  al- 
most unimpaired  after  the  ravages  of  many  centuries. 

Some  of  the  members  of  our  Society  had  the  pleasure  of 
visiting  the  Panama-Pacific  Exposition  and  participating  iu 
the  celebration  of  the  completion  of  the  Panama  Canal.  It 
was  a  great  event,  but  we  should  not  forget  that  many  cen- 
turies ago  the  possibility  of  building  a  canal  to  connect  the 
Mediterranean  and  the  Ked  Sea  was  seriously  discussed  by 
the  engineers  of  that  day.  The  project  was  considered  im- 
practical because  it  was  suggested  that  there  was  a  difference 
of  level  of  over  thirty-two  feet  between  the  two  bodies  of 
water,  although  the  great  mathematician  La  Place  insisted  that 
this  could  not  be  possible,  since  by  the  law  of  gravity  there 
could  be  no  difference  in  the  mean  level  of  large  bodies  of 
water  on  the  earth. 

Greek  historians  teU  us  that  it  was  the  fear  of  flooding 
Egypt  with  the  waters  of  the  Red  Sea  which  prevented  Darius 
from  undertaking  the  canal  project,  yet  this  canal  was  suc- 
cessfully constructed  centuries  after  the  time  of  Darius. 

The  pyramid  buildere  were  certainly  engineers  of  no  mean 
type.  The  handling  of  those  massive  stones,  many  of  them 
weighing  as  much  as  thirty  tons,  their  transportation  and  the 
placing  of  them  in  position,  were  problems  that  would  con- 
cern the  engineers  of  to-day.  As  a  matter  of  minor  interest, 
it  seems  almost  certain  that  hollow  diamond  drills  were  used 
at  this  early  period. 
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I  had  the  pleasure  of  a  personal  acquaintance  with  the  as- 
tronomer Piazzi  Smyth,  who  made  a  critical  study  of  one  of 
the  great  pyramids  of  Egypt;  and  while  I  cannot  agree  with 
his  dictum  that  the  base  of  the  pyramid  is  the  divine  standard 
of  measurement,  I  could  not  help  being  deeply  impressed  with 
his  views  of  the  engineering  problems  that  were  mastered  in 
the  erection  of  these  wonderful  structures. 

I  cannot  refrain  from  mentioning  a  piece  of  engineering 
work  of  later  date,  namely  the  building  of  that  splendid  high- 
way, the  Via  Appia.  While  tlie  time  element  in  its  construc- 
tion would  be  inexcusable  in  modem  road  building,  and  al- 
though it  was  probably  never  subjected  to  a  tithe  of  the  use 
and  abuse  of  modern  highways,  the  fact  that  it  was  in  perfect 
repair  nearly  six  hundred  years  after  it  was  finished  speaks 
volumes  for  the  character  of  the  engineering  work  done  upon 
it.  Three  bridges  and  a  small  portion  of  the  roadway  still  re- 
main after  the  lapse  of  twenty-two  centuries. 

Roman  engineers  built  more  than  forty  thousand  miles  of 
such  roadways  through  and  out  from  the  Roman  provinces, 
and  it  is  recorded  that  the  water  supply  of  the  empire  at  the 
beginning  of  the  Christian  era  would  suffice  for  a  population 
of  seven  million  peojjle.  The  aqueducts  of  Rome  are  consid- 
ered among  her  grandest  engineering  works. 

It  would  be  impossible  and,  indeed,  out  of  place  to  enumer- 
ate the  achievements  of  the  past  in  the  many  lines  of  civU, 
mining  and  mechanical  engineering.  My  purpose  in  men- 
tioning some  of  the  work  of  our  ancient  brethren  is  to  note 
the  facts  that  what  they  constructed  was  largely  upon  an  em- 
pirical basis;  and  that,  nevertheless,  their  factors  of  safety 
were  amply  large.  In  many  of  the  blunders  of  later  date 
which,  for  want  of  a  better  name,  may  be  styled  scientific  em- 
l)iricism,  "  safety  first "  has  unfortunately  not  always  been 
the  slogan. 

In  an  admirable  address  given  before  the  British  Associa- 
tion of  Science  some  forty  years  ago.  Sir  John  Hawkshaw 
tells  us  that  when  knowledge  in  its  higher  branches  was  con- 
fined to  the  few,  those  who  possessed  it  were  called  upon  to 
perform  various  services  for  the  community  to  which  they  be- 
longed, and  that  mathematicians,  astronomers,  painters,  sculp- 
tors and  priests  performed  duties  which  now  pertain  to  the 
professions  of  the  architect  and  engineer. 
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Thus  while  it  is  true  that  the  methods  which  were  followed 
up  to,  let  us  say  for  safety  three  centuries  ago,  were  largely 
empirical,  perhaps  we  can  see  in  the  work  of  the  painters  and 
sculptors  the  why  of  the  beautiful  types  of  architecture  from 
which  the  architects  of  to-day  are  unwilling  to  depart. 

I  dare  not  undertake  to  mention  in  extenso  the  various  steps 
in  the  evolution  of  scientific  research  and  its  correlation  with 
engineering  problems.  I  bow  my  head  in  reverence  to  the 
great  geometer's  and  mathematicians  of  the  past,  men  whose 
names  are  household  words  to  the  engineer  of  to-day,  Pythag- 
oras, Euclid,  Pascal,  Gregory,  Ptolemy,  Huygens,  Descartes, 
Newton,  Hamilton,  La  Place,  Napier.  Great  have  been  their 
contributions  to  human  laiowledge,  giving  us  the  key  that  has 
enabled  other  master  minds  to  solve  some  of  the  mysteries  of 
God's  illimitable  universe. 

But  the  science  of  mathematics  has  many  handmaidens  for 
probing  into  the  hitherto  unsolved  problems  of  this  old  round 
world.  Astronomy,  physics,  chemistry,  and  kindred  sciences, 
have  and  ever  will  have  their  place  in  the  world's  great  work- 
shop, and  ever  will  hold  a  place  of  honor  in  the  great  field  of 
engineering. 

There  is  not  a  single  problem  in  modern  engineering  that  can 
not  be  more  readily  solved  by  a  knowledge  of  facts  developed 
by  scientific  study  and  research,  and  no  man  knows  this  bet- 
ter than  the  successful  engineer  of  to-day. 

Dr.  Maclaurin  tells  us  a  story  of  Matthew  Arnold,  the  apos- 
tle of  Sweetness  and  Light,  in  which  he  is  made  to  say,  that 
when  a  candle  burns  the  oxygen  and  nitrogen  of  the  air  com- 
bine with  the  carbon  in  the  candle  to  form  carbonic  acid  gas, 
but  who  cares?  The  story  is  told  because  it  suggests  an  atti- 
tude to  science  that  is  far  from  rare,  even  amongst  people  of 
intelligence  to-day.  He  recalls  the  poetic  query  of  Keats  when 
he  writes  of  the  rainbow :  "  Do  not  all  charms  fly  at  the  mere 
touch  of  philosophy?  There  was  an  awful  rainbow  once  in 
heaven,  we  know  her  woof  and  texture.  She  is  given  in  the 
dull  catalogue  of  common  things." 

"  The  complaint  seems  to  be  that  science  with  its  analysis 
robs  us  of  the  pleasing  sense  of  awe  and  mystery,  but  if  you 
dig  deep,  you  will  find  enough  mystery  left  to  satisfy  the 
keenest  yearner  after  half  lights  and  the  obscure.  At  best, 
science  replaces  one  mystery  only  by  another  of  grander 
order." 

Now,  leaning  for  a  moment  from  the  purely  utilitarian  side 
of  science,  to  the  esthetic,  there  comes  a  joy  to  the  lover  of 
the  beautiful  that  cannot  be  expressed  in  words,  for  he  sees  in 
the  color  of  an  American  Beauty  rose  the  same  light  waves 
that  tint  yonder  red  star,  whose  light  waves,  coming  to  him 
at  the  rate  of  180,000  miles  per  second,  left  it  a  thousand  years 
ago;  he  listens  to  the  varying  beU  tone  of  the  swiftly  moving 
locomotive  and  translates  it  into  the  motion  of  stellar  worlds, 
whose  distances  have  never  before  been  measured  by  the  most 
refined  modern  instruments. 

Does  the  photographic  picture  of  your  favorite  landscape 
lose  any  of  its  beauty  when  you  are  told  that  during  an  ex- 
jjosure  in  your  camera  of  only  one-tenth  of  a  second,  from 
forty  to  eighty  millions  of  millions  of  light  waves  have  ham- 
mered upon  your  negatives  tending-  to  shatter  them  to  pieces 
or  change  their  molecular  arrangement  ? 

Maclaurin  gives  a  charming  illustration  to  help  us  better 
understand  what  it  means  when  a  ray  of  violet  light  impinges 
on  our  photographic  plate  for  one-tenth  of  a  second.  "  Imag- 
ine you  are  watching  a  log  floating  near  the  seashore,  and 
that  it  strikes  against  a  pier  as  it  rises  and  falls  with  the 
waves,  say,  once  in  six  seconds.  In  order  to  correspond  to 
the  number  of  light  waves  in  one-tenth  of  a  second,  the  log 


would  have  to  beat  against  the  pier  for  more  than  two  mil- 
lion years." 

But  enough  for  the  present  of  the  esthetic  side  of  science, 
though  it  has  beauties  in  its  every  i)hase,  whether  it  be  in  the 
flower  or  in  the  rainbow — whether  it  be  in  the  structure  of 
glass  from  which  the  prism  is  made,  or  the  story  it  tells  of 
yonder  far-off  stellar  universe.  But  can  we  connect  this  sci- 
ence beautiful  with  our  engineering  jiroblems?     Why  not? 

It  is  a  long  way  from  the  sun  dial  of  Ahaz  to  the  Riefler 
clock;  a  long  way  from  the  Pyramid  of  Cheops  to  the  stately 
steel  structure  of  our  great  cities;  a  long  way  from  the  cubit 
span  and  hand-breadth  to  the  standard  metre  whose  value  is 
detennined  in  light  waves;  a  long  way  from  the  ox-cart  with 
its  wheels  cut  from  the  end  of  a  log  to  the  steam  and  electric 
locomotive;  a  long  way  from  the  log  bridge  across  the  narrow 
streams  to  the  magnificent  steel  and  concrete  spans  that  now 
cross  our  widest  rivers;  a  long  way  from  the  tiny  Egyptian 
cedar  boat,  built  without  iron,  steel  or  copper,  to  the  majestic 
steel  steamships  that  daily  cross  the  ocean;  a  long  way  from 
the  smoke  baUoon  of  Montgolfier  to  the  dirigible,  or  the  bi- 
plane that  soars  like  a  bird  through  our  skies;  yes,  and  all 
along  the  pathway  of  the  evolution  of  these  and  other  inven- 
tions of  man  are  unwritten  histories  which,  if  told,  would  be 
filled  with  romance  and  ofttimes  with  tragedies, — aye,  with 
the  sacrifice  of  the  lives  of  many  of  the  world's  noblest  pio- 
neers who  have  contributed  to  the  treasures  of  our  vast  store- 
house of  knowledge. 

We  can  look  over  time's  vistas  and  learn  that  to  Aristotle 
we  owe  the  beginning  of  exact  science  and  research,  fostered 
by  his  love  of  experimentation.  Indeed,  Hale  records  that, 
although  his  theory  of  the  fixity  of  the  earth  was  based  upon 
false  premises,  he  left  his  impress  so  deeply  upon  the  islands 
and  borderlands  of  the  Mediterranean  that,  after  he  had 
passed  from  his  labors,  there  was  a  gradual  separation  of  the 
investigations  in  natural  science  from  the  speculations  of  the 
philosophers,  and  that  true  scientific  research,  in  the  modern 
sense,  developed  with  remarkable  rapidity. 

I  have  always  had  the  conviction  that  we  give  too  little 
thought  to  the  pioneers  in  any  line  of  research,  and  I  have 
often  bowed  my  head  in  reverence  to  those  who,  with  the  most 
limited  means  and  equipment,  by  patient,  persistent  plodding, 
wrested  the  secrets  of  nature  from  their  entanglement. 

There  has  often  arisen  in  my  own  mind,  and  no  doubt  in 
yours,  the  question :  Where  shall  we  draw  the  line  between 
]nire  and  applied  science?  For  myself,  I  have  been  unable 
to  find  aught  but  a  hazy  line  of  demarkation,  and  in  my  long 
life  I  have  known  but  few  men  who,  in  their  mathematical  re- 
searches and  calculations,  could  see  nothing  in  the  way  of  an 
entity  before  them;  indeed,  but  one  great  mathematician  has 
told  me  it  was  his  regret  that  he  could  see  no  picture  of  a  beau- 
tiful comet  while  he  was  calculating  its  orbit,  nor  could  he 
form  a  visual  image  of  the  jjlanetary  world  whose  perturba- 
tions he  was  computing  by  his  wonderful  mathematical  form- 
ulae. 

Nor  can  I  see  how  pure  science  and  its  allies  can  be  rele- 
gated to  opposite  poles.  For  a  time  apjjarently  they  may 
jioint  in  opposite  directions,  but  at  each  end  there  lies  some 
great  truth.  One  may  be  a  hitherto  undiscovered  law  of  na- 
ture and  the  other,  let  us  say,  something  of  an  utilitarian  char- 
acter, that,  material  as  we  may  call  it,  will  cause  these  oppo- 
site poles  to  cune  toward  each  other  and  add  to  the  sum  of 
human  knowledge,  human  betterment  and  happiness. 

Let  me  illustrate.  When  the  velocity  of  the  propagation  of 
light  waves  was  detennined  by  scientific  reasoning  and  experi- 
mentation   of   the   most   refined   nature,   and   successively    by 
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Roemer,  Bradley,  Fizeau,  Foucault,  and  our  own  Newcomb 
and  Michelson,  the  process  of  solving  the  problem  remained 
for  a  long  time  in  the  domain  of  the  exact  sciences  as  a  mas- 
terpiece of  the  human  mind. 

But  who  of  us  dreamed  to  what  an  utilitarian  purpose  these 
light  waves  would  be  made  subservient?  The  genius  of  a 
Michelson  carried  them  into  the  workshop,  thence  to  the  In- 
ternational Bureau  of  Weights  and  Measures  at  Sevres,  and 
gave  us  a  value  for  the  International  metre  in  terms  of  light 
waves  that  will  remain  absolutely  unalterable  as  long  as  this 
old  world  moves  in  the  lumeniferous  ether  of  the  universe. 
And  so  we  now  know  that  our  standard  metre,  measured  in 
terms  of  the  red  radiations  or  w-ave  length  of  cadmium,  equals 
1,553,163.5;  for  the  green  radiation,  equals  1,960,249.7;  and 
for  the  blue  radiation,  2,083,372.1,  in  air  at  15  deg.  cent,  and 
normal  atmospheric  pressure. 

Michelson  tells  us  that  the  absolute  accuracy  of  these  meas- 
ures is  one  part  in  two  millions,  the  relative  accuracy,  one  part 
in  twenty  millions. 

Getting  nearer  the  utilitarian  sendee  of  the  scientific  study 
of  light  waves,  let  me  say  that  Dr.  Anderson  of  the  Johns 
Hopkins  University  has  utilized  them  in  making  screws  of 
hitherto  unheard-of  accuracy.  Let  me  quote  from  a  letter  re- 
ceived from  Dr.  Anderson  before  writting  this  address: 

In  reply  to  yours  of  the  4th,  I  will  say  that  from  measure- 
ments made  by  using  a  Fabry  and  Perot  Interferometer,  the 
screws  we  have  made  for  ruling  purposes  have  the  following 
accuracy : 

1.  The  maximum  variation  in  pitch  along  the  screw  did  not 
exceed  one-ten  millionth  of  an  inch.  (By  pitch,  I  mean  the 
average  value  of  the  pitch  as  given  by  a  well-fitting  nut  three 
or  four  inches  long.) 

2.  The  axis  of  the  screw  had  a  radius  of  curvature  longer 
than  250  miles. 

3.  The  axis  of  each  pivot  or  bearing  coincided  with  the 
axis  of  the  screw  to  within  one  two-hundred  thousandth  of  an 
inch. 

These  are  three  important  quantities  as  far  as  the  screw  it- 
self is  concerned. 

When  the  screw  is  mounted  ready  for  use,  it  is  also  impor- 
tant that  it  be  prevented  from  moving  endwise  or  longitudi- 
nally when  it  is  rotated.  Our  mounting,  using  the  flat  ruby 
against  a  spherical  steel  surface,  makes  it  possible  to  reduce 
this  motion  to  something  less  than  one  millionth  of  an  inch. 
Errors  of  the  magnitude  given  above  can  be  easily  detected 
with  the  interferometer. 

Our  fellow  member,  George  M.  Bond,  has  given  us  a  most 
valuable  compendium  of  the  development  of  measures  of  pre- 
cision in  his  work  on  "  Standards  of  Length,"  from  which  I 
quote  as  most  interesting,  and  bearing  forcibly  upon  this  part 
of  our  topic : 

It  is  worthy  of  note  that  a  remedy  for  the  evil  complained 
of  by  master  car  buildere,  that  nuts  made  by  some  firms  or  at 
some  shops  would  not  screw  on  bolts  made  by  others,  at  first 
baffled  the  ability  of  the  most  prominent  manufacturers  of 
tools  of  precision  in  the  country,  and  that  to  provide  an  ade- 
(juate  remedy  it  was  necessary  to  secure  the  assistance  of  the 
highest  scientific  ability  in  the  country,  which  was  sup|ilied 
through  the  cooperation  of  the  Professor  of  Astronomy  of  the 
oldest  and  most  noted  institution  of  learning  in  the  land.  The 
man  of  science  turned  his  attention  from  the  planets  and  the 
measurement  of  distances  counted  by  millions  of  miles,  to  lis- 
ten to  the  imprecation,  perhaps,  of  the  humble  car-repairer 
lying  on  his  back  and  swearing  because  a  %  nut — "  a  leetle 
small  " — will  not  screw  on  a  bolt — '"  a  trifle  large."  It  is  a 
striking  example  of  the  assistance  which  science  can  give  in 
conducting  the  "  practical "  affairs  of  life. 

Here  I  wish  to  pay  a  tribute  to  our  American  engineers 
who  have  developed  instruments  for  mechanical  measurements 


to  such  a  high  state  of  precision,  which  in  their  turn  have  been 
such  valuable  factors  in  the  development  of  interchangeable 
machinery.  I  need  not  dilate  upon  these  interesting  topics, 
but  I  cannot  refrain  from  offering  a  word  of  praise  to  these 
earnest  men  whose  ideals  have  been  of  the  highest — by  their 
work  we  know  them. 

I  am  sure  all  will  be  interested  in  what  may  be  called  a 
paradoxical  statement — but  is  not — namely,  that  through  the 
marvelous  precision  atttained  by  Rowland,  and  later  by  An- 
derson, in  the  construction  of  accurate  screws,  we  have  made 
what  must  be  considered  an  utilitarian  use  of  pure  scientific 
research.  This  utilitarian  use  of  science  has  reacted,  as  it 
were,  and  enabled  the  scientific  mechanician  to  produce  an 
optical  device  that  rivals,  if  it  does  not  surpass,  the  telescope 
in  unraveling  some  of  the  most  profound  secrets  of  the  uni- 
verse. 

I  hold  in  my  hand  (shows  a  diffraction  grating)  a  little  in- 
strument called  a  diffraction  grating.  On  the  plane  surface 
of  this  polished  plate,  made  accurate  to  one-tenth  of  a  light 
wave,  or  within  one  tenth  of  one  forty-five  thousandths  of  an 
inch,  are  ruled  more  than  45,000  lines  between  which  there  is 
no  greater  error  than  one  two-miUionths  of  an  inch.  With  this 
delicate  piece  of  apparatus,  made  possible  first  by  rigorous 
scientific  research,  second  by  the  skill  of  the  artisan,  third  by  a 
knowledge  of  and  vigorous  care  to  avoid  temperature  changes 
and  fourth  by  the  accuracy  of  the  mechanism  which  includes 
the  accurate  screw  mentioned  above,  the  astrophysicist  has  been 
able  to  tell  us  the  composition,  temperature  and  distance  of 
the  stars.  It  is  also  possible  for  the  physicist,  the  chemist,  to 
tell  us  the  purity  of  the  material  he  is  called  to  investigate; 
indeed,  it  makes  itself  subservient  to  many  phases  of  engi- 
neering in  the  domain  of  metallurgy.  And  the  end  is  not  yet. 
Where  can  we  then  draw  a  sharp  line  of  demarkation  between 
pure  science,  and  its  relation  to  any  and  every  form  of  engi- 
neering? 

Twenty-seven  years  ago  I  was  the  guest  of  my  friend  Sir 
James  Dewar,  the  worthy  successor  of  Tyndall  in  the  Royal 
Institution  of  Great  Britain.  Taking  a  tiny  piece  of  appa- 
ratus out  of  the  "  holy  of  holies,"  and  placing  it  in  my  hands, 
he  told  me  it  was  the  father  and  mother  of  all  the  dynamos 
and  electric  lighting  systems  of  that  day.  It  was  the  first  lit- 
tle dynamo  made  by  Michael  Faraday.  What  has  come  to  us 
since  that  visit,  in  the  domain  of  the  electric  development 
through  scientific  investigation  and  mechanical  devices! 

Thirty-seven  years  ago  I  listened  to  the  first  faint  tele- 
]ilioiie  message  over  a  few  miles  of  wire.  On  the  24th  of  Jan- 
uary last,  through  the  courtesy  of  our  friend  Mr.  Carty,  chief 
engineer  of  the  American  Bell  Telephone  Company,  and  Dr. 
Bell,  I  listened  to  the  voices  of  Watson  and  Moore  across  the 
continent.  When  this  Society  was  the  guest  of  the  officials  of 
the  Panama-Pacific  Exposition,  I  was  taken  to  the  private  of- 
fice of  the  telephone  company  in  the  Exposition  building, 
where,  through  the  courtesy  of  our  friend  Engineer  Carty,  I 
not  only  listened  to  cheerful  words  spoken  in  this  city,  but 
hoard  the  sound  of  breakers  as  they  dashed  upon  the  shore  of 
the  Atlantic. 

AVhen  we  made  the  first  little  spectroscope  to  determine  the 
moment  when  the  last  ounce  of  carbon  had  disappeared  from 
the  Bessemer  converter,  little  did  I  dream  that  through  sci- 
ence, aided  by  a  delicately  accurate  instrument,  devised  by 
my  good  friend.  Dr.  George  Ellery  Hale,  and  made  at  "  the 
little  workshop  on  the  hill,"  we  would  be  able  to  plunge  it, 
as  it  were,  into  a  storm  on  the  sun  and  photograph  the  burn- 
ing hydrogen  or  any  other  element  in  that  maelstrom  of  fire, 
the  temperature  of  which  this  earth  knows  no  correlative. 
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Here  let  me  add  some  altruistic  words  of  our  good  friend 
Dr.  Pritchett : 

The  last  fifty  years  have  seen  a  greater  betterment  of  the 
theoretical  basis  of  physical  science  than  ever  before  in  the 
history  of  the  world.  This  development  has  been  marked  by 
a  notable  stimulation  of  scientific  research,  a  differentiation 
of  scientific  effort,  and  the  creation  thereby  of  a  great  num- 
ber of  special  sciences  or  departments  of  science.  The  pos- 
session of  a  secured  theoretical  basis  and  the  intellectual  quick- 
ening which  has  followed  it  have  resulted  in  the  application 
of  science  to  the  arts  and  to  the  industries  in  such  measure  as 
the  world  has  never  before  known.  These  applications  have 
to  do  with  the  comfort,  health,  pleasure  and  happiness  of  the 
human  race,  and  affect  vitally  all  the  conditions  of  modem  Ufe. 

As  members  of  this  association  we  may  well  be  proud  of 
our  Bureau  of  Standards,  organized  and  brought  to  its  pres- 
ent high  state  of  eflfieiency  by  our  fellow  member,  Dr.  Strat- 
ton,  and  his  splendid  corps  of  associates.  This  scientific  de- 
pai'tment  of  our  Government,  concerning  as  it  does  almost 
every  phase  of  scientific  research,  valuable  to  the  engineer  of 
every  calling,  has  made  a  record  even  greater  than  the  Insti- 
tute at  Charlottenberg  and  the  famous  Bureau  International 
des  Poids  et  Mesures  at  Sevres,  though  they  have  done  splen- 
did work  for  a  half  century  or  more.  I  am  certain  that  every 
member  of  this  association  would  place  a  very  high  value  upon' 
the  scientific  studies  of  our  Bureau  of  Standards  did  they 
know  how  closely  they  are  related  to  their  profession. 

Other  scientific  departments  of  the  Government,  such  as  the 
United  States  Coast  and  Geodetic  Survey  and  the  Smithso- 
nian Institution,  have  in  the  past  and  are  continually  con- 
tributing to  the  sum  of  knowledge  that  is  of  value  to  the  en- 
gineering profession  in  some  of  its  many  phases.  Nor  can 
we  pass  over  the  splendid  research  work  of  the  Carnegie  In- 
stitution at  Washington  without  a  tribute  of  praise  for  its 
great  accomplishments  in  the  past  and  its  present  activities 
in  the  domain  of  scientific  investigation  of  the  highest  value 
to  engineering  and  its  correlated  interests. 

It  would  be  a  serious  oversight  in  this  paper  did  I  not  call 
attention  to  what  I  may  name  humanitarian  engineering  in- 
vestigation, based  upon  a  phase  of  scientific  research  we  would 
probably  consider  far  removed  from  engineering  problems  per 
se.  I  refer  to  the  magnificent,  and  now  classic  applied  scien- 
tific medical  research  of  my  dear  departed  friend.  General 
Sternberg,  and  General  Gorgas,  who  made  possible  the  carry- 
ing out  of  one  of  the  greatest  engineering  projects  the  world 
has  ever  known.     All  honor  to  these  good  men! 

But  I  must  stop.  The  great,  the  illimitable  field  of  truth 
opens  up  before  us ;  aye,  I  love  to  liken  it  to  the  "  Widow's 
Cruse  " ;  take  from  it  as  you  will,  it  will  never  be  emptied  of 
its  priceless  treasures. 

And  is  there  not  a  splendid  field  opened  up  to  us  in  the 
endowment  of  engineering  reseai'ch,  now  made  possible  by  the 
gift  of  one  of  our  honored  presidents?  I  have  said  little  of 
specific  lines  of  investigation  m  relation  to  engineering,  hav- 
ing given  only  a  few  instances  to  show  their  close  and  inti- 
mate relationsliip,  and  it  needs  no  further  words  of  mine  to 
verify  the  aphorism  that  "  the  field  is  ripe  for  the  harvest." 

In  closing  may  I  quote  from  the  recent  publication  by  Dr. 
Hale,  entitled :  ''  National  Academies  and  the  Progress  of  Re- 
search :  " 


But  tlje  average  man  of  business  is  mucli  better  able  to  ap- 
preciate the  value  of  research  directly  appUed  to  the  improve- 
ment of  manufactures  than  to  comprehend  the  more  funda- 
mental importance  of  pure  science.  We  must  show  how  the 
investigations  of  Faraday,  pursued  for  the  pure  love  of  truth 
and  apparently  of  no  commercial  value,  nevertheless,  laid  the 
foundations  of  electrical  engineering.  If  we  can  disseminate 
such  knowledge,  which  is  capable  of  the  easiest  demonstration 
and  the  most  striking  illustration,  we  can  multiply  the  friends 
of  pure  science  and  secure  new  and  larger  endowments  for 
physics,  chemistry  and  other  fundamental  subjects. 

Dr.  Hale's  valuable  brochure  can  be  found  in  our  library 
and  is  worthy  of  our  careful  study.  Here  we  have  a  striking 
note  of  the  value  of  scientific  research,  and  a  touch  of  its 
utilitarian  value,  but  after  all  is  said,  a  knowledge  of  the  true 
and  beautiful,  whatever  its  bearing  may  be,  stands  for  human 
progress,  human  betterment  and  human  happiness. 

May  I  also  quote  fVom  a  letter  received  from  the  same  gen- 
tleman by  the  donor  of  our  research  fund : 

I  am  delighted  that  you,  with  a  thorough  knowledge  of  the 
situation,  agree  with  me  in  thinking  that  the  time  has  come 
for  much  closer  cooperation  between  engineers  and  men  of 
science.  Previously  I  have  not  been  able  to  judge  the  matter 
from  the  standpoint  of  the  engineer,  but  it  was  plain  to  me 
that  the  separation  between  pui'e  and  applied  science,  which 
seems  to  have  been  increasing,  must  be  harmful  to  both.  The 
man  of  science  is  liable  to  underestimate  the  importance  of 
jjractical  applications  of  his  subject,  while  the  engineer  is  in 
danger  of  forgetting  that  if  research  were  conducted  only  in 
the  hope  of  securing  profitable  ends,  most,  if  not  aU,  of  the 
great  discoveries  which  lie  at  the  very  foundation  of  both  pure 
and  applied  science,  would  never  be  made. 

Thus  everj'  effort  should  be  made  to  encourage  and  develop 
research  in  iDoth  pure  and  ajaplied  science,  for  neither  can  be 
neglected  without  loss  to  the  other.  The  dual  nature  of  this 
problem  is  thus  perfectly  evident.  Sound  strategy  requires 
that  the  attack  be  made  simultaneously  from  both  sides,  since 
in  this  way  all  difficulties  can  be  overcome  far  more  quickly 
than  by  two  successive  attempts. 

These  difficulties  are  likely  to  be  due  mainly  to  the  conser- 
vative tendencies  of  both  engineers  and  men  of  science.  By 
establisliing  your  research  fund  you  have  provided  means  to 
obviate  the  chief  practical  hindrances  on  the  engineering  side, 
where  the  way  has  always  been  paved  by  the  successful  re- 
search of  the  General  Electric  Company  and  various  other 
large  corporations.  It  now  remains  to  accomplish  an  equally 
important  advance  on  the  side  of  pure  science. 

Dr.  Hale  is  very  anxious  that  there  shall  be  a  closer  relation- 
sliip with  the  National  Academy  of  Sciences,  and  I  think  I  can 
say  without  hesitation  that  it  will  be  a  wise  move  upon  the 
part  of  all  engineering  societies  to  appoint  a  special  committee 
to  act  in  conjunction  with  the  Academy  toward  this  most  de- 
sirable affiliation. 

In  my  desire  to  be  brief,  I  have  refrained  from  going  into 
the  many,  very  many  fields  where  pure  science  may  take  the 
hand  of  fellowship  of  the  engineer,  and  now  that  there  has 
tome  to  us  a  grand  opportunity,  fostered  by  the  splendid  re- 
search fund  placed  in  our  keeping,  may  we  look  forward  with 
hope  to  the  day  when  science  and  engineering  will  join  hands 
for  the  betterment  of  our  loved  profession. 

"  To-day  we  are  learning  but  single  notes,  to-morrow  we  will 
blend  them  into  chords,  the  hour  will  chime  when  all  humanity 
shall  know  the  law  of  hai-mony — when  every  note  in  every 
chord  shall  find  its  part  in  the  sublime  oratorio  of  the  universal 
life.'' 


Jantjary 
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AS  is  now  generally  undei-stood,  the  most  prolific  cause  of 
explosions  of  fire  tube  boilers  lias  been  lap  longitudinal 
joints,  and  the  use  of  butt  joints  with  inside  and  outside  cover- 
ing plates  has,  so  far,  prevented  such  explosions.  The  lap 
joint  makes  the  boiler  non-circular  at  and  in  the  vicinity  of 
the  joint;  and  when  pressure  is  applied  the  plate,  in  its  effort 
to  become  circular,  bends  somewhat,  and  on  the  reduction  or 
removal  of  pressure,  it  tends  to  return  to  its  original  fonn. 
The  frequent  repetition  of  these  actions  causes  the  plate  to 
crack  and  finally  to  become  too  weak  to  stand  the  stress  caused 
by  the  working  pressure.  Boiler  plates  with  lap  joints  have 
often  cracked  entirely  through  for  a  greater  or  less  distance, 
and  the  escape  of  steam  has  given  warning  in  time  to  prevent 
an  explosion. 

THE   DESIGN   OF   BUTT   JOINTS 

The  joint  which  has  a  narrow  butt  strap  on  one  side  of  the 
shell  and  a  wide  one  on  the  other  is  one-sided,  and  its  center 


between  the  rivets  in  order  that  it  may  stand  caulking;  the 
high  efficiency  is  secured  by  the  wide  pitch  of  the  outer  rows 

of  rivets. 

BRACES 

Boiler  head  braces  of  the  crow  foot  or  similar  types  are 
usually  designed  so  thin  that  they  bend  in  service  where  the 
foot  joins  the  rod,  and  are  likely  to  bi'eak  finally  at  this  point. 
This  detail  should  be  made  stififer  than  is  commonly  done. 

Through  rods  above  the  tubes  of  horizontal  return  tubular 
boilers  should  be  supported  so  that  they  cannot  vibrate,  and 
the  supports  should  be  stiff  enough  to  prevent  movement  in 
any  direction,  instead  of  merely  supporting  the  weight.  If 
any  braces  are  used  below  the  tubes,  through  or  head-to-head 
braces,  rather  than  braces  riveted  to  the  shell,  should  be  em- 
ployed. Such  braces  should  not,  however,  pass  through  the 
back  head  on  account  of  the  nuts  being  in  contact  with  the 
fire.  The  rods  should  be  secured  to  angles  riveted  to  the  back 
head  but  separated  from  it  2  to  4  in.  by  ferrules  around  the 
rivets,  in  order  to  permit  the  removal  of  dirt  between  the 
angles  and  the  head. 

Although  not  related  to  safety,  it  is  best  not  to  have  the  rods 
above  the  tubes  pass  through  the  back  head,  because  the  nuts 
interfere  with  an  efficient  method  of  covering  the  back  eon- 


FiG.  2    Butt  Joint  DSED  IN  Marine  Practice.    Efficiency  about 
S.5  Per  Cent 


Fig.  1     Bending  of  Butt  Joint  Tested  to  Destruction 

of  resistance  does  not  coincide  with  the  center  of  pull  of  the 
shell  plate.  That  part  of  the  wide  strap  which  extends  beyond 
the  naiTow  one  is  riveted  to  the  shell,  and  this  outer  part  of 
the  joint  is  a  lap  joint  with  its  peculiar  defects.  The  rivets 
in  this  part  of  the  joint  are  overhung  and  in  service  tend  to 
tip  over  and  bend  the  joint.  This  is  only  another  way  of  stat- 
ing that  the  joint  is  a  non-central  resisting  device,  and  must 
cause  the  plate  in  and  near  the  joint  to  bend  when  the  boiler 
is  subjected  to  pressure.  Fig.  1  shows  how  this  bending  oc- 
curs when  such  a  joint  is  tested  to  destruction,  this  being  the 
result  of  several  actual  tests. 

In  order  to  prevent  a  joint  from  bending,  a  butt  joint  with 
straps  of  the  same  width  and  with  all  rivets  in  double  sheai' 
should  be  used,  as  is  always  done  in  Europe.  The  center  of 
resistance  of  such  a  joint  coincides  with  the  center  of  pull  in 
the  shell.  The  joint  when  tested  to  destruction  remains 
straight,  without  bending;  and  by  its  use  the  only  probable 
cause  of  boiler  explosions  so  far  as  the  design  of  the  joint  is 
concerned  is  eliminated.  There  are  various  designs  of  such 
joints  ranging  from  the  simplest  joint  with  double  covering 
plates  of  equal  widths,  to  the  joints  shown  in  Figs.  2  and  3. 

Fig.  2  illustrates  a  design  which  is  used  largely  in  marine 
practice  in  this  countiy  and  abroad  and  which  has  a  theo- 
retical efficiency  of  about  85  per  cent.  Fig.  3  shows  a  more 
efficient  joint,  having  a  theoretical  efficiency  of  from  92  to  94 
per  cent.    In  the  joint  in  Fig.  3  the  outer  strap  is  cut  away 
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Fig.  3    Butt  Joint  with  Efficiency  of  92  to  94  Per  Cent 

nection  with  fire  brick.  There  are  various  ways  in  which 
nuts  can  be  avoided,  and  Fig.  4  shows  methods  of  staying 
both  above  and  below  the  tubes.  In  the  former  case  diagonal 
braces  are  used  for  staying  the  upper  parts  of  the  tube  plates 
in  order  to  give  more  room  for  inspection,  and  the  heads  are 
stiffened  by  riveting  on  thick  plates.  In  England  plate  gusset 
stays  are  preferred  to  through  rods  or  diagonal  stays,  but  in 
this  coiuitry  they  are  seldom  used.  There  is,  however,  no 
leason  to  doubt  tlieir  efficiency,  although  any  head  stay  at- 
tached to  the  shell  tends  to  bend  the  latter  and  throw  it  out 
of  equilibrium.  Nevertheless  I  have  never  heard  of  a  rupture 
coming  from  this  cause. 

RIVET    HOLES    AND    RIVETING 

Riveting  is  now  generally  done  by  hydraulic  machines, 
which  have  shown  themselves  superior  to  any  other  kind.  In 
consequence  of  the  slow  movement  of  a  hydraulic  plunger  the 
rivets  have  time  to  enlarge  and  fill  the  holes;  and  from  the 
solidity  of  action  and  steady  holding  power  of  the  machine  the 
plates  are  firmly  pressed  together,  witli  the  result  that  joints 
riveted  by  this  type  of  macliine  are  tighter  than  those  made 
by  any  other. 
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It  is  the  common  practice  in  tliis  country  to  punch  the  holes 
of  boilers  %  in.  or  14  '"•  small  and  then  to  drill  them  to  size 
with  all  plates  and  covering  plates  in  place.  This  is  a  great 
advance  in  practice  over  pimching  to  size,  but  it  is  not  satis- 
fying to  the  imagination  and  it  may  be  one  reason  why  plates 
exposed  to  the  hottest  gases  crack  between  the  rivets  and  their 
edges.  Another  reason  for  such  cracking  may  l)e  bulging 
caused  by  too  much  pressure  by  the  riveting  machine  on  the 
rivet.  Sometimes  such  bulging  is  very  apparent.  A  still 
further  advance  in  practice  is  to  punch  one  butt  strap  for 
each  joint  with  small  holes  and  use  it  as  a  template  for  drill- 
ing not  only  itself  but  the  main  plate  and  the  other  butt  strap. 
Similarly,  the  boles  in  one  plate  of  a  circular  seam  may  be 
punched  small  and  used  for  a  template  for  drilling  the  other 
holes.  The  best  way,  however,  and  the  one  which  I  hope  to 
see  adopted  everywhere,  is  to  drill  all  holes  from  the  solid. 
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Fig. 


4     Diagonal  and  Longitudinal  Stays  withoit  Outside 

Nuts 


I   think  It  will   be  found  that  with   proper  tools  this   is  the 
cheapest  method. 

The  conical  rivet  head  is  being  displaced  by  one  of  more  or 
less  spherical  fonn  which  has  the  advantage  over  the  former 
in  having  a  thicker  edge  and  increased  holding  power. 

REINFORCING   PLATES    FOR    THE    OUTSIDE    FIREBOXES    OF    VERTICAL 

BOILERS 

Above  the  staybolt  level  of  vertical  boilers  the  outside  flre- 
bo.xes  are  subjected  to  tlie  full  stress  that  comes  from  the 
steam  pressure,  mireduced  by  any  connection  to  the  inside  fire- 
box by  the  staybolts.  In  some  designs  the  whole  outside  fire- 
box is  made  of  the  thickness  required  to  stand  the  pressure 
as  if  unstayed;  in  other  designs  there  is  a  short  course  of  in- 
creased thickness  just  above  the  staybolts,  and  in  still  an- 
other design  the  outside  firebox  plate  is  thin  for  its  whole 
height  and  is  reinforced  above  the  staybolts  by  rixeting  a  band 
of  steel  around  the  inside  of  the  plate. 

I  disapprove  of  the  last  of  these  methods  and  mention  the 
fact  liere  because  the  object  of  this  paper  is  to  point  out  the 
causes  of  boiler  explosions  and  to  advocate  methods  of  con- 
struction that  will  reduce,  if  not  do  away  with  them.  I  ha\-e 
already  stated  that  shell  explosions  are  nearly  always  caused 
by  the  bending  of  the  plates,  and  the  inside  reinforcing  plates 


of  vertical  boilers,  just  described,  can  do  no  good  without 
bending.  They  cannot  then  prevent  the  main  plates  from 
being  overstrained,  and  they  are  therefore  possible  causes  of 
explosions. 

REVERSED    FLANGES    IN    VERTICAL    BOILERS 

Still  further  in  accordance  with  the  object  of  this  paper,  I 
shall  describe  the  action  of  that  type  of  vertical  boiler  which  is 
changed  in  diameter  above  the  firebox  by  means  of  a  reversed 
flange,  Fig.  5.  On  account  of  the  ease  with  which  this  flange 
bends,  this  type  of  boiler  elongates  when  subjected  to  pres- 
sure, and,  under  test  pressure,  to  a  considerable  extent.  Even 
the  pulsations  in  pressure  coming  from  the  opening  and  clos- 
ing of  the  inlet  valves  of  steam  engines  cause  the  boiler  to 
change  its  length  each  time,  and  this  action  and  others  have 
caused  many  of  the  revei-sed  flanges  to  crack.     The  effect  has 


Fig.  5  Fig.  6 

Fig.  5     Vertical  Boiler  with  Reversed  Flange 
Fig.  6     Vertic.u,  Boiler  with  Conical  Course 

been  reduced  by  making  tliis  flange  of  a  less  flexible  form  and 
increasing  its  thickness.  It  is  not  a  good  plan,  however,  to 
have  flexible  means  of  connecting  the  ends  of  boilers,  and  when 
the  flange  is  made  so  thick  that  it  is  not  flexible  its  object  is 
no  longer  accomplished. 

Another  harmful  effect  of  the  elongation  of  boilers  of  this 
type  is  the  bending  of  the  lower  tube  plate  upward  and  the 
upper  one  downward.  Tliis  tends  to  pull  the  outer  tubes  from 
the  tube  plates  and  may  cause  explosions. 

In  order  to  obviate  the  two  defects  described,  the  reduction 
in  diameter  should  be  made,  as  it  has  been  many  times,  by  a 
conical  course.  Fig.  t),  instead  of  by  a  reversed  flange.  An 
incidental  advantage  of  this  is  that  the  circulation  of  the  water 
is  a  little  freer. 

DISHED   HEADS   FOR   STEAM   DRUMS 

Several  explosions  have  been  caused  bj^  dished  heads  crack- 
ing around  the  edges  where  they  join  the  spherical  portions. 
Apparently  it  has  been  thought  by  designers  in  general  that  if 
a  head  is  pressed  into  spherical  form  and  flanged,  the  radius 
being  made  equal  to  the  diameter  of  the  drum  and  the  thick- 
ness equal  to  that  of  the  drum,  nothing  more  is  necessary. 
There  is  no  doubt,  however,  that  such  heads  breathe  and  that 
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the  cracking  is  due  to  this.  It  is  the  same  phenomenon  that 
causes  the  I'upture  of  lap  joints  and  breaks  staybolts.  1  be- 
lieve thai  such  heads  should  be  made  of  thinner  plates  tlian 
usual  and  braced  like  tiat  heads.  The  braces  should  be  strong- 
enough  to  carry  the  total  pressure  on  the  heads,  and  thin 
plates  would  stand  the  Hanging  process  better  than  thick  ones 
and  with  less  Liability  of  being  injured  at  the  corners. 

In  regard  to  the  method  of  bracing  such  heads  I  am  in- 
clined to  think  that  radial  plate  gussets  would  be  best,  and, 
if  placed  at  equal  distances  completely  around  the  drum,  the 
latter  would  not  be  distorted  by  supporting  the  head.  I  think 
that  anybody  who  has  a  boiler  with  unbraced  drum  heads 
should  view  them  with  anxiety. 

FLUSH    HEAD    HORIZONTAL    RETURN    TUBULAR    BOILERS 

In  New  England,  horizontal  return  tubular  boilers  are  al- 
ways built  with  the  front  tube  plate  flanged  foi-ward,  but  in 
other  parts  of  the  country  it  is  frequently  if  not  usually 
flanged  backward.  The  latter  is  known  as  the  flush  head  or 
New  York  boiler.  I  consider  the  New  England  method  the 
better  because  all  the  riveting  can  be  done  by  machine.  With 
the  other  construction,  one  circular  joint  must  be  riveted  by 
hand  or  pneumatically.  Another  advantage  of  the  New  Eng- 
land method  is  that  it  makes  a  tight  smokebox,  while  the  other, 
especially  if  the  boiler  has  a  brick  smokebox,  which  is  usually 
the  case,  is  likely  to  leak  air.  A  leaky  smokebox  diminishes 
draft  and  cools  the  gases,  and  thus  diminishes  the  effect  of  an 
economizer  if  one  is  used. 

The  object  of  the  flush  head  boiler  is  to  have  the  joint  be- 
tween the  front  head  and  the  shell  plate  always  in  contact 
with  water  so  that  if  it  is  not  protected  by  brickwork  it  will 
not  be  injured  by  heat.  In  the  New  England  design,  there  is, 
howe^'er,  no  difficulty  in  keeping  the  joint  protected,  and 
there  probably  has  never  been  a  ease  of  burning  the  joint. 

BRICKWORK 

Generally  speaking,  brickwork  will  stand  without  cracks  in 
boiler  settings  unless  it  is  pushed  by  the  boiler;  and  it  is  only 
necessary  to  so  place  it,  and  have  such  details  about  the  boiler, 
that  it  will  not  receive  any  serious  pushing.  The  brickwork 
should  not  touch  the  boiler  anywhere,  and  the  space  between 
it  and  the  boiler  should  be  stuffed  with  asbestos  fibre.  Al- 
though this  filling  may  tend  to  leak  air,  the  covering  over  the 
top  of  the  boiler,  which  rests  on  the  brickwork,  prevents  this. 
The  front  end  of  the  boiler  should  be  fixed,  and  the  other  end 
should  have  attached  to  it  some  back  connection  covering  de- 
vice which  will  slide  and  not  tend  to  push  the  back  wall  over. 
Such  a  device  has  been  made  by  Orosco  C.  Woolson,  Mem. 
Am.Soc.M.E.,  and  is  reproduced  in  Fig.  7. 

The  vertical  thickness  of  the  brickwork  on  the  sides  of  the 
boiler,  and  almost  in  contact  therewith,  should  not,  I  think, 
be  more  than  12  in.  It  has  been  made  24  in.,  and  in  such 
cases  I  have  seen  the  part  raised  bodily,  apparently  by  the 
expansion  of  the  boiler.  This  part  of  the  brickwork  is  usually 
above  the  center  of  the  boiler,  but  it  should  be  equally  above 
and  below  the  center  as  thereby  there  is  less  chance  of  any  of 
its  weight  being  supported  at  all  by  the  boiler.  If  the  boiler 
supports  it  there  is  a  chance  that  it«  weight  will  bend  the 
plates,  and  the  arguments  against  this  have  already  been 
given. 

It  is  common  to  use  buckstays  on  the  sides  of  boiler  set- 
tings, but  I  also  use  them  on  front  and  back  in  ordei  to  pre- 
vent cracks.  Buckstays  should  be  usually  of  8-in.  I-beams  of 
the  lightest  section,  instead  of  cast  iron  which  is  unreliable. 


USE  OF   AIR  SPACK.S   IN   BOILER  BRICKWORK 

It  has  always  been  customary  in  this  country  to  build  tlie 
side  and  back  walls  of  boiler  settings  with  air  spaces  in  order 
to  diminish  loss  of  heat  by  radiation.  It  is  probable  that 
tliese  spaces  cause  loss  of  heat  by  convection  and  leakage,  and 
it  has  been  proved  by  experiments  carried  out  by  the  United 
States  Bureau  of  Mines  (Bulletin  8)  that  this  is  true.  If  it 
is  advisable  to  use  spaces  in  the  walls  in  order  to  prevent 
cracking  of  the  brickwork,  it  is  best  to  fill  them  with  some 
material,  such  as  ashes,  crushed  brick,  sand  or  other  loose 
material,  which  will  entrap  air  but  diminish  its  movement. 
Solid  brick  walls  form  a  better  non-conductor  than  walls 
with  air  spaces. 

METHOD  OF  SUPPORTING  HORIZONTAL   RETURN   TUBULAR  BOILERS 

The  method  of  supporting  horizontal  return  tubular  boilers 
is  of  more  importance  than  is  usually  realized.  Such  boilers, 
no  matter  what  their  length  or  size,  should  be  supported  at  no 


Woolson's  Gas  Tight  Back  Arch  Connection 


more  than  four  points.  If  boilers  are  long  it  is  common  to 
support  them  at  six  points.  In  order  to  prevent  the  end  sup- 
ports from  leaving  their  bearings,  springs  are  often  placed 
under  the  middle  brackets,  but  this  does  not  render  the  pres- 
sures on  the  supports  equal  and  is  only  a  makeshift. 

It  is  a  principle  in  mechanics  that  if  a  body  rests  on  three 
points  the  pressures  on  these  points  can  be  determined  and 
will  not  change  even  if  the  points  change  their  positions  or 
levels.  A  3-legged  stool  always  rests  properly  on  its  legs, 
even  when  it  rests  on  an  irregular  floor,  but  a  stool  with  more 
than  three  legs  never  presses  equally  on  each. 

This  shows  that  in  supporting  a  horizontal  boiler  the  three- 
point  principle  should  be  applied.  To  obtain  this  effect  and 
yet  have  the  boiler  held  up  at  four  points,  two  points  at  one 
end  are  supported  in  the  usual  manner  and  the  other  two  are 
connected  by  links  to  an  equalizing  lever  working  on  a  pin 
passing  through  overhead  supporting  beams.  This  was  first 
done  by  Mr.  Woolson,  as  described  in  a  paper  by  him  before 
the  Society'  in  1898.  When  a  boiler  is  supported  in  this 
way  the  stress  in  the  plates  due  to  the  weight  can  be  made 
proper  and  will  never  change  no  matter  how  much  the  brick- 
work may  settle,  but  if  this  system  is  not  used  the  stress  at 
one  point  may  be  sufficiently  great  to  be  a  serious  matter. 


'Hanging    and     Setting    of    Horizontal     Fire-Tube    Boilers 
Woolson,  Trans. Am.Soc.M.E..  Vol.  IS),  p.  7,S1. 
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THERE  are  ou  the  market  at  the  present  time  a  hvrge  num- 
ber of  commercial  pipe  coverings  made  up  ready  for  use. 
It  is  customary  to  use  one  of  these  forms  and  for  that  reason, 
the  investigations  described  in  this  paper  are  confined  to  such 
commercial  coverings.  However,  as  will  be  shown  in  the 
mathematical  treatment  of  the  subject,  the  results  of  the  ex- 
periments confirm  theoretical  laws  which  may  be  used  to  ex- 
tend the  scope  of  the  work  so  as  to  include  the  entire  tteld 
of  heat  insulation. 

An  enormous  amount  of  effort  has  been  expended  in  at- 
tempts to  determine  accurately  the  savings  effected  by  the  use 
of  non-conducting  coverings  on  steam  pipes.     But,  even  with 


Fig.  1     Apparatus  used  for  Pipe  C'o%'EniNG  Tests 

the  results  of  all  these  investigations  available,  little  reliable 
information  is  on  hand  regarding  the  efficiencies  of  pipe  cov- 
erings in  commercial  use  at  the  present  time. 

FUNDAMENTAL  METHOD  OF  TEST 

It  was  proposed  to  heat  a  section  of  covered  pipe  by  means 
of  an  electric  heater  made  up  of  resistance  coils  immersed  in 
oil  inside  the  pipe,  and  to  calculate  the  amount  of  heat  lost 
through  the  covering  by  measuring  the  energy  required  to 
hold  the  outside  metal  of  the  pipe  at  a  constant  known  tem- 
perature. Under  such  conditions  it  is  evident  that  just  enough 
energy  is  being  supplied  to  compensate  for  the  losses  through 
the  covering;  otherwise  the  excess  or  deficiency  of  energy  will 
cause  the  pipe  to  heat  up  or  cool  off  as  the  ease  may  be.  This 
must  be  true  for,  according  to  the  law  of  conservation  of 
energy,  all  the  energy  entering  must  appear  as  heat  since  none 
is  transformed  into  any  other  form  and  none  is  lost.  Fig.  1 
is  a  photograph  of  the  apparatus  used  for  the  tests. 

The  objection  will  be  raised  that  the  results  of  the  tests  by 
this  method  do  not  represent  actual  operating  conditions,  since 
in  actual  practice  the  pipes  contain  steam  and  not  hot  oil. 
The  conditions  of  operation  in  practice  are  these :  The  cover- 
ing is  placed  on  a  pipe  containing  steam  at  some  practically 
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constant  pressure;  therefore  the  metal  of  the  pipe  has  some 
definite  constant  temperature.  The  surrounding  air  may  be 
either  still  or  in  motion,  and  it  too  has  practically  a  constant 
temperature  over  a  limited  period.  If  the  temperature  of  the 
pipe  is  higher  than  that  of  the  air,  or  vice-versa,  there  will  be 
a  flow  of  heat,  the  quantity  of  which  will  be  a  function  of  the 
difference  of  temperature  and  certain  constants,  one  of  which 
is  the  conductivity  of  the  material.  Now  it  is  so  simple  as 
to  be  considered  axiomatic  that  this  flow  of  heat  will  be  inde- 
pendent of  what  the  pipe  contains  so  long  as  the  temperature 
difference  between  the  pipe  surface  and  the  air  remains  the 
same. 

In  order  to  maintain  the  temperature  of  the  pipe  constant, 
however,  heat  must  be  supplied  from  some  source  if  heat  is 
passing  out  through  the  covering.  If  steam  is  the  heating 
medium  the  temperature  gradient  inside  the  pipe,  that  is,  from 
the  steam  to  the  surface  of  the  pipe,  will  be  less  than  for  oil; 
for  the  material  having  the  higher  conductivity  wiU  require 
the  lower  temperature  gradient  for  the  delivery  of  a  given 
amount  of  heat.  But  the  different  effects  of  oil  and  steam 
will  cease  here. 

The  accuracy  of  any  conductivity  test  depends  upon  being 
able  to  maintain  constant  conditions,  and  this  may  be  done 
by  electrical  means  better  than  by  any  other.  It  is  necessary, 
however,  to  have  a  very  accurate  means  of  knowing  not  only 
when  the  temperatures  are  constant,  but  also  the  correct 
\alues  of  such  temperatures.  For  room  temperatures,  high 
grade  mercury  thermometei-s  were  considered  satisfactory. 
For  the  pipe  temperatures,  however,  after  a  great  deal  of  ex- 
perimenting with  vai'ious  arrangements,  it  was  decided  to  use 
copper-constantan  thermo-couples  and  the  potentiometer 
method  of  measuring  the  e.m.f.  of  the  couples.  The  instru- 
ments were  sensitive  to  about  0.2  deg.  fahr.  change  of  temper- 
ature, which  was  well  within  the  requirements  of  the  case. 

TEMPERATURE  GRADIENT  INVESTIGATION 

In  the  foregoing  the  fact  was  brought  out  that  the  drop  in 
temperature  from  steam  to  the  outside  surface  of  a  pipe  was 
probably  different  than  from  oil  to  the  same  point  on  account 
of  the  different  conductivities  of  these  substances.  The 
method  of  test  provided  for  the  measuring  of  the  temperature 
of  the  outside  of  the  pipe  and  not  of  the  oil,  so  that  in  order 
to  make  the  results  applicable  directly  to  steam  conditions  it 
is  only  necessary  to  establish  a  relation  between  the  tempera- 
ture of  steam  in  a  pipe  and  that  of  the  outer  surface  of  the 
pipe  wall.  This  difference  of  temperature  has  been  entirely 
neglected  by  most  investigators,  being  accurately  measured  by 
none  and  considered  not  to  exist  by  most. 

With  steam  in  the  pipe,  the  temperatures  of  steam  and  of 
outside  surface  of  pipe  were  measured  very  accurately.  A 
photograph  of  the  apparatus  in  use  is  shown  in  Fig.  2.  The 
pipe  P  is  arranged  so  that  steam  may  be  brought  to  it  from 
the  main  at  any  pressure  up  to  130  lb.  per  sq.  in.  gage.  The 
supply  pipe  is  %  in.  in  diameter,  and  for  a  distance  of  about 
20  ft.  it  is  left  bare  in  order  that  no  superheat  due  to  the 
expansion  of  the  steam  would  cari-y  over  into  the  test  pipe. 
The  smaU  pipe  p  just  below  the  test  pipe  is  the  drain,  and  a 
little  steam  was  allowed  to  flow  through  it  continuously  in 
order  that  no  air  or  water  would  collect  in  the  test  pipe. 

The  temperature  measuring  instruments  are  shown  also. 
T  is  one  of  the  thermo-couples  on  the  outside  of  the  pipe. 
L,  L  are  the  leads  to  the  couples;  the  leads  on  the  left  go 
through  the  plug  in  the  end  of  the  pipe  to  a  couple  in  the 
steam.  I  is  an  ice  bath  serving  as  the  cold  terminal  of  the 
couples.     M  is  a  slide  wire  potentiometer  and  a  variable  re- 
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sistance  is  used  in  connection  with  it.  C  is  a  Weston  standard 
cell,  and  £  is  a  chloride  accumulator  or  storage  battery  fur- 
nishing current  for  the  potentiometer  circuit.  G  is  a  very 
sensitive  low  resistance  galvanometer. 

Temperatures  of  steam  ami  of  outside  of  pipe  were  taken 
simultaneously  at  various  steam  pressures  ranging  from  at- 
mospheric to  130-lb.  gage.  This  was  done  first  with  the  pipe 
covei-ed  with  one  mch  thickness  of  Sectional  85  per  cent  mag- 
nesia and  later  with  pipe  bare.  In  the  first  case  from  one  to 
two  hours'  interval  was  allowed  each  time  the  pressure  was 
changed  for  the  temperatures  to  become  constant  before  read- 
ings were  taken,  but  the  temperatures  did  not  vary  noticeably 
after  the  first  few  minutes.  In  case  of  the  bare  pipe  only 
half  an  liour  was  allowed,  for  the  temperature  of  the  pipe  sur- 
face reached  its  new  value  very  quickly  after  the  steam  pres- 
sure was  changed. 

The  results  of  the  above  described  tests  are  given  in  the 
form  of  curves  in  Fig.  3a  and  b. 


both  saturated  and  superheated  steam.  This  figure  is  of  par- 
ticular interest  because  it  shows  the  effect  of  different  sub- 
stances in  a  pipe  whose  outside  temperature  is  constant.  The 
temperature  gradient  is  greatly  changed  on  the  inside  of  the 
pipe,  but  not  affected  uutside. 

DESCRIPTION  OP  APPARATUS  FOR  TESTS  OP  COVERINGS 

The  general  arrangement  of  apparatus  used  for  the  tests  of 
pipe  coverings  is  shown  in  Fig.  5.  The  test  pipe  is  a  16-ft. 
section  of  standard  5-in.  steel  pipe  closed  at  the  ends  and  filled 
with  gas  engine  cylinder  oil.  It  contains  also  resistance  coils 
which  serve  as  an  electric  heater  and  a  stirring  device  for 
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Fig.  36     Uncovered  Pipe 
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Fig.  2     Apparatus  for  Investigating  Temperature  Gradient 
IN  THE  Wall  of  a  Steam  Pipe 


Fig.  4a     Uncovered  Pipe  Fig.  46     Covered  Pipe 

Fig.  4     Temperature  Drop  from  Steam  to  Outside  of  Pipe 


The  drop  through  the  metal  of  the  pipe  was  so  small  as  to 
be  difficult  of  accurate  measurement,  and  it  was  therefore  cal- 
culated from  the  temperature  gradient  required  to  cause  a 
known  amount  of  heat  to  flow  through  the  wall  of  pipe. 

The  dotted  curve.  Fig.  3&,  is  constructed  on  the  evidence 
given  by  a  single  test  by  Eberle.'  It  shows  that  the  drop  in 
temperature  from  steam  to  pipe  is  about  ten  times  as  great 
when  the  steam  is  superheated  as  when  it  is  saturated  at  the 
same  temperature.  This  accounts  in  a  very  large  measure 
for  the  higher  economy  obtained  by  the  use  of  superheat. 

Fig.  4a  is  a  section  through  the  wall  of  a  steam  pipe  show- 
ing the  relative  magnitudes  of  the  temperature  drops  at  vari- 
ous points  when  the  pipe  is  not  covered  and  its  temperature 
is  300  deg.  at  the  outside.  Fig.  4b  shows  the  same  as  the  above 
for  pipe  covered  with  1-in.  of  85  per  cent  magnesia  and  for 


'  Mlt  iiber  Forscliungs-Arbeiten  aut  dem  Geb.  des  Ing.,  heft  78. 


keeping  the  oil  in  circulation.  The  remainder  of  the  apparatus 
consists  of  the  electrical  instruments  for  measuring  the  energy 
input,  a  small  electric  motor  for  driving  a  circulating  pro- 
peller in  the  pipe  for  keeping  the  oil  in  circulation,  the  ther- 
mometers for  room  temperature,  and  the  thermo-couples  and 
potentiometer  for  measuring  the  temperature  of  the  pipe. 

The  fittings  closing  the  ends  of  the  large  pipe  are  welded  on 
to  prevent  the  oil  leaking  out.  At  one  end  the  pipe  is  closed 
by  a  cast  iron  cap  welded  to  the  pipe  and  at  the  other  a 
flange  is  welded  on  and  the  end  is  closed  by  a  blank  flange 
bolted  to  the  other  with  a  gasket  between.  This  blank  flange 
has  screwed  into  it  the  stuffing  box  for  the  shaft  of  the  circu- 
lating propeller,  two  insulated  terminals  for  the  electric  leads 
to  the  heating  coils  inside  and  a  nipple  leading  to  an  overflow 
pipe  which  receives  the  oil  expelled  by  the  expansion  of  the 
large  volume  of  oil  that  the  test  pipe  contains.  The  arrange- 
ment of  the  stirrer  and  the  electric  leads  may  be  seen  in  Fig. 
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5,  aud  the  overflow  and  the  refilliug  chamber  for  keeping  the 
pipe  full  of  oil  are  shown  iu  Fig.  6. 

About  5  in.  at  each  end  of  the  test  pipe  is  covered  with 
Sectional  85  per  cent  magnesia  1-in.  thick,  leaving  exactly  15 
ft.  of  the  central  portion  of  the  pipe  as  the  test  section,  which 
will  accommodate  five  lengths  of  standard  pipe  covering.  The 
remaining  surface  of  the  ends  is  covered  with  Plastic  83  per 
cent  magnesia  to  a  depth  of  about  an  inch.  The  pipe  is  sus- 
pended in  a  horizontal  position  by  wires  from  the  ceiling  at- 
tached to  steel  bands  placed  around  the  short  end  sections 
just  described.  These  remained  in  place  throughout  the  entire 
series  of  tests,  and  the  only  covering  changed  was  the  five 
lengths  on  the  15-ft.  test  section. 

Since  the  covering  of  the  ends  was  the  same  for  all  the  tests 
of  one  inch  coverings,  some  means  of  correcting  for  the  losses 


couple,  was  drilled  into  the  pipe,  and  after  insertion  the  steel 
was  forced  down  against  this  point  by  means  of  a  center 
punch.  The  absolutely  sure  metal  to  metal  contact  secured  in 
this  way  reduced  to  a  minimum  the  chances  for  a  drop  in 
temperature  from  the  metal  of  the  pipe  to  the  couple. 

Direct  current  at  110  volts  was  used  to  supply  the  energy 
for  the  tests.  It  was  obtained  from  a  25-kw.  Curtis  turbo- 
generator in  the  steam  laboratory  of  the  University  of  VVis- 
consm,  and  as  the  electric  heater  and  the  control  rheostats 
were  the  only  load  on  the  machine,  a  very  steady  voltage  was 
maintained. 

In  Fig.  5  is  shown  an  instrument  which  gave  warning  of 
fluctuations  of  voltage.  It  consists  of  a  solenoid  in  series  with 
the  heater  coils,  and  a  soft  iron  core  hanging  inside  the 
solenoid  at  the  short  end  of  a  balanced  lever.    This  instrument 
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Fig.  5     Apparatus  for  Obtaining  Heat  Losses  through  Pipe  Coverings 


through  these  end  portions  had  to  be  devised.  The  device  used 
in  measuring  the  amount  of  this  correction  is  the  short  pipe 
shown  at  the  lower  left  hand  corner  of  the  upper  diagram. 
Fig.  5.  It  is  an  exact  reproduction  of  the  permanently  cov- 
ered ends  of  the  test  pipe.  Therefore,  the  difference  between 
the  loss  from  the  test  pipe  and  that  from  the  short  pipe  repre- 
sents the  exact  loss  from  the  15-ft.  section  covered  with  five 
standard  lengths  of  commercial  covering. 

For  the  thickness  tests,  where  thickness  up  to  3  in.  were 
tested,  the  ends  of  the  test  pipe  were  covered  with  double 
standard  thickness  of  55  per  cent  magnesia  covering,  and  the 
short  pipe  was  covered  in  the  same  way.  A  test  was  made  on 
the  short  pipe  under  these  conditions  and  the  new  end  correc- 
tion determined. 

The  thenno-eouples  are  placed  on  the  top,  side,  and  bot- 
tom of  the  pipe,  as  shown  in  Fig.  5,  and  with  this  arrange- 
ment the  average  temperature  of  the  outside  of  the  pipe  may 
be  obtained  with  great  accuracy.  Each  couple  is  imbedded  in 
the  metal  of  the  pipe.  A  shallow  hole,  just  large  enough  to 
admit  the  point  forming  the  junction  of  the  two  metals  of  the 


is  so  sensitive  that  it  may  be  relied  upon  to  give  warning  of  a 
change  of  voltage  of  0.1  volt  in  either  direction. 

For  regulating  the  current,  there  is  a  wound  wire  rheostat 
with  three  coils  which  may  be  used  either  all  in  parallel  with 
a  capacity  of  75  amp.  or  all  in  series  for  currents  less  than  25 
amp.  The  finer  adjustments  are  made  by  means  of  a  small 
wire  rheostat  in  series  with  a  lamp  bank  and  both  in  parallel 
with  the  large  rheostat. 

Fig.  7  shows  the  instruments  and  electrical  control  ap- 
paratus used  in  the  tests. 

ilETHOD   OF   PERFORMING   THE   TESTS 

The  coverings,  before  being  tested  for  their  heat  insulating 
qualities,  were  placed  on  the  steam  pipe,  Fig.  2,  and  allowed 
to  dry  for  a  week.  Before  being  placed  each  was  weighed 
and  its  thickness  at  each  end  was  measured.  The  thickness 
so  measured  is  called  the  actual  thickness  in  the  tables.  The 
sections  were  fitted  carefully.  The  circumferences  of  the  bare 
pipe  and  of  outside  of  all  coverings  were  measured  and  from 
tliese   data   were   calculated   the   apparent   thicknesses   of  the 
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coverings,  that  is  the  distances  from  outside  of  pipe  to  outside 
of  eovei'ings.  Where  the  covering  was  made  up  of  soft  sheets, 
as  of  felt,  etc.,  pinned  together,  only  the  apparent  thickness 
was  measured. 

A  comparatively  high  current  was  passed  through  the  pipe 
until  it  was  heated  to  near  the  desired  temperature,  and  then 
the  current  was  lowered  to  such  a  value  as  would  just  hold  the 
temperature  of  the  outside  of  the  pipe  constant.  When  the 
temperature  had  remained  practically  constant  for  an  hour, 
readings  were  taken  of  pipe  temperature,  room  temperature, 
current  in  heater,  and  voltage  across  heater  terminals.  Then 
the  euiTent  was  diminished  by  about  half  an  ampere  and  the 
temperature  allowed  to  fall  until  it  reached  a  value  w'here 
the  losses  were  just  equal  to  this  smaller  amount  of  energy 
supplied,  and  readings  were  taken  as  before.  The  product  of 
volts  and  amperes  gave  the  energy  in  watts  supplied  to  the 
heater.  To  maintain  that  current  and  voltage  for  one  hour 
required  an  equal  number  of  watt-hours,  and  the  values  of 
watt-hours  were  transformed  into  B.t.u.  by  multiplying  by 
3.413.  The  resulting  losses  in  B.t.u.  per  hour  were  plotted 
against  difference  between  temperature  of  outside  of  pipe  and 
room  temperature.     Such  a  curve  is  shown  in  Fig.  8. 


Fig.  6     View  of  Short  Pipe  and  Front  End  op  Test  Pipe 

The  three  factors  most  important  in  determining  the  amount 
of  heat  that  will  be  transmitted  by  a  given  insulating  material 
are  (1)  the  character  of  the  material  or,  in  other  words,  its 
conductivity;  (2)  the  temperature  difference  between  its  two 
boundaries,  and  (3)  the  thickness  of  the  layer  of  material. 
Two  others  of  lesser  importance  are  the  character  of  the  sur- 
face and  the  velocity  of  air  fanning  that  surface.  These  last 
two  were  kept  constant  during  all  tests. 

The  character  of  materials  was  varied  while  temperature 
range  and  thickness  were  kept  constant  by  making  tests  of  17 
different  pipe  coverings  of  approximately  the  same  thickness 
and  subjected  to  the  same  temperatures.  Tests  were  made  at 
pipe  temperatures  ranging  from  175  to  575  deg.  fahr.,  and 
at  least  eight  or  ten  tests  were  made  on  each  material.  The 
excellent  agreement  of  so  many  tests  on  the  same  covering  is 
the  best  indication  of  the  accuracy  of  the  work.  For  two 
different  materials  the  thickness  was  varied  from  0  to  3  in., 
while  in  each  case  material  and  temperature  range  were  con- 
stant. 

DE.SCRIPTION   OP   COVERINGS    TESTED 

All  the  coverings  tested  were  bought  on  the  open  market. 
A  brief  description  of  each  of  the  26  coverings  tested  follows. 


The  statements  as  to  whether  the  covering  was  recommended 
for  high  or  low  pi'essure  or  superheated  steam  pipes  were 
furnished  by  the  manufacturers  and  are  not  conclusions  drawn 
from  the  tests.  The  weight  per  foot  in  each  case  is  the  aver- 
age weight  per  lineal  foot  of  5  in.  covering,  and  the  thickness 
given  is  the  average  thickness. 

I  J-M  85  Per  Cent  Blagne^ia.  Molded  sectional  cover- 
ing for  high  pressure  steam  pipes.  85  per  cent  by  weight  of 
magnesium  carbonate  and  the  remainder  principally  asbestos 
fiber.     Weight  per  foot  2.92  lb.  and  thickness  1.(18  in. 

II  J-M  Indented.  Layers  of  asbestos  felt  with  indenta- 
tions, about  1^/4  in.  in  diameter  and  i/g  in.  deep,  spaced  very 
close  to  each  other  in  staggered  rows.  For  pipes  containing 
high  pressure  steam.  Weight  per  foot  3.4G  lb.  and  thickness 
1.12  in. 

III  J-M  Vitribestos.  Asbestos  air  cell  covering  made  of 
alternate  lavei-s  of  smooth   and  corrugated   vitrified  asbestos 


Fig.  7     View  of  Instruments  and  Electrical  Control 
Apparatus 


sheets.  Corrugations  about  V4  in.  deep  and  run  lengthwise 
of  the  pipe.  For  use  on  high  pressure  and  superheated  steam 
pipes  and  for  stack  linings,  etc.  Weight  per  foot  4.05  lb.  and 
thickness  0.96  in. 

IV  J-M  Eureka.  For  low  pressure  steam  and  hot  water 
pipes.  Made  of  ^i  in.  of  asbestos  felt  on  the  inside  of  the 
section  and  the  balance  of  alternate  layers  of  asbestos  and 
wool  felt.     Weight  4.60  lb.  per  ft.  and  is  1.04  in.  thick. 

V  J-M  Molded  Asbestos.  Molded  sectional  covering  for 
use  on  low  and  medium  pressure  steam  pipes.  Male  of  asbes- 
tos fiber  and  other  fireproof  material.  Weight  jier  ft.  5.53 
lb.  and  thickness  is  1.25  in. 

VI  J-M  Wool  Felt.  A  sectional  covering  made  of  layers 
of  wool  felt  with  an  interlining  of  two  layers  of  asbestos  paper. 
May  be  used  on  low  pressure  steam  and  hot  w-ater  pijjes. 
Weight  per  ft.  2.59  lb.  and  thickness  1.10  in. 

VII  Sall-Mo  Expanded.  A  covering  for  use  on  high  and 
low  pressure  steam  jiipes.  Made  of  eight  layers  of  material, 
each  consisting  of  a  smooth  and  a  corrugated  piece  of  asbestos 
paper,  the  coiTugations  being  so  crushed  down  to  form  small 
longitudinal  air  spaces.  Weight  3.47  lb.  per  ft.,  and  thickness 
1.07  in. 

VIII  Carey  Carocel.  Compo.sed  of  plain  and  corrugated 
asbestos  paper  firmly  bound  together.  Corrugations  are  ap- 
proximately ig  in.  deep  and  run  lengtliwise  of  the  pijie.  For 
use  on  medium  and  low  pressure  steam  pipes.  Weight  3.06 
lb.  per  ft.  and  thickness  0.99  in. 

IX  Carey  Serrated.  For  high  pressure  steam  jiipes.  Com- 
posed of  successive  layers  of  heavy  asbestos  felt  having  closely 
spaced  indentations.  Weight  5.66  lb.  per  ft.  and  thickness 
1.00  in. 

X  Carey  Duplex.  For  low  pressure  steam  and  hot  water 
pipes.  Alternate  layers  of  ]ilain  wool  felt  and  coiTUgated 
asbestos    paper    firmly    bound    together.      Corrugations    run 
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lengthwise  of  the  pipe  and  make  air  cells  approximately  14  in. 
deep.    Weighs  1.79  lb.  per  ft.  and  0.96  in.  thick. 

XI  Carey  85  Per  Cent  Magnesia.  For  high  pressure 
steam  and  similar  in  composition  to  No.  I.     Weight  per  foot 

2.74  lb.  and  thickness  1.10  in. 

XII  Sall-Mo  Wool  Felt.  Similar  to  No.  VI  except  with- 
out interlining  asbestos  paper.  For  low  pressure  steam  and 
hot  water  pipes.  Weight  per  foot  3.73  lb.  and  thickness  1.01 
in. 

XIII  Nonpareil  High  Pressure.  Molded  sectional  cover- 
ing consisting-  mainly  of  silica  in  the  form  of  diatomaceous 
earth — the  skeletons  of  microscopic  organisms.  Tor  high 
pressure  and  superheated  steam  pipes.  Weights  2.96  lb.  per 
ft.  and  is  1.16  in.  thick. 

XIV  J-M  Asbestos  Fire  Felt.  Asbestos  fiber  loosely  felted 
together,  forming  a  large  number  of  small  air  spaces.  For 
high  pressure  and  superheated  steam  pipes.     Weight  per  ft. 

3.75  lb.  and  thickness  0.99  in. 

XV  J-M  Asbestos  Sponge  Felted.     Made  from  a  thin  felt 
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XXI  2-In.  J-M  Plastic  85  Per  cent  Magnesia.  Thickness 
1.99  in.,  weight  per  ft.  7.46  lb. 

XXII  3-/«.  J-M  85  Per  Cent  Magnesia.  The  two  inches 
of  plastic  covering  of  No.  XXI  and  one  standard  thickness 
layer  of  sectional  covering  outside  of  that.  Thickness  3.24  in., 
weight  per  ft.  11.67  lb. 

XXIII  y2-In.  Sall-Mo  Air  Cell.  Similar  in  composition 
and  uses  to  No.  XVII.  Thickness  0.51  in.  and  weight  per  ft. 
0.99  lb. 

XXIV  1-In.  Sall-Mo  Air  Cell.  Thickness  0.95  in.,  weight 
per  ft.  1.57  lb. 

XXV  2-7h.  Sall-Mo  Air  Cell.  Thickness  1.8(i  in.,  weight 
per  ft.  3.58  lb. 

XXVI  3-In.  Air  Cell.  Two  inches  of  SalUMo  and  one 
inch  of  J-M  Air  Cell.  Thickness  3.04  in.,  weight  per  ft.  6.66 
lb. 
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Fig.  9     Summ.ary  of  Results  on  Single  Thickness  Covekings 


of  asbestos  fiber  and  finely  ground  sponge  forming  a  very 
cellular  fabric.  41  of  these  sheets  per  in.  thickness ;  air  spaces 
are  formed  between  the  sheets  in  addition  to  those  in  the  felt 
itself.  Specially  recommended  for  high  pressure  and  super- 
heated steam  pipes.  Weight  per  ft.  4.04  lb.  and  thickness 
1.16  in. 

X^'I  J-M  Asbestocel.  For  medium  pressure  steam  and 
heating  pipes.  Alternate  sheets  of  corrugated  and  plain  asbes- 
tos paper  forming  air  cells  about  %  in.  deep  that  run  around 
the  pipe.     Weight  per  ft.  1.94  lb.  and  thickness  1.10  in. 

XVII  J-M  Air  Cell.  Corrugated  and  plain  sheets  of  as- 
bestos paper  arranged  alternately  so  as  to  form  air  cells  about 
%  in.  deep  running  lengthwise  of  the  pipe.  For  medium 
pressure  steam  and  heating  pipes.  Weight  per  ft.  1.55  lb.  and 
thickness  1.00  in. 

XVIII  n-/".  J-M  Plaiitic  85  Per  Cent  Magnesia.  For 
fittings,  valves,  iiTegular  surfaces,  boiler  coverings,  etc.  Simi- 
lar in  composition  to  the  sectional  85  per  cent  magnesia,  but 
applied  in  the  form  of  a  cement  or  plaster.  Thickness  0.51 
ill.  for  the  first  test  and  weight  per  ft.  1.51  lb. 

XIX  1-In.  J-M  Plastic  85  Per  Cent  Magnesia.  Thickness 
1.05  in.,  weight  per  ft.  3.33  lb. 

XX  iy2-In.  J-M  Plastic  85  Per  Cent  Magnesia.  Thickness 
1.48  in.,  weight  per  ft.  5.23  lb. 


The  total  loss  curve  in  Fig.  8  is  plotted  directly  from  the 
data  obtamed  during  the  test.  The  ordinate  of  any  point  is 
the  total  heat  loss  per  hour,  which  is  the  equivalent  of  the 
electrical  energy  required  to  maintain  the  pipe  at  the  given 
temperature,  and  the  abscissa  is  the  difference  between  pipe 
temperature  and  room  temperature.  On  the  same  sheet  is 
plotted  a  curve  of  heat  losses  per  hour  from  the  short  pipe 
at  various  temperature  differences ;  this  cur\-e  is  called  "  end 
correction."  The  difference  of  ordinates  between  the  Iwo 
curves  at  any  value  of  temperature  difference  gives  the  net 
heat  loss  per  hour  from  the  15-ft.  length  of  bare  pipe.  This 
net  loss  divided  by  the  temperature  difference  and  the  area 
of  test  section  (22.03  sq.  ft.)  gives  the  heat  loss  per  degree 
temperature  difference  per  square  foot  per  hour. 

The  curve  of  net  heat  losses  per  degree  temperature  dif- 
ference per  square  foot  per  hour  is  shown  in  Fig.  8  to  a  much 
larger  scale.  This  curve  shows  that  the  heat  loss  per  degree 
temperature  difference  is  far  from  being  a  constant  at  all  tem- 
peratures as  has  been  assumed  or  implied  by  most  former  in- 
vestigators. 
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According  to  Nusselt '  the  conductivity  of  many  poorly 
conducting  substances  increases  nearly  as  tlie  absolute  tem- 
perature instead  of  remaining  constant.  The  tests  described 
in  the  present  paper  establish  the  fact  that  the  conductivity 
does  not  remain  constant,  but  in  no  case  except  in  that  of 
the  bare  pipe  did  it  increase  quite  as  rapidly  as  the  absolute 
temperatui'e.  Conductivity  in  this  sense  is  rate  of  heat  con- 
duction per  degree  temperature  difference  per  square  foot  per 
inch  thickness  per  hour. 

The  net  heat  loss  curves  from  all  the  tests  of  coverings 
1  in.  thick  are  assembled  in  the  form  of  a  general  summary 
in  Fig.  9.  From  the  curves  shown  in  this  figure,  one  can  tell 
at  a  glance  what  coverings  are  the  more  efficient  at  any  temper- 
ature. Of  all  the  coverings  tested,  the  four  best,  at  tempera- 
tures of  200  to  600  deg.  fahr.,  are  J-M  Asbestos-Sponge 
Felted,  Nonpareil  High  Pressure,  Carey  83  Per  Cent  Mag- 
nesia and  J-M  85  Per  Cent  Magnesia,  ranking  in  the  order 
named  with  the  first  well  ahead  of  all  the  others.  Those  losing 
the  greatest  amount  of  heat  were  J-M  Vitribestos  and  J-M 
Firefelt.  The  first  of  these  latter  is  little  used  as  a  pipe  cov- 
ering, being  employed  mostly  for  stack  linings,  etc.,  while  the 
virtue  of  the  second  is  in  its  being  a  heat-proof  material  suit- 
able for  use  as  the  layer  in  contact  with  a  pipe  carrying  super- 
heated steam,  where  the  better  insulating  material  used  for 
the  outer  layere  could  not  stand  the  temperature  of  superheat. 

The  saving  in  dollars  per  year  due  to  use  of  covering  has 
been  calculated  for  each  of  the  coverings  tested  and  the  results 
appear  in  Table  1.  Also,  the  first  cost  of  the  covering  is  taken 
account  of  and  values  of  net  saving  and  per  cent  saving  on 
investment  are  given  for  values  of  temperature  differences  of 
from  1  to  500  deg.  fahr.  The  saving  in  B.t.u.  per  degree  tem- 
perature difference  per  square  foot  per  hour  was  first  found 
for  each  temperature  by  subtracting  from  the  bare  pipe  loss 
at  that  temperature  the  loss  from  covered  pipe  at  same  tem- 
perature. Then  the  total  saving  per  squai'e  foot  for  a  year  of 
365  twenty-four  hour  days  was  found  by  multiplying  the  sav- 
ing per  degree  per  hour  per  square  foot  by  8760  and  by  the 
temperature.  The  cost  of  heat  was  taken  at  $0.30  per  million 
B.t.u.,  which  is  nearly  equivalent  to  $0.30  per  1000  lb.  of 
steam.  The  first  cost  of  covering  was  ascertained  from  the 
manufacturers,  and  10  per  cent  of  list  price  was  added  for 
erecting  and  10  per  cent  more  for  painting.  The  cost  of 
covering  per  year  was  taken  as  14  per  cent  of  the  total  first 
cost,  the  14  per  cent  including  interest,  depreciation,  repairs, 
insurance,  etc.  The  difference  between  the  total  saving  per 
year  and  the  cost  of  covering  per  year  is  the  net  saving  per 
year. 

The  data  in  Table  1  have  been  plotted  in  the  form  of  curves, 
shown  in  Fig.  10,  for  the  flret  three  coverings  tested.  All  the 
data  for  the  other  coverings  has  been  computed  and  any  curve 
xlesired  may  be  plotted  in  a  very  short  time,  by  anyone  wish- 
ing it. 

The  facts  brought  out  by  these  curves  are  that  the  efficiency 
and  saving  increase  with  the  temperature  on  accomit  of  more 
rapid  increase,  with  temperature,  of  losses  from  bare  pipe  than 
of  losses  from  covered  pipe. 

Fig.  11  shows  the  variation  of  losses  with  thickness  at  tem- 
perature difference  of  100,  300  and  500  deg.  fahr.  and  for 
thicknesses  from  0  to  5  in.  These  curves  were  plotted  from 
data  calculated  from  the  theoretical  equation  using  constants 
determined  in  the  tests.  The  points  marked  o  are  values 
from  the  actual  experiments  and  they  fall  on  the  calculated 
curves  with  remarkable  regularity  except  at  the  y2-in.  and 
3-in  points.     The  ^2-in.  thickness  cracked  and   checked   con- 


siderably when  heated  up  and  this  naturally  decreased  its  in- 
sulating value,  so  that  the  values  of  losses  would  be  greater 
than  those  calclated  from  the  equation  which  made  use  of 
conductivities  obtained  at  greater  thicknesses  where  conditions 
were  more  nearly  uniform.  The  outer  one  inch  thickness  on 
the  test  of  3-in.  covering  was  not  plastic,  but  was  sectional 
magnesia  covering  which  has  a  lower  conductivity  than  the 
plastic. 

Results  of  similar  tests  of  different  thicknesses  of  air  cell 
covering,  chosen  because  of  their  being  representative  of  the 
two  classes  of  materials-^those  with  very  small  air  spaces  and 
those  with  rather  large  air  spaces — are  plotted  in  curve  form 
in  the  paper. 
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Fig.  10    Efficiency  and  Net  Savings  Curves  for  Coverings 
I,  II,  and  III 

The  net  savings  in  dollars  per  year  were  calculated  for  vari- 
ous thicknesses  of  J-M  Sectional  85  Per  Cent  Magnesia  at 
temperature  differences  of  100,  300  and  500  deg.  fahr.  This 
was  done  in  exactly  the  same  manner  as  already  described  for 
single  thickness  coverings.  These  values  were  used  in  com- 
puting the  cost  per  year  of  the  various  thicknesses  of  cover- 
ing and  results  are  given  in  Table  2.  The  curves  for  net 
savings  per  square  foot  per  year  in  Fig.  11  show  rapid  in- 
crease in  savings  as  the  thickness  is  increased  up  to  a  point 
of  maximum  savings  after  which  there  is  a  decrease  owing  to 
the  rapid  increase  in  cost  of  covering.  Fig.  11  shows  the 
proper  thickness  for  the  maximum  net  saving  at  any  tempera- 
ture difference  from  0  to  500  deg.  fahr. 

The  chart  for  proper  thickness  mentioned  above  applied 
only  to  the  case  where  steam  costs  $0.30  per  1000  lb.  and  is  on 
365  days  in  the  year.  Fig.  12  is  a  chart  for  proper  thickness 
of  magnesia  covering  to  be  used  at  any  temperature,  any 
price  of  steam  and  any  number  of  hours  service  per  year. 
The  chart  does  not  show  values  for  length  of  service,  but  to  use 
it  for  other  periods  than  365  days  at  24  hours  a  day.  multiply 
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the  price  of  steam  by  the  number  of  hours  per  year  the  steam 
line  considered  is  in  service  and  divide  by  8760  and,  using 
the  result  as  the  price  of  steam  on  the  chart,  find  the  proper 
thickness. 

MATHEMATICAL     TREATMENT     OP     HEAT     FLOW     IN     INSULATING 
MATERIALS 

The  problem  of  insulating  objects  against  the  flow  of  heat 
is  one  which,  when  the  necessary  constants  are  known,  is 
capable  of  very  complete  mathematical  solution,  but  the 
mathematical  treatment  cannot  take  the  place  of  all  experi- 
mental work,  since  the  conductivities  of  the  materials  must 
be  detei-mined  by  actual  experiment;  but  once  these  are  knowTi, 
further  tests  are  not  required  for  the  accurate  determination 
of  the  losses  from  any  thickness  whatsoever. 


TABLE  2     DATA  ON  EFFICIENCIES  AND  SAVINGS  OF  VARIOUS 
THICKNESSES  OF  85  PER  CENT  MAGNESIA  COVERING 


h 

1 

H 

B.t.u./Sq.  ft./ 
deg.  dif./hr. 

m 

Total  Saving/yr. 

.1 

8 

p 

is 

s 

8 
m 

||| 

*3 

ni 

COwS 
00 

lag 

CO 

1 

100 

0.5 

2.152 

0.735 

0.691 

1.461 

67.8 

1,280,000 

0.384 

0.125 

0,018 

0.366 

100 

1.0 

0.492 

0,462 

1.690 

78,4 

1,481,000 

0.444 

0.238 

0.033 

0.411 

100 

2.0 

0.319 

0.300 

1,852 

85.5 

1,622,000 

0.480 

0.341 

0.048 

0.438 

100 

3.0 

0.248 

0.233 

1.919 

89.1 

1,681,000 

0,504 

0.528 

0.074 

0.430 

100 

4  0 

0.209 

0.196 

1.966 

90.8 

1,714,000 

0,514 

0.851 

0.119 

0.395 

100 

5.0 

0.185 

0.174 

1.978 

91.9 

1,733,000 

0.520 

1.215 

0.170 

0.350 

300 

0.5 

3.260 

0.805 

0.757 

2.503 

76.8 

6,579,000 

1.975 

0.125 

0.018 

1.957 

300 

1.0 

0  524 

0.493 

2.767 

84.9 

7,270,000 

2.181 
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2.148 

300 

2.0 
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2.945 

90.4 

7,740,000 

2.322 
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2.274 

300 
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0.260 
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3.016 

92.5 

7,922,000 

2.377 
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2.303 

300 

4.0 
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93.7 

8,026,000 
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2.289 

300 

5.0 
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0.5 
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4. 338 

83.7 
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5.700 

0.126 

0.018 
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0.524 

0.656 

89.9 

20,410.000 
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0  329 
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4.923 
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21,570,000 

6,470 

0.628  0.07416.396 

500 

4.0 

0.229 
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4.965 

95.8 

21,750,000 

6.525 

0.851  0.119  6.406 

500 

5.0 

0.199 

0.187  4.993 

96.4 

21,880,000 

6.560 

1,215  0.170  6.300 

In  the  ease  of  flat  surfaces,  where  the  two  boundaries  of  the 
insulating  material  are  fiarallel  planes,  the  application  of  the 
mathematical  treatment  is  very  simple.  In  this  case  the 
quantity  of  heat  conducted  is  given  by  the  equation 

Q  =  k  '~   'At [1] 

X 

in  wliich  Q  is  the  quantity  of  heat  conducted,  0^  and  6^  the 
temperatures  of  hotter  and  colder  surfaces  respectively,  x  is 
the  thickness  in  in.  of  the  layer  of  material,  A  is  the  area  in 
sq.  ft.  of  the  surface  considered,  t  is  the  time  in  hr.  and  k 
is  the  conductivity  of  the  material  in  B.t.u.  per  degree  temp. 
difference  per  sq.  ft.  per  in.  thickness  per  hour.  The  reason 
for  strange  mixture  of  feet  and  inches  in  the  equation  is  the 
irrational  definition,  in  the  English  units,  of  conductivity, 
since  in  it  the  square  foot  is  made  the  unit  of  area  and  the 
inch  the  unit  of  thickness. 

The  tests  of  pipe  coverings  now  under  discussion  involved 
cylindrical  surfaces  rather  than  fiat  ones,  so  that  a  more  ex- 
tensive explanation  will  be  made  of  this  class  of  problems. 
The  rate  of  heat  flow  through  the  material  of  a  pipe  is  given 
by  the  equation 


in  which  Tl\  is  the  rate  of  heat  flow  per  sq.  ft.  of  pipe  per 
hr. ;  k  is  the  conductivity;  6^  and  0,  are  the  temperatures; 
r,  and  r„  are  the  radii  of  the  inner  and  outer  surfaces  of  the 
pipe  respectively,  and  r  is  the  outside  radius  of  the  pipe.  The 
entire  equation  is  rational  and  contains  nothing  of  empirical 
nature  except  the  conductivity,  k,  which  must  be  determined 
by  experiment.  The  data  obtained  from  the  tests  described 
in  the  paper  form  an  excellent  basis  for  the  calculation  of 
these  conductivities. 

Below  is  given  an  example  of  the  computation  of  the  con- 
ductivity, k.  The  material  is  J-M  85  Per  Cent  Magnesia; 
temperature  difference  between  pipe  surface  and  air  is  300 


Fig.  11 


10  2D  i.O  40 

thickmess  of  covering  -  inches 

Thickness-Savings  Chart  for  85  Per  Cent  Magnesia 
Coverings 


TF,  = 


r  (loge  r„  —  log,  r,) 


.[2] 


deg.  fahr. ;  thickness  of  covering,  1.13  in. ;  outside  diameter 
of  pipe,  5.6  in.  The  rate  of  heat  loss  per  degree  temperature 
difference  per  square  foot  per  hour  is  found  from  Fig.  9  to 
be  0.455  B.t.u.  Therefore,  TF„  the  total  loss  per  sq.  ft. 
per  hr.,  is  equal  to  300  X  0.455  =  136.5  TF,  =  136.5  X  2.8  -^ 
(2.8  +  1.13)  =97.2  B.t.u. 

From  the  curve.  Fig.  13,  the  temperature  difference  be- 
tween outer  covering  surface  and  air  corresponding  to  a  loss 
of  97.2  B.t.u.  is  65  deg.  Therefore,  the  temperature  difference 
between  inner  and  outer  covering  surfaces  is  (300  —  65)  =  235 
deg. 

^.  _  IF,  r  (log,  r,  —  loge  r„) 
6,-1 
_  136.5  X  2.8  (loge  3.93  —loge  2.8) 

235 
=  0.551 
The  conductivity  of  J-3I  85  Per  Cent  Magnesia  at  300  deg 
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temperature  difference  is  tlierefore  0.551  B.t.u.  per  deg.  temp, 
difference  per  sq.  ft.  per  in.  thickness  per  hr. 

Conductivities  have  been  calculated  at  300  deg.  temp,  dif- 
ference (pipe  temperature — room  temperature)  for  all  of  the 
coverings  tested.  The  values  are  given  in  Table  3.  This 
table  is  the  best  basis  on  which  to  compare  coverings,  because 
here  all  differences  due  to  different  thicknesses  are  done  away 
with  and  the  coverings  may  be  compared  under  exactly  the 
same  conditions. 

For  finding  the  heat  loss  through  any  thickness  of  any 
material  of  which  the  conductivity  is  known,  and  at  any 
temperature  difference  between  pipe  and  room  up  to  500  deg. 
fahr.,  a  modification  of  equation  [2]  may  be  used. 

CONCLUSION 

In  conclusion  it  may  be  said  that  in  most  cases  it  pays  to 
use  the  best   commercial  pipe   covering  obtainable;   because 


100  200  500  400  500 

temperature  difference. degree5  fahrenheit 
(pipetemr -room  temp) 

Fig.  12  Chart  for  Determining  Proper  Thickness  of  85% 
Magnesia  for  Maximum  Net  Savings  at  Various  Tem- 
peratures AND  Prices  of  Steam 


where  the  material  is  paid  for  many  times  over  during  the 
first  year  by  the  saving  effected  by  its  use,  the  first  cost  loses 
much  of  its  weight  as  a  determining  factor  in  the  selection  of 
type  of  covering  to  be  used.  In  view  of  the  results  of  the 
thickness  tests,  it  is  a  deplorable  fact  that  few  steam  lines 
at  the  present  time  are  provided  with  thick  enough  a  covering 
for  the  greatest  net  saving.  However,  where  fuel  is  cheap  and 
the  lines  are  in  use  only  a  small  percentage  of  the  time,  the 
cheaper  coverings  have  their  advantages.  Also  there  ai-e 
places,  as  on  some  heating  systems,  where  the  heat  lost  through 
the  co\'erings  is  not  wasted  and  the  object  of  covering  the 
pipes  at  all  is  to  keep  tunnels,  etc.,  cool  enough  that  men  may 
work  in  them.  Therefore,  a  careful  study  of  conditions  is 
necessary  before  a  certain  type  of  covering  can  be  recom- 
mended for  a  given  piece  of  work.  However,  it  is  hoped  that 
the  data  given  in  this  paper  will  be  of  assistance  to  engineers 
in  deciding  upon  the  material  to  be  used  under  certain  eon- 


TABLE  3     COxN'DUCTIVITIES  OF  PIPE  COVERINGS  AT  300  DEGREES 
TEMFERATl-RE  DIFFERENCE  BETWEEN  PIPE  SURFACE  AND  ROOM 


No. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

xvm 

to 
XXII 
XXIV 


Kind  of  Covering 


J-M  85  Per  Cent  Magnesia . . . 

J-M  Indented 

J-M  A'itribestos 

J-M  Eureka 

J-M  Molded  Asbestos 

J-M  Wood  Felt 

Sall-Mo  Expanded  Asbestos. . 

Carey  Carocel 

Carey  Serrated 

Carey  Duplex 

Carey  S5  Per  Cent  Magnesia. 

Sall-Mo  Wool  Felt 

Nonpareil  High  Pressure 

J-M  Asbestos  Fire  Felt 

J-M  Asbestos  Sponge  Felted. 

J-M  Asbestos  Cell 

J-M  AirCeU 

Plastic  85  Per  Cent  Magnesia 

Sall-Mo  Air  CeU 


Conductivity 


0.5SI 
0.686 
1.087 
0.549 
0.778 
0  521 
0.59S 
0.540 
0.682 
0  636 
0.546 
0  510 
0.543 
1.093 
0  468 
0.596 
0.718 

0.587 

0  802 
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Fig.   13     Curve  Showing  Relation  op  Heat  Losses  to  Tem- 
perature 
Difference   between  Co^'ERING  Surface  and  SuRROUNDiNGyAiR 

ditions,  and  in  calculating  heat  losses  on  installations  ah'eady 
in  use. 

The  durability  of  materials  used  for  pipe  coverings  is  a  very 
important  factor  in  determining  the  most  economical  covering 
for  a  given  set  of  conditions.  It  has  already  been  pointed  out 
that  the  proper  basis  for  comparing  costs  was  the  cost  per 
year  and  not  the  first  cost  of  the  material.  This  is  true  be- 
cause the  covering  giving  the  greatest  length  of  service  for  a 
given  first  cost  and  efficiency  is  obviously  the  one  to  select.  In 
general,  fibrous  coverings  are  more  durable  than  the  molded 
forms;  since  the  latter  tend  to  revert  to  their  original  pow- 
dered state  due  to  vibration  and  rough  usage,  while  those 
made  of  fibrous  material  firmly  felted  together  show  no  such 
tendencv. 
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CIRCULATION  IN  HORIZONTAL  WATER 
TUBE  BOILERS 

BY  PAUL  A.  BANCEL,  NEW  YORK 
Junior  Member  of  the  Society 

WITH  high  combustiou  rates  and  high  furnace  tempera- 
tures, the  load  on  boiler  surfaces  exposed  directly  to 
the  fire  is  very  intense.  For  a  furnace  temperature  of  2500 
deg.  fahr.  and  a  boiler  temperature  of  400  deg.  falir.,  the 
rate  of  radiation  per  square  foot  of  boiler  surface  is  about 
100,000  B.t.u.  per  hr.;  for  2750  deg.  fahr.,  150,000  B.t.u.,  and 
for  3000  deg.  fahr.,  200,000  B.t.u.,  corresponding  approximate- 
ly to  loads  of  100,  150  and  200  lb.  of  steam  per  sq.  ft.  re- 
spectively, whereas  the  load  averaged  for  all  the  surface  in  a 
boiler  is  usually  only  3.5  to  10  lb.  per  sq.  ft. 

It  is  important  that  the  tubes  subjected  to  these  loads  have 
ample  circulation  of  water,  and  be  kept  clean  of  scale  as  well, 


Fig.  1  Model  Boiler  Set  Up  for  Test  with  Metal  Cover 
Plates  on  Front  and  Glass  Cover  Plates  on  Rear,  as 
SHOWN  IN  Fig.  2 

otherwise  the  resistance  to  heat  transfer  on  the  water  side  of 
the  tube  will  increase,  causing  an  increase  in  the  temperature 
of  the  metal,  which,  if  high  enough,  will  result  in  rupture. 
An  increase  in  tube  temperature  will  also  decrease  the  heat 
absorbed  by  radiation  and  reduce  the  efficiency.  It  is  only 
in  the  region  of  these  tubes  that  the  velocity  of  circulation  can 
have  any  appreciable  effect  on  the  efficiency  of  heat  absorp- 
tion. 

In  a  simple  U-tube  circuit  without  resistance,  the  velocity 
of  a  homogeneous  mixture  would  be  v  =  V  2  ^  JZ  where  TI 
is  the  head  measured  in  terms  of  the  steam-water  mixture. 
The  velocity  may  also  be  expressed  in  terms  of  the  total  vol- 
ume of  steam  and  water  circulating,  the  cross  section  and 
time,  giving  the  expression : 

,     Th 

u  =  0  V 

A 

where  V  is  the  volume  of  steam  per  hour,  h  the  distance  from 
center  of  heating  of  tube  to  water  level,  A  is  the  cross  section 
area  and  0  is  a  coefficient  dependent  on  slip  and  resistance. 
This  expression  indicates  that,  if  the  coefficient  remained  con- 
stant, the  velocity  would  increase  as  the  cube  root  of  the  steam 


volume  or  load,  that  is,  if  the  load  were  doubled  the  velocity 
would  increase  1.26  times.  But  this  condition  does  not  exist, 
except  in  the  frictionless  U-tube  circuit  without  slip,  and  is 
far  from  being  attained  throughout  the  entire  cii'cuit  of  com- 
mercial boilers. 

MODEL  BOILER  FOR  STUDYING  CIRCULATION 

In  order  to  study  circulation  and  the  nature  of  the  flow  in 
different  types  of  horizontal  boilers,  a  model  was  constructed 
as  shown  in  Figs.  1,  2  and  3. 

The  boiler  was  built  in  two  units,  each  complete  with  drum 
headers  and  tubes.  There  were  75  half -inch  outside  diameter 
No.  18  B.  &  S.  brass  tubes  about  2  ft.  long,  of  a  total  surface 
of  17  sq.  ft.  in  each  unit.  The  headers  were  rectangular  as 
in  an  Edge  Moor  boiler,  and  by  inserting  suitable  strips  of 
brass  the  design  could  be  changed  to  represent  the  different 
constructions  of  Figs.  4A  to  4F.  Glass  covers  were  placed  on 
the  front  and  back  headers  to  permit  observation  of  conditions 
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Fio.  2     View  of  Model  Boiler,  showing  Outlet  Pipes  with 

, I    Separ.ators  on  Each  Half  of  the  Boiler  and  Gages  for 

Measuring  Output 

and  the  taking  of  photographs.  Rubber  packing  formed  of 
split  rubber  tubing  was  jilaced  on  the  edge  of  the  strips  under 
the  glass. 

The  boiler  was  set  with  a  slope  of  1  in.  to  the  foot  over  a  gas 
furnace  consisting  of  three  large  burners  capable  of  burning 
200  cu.  ft.  of  gas  per  hr.  One-inch  asbestos  lined  the  furnace 
and  boiler  casing.  The  baffling  for  the  gases  was  of  the 
jjarallel  type  in  two  passes.  The  boiler  was  set  so  that  the 
gases  entered  at  the  rear  of  the  bottom  pass.  Fig.  3a,  and  also 
with  the  relative  position  of  furnace  reversed,  the  gas  entering 
the  first  pass  directly  in  front,  as  shown  in  section  of  Fig.  36. 
An  induced  draft  fan  drew  the  gases  through  the  boiler. 

PHOTOGRAPHS   OF   THE   BOILER   CIRCULATION 

Photographs  of  the  moving  steam  and  water  in  the  headers 
were  taken  at  a  speed  of  approximatelj'  1/100  see.  with  flash- 
light illumination. 

When  the  circulation  is  poor  and  steam  is  slipping  through 
the  water  the  latter  shows  up  transparent  and  the  header  ap- 
peal's almost  empty,  whereas  where  the  steam  and  water  are 
well  mixed  or  emulsified,  there  is  a  distinct  whitish  color  and 
marked  contrast  in  the  photographs. 

Before  a  photograph  was  taken,  the  water  was  brought  to 
the  same  level  in  each  header  without  having  the  burners  on. 
The  level  was  slightly  below  the  bottom  of  the  drum  in  the 
front  header  as  shown  in  Fig.  14. 
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Wherever  bubbles  of  steam  appear  to  be  at  rest  iu  the 
photographs,  it  may  be  assumed  that  their  velocity  was  no 
more  than  1  ft.  per  sec.,  while  streaks  indicate  higher  veloc- 
ities. 

Steam  was  generated  at  atmospheric  pressure  and  the  vol- 
ume was  measured  by  orifices  in  the  outlet  pipes  on  each  half 
of  the  boiler.  As  the  volume  of  steam  at  atmospheric  pressure 
is  very  great  compared  to  that  at  200  lb.  (for  example)  a  low 
load  in  pounds  per  square  foot  per  hour  on  the  model  corre- 
sponds to  a  high  load  in  tei-ms  of  steam  volume.  The  equiva- 
lent loads  given  iu  connection  with  the  pictures  are  based  on 
a  boiler  pressure  of  200  lb.,  at  which  the  steam  volume  is 
about  0.08  that  at  atmospheric  pressure. 

A  greater  proportion  of  the  steam  was  generated  iu  the  bot- 
tom tubes.  The  relative  loads  in  different  rows  was  probably 
about  the  same  as  the  average  in  an  actual  boiler,  wherein  the 


Fig.  3a     Model  Water  Tube  Boiler 

distribution  varies  considerably  depending  on  the  furnace  tem- 
perature. 

Fig.  5  shows  the  circulation  in  the  front  headers  at  about 
85  per  cent  of  rating.  On  the  left  is  a  header  with  a  flue  for 
increasing  circulation  in  the  bottom  tubes,  and  on  the  right 
the  square  header. 

In  the  left  hand  half  of  Fig.  5,  the  greater  evaporation  is 
obviously  taking  place  in  the  bottom  tubes  connected  into  the 
circulation  fiue  where  there  is  a  well  directed  upward  flow. 
The  upper  tubes  of  the  boiler  discharge  into  their  compart- 
ments of  the  header  very  quietly  and  the  steam  slips  up 
through  the  water  and  is  liberated  in  the  header.  The  pump- 
ing action,  as  in  an  air  lift,  is  shown  clearly  in  the  central 
flue.  The  discharge  is  vigorous  enough  to  strike  the  horizontal 
deflection  plate  in  the  center  of  the  drum. 

The  right  hand  half  of  Fig.  5  illustrates  how  slip  occurs  in 
a  header  of  relatively  large  area;  the  steam  slips  up  through 
the  water  and  is  liberated  largely  in  the  header  as  indicated 
by  the  wide  belt  of  foam  formed  at  the  surface  of  the  water, 
which  is  to  be  contrasted  with  the  quiescent  conditions  on  the 
left.  The  steam  and  water  issued  from  the  bottom  tubes  as 
a  homogeneous  mixture  filling  the  bore  of  the  tubes  and  pre- 
served this  state  as  it  turned  up,  but  after  a  short  distance 
it  seemed  to  be  absorbed  by  the  comparatively  large  mass  of 


water  in  the  header.  The  tubes  carrying  lighter  loads  dis- 
cliarged  steam  and  water  from  the  upper  part  of  the  tube 
only. 

A  rotaiy  flow  can  be  seen  in  the  square  header,  Fig.  5.  The 
current  rises  at  the  left  and  falls  at  the  right,  the  velocity  being 
low  or  next  to  nothuig  where  the  bubbles  can  be  distinguished. 

Fig.  0  was  taken  at  the  same  load  but  with  low  water  level 
to  show  the  effect  of  the  circulation  flue  in  the  left  hand  boiler. 
The  bottom  tubes  of  this  boiler  are  dischai-ging  water  and 
steam  up  the  flue  into  the  drum,  whereas  no  water  is  delivered 
to  the  drum  from  other  sections  of  the  header  or  from  the 
header  on  the  right  hand  side.  Return  circulation  occurs 
through  the  upper  tubes. 

Fig.  7  shows  the  boilers  steaming  at  approximately  275  per 
cent  load  and  Fig.  8  about  450  per  cent  load.  The  upper 
tubes  of  the  left  hand  boiler  are  now  working  more  actively, 
but  the  relatively  small  amount  of  steam  generated  is  indi- 
cated by  the  fact  that  about  half  the  rows  of  tubes  can  be 
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Fig.  36    Model  Water  Tube  Boiler 

seen  through  water,  especially  in  Fig.  7,  the  steam  slipping 
through  without  causing  a  flow  of  water.  The  flow  in  the 
circulation  flue  is  smooth  and  full  bore.  On  the  right  there 
is  violent  commotion  with  whirls  and  swirls  in  all  directions. 
The  steam  and  water  rise  nearly  to  the  top  of  the  drum  which 
indicates  the  head  needed  to  make  the  turn  and  discharge  the 
mixture  into  the  drum. 

Fig.  9  shows  the  lower  right  hand  corner  of  the  same  type 
header  to  a  larger  scale,  steaming  at  an  equivalent  load  of 
250  per  cent.  The  circulation  is  upward  on  the  left  and  down- 
ward on  the  right.  The  rush  of  circulation  to  the  left  of  the 
header  is  presumably  due  to  the  fact  that  the  heat  is  greatest 
in  the  center  of  the  furnace,  which  corresponds  to  the  left  hand 
side  of  this  header. 

Fig.  10  shows  Heine  type  headers  in  both  parts  of  the  boiler 
and  double  circulation  flues  on  the  left,  these  rising  along  the 
sides  of  the  header  in  extensions  which  did  not  connect  with 
any  upper  boiler  tubes.  No  heavy  mixtures  were  therefore 
discharged  into  the  light  steam  wafer  emulsion  rising  from  the 
Ijotfom  tubes.  The  load  was  about  275  per  cent.  The  dis- 
charge of  the  upper  tubes  of  the  left  hand  boiler  slips  through 
the  water  and  the  mixture  in  the  center,  near  the  top,  is  mov- 
ing slowly,  whirling  in  all  directions.  The  right  hand  picture 
illustrates  again  the  tendency  for  internal  circulation  in  an 
open  header;   there  is  a  marked  rotary  flow  and  downward 
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eurrent  on  the  right.  A  closer  study  of  the  figure  will  show 
what  seem  to  be  light  shadows  to  the  left  of  the  tube  ends  in 
the  bottom  row.  This  is  the  discharge  of  steam  slipping 
through  the  water.  Fig.  11  shows  tlie  same  boiler  steaming 
at  500  per  cent  load. 

Fig.  12  shows  the  Heine  type  header  on  the  right  and  the 
single  circulation  flue  on  the  left,  at  about  450  per  cent  load. 
The  white  streak  across  the  right  hand  header  is  a  cemented 
crack  ui  the  glass.  Numerous  small  eddy  currents  or  whirls 
can  be  distinguished.  Bubbles  that  are  nearly  stationary  are 
distinguishable  all  along  the  lower  section,  directly  in  the 
center  and  in  the  upper  right  hand  corner — these  forming  the 
vortex  of  a  whirl  in  a  clockwise  direction. 

Fig.  13  shows  a  third  arrangement  of  circulation  baffle  with 
three  flues  on  the  left,  and  a  Babeock  and  Wilcox  type  header 
on  the  right ;  the  load  was  about  450  per  cent.  Fig.  14,  at  no 
load,  shows  the  construction  of  the  header  more  clearly.  The 
flow  in  the  sections  of  the  Babeock  and  Wilcox  header,  was 
directly  upwards,  with  no  cross  currents  or  whirls  and  only  a 
slight  sinuous  movement,  but  was  throttled  by  the  nipples  at 
the  top  of  each  section.  Stationary  bubbles  can  be  distin- 
guished in  many  of  the  headers.  At  low  loads  tlie  slip  through 
the   headers   was   similar  to  that  in   the   previous   types,   the 
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Fig.  3c     Model  Water  Tube  Boiler 

bubbles  rising  tlu-ough  the  water  without  causing  discharge 
from  the  nipples. 

Fig.  15  is  a  view  of  the  rear  headers  when  steaming  at  the 
same  rate.  The  left  band  header  (corresponding  to  the  Bab- 
eock and  Wilcox  type  on  the  right  in  front)  is  boiling  back- 
ward from  the  upper  tubes,  causing  a  fluctuating  and  higher 
water  level.  The  white  mark  across  the  bottom  of  the  right 
hand  drum  is  caused  by  the  splashing  of  the  water  against  the 
glass. 

Fig.  16  shows  the  rear  headers  at  aliout  85  per  cent  load, 
a  slight  boiling  back  being  noticeable  here  also.  This  figure 
shows  another  feature,  however — the  left  hand  drum  is  dry 
due  to  the  poor  circulation  of  the  front  headers  into  the  drum, 
wiiereas  the  right  hand  drum  is  receiving  water  which  can  be 
seen  emptying  into  the  rear  header.  The  steam  slips  through 
the  water  in  the  front  headers  on  one  side,  without  pumping 
water  into  the  dram.  The  true  water  levels  are  equal,  but 
about  3  in.  low. 

Reversal  of  boiling  also  occurred  with  other  types  of 
headers.  Fig.  17  shows  the  boilers  with  front  headers  as  in 
Fig.  10,  steaming  at  85  per  cent.  A  number  of  tubes  can  be 
seen  to  be  discharging  steam.  This  occurred  intermittently 
and  would  appear  first  at  one  tube  and  then  another.  Fig.  18 
shows  the  rear  of  the  boilers  shown  in  front  in  Fig.  12  steam- 
ing at  about  300  per  cent  load. 

The  back  boiling  was  eliminated  by  reversing  the  boiler 
setting,  that  is,  setting  the  boiler  over  the  furnace  so  that 
the  opening  at  the  end  of  the  lower  horizontal  baffling  came 


at  the  front  and  higher  end  of  the  boiler,  neai-  the  front 
header,  as  shown  in  Fig.  3b. 

Fig.  19  shows  the  rear  headers  when  the  l)oiler  was  set  in 
this  manner,  and  the  load  was  about  450  per  cent.  The  rear 
headers  were  perfectly  clear,  and  no  discharge  occurred  from 
any  of  the  tubes.  The  front  headers  were  of  the  design  shown 
in  Figs.  5  to  9,  which  figures  were  also  taken  with  the  flow 
of  hot  gases  entering  the  tube  nest  at  the  front. 

Figs.  20  and  21  show  the  rear  headers  with  the  same  set- 
ting, but  with  the  Babeock  &  Wilcox  type  header  at  the  front 
of  the  left  hand  boiler  and  the  design  of  Fig.  46'  at  the  front 
of  the  right  hand  boiler.  The  nipples  of  the  sectional  header 
were  reduced  one  half  in  area  by  inserting  sleeves.     Fig.  20 


E  F 

Fig.  4    Different  Types  of  Headers  Tested 
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shows  a  load  of  300  per  cent.  While  the  true  water  levels  were 
exactly  the  same,  the  left  hand  header  shows  a  higher  surface 
and  also  considerable  commotion  at  the  surface,  due  to  reversal 
of  circulation  through  the  upper  tubes.  The  water  level 
fluctuated  up  and  down  with  a  swing  of  several  inches.  Fig. 
21  shows  the  same  boilers  with  85  per  cent  load.  The  true 
water  levels  were  equal  but  when  steaming  the  level  in  the 
left  hand  unit  fluctuated,  rising  and  backing  up  the  water  in 
the  drum  and  then  falling. 

In  addition  to  the  above  tests  on  circulation,  a  series  of 
tests  was  made  in  which  the  difference  in  pressure  between  the 
bottoms  of  the  front  and  rear  headers  was  measured.  Curves 
in  Fig.  22  show  the  results  obtained.  The  letters  in  the  figure 
correspond  to  the  letters  in  Fig.  4.  The  circulation  flues  in- 
crease the  pressure  difference  front  and  rear  of  the  bottom 
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tubes  and  add  to  the  cireulatiou  created  in  the  tube  itself  due 
to  the  slope. 

Boiling  back,  particularly  from  the  upper  tubes,  takes  place 
if  the  discharge  area  at  the  junction  of  header  and  drum  is 
constricted.  coxclusions 

Increased  circulatum  in  the  lower  rows  of  tubes  of  a  hori- 
zontal boiler  can  be  obtained  by  constructions  which  segregate 
the  discharge  from  those  tubes  up  through  the  front  header 
into  the  drum,  and  by  designing  the  circuit  to  prevent  slip  and 
to  offer  the  least  resistance,  particularly  at  the  entrance  to  the 
drum. 

The  velocity  of  circulation  of  a  steam-water  mixture  in- 
creases about  as  the  square  root  of  the  steam  volume  or  load. 

The  volume  of  water  circulated  increases  at  tirst  as  the 
steam  volume  increases,  reaches  a  maximum,  and  then  de- 
creases. The  maximum  load  on  a  tube  should  not  exceed  that 
coincident  with  maximum  water  delivery. 

The  tendency  for  reversal  of  circulation  is  lessened  by  set- 
ting the  boiler  so  that  the  gases  strike  the  tube  bank  at  its 
higher  end. 


Fig.  5    Front  Headers;  Load  85  Per  Cent;  Setting  as  in  Fig.  36 


Fig.  6     Front  Headers;  Load  85  Per  Cent;  Setting  as  in     Fig.  7     Front  Headers;  Load  275  Per  Cent;  Setting  as  in 
Fig.  36;  Water  Level  Below  Normal  Fig.  36 


Fig.  8     Front  Headers;  Load  4.50  Per  Cent:  Setting  as  in     Fig.  9    Lower  Section  of  same  Boiler  as  in  Fig.  8;  Load  250 
Fig.  36  Per  Cent;  Setting  as  in  Fig.  35 
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Fig.  10    Front  Headers;  Load  275  Per  Cent;  Setting  as  in     Fig.  U     Front  Headers;  Load  500  Per  Cent;  Setting  as  m 
Fig.  3a  Fig.  3a 


Fig.  12     Front  Headers;  Load  450  Per  Cent;  Setting  as  in     Fig.  13    Front  Headers;  Load  450  Per  Cent;  Setting  as  in 
Fig.  3a  Fig.  3o 


Fig.  14     Bou.krs  without  Load  sho\vi.\g  True  \V.\ter  Levels      Fig.  15    Rear  Headers  Corresponding  to  Headers  of  Fig.  13 
1  IN.  below  Bottom  of  Drum  in  Front  Headers,  and  1  in.  in  Front;    Load  450  Per  Cent;   Setting  as  in  Fig.  3o 

above  in  Rear  Headers 
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Fig.  16    Rear  Headers  Corresponding  to  Headers  of  Fig.  13       Fig.   17     Rear  Headers  Cobresponding  lo  Design  of  Fig.  10 
IN  Front;    Load  85  Per  Cent;    Setting  as  in  Fig.  3n  in  Front;    Load  85  Per  Cent;    Setting  as  in  Fig.  3a 


Fig.  18     Rear  Headers  Corresponding  to  Design  of  Fig.  12      Fig.   19     Rear  Headers  Corresponding  to  Design  op  Fig.  5 
IN  Front;    Load  300  Per  Cent;   Setting  as  in  Fig.  3fj  in  Front;   Load  450  Per  Cent;    Setting  as  in  Fig.  3fe 


Fig.  20     Re.4.r  He.aders  Corresponding  to  Design  of  Fig.  4F       Fig.  21     Showing  Rear  Headers,  s.\me  as  in  Fig. 
AND  4C  IN  Front;   Lo.ad  300  Per  Cent;    Setting  as  in  Fig.  3b  Per  Cent;   Setting  .\s  in  Fig.  36 


20;    Load  85 
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PERFORMANCE  AND  DESIGN  OF  HIGH 
VACUUM  SURFACE  CONDENSERS 

BY  GEO.  H.  GIBSON,  NEW  YORK 

Member  of  the  Society 

AND 

PAUL  A.  BANCEL,  NEW  YORK 

Junior  Member  of  the  Society 

THE  coefficient  of  heat  transmission  in  an  experimental 
condenser  filled  with  pure  steam  appears  from  recent  in- 
vestigations to  be  a  determinate  quantity  dependent  upon  steam 
temperature,  water  velocity,  diameter  of  tube  and  mean  water 
temperature  and  its  value  is  of  the  order  of  500  to  1500  B.t.u. 
per  sq.  ft.  per  hr.  per  deg.  fahr.  difference.  In  the  commer- 
cial condenser  the  high  rate  of  transmission  undoubtedly  ex- 
isting for  certain  parts  of  the  surface  is  masked  by  the  large 
amount  of  relatively  idle  surface,  so  that  the  average  coefticient 
for  all  tlie  surface  figures  out  much  lower — sometimes  as  low 
as  50  B.t.u.     The  size  and  cost  of  a  condenser  to  maintain  a 
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DEPRESSION   OF   AIR   PUMP    SUCTION   TEIIPEKATURE   AS    AN    INDEX 
OP  SURFACE  efficiency 

Examination  of  the  results  of  a  number  of  tests  on  com- 
mercial condensers,  a  vacuum  evaporator,  and  a  laboratory 
condenser  indicates  a  definite  relation  between  the  coeflicieiit 
of  heat  transfer  and  the  difference  between  the  steam  tem|ii!ra- 
ture  at  the  condenser  inlet  and  the  air  temperature  at  the 
outlet. 

The  water  velocity,  mean  water  temperature  and  tube  diam- 
eter affect  the  rate  of  transmission  from  the  tube  wall  to  the 
water,  that  is,  the  transmission  on  the  water  side  of  the  tube, 
and  their  individual  influences  have  been  determined  in  ex- 
perimental single  tube  condensers,  so  that  corrections  for  these 
variables  can  be  applied  with  a  reasonable  degree  of  certainty. 
Geo.  A.  Orrok's  results  have  been  used  for  the  present  pur- 
pose so  far  as  possible. 

The  variables  affecting  heat  transmission  on  the  steam  side 
of  the  tube  in  an  actual  condenser  are  complex  and  difficult 
of   isolation ;   yet  as  an   observed   fact,   their   influence  really 
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certain  vacuum  depend  primarily  on  the  extent  of  the  zone  of 
active  condensation,  that  is,  on  how  much  of  the  surface  does 
work  and  how  much  is  idle.  As  will  be  shown,  the  problem 
is  one  of  hydrodynamics  as  well  a.s  of  heat  transmission. 

These  variations  being  commonly  attributed  to  the  presence 
of  air  and  to  imperfect  stream  distribution  and  penetration, 
modern  high  \acuum  surface  condensers  are  equipped  with 
large  capacity  air  pumps  and  are  designed  with  liberal  areas 
for  the  flow  of  steam  through  the  tube  bank,  with  the  mini- 
mum depth  of  tube  bank  between  inlet  and  outlet.  When 
careful  attention  is  also  given  to  excluding  air  in  leakage, 
high  vacuums  are  successfully  maintained.  However,  a  con- 
denser wliich  will  give  a  high  coeilieient  of  heat  transfer  wlien 
the  test  readings  are  taken  under  summer  conditions  with 
circulating  water  at  temperatures  of  70  to  80  deg.  fahr.,  will 
also  give  relatively  low  values  in  winter  with  cold  water;  the 
warmer  the  water  and  the  lower  the  vacuum,  the  smaller  the 
mean  temperature  head  required  to  transmit  practically  con- 
stant amount  of  heat  through  the  surface. 
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dominates  performance,  since  the  coefficients  of  heat  transfer 
still  vary  several  hundred  per  cent  after  all  variables  affecting 
heat  transfer  on  the  water  side  have  been  allowed  for. 

In  Fig.  1  the  coefficient  of  heat  transmission  for  a  number 
of  surface  condensers  is  plotted  against  difference  between 
steam  and  condensate  temperatures.  Graph  a  refers  to  a 
24,000  sq.  ft.  condenser  loaded  to  5.9  lb.  per  sq.  ft. ;  graph  b 
to  an  18,000  sq.  ft.  condenser  loaded  to  7.5  lb.  per  sq.  ft. ; 
graph  c  to  an  18,000  sq.  ft.  condenser  loaded  to  4.07  lb.  per 
sq.  ft. ;  graph  d  to  an  18,000  sq.  ft.  condenser  loaded  to  8.09 
lb.  per  sq.  ft.,  and  graph  e  to  a  21,000  sq.  ft.  condenser  loaded 
to  5.95  lb.  per  sq.  ft.  Graphs  a  and  d  coincide.  In  graph 
/,  for  a  25,000  sq.  ft.  base  condenser,  the  coefficient  rises  to  a 
\alue  of  850  B.t.u.  for  a  single  set  of  observations.  Graph  g 
refers  to  five  condensers  of  different  sizes,  loads  and  vacuums, 
two  with  wet  vacuum  pumps  and  the  others  with  hydraulic 
air  pumps.  Graph  /(  shows  the  relation  for  a  vacuum  evap- 
orator (in  this  case  the  actual  air-steam  mixture  was  ob- 
served, not  the  condensate). 

Fig.  2  shows  similar  graphs  based  on  results  obtained  by 
Prof.  J.  A.  Smith  with  experimental  laboratoiT  apparatus. 
Tlie  four  lower  curves  show  the  relations  existing  between  the 
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coefficient  of  heat  transmission  and  the  number  of  degrees 
which  the  temperature  of  the  air-steam  mixture  is  below  the 
steam  temperature  eon-esponding  to  the  total  pressure.  Call- 
ing the  heat  transfer  at  zero  air  100  per  cent,  all  the  results 
for  different  steam  temperatures  can  be  combined  in  a  single 
percentage  of  efSeiency  curve,  as  shown  by  B,  Fig.  2. 

The  maximum  heat  transmission,  obtained  by  Smith  with 
pure  steam  is  low  as  compared  with  that  obtained  by  Orrok 
and  others. 

Graph  B  is  replotted  as  the  dotted  gi-aph  ,;  in  Fig.  1  by 
assuming  the  maximum  coefficient  to  be  1000  at  a  condensate 
temperature  3  deg.  below  steam  temperature,  in  order  to  bring 


100 
90 
80. 
70 
60 
SO 

•to 

30 
20 
10 

, 

\ 

\ 

\ 

"s. 

~-- 

_, 

^- 

— , 

_ 

— 

— ' 

— 

5 

1 

3 

15 

2 

0 

Z5 

3 

0 

35 

40 

Depression  of  Airitetsm  Mm+ure  Temperature 
below  Vacuum  Temperature, Deg    Fahr. 

FiQ.  3    Efficiency  of  Surface  vs.  Tempebature  Depression 


120 
:  no 

100 
90 

80 
70 
60 
50 


-W 


32 


1        1 
Sfeaw  Temperai 

ure 

h-Jl^^ 

, 

! 

-*" 

^ 

A 

/4 

f 

'/  \ 

i"^ 

^  ^j 

s 

Eirtro 

■reeoj 

■Coob 

ngY<i 

■ftr 

0       100    200    300    4)0     500    600    700    800  900 
Cooling    Sur-fc^ce-5q   Ft 

Fig.   4     Rise   of   Water   Temperature   in    Passing    Through 
Condenser  Indicates  Active  and  Inactive  Zones 

it  into  the  region  of  the  other  graphs  representing  commercial 
condensers.  Graph  j  is  then  seen  to  ha\e  the  same  trend  as 
the  others. 

The  graph  of  Fig.  3  was  obtained  by  averaging  the  results 
represented  in  graphs  a,  b,  c,  d,  e,  f,  g,  and  h,  and  expressing 
the  heat  transmission  as  a  percentage  of  the  maximum  ob- 
tainable under  the  conditions  of  rate  of  heat  transfer  through 
the  tubes  and  from  tubes  to  water,  prevailing  in  the  con- 
densers considered. 

The  performance  of  a  condenser  is  usually  dominated,  to 
the  exclusion  of  other  factors,  by  the  extent  of  the  active  and 
inactive  zones  of  condensation.  Thus  tests  show  that  the 
coefficient  averaged  for  all  the  surface  may  increase  as  the 
water  velocity  decreases.  The  explanation  is  to  be  found  in 
the  lower  vacuum  and  smaller  specific  volume  of  steam  cor- 
responding to  the  lower  velocity,  smaller  quantity  and  higher 
final  temperature  of  circulating  water,  under  which  conditions 


there  is  greater  steam  penetration  and  more  surface  is  brought 
into  action. 

Other  explanations  of  the  variations  in  heat  transmission 
coefficient  have  been  founded  principally  on  the  variables  af- 
fecting the  water  side  of  the  tube  or  on  the  theory  that  a  con- 
stant coefficient  would  be  obtained  by  assuming  the  total  heat 
transfer  to  vary  as  some  fractional  power  of  the  instantaneous 
temperature  difference  instead  of  the  first  power. 

We  may  assume  for  the  present  that  the  coefficient  of  heat 
transfer  for  a  single  tube  immersed  in  steam  depends  on  the 
water  velocity  (in  an  open  tube  or  manner  of  agitation  in 
other  tubes),  size  of  tube,  material  and  cleanliness  of  tube  and 
mean  water  temperature,  but  that  all  of  these  factors  taken 
together  do  not  explain  the  wide  disparity  of  results  obtained 
with  actual  condensers.  We  may  also  assume  in  the  light  of 
evidence  that  the  total  heat  transfer  is  a  function  of  the  first 
power  of  the  temperature  difference  and  not  of  a  fractional 
power  as  suggested  by  Loeb  and  Orrok. 

Measurements  of  rise  in  temperature  of  circulating  water 
in  multiple  pass  condensers  have  shown  that  there  are  two 
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Fig.  5    Variation  of  Proportion  of  Active  and  Inactive  Zones 
IN  an  "Elastic"  Condenser 


COMBINED  EFFECTS  OF  PRESSURE  DROP  AND  AIR 

fairly  well  defined  zones  in  a  surface  condenser:  one  in  which 
condensation  takes  place  actively,  the  other  wherein  very 
little  condensation  takes  place.  Fig.  4  from  a  paper  by  Prof. 
Josse  shows  readings  of  water  temperature  and  ef  heat  ab- 
sorbed in  an  actual  condenser  plotted  against  surface  tra- 
versed.   About  40  per  cent  of  the  surface  is  inactive. 

Let  us  consider  a  condenser.  Fig.  5A,  in  which  steam  con- 
densation occurs  up  to  line  a  b  and  air  concentration  during 
the  flow  over  the  remainder  of  the  tube  surface;  i.e.,  nearly  all 
the  heat  is  transmitted  to  the  water  in  that  part  of  the  surface 
preceding  the  line  a  b.  The  water  temperature  is  assumed 
constant  at  T^.  In  the  first  zone  the  temperature  drop  to  T, 
is  almost  entirely  due  to  the  pressure  drop  required  to  over- 
come the  pneumatic  resistance  offered  by  the  condenser  struc- 
ture to  the  flow  of  a  large  volume  of  steam.  From  this  region 
on,  the  temperature  drop  corresponds  to  the  reduction  in 
partial  pressure  of  the  water  vapor,  the  drop  in  total  pressure 
being  negligible,  due  to  the  fact  that  the  volume  flowing  in  this 
zone  of  the  condenser,  where  only  1  or  2  per  cent  of  the 
steam  remains,  is  very  small.  The  partial  pressure  of  the  air 
at  exit  is  represented  by  the  difference  of  the  vapor  pressures 
corresponding  to  the  temperatures  T,  and  T..,  T,  being  the 
final  air  pump  suction  temperature. 

Now  assume  that  the  air  leakage  is  reduced,  or  the  air  pump 
capacity  increased,  so  that  the  air  withdrawal  occurs  at  some 
lower  partial  air  pressure  represented  by  the  smaller  differ- 
ence T, — T,'  (Fig.  5B).     A  part  of  the  zone  (2)  may  then  be 
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dispensed  with  and,  as  the  same  initial  steam  temperature  T, 
is  maintained  with  less  surface,  the  average  eoeflieient  of  heat 
transfer  will  figure  out  higher. 

Again,  assume  the  ease  in  Fig.  5C,  wherein  the  water  tem- 
perature is  reduced  and  a  higher  vacuum  maintained.  If  all 
of  zone  (1)  up  to  a  b  is  to  remain  active,  the  pressure  drop 
expressed  in  head  of  steam  must  increase  approximately  in 
proportion  to  the  square  of  the  steam  velocity  and  specific 
volume.  Temperature  T/',  is  therefore  closer  to  the  water 
temperature  Tw"  than  before.  Furthermore,  the  difference 
lietween  this  temperature  T"  and  the  air  pump  suction  tem- 
]ierature  T,"  must  increase  in  order  to  give  the  same  par- 
tial air  pressure  with  a  lower  total  pressure.  This  is  explained 
by  Fig.  6.  For  a  constant  partial  air  pressure,  which  means 
constant  air  leakage  with  constant  pump  displacement,  the 
temperature  difference  and  the  percentage  of  air  richness  must 
both  increase  rapidly  as  the  vacuum  increases.  For  these  two 
reasons  more  surface  will  be  required  in  zone  (2)  of  Fig.  5C 
extending  it  to  c" — d"  and  the  average  coefficient  of  heat 
transfer  will  accordingly  figure  out  lower.  [The  coefficient 
will  also  be  further  reduced  because  the  average  temperature 
of  the  steam  is  now  lower  through  zone  (1)  on  account  of 
the  greater  pressure  drop.] 
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Many  variables  have  to  be  taken  into  account  to  calculate 
the  actual  relative  depths  of  these  zones  in  a  condenser. 
Among  the  independent  variables  which  w^ould  need  to  be 
considered  may  be  mentioned  water  velocity,  initial  water  tem- 
perature, weight  of  water,  tube  diameter  and  cleanliness,  ar- 
rangement of  water  passes,  steam  temperature,  amount  of  air, 
air  pump  capacity,  amount  of  surface  and,  perhaps  most  im- 
portant of  all,  the  arrangement  or  geometrical  configuration 
of  heat  transmitting  surface.  However,  we  find  that  if  the 
difference  between  vacuum  temperature  and  air  outlet  tem- 
lierature  Ts — T,  is  increased  by  increasing  pressure  drop  or 
by  increasing  the  amount  of  air,  there  is  a  decrease  in  the 
average  coefficient  of  transmission ;  and  conversely  if  Ts — T„ 
is  decreased  by  decreasing  pressure  drop  or  decreasing  the 
amount  of  air,  there  is  an  increase  in  the  average  coefficient. 
Empirical  results  showing  the  same  relation  have  been  given 
in  Figs.  1,  2  and  3. 

PRESSURE   DROP 

If  the  proportion  of  steam  condensed  per  tube,  the  depth 
of  penetration  and  the  steam  density  were  all  constant,  the  loss 
of  head  through  the  first  zone  of  the  condenser  would  vary 
as  the  square  of  the  velocity,  or  according  to  the  well  known 
relation  for  inelastic  fluids  h  =  v'/2g.    If  the  amount  of  steam 


condensed  per  tube  and  the  steam  density  i-emained  constant, 
but  the  penetration  increased  in  proportion  to  the  velocity  of 
entrance,  the  pressure  drop  would  vary  as  the  cube  of  the  en- 
trance velocity. 

Pressure  drops  actually  observed  usually  fall  between  these 
limits.  By  dividing  both  the  steam  weight  flowing  and  the 
pressure  drop  resulting  by  the  mean  specific  weight  of  the 
steam,  test  readings  can  be  expressed  in  terms  of  steam 
velocity  and  "  head  "  of  steam. 

In  Fig.  7  are  plotted  on  logarithmic  paper  the  heads  and 
proportional  velocities  obtained  in  the  experiments  by  Loeb 
on  the  Bureau  feed  water  heater.  The  points  agree  very 
closely  with  a  line  of  slope  2.5 ;  that  is,  the  head  varies  as  F''. 
The  exponent  of  2.5  can  be  explained  on  the  basis  that  at 
increased  loads  the  steam  penetrates  farther  into  the  heater;, 
it  is  like  pumping  water  into  a  leaky  distribution  system. 
This  is  borne  out  by  the  quantities  plotted  in  Fig.  8  for  three 
condensers  of  large  size.    In  these  tests  the  increase  in  steam 
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Fig.  7    Relation  Between  Pressure  Drop  and  Steam  Velocity 

velocity  (weight  per  hour  divided  by  specific  weight)  is  due 
entirely  to  increase  in  vacuum  and  specific  volume,  the  weight 
flowing  actually  decreasing  at  the  higher  velocities. 

In  some  eases  the  increase  in  steam  velocity  is  accompanied 
by  decrease  in  active  zone,  and  then  it  would  be  expected  that 
the  head  of  steam  would  vary  as  a  function  of  the  velocity 
less  than  the  square.  This  occurs,  for  example,  when  the  load 
is  decreased,  but  the  vacuum  greatly  increased,  as  by  the  use 
of  very  cold  water.  The  decrease  in  load  is  accompanied  by 
gi-eater  air  leakage  and  this  taken  together  with  the  fact  that 
the  air-steam  mixture  must  be  richer  at  high  vacuum,  as  has 
been  shown  by  Fig.  5,  causes  an  increase  in  the  inactive  zone 
and  shortening  of  the  active  zone.  At  the  same  time  the 
velocity  of  the  steam  increases  due  to  the  higher  vacuum. 

If  the  depth  of  the  active  condensing  zone  is  assumed  to 
remain  constant,  however,  we  can  assume  that  the  head  lost 
varies  at  least  as  the  square  of  the  velocity.  In  estimatmg 
performance,  this  is  a  provisional  basis  of  calculation ;  for, 
as  will  now  be  evident,  to  calculate  the  pressure  drop  it  is 
necessary  to  know  the  depth  of  penetration,  which  in  turn 
depends  on  the  average  heat  transfer  which  is  the  final  result 
sought  by  calculation. 

CALCULATION    OP    SURFACE    EPPICIENCT 

Assume  that  the  several  characteristics  of  a  surface  eon- 
denser  are  known  for  28.5  in.  vacuum,  under  which  conditions 


26 


HIGH  VACUUM  SURFACE  CONDENSERS,  G.  H.  GIBSON  AND  P.  A.  BANCEL 


The  Journal 
Am.Soc.M.E. 


the  pressure  drop  through  the  condenser  is  1/10  ia  of  mer- 
cury column  and  the  air  pump  capacity  and  air  inleakage  are 
such  that  the  partial  pressure  of  the  air  is  0.124  in.  of  mer- 
cury, so  that  the  depression  of  the  air  pump  suction  tempera- 
ture is  5  deg.  below  the  steam  temperature,  corresponding  to 
an  efficiency,  from  Fig.  3,  of  45  per  cent. 

We  wish  now  to  know  the  conditions  at  29  in.  vacuum. 
We  have  seen  from  Fig.  5  that  additional  cooling  surface  is 
required  in  zone  (2)  in  order  to  reduce  terminal  pressure,  so 
that  the  weight  of  steam  at  the  greater  volume  corresponding 
to  the  higher  vacuum  can  penetrate  to  the  same  depth  in  zone 
(1),  wherein,  in  other  words,  greater  pressure  drop  will  oc- 
cur. In  the  actual  condenser,  the  surface  remains  constant, 
so  that  there  must  be  a  re-adjustment  of  working  conditions, 
zone  (1)  becoming  smaller  because  of  resistance  to  the  flow 
of  the  greater  steam  volume,  also  because  more  surface  is 
required  in  zone   (2)   for  air  concentration. 

[We  must  bear  in  mind  that  zone  (1)  is  not  only  affected  by 
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Similarly  the  depression  for  29.2  in.  vacuum  is  found  to  be 
13.8  deg.  and  the  efficiency  32  per  cent,  and  so  on  for  other 
vacuums,  and  a  graph  can  be  plotted  as  shown  in  Fig.  9, 
graph  A. 

Graphs  B,  C  and  D  were  obtained  similarly,  B  being  for  a 
lower  partial  air  pressure,  due  to  less  air  leakage  or  a  larger 
capacity  pump,  C  for  the  same  air  conditions  as  A,  but  less 
pressure  drop  (as  with  better  spacing  of  tubes),  and  D  for 
both  reduced  air  and  less  pressure  drop. 

Graph  B:  Reducing  the  air  leakage  (or  increasing  pump 
capacity)  gives  less  temperature  depression  and  hence  raises 
the  efficiency  particularly  at  moderate  vacuums. 

Graph  C:  Reducing  the  pressure  drop  raises  the  high 
vacuum  end  of  the  efficiency  curve  and  also  extends  it  to 
higher  vacuums.  The  efficiency  of  the  surface  at  29.4  in. 
vacuum  is  36  per  cent  as  against  25  per  cent  in  graph  A. 

Graph  D:  Reducing  both  air  leakage  and  pressure  drop 
results  in  large  increase  in  efficiency  as  shown  by  this  graph. 

ZONE   CONDENSERS 

We  have  been  considering  the  conditions  on  the  steam  or 
steam-air  side  of  the  tubes,  and  the  variations  in  the  relative 
extension  of  the  active  zone  of  the  condenser.  The  perform- 
ance under  any  conditions  will  also  be  affected  by  the  con- 
ductivity of  the  heating  surface  itself,   dependent  upon   its 
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Fig.  9     Effect  of  Alr  and  Pressure  Loss  on  Efficiency 


pneumatic  conditions  but  by  the  performance  of  zone  (2) 
and  of  the  air  pump.  Thus  if  we  slow  down  the  air  pump, 
zone  (1)  will  be  shortened  with  consequent  decrease  in 
vacuum.] 

We  can  calculate  the  pressure  drop  for  the  assumed  elastic 
condenser  of  Fig.  5,  wherein  zone  (1)  always  remains  the 
same.  Tliis,  in  connection  with  the  depression  due  to  air  pres- 
sure, leads  to  a  temperature  difference  T, — T,  and  a  cor- 
responding surface  efficiency,  which  we  will  apply  to  the  actual 
condenser. 

Thus  the  pressure  drop  at  28.5  in.  of  0.1  in.  becomes  0.148 
in.  for  the  larger  volume  at  29  in.  vacuum  and  the  total  pres- 
sure at  the  air  suction  is   (1 — 0.148)  =0.852. 

Modern  air  pumps,  particularly  the  hydraulic  types,  run- 
ning at  constant  speed,  remove  practically  a  constant  volume 
of  air,  that  is,  have  constant  displacement  or  equivalent  dis- 
placement under  wide  conditions  of  operation.  Therefore  with 
constant  air  inleakage  the  partial  pressure  of  the  air  in  the 
air-steam  mixture  withdrawn  from  the  condenser  must  also 
be  a  constant,  neglecting  the  slight  effect  of  temperature  on 
air  volume. 

The  partial  air  pressure  thus  remains  equal  to  0.124  and  the 
partial  vapor  pressure  is  0.852 — 0.124=0.728  in.  This  pres- 
sure corresponds  to  a  steam  temperature  of  69.5  deg.,  which  is 
a  depression  of  9.5  deg.  below  the  vacuum  temperature,  so 
that  the  efficiency  of  the  condensing  surface  is  now  36^ 2  per 
cent,  according  to  Fig.  3. 


cleanliness  and  also  upon  the  conductivity  from  the  metal  to 
the  water  within  the  tube.  Fouling  or  scaling  of  condenser 
tubes  will  reduce  heat  transmission  and  can  be  corrected  by 
cleaning  only. 

Assuming  a  clean  condenser,  the  conductivity  from  the  tube 
to  the  water  becomes  the  controUing  factor  in  the  active  zone, 
and  therefore  by  increasing  velocity,  greater  heat  transmis- 
sion and  better  vacuum  can  be  obtained.  In  the  inactive  zone, 
however,  any  increase  in  velocity  of  the  water  is  of  little 
benefit.  There  is  only  a  very  small  amount  of  heat  being 
transmitted,  so  that  the  difference  in  temperature  between 
the  metal  tube  and  the  water  is  very  small  compared  to  the 
difference  in  temperature  between  the  metal  wall  and  the  sur- 
rounding stagnant  steam-air  mixture.  Hence  any  reduction 
in  the  already  small  temperature  difference  from  metal  to 
water  gamed  by  increase  in  water  velocity  has  an  impercepti- 
ble effect  on  the  overall  temperature  difference  between  steam- 
air  mixture  and  water  and  the  corresponding  rate  of  heat 
transfer,  just  as  an  increase  in  the  size  of  the  valve  placed  on 
the  end  of  a  long,  small  diameter  pipe  line,  will  not  result  in 
any  appreciable  increase  in  quantity  of  water  discharged. 

Thus  whereas  it  is  profitable  to  increase  the  water  velocity 
through  the  tubes  in  the  active  zone  of  the  condenser,  any 
such  increase  is  of  no  value  commensurate  with  its  cost  in  the 
inactive  zone.  A  decrease  of  velocity  in  these  tubes  is  even 
desirable,  because  by  such  decrease  the  power  for  pumping 
the  circulating  water  can  be  decreased,  or  else  for  the  same 
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power  a  higher  velocity  of  water  can  be  maintained  through 
the  tubes  of  the  active  zone  where  it  will  do  some  good.  A 
large  flow  of  water  is  not  required  for  heat  absorption  in  the 
inactive  zone,  as  relatively  little  heat  is  transmitted  here. 

The  application  of  this  principle  is  shown  by  the  sketches 
of  Figs.  10,  11  and  12.  In  Fig.  10  a  condenser  is  arranged 
with  two  passes,  one  containing  three-fifths  of  the  surface  and 
the  other  two-fifths  of  the  surface,  the  former  being  intended 
to  comprise  the  active  and  the  latter  the  inactive  zone.  All 
of  the  water  is  passed  through  the  tubes  of  the  active  zone  at 
high  velocity.  A  part  only  of  the  water  passes  through  the 
tubes  of  the  inactive  zone,  the  rest  being  short-circuited 
through  the  by-pass.  If  the  velocity  of  the  water  through  the 
inactive-zone  tubes  were  one-fifth  of  that  through  the  active- 
zone  tubes,  the  head  lost  would  only  be  1/25  as  great,  with 
corresponding  saving  of  power  for  pumping  the  circulating 
water.  Thus,  for  the  same  circulating  pump  power  as  or- 
dinarily required  with  a  standard  two-pass  condenser,  more 
water  may  be  pumped  and  higher  water  velocity  maintained 


condenser  by  proper  arrangement  of  steam  path  and  sjiacing 
of  tubes,  these  being  of  great  importance  at  very  high 
vacuums. 

The  pressure  drop  through  a  condenser,  expressed  in  terms 
of  head  of  steam,  varies  as  a  function  of  the  velocity  of  the 
steam,  greater  than  the  square  if  the  increase  in  velocity  is 
accompanied  by  an  increase  in  average  heat  transmission  co- 
efficient and  in  depth  of  penetration,  or  smaller  than  the 
square  if  the  increase  in  velocity  is  accompanied  by  a  decrease 
in  average  heat  transmission  coefficient  and  in  depth  of  pene- 
tration. 

In  purchasing  high  vacuum  condensers,  comparison  should 
be  made  of  the  pneumatic  resistance  of  the  structures  on  the 
basis  of  velocity  of  flow  at  each  row  of  tubes  and  the  number 
of  rows  in  series  through  which  steam  must  flow.  Attention 
should  also  be  given  to  possibilities  for  the  formation  of  air 
pockets  out  of  the  line  of  flow,  considering  both  transverse  and 
longitudinal  sections. 

The  liig'hest  coefficients  of  heat  transmission  are  obtainable 


Fig.  10     Two-Pass  Condenser  with 
Active  and  Inactive  Zones 


Fig.  11  Two-Pass  Condenser  with 
Active  and  Inactive  Zones,  Two 
Pumps 


Fig.  12    Three-P.\ss  Condenser  with 
Three  Zones  of  Different  Activities 


through  the  active  tubes  of  the  condenser.  Fig.  11  shows  how 
the  same  conditions  are  obtained  using  two  circulating  pumps. 
In  Fig.  12  is  shown  a  three-pass  condenser  in  which  the 
velocity  in  the  lower  zone  is  small,  in  the  middle  zone  fairly 
high,  and  in  the  upper  zone  the  maximum.  All  of  the  water 
goes  through  the  upper  zone,  but  only  part  of  the  total 
through  the  other  zones.  By  manipulation  of  the  valve,  the 
quantity  of  water  going  through  the  zones  is  varied  to  take 
care  of  different  conditions  of  operation  in  summer  and  win- 
ter, and  of  load,  air  leakage,  air  pump  capacity  and  vacuum. 
A  three-pass  zone  condenser  may  also  be  built  with,  say,  half 
the  tubes  in  the  bottom  or  first  pass  and  the  other  half  of  the 
tubes  divided  between  the  two  upper  passes.  The  objection 
to  this  design  is  that  the  inactive  zone  is  too  large  (one-half 
the  total)  and  the  water  velocity  still  too  high. 

CONCLUSIONS 

The  lower  average  heat  transfer  coefficient  obtamed  with 
cold  circulating  water  is  due  principally  to  a  greater  propor- 
tion of  the  surface  being  inactive,  which  in  turn  is  due  to 
greater  pressure  drop  incidental  to  the  flow  of  a  larger  volume 
of  steam  and  to  the  greater  proportion  of  air  to  vapor  exist- 
ing in  the  mixture  stagnating  in  the  outlet  zone  of  the  con- 
denser. 

Better  efficiency  of  surface  at  high  vacuum  can  he  obtained 
by  preventing  air  inleakage,  increasing  pump  capacity  and 
decreasing  the  pressure  drop  or  pneumatic  resistance  of  the 


in  condensers  of  moderate  size  in  which  the  smaller  depth  of 
tube  bank  lessens  the  pneumatic  resistance. 

The  depression  of  the  air  suction  temperature  below  the 
inlet  vacuum  temperature  is  an  index  of  the  surface  efficiency, 
on  the  steam  side. 

By  analyzing  the  temperature  depression  in  a  given  con- 
denser into  that  due  to  pressure  drop  and  that  due  to  partial 
air  pressure,  it  is  possible  to  determine  whether  flow  condi- 
tions or  air  conditions  offer  the  greater  possibility  for  improv- 
ing efficiency  and  vacuum. 

By  means  of  accurate  electrical  resistance  thermometers 
temperatures  can  be  taken  at  a  multitude  of  points  on  both 
steam  and  water  sides  of  the  surface  of  a  condenser  under- 
going changes  in  operating  conditions,  which  would  enable 
one  to  isolate  the  factors  influencing  the  extent  of  the  active 
and  inactive  zones. 

A  high  velocity  of  circulating  water,  or  the  equivalent  in- 
crease in  water  film  agitation  by  the  use  of  cores  or  spirals, 
is  desirable  in  the  tubes  of  the  active  zone  of  a  condenser; 
and  this  can  be  obtained,  without  additional  power  consump- 
tion in  pumping  the  circulating  water,  by  reducing  the  velocity 
of  the  water  through  the  tubes  of  the  inactive  zone. 

APPENDICE.S 

In  two  appendices  to  the  paper  are  discussed  at  some  length 
the  effects  of  viscosity,  velocity  and  temperature  difference  on 
coefficient  of  heat  transfer  in  liiuli  vacuum  surface  condensers. 
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THE  history  of  the  development  of  the  steam  engine  pre- 
sents a  gTadual  but  continuous  and  persistent  rise  of 
steam  pressures,  so  that  it  seems  natural  that  engineers  should 
ask  the  question :  "  How  far  can  steam  pressures  be  prac- 
tically and  profitably  increased  ?  "  Pleas  for  higher  steam 
pressures  have  several  times  resulted  from  investigations  of 
this  subject;  one  of  the  most  remarkable  of  these  was  Prof. 
R.  H.  Thurston's  paper  on  the  "  Promise  and  Potency "  of 
High-Pressiu-e  Steam,  before  the  Society  in  December,  1896. 

Since  the  science  of  thermodynamics  has  been  recognized 
by  engineei-s  as  a  sure  guide  to  improvement  of  heat  engine 
economy,  there  has  existed  a  tendency  to  increase  the  tempera- 
ture range  of  the  working  fluid,  that  is,  to  increase  the  tem- 
perature at  which  the  working  medium  absorbs  heat  and  to 
lower  the  temperature  at  which  it  rejects  heat.  In  steam 
engine  practice  this  has  led  to  the  recognition  of  well  defined 
limits :  a  maximum  steam  temperature  of  about  600  deg.  fahr., 
above  which  lubrication  of  piston  engines  and  maintenance  of 
valve  parts  and  packings  is  difficult,  and  a  minimum  condenser 
temperature  of  about  80  deg.  fahr.,  coiTesponding  to  29  in. 
of  vacuum  or  ^i  lb.  per  sq.  in.  back  pressure.  This  tempera- 
ture is  so  near  the  usual  eooUng  water  temperature  that  a 
higher  vacuum  would  require  disproportionately  large  quan- 
tities of  circulating  water.  The  necessary  size  of  the  circulat- 
ing pump  and  also  the  necessary  increase  in  the  size  of  the 
air  pump  render  higher  degrees  of  vacuum  unprofitable. 

In  the  best  present  day  practice,  except  for  slightly 
higher  pressures  in  some  few  isolated  cases,  the  maximum 
steam  pressure  is  200  lb.  per.  sq.  in.  abs.,  and  the  superheat 
is  200  deg.  fahr.  The  corresponding  temperature  of  evapora- 
tion is  382  deg.  fahr.  and  the  bulk  of  the  heat  is  absorbed  at 
a  temperature  200  deg.  fahr.  below  the  maximum.  It  seems 
reasonable  to  expect  that  the  approximation  to  the  ideal 
Carnot  cycle,  and  simultaneously  the  economy-,  would  be  im- 
proved by  using  higher  pressure  and  less  superheat,  that  is, 
by  increasing  the  temperature  at  which  the  bulk  of  the  heat 
is  absorbed,  without  increasing  the  maximum  temperature. 
Even  a  casual  reference  to  steam  tables  and  diagrams  confirms 
this  expectation  and  reveals  the  remarkable  fact  that  the  higher 
the  steam  pressure,  the  less  the  total  heat  in  the  steam  if  the 
final  temperature  be  kept  constant  and  correspondingly,  the 
superheat  is  reduced  with  advancing  pressures. 

An  examination  of  the  Mollier  total  heat-entropy  diagram 
shows  that  the  amount  of  heat  convertible  into  mechanical 
energy  in  adiabatic  expansion  to  any  given  back  pressure  is 
considerably  higher  for  high  pressure  and  little  superheat 
than  for  lower  pressure  and  more  superheat,  if  the  maximum 
temperature  of  the  steam  is  the  same  in  both  cases.  We  have 
thus  two  causes  making  for  better  thermal  efficiency  with  in- 
creasing steam  pressures  at  constant  maximum  temperature: 
the  decreasing  total  heat  of  the  steam  and  the  increasing 
amount  of  that  part  of  the  heat  which  is  convertible  into 
mechanical  energy  in  adiabatic  expansion. 

Fig.  1  illustrates  the  theoretical  gains  due  to  high  steam 
[iressures  by  means  of  the  temperature-entropy  diagram.  This 
shows  clearly  how  the  relative  amount  of  convertible  heat  in- 
creases with  higher  pressures,  and  the  tabulations  in  Table  1 
give  exact  numerical  values. 


Tables  2  and  3  give  the  theoretical  percentage  of  gain  for 
certain  comparisons,  selected  on  account  of  their  relation  to 
conditions  prevailing  in  present  day  practice.  These  tables 
show  that,  even  in  case  of  high  vacuum  in  the  condenser,  the 
gains,  while  not  overwhelmingly  large,  deserve  careful  con- 
sideration, and  that  in  case  of  atmospheric  exhaust,  these  gains 
are  so  large  as  to  fuUy  justify  an  endeavor  to  realize  high 
steam  pressures  in  practice.  Theoretically,  the  efficiency  of 
high  pressure  noncondensing  engines  should  be  as  high  as  that 
of  many  condensing  engines  under  present  day  conditions. 

In  all  the  comparisons  the  steam  pressures  are  carried  up  to 
1574  lb.  per  sq.  in.,  which  is  the  pressure  at  which  saturated 

TABLE  1      COMPARISON  OF  EFFICIEXCY  WITH  DIFFERENT 

PRESSURES 

Exhaust  29  In.  Vacuum 


iNiriAL  Condition 
OF  Steam 

Heat 
In  1 

L'nits 
Lb. 

Ideal 
Ef- 
ficiency 

Ratio 
Com- 
pared 
with  1st 
Line 

Cycle  in 

Pressure 

Lb.  per 

Sq.  In. 

Abs. 

Super- 
heat 
Deg. 
Fahr. 

Tem- 
perature 
of  Steam. 
Deg. 
Fahr. 

Total 
above 
Exhaust 
Tempera- 
ture 

Converti- 
ble in 
Adiabatic 
Expan- 
sion 

Temp- 
entropy 
Diagram 

Fig.  1 

200 
600 
1574 

218 

113 

0 

600 
600 
600 

1267 
1251 
1128 

417 
467 
454 

0.3285 
0.3730 
0.4025 

1.000 
1.135 
1.226 

a  b  c  d  (  a 
afg   h  i  at 
a  k  I  m  a 

Atmospheric  Exhaust 


125 

600 

1574 


0 

344 

1010 

157 

0.1552 

1.000 

113 

600 

1119 

291 

0.2600 

1.675 

0 

600 

996 

305 

0.3062 

1  972 

am  o  T  ai 
aij  0  kq  a\ 

ai  k  t  r  a\ 


TABLE  2    RELATIVE  GAIN  IN  THERMAL  EFFICIENCY  DUE  TO  IN- 
CREASING STEAM  PRESSURE  TO  600  LB.  PER  SQ.  IN.  ABS. 


Final   CoNniTiON 
OF  Steam 

29  In.  Vacuum 

Atmospheric  Exhaust 

Initial 

Condition  of 

Steam 

Constant 
Temperature 
600  Deg.  Fahr. 

Constant 

Superheat 
100  Deg. 

Constant 
Temperature 
600  Deg.  Fahr. 

Constant 

Superheat 
100  deg. 

As    against    100   lb. 

initial  pressure.. . 
As    against    200   lb. 

initial  presaure. . . 

25  per  cent 
13  per  cent 

30  per  cent 

15M  per  cent 

52  per  cent 
32  per  cent 

85  per  cent 
37M  per  cent 
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Mfchanical  Engi.neebs,  New  York.  December  1915.  Pamphlet  copies 
without  discussion  may  be  obtained ;  price  5  cents  to  members :  10 
cents  to  non-members. 


steam  has  a  temperature  of  600  deg.  fahr.  At  the  present  time 
such  high  pressures  should  hardly  be  advocated,  but  the  figures 
clearly  indicate  the  gain  which  might  be  realized  could  designs 
of  engines  and  turbines  which  are  suitable  for  such  steam 
pressures  be  successfully  worked  out. 

The  following  considerations  will  show  how  far  the  benefits 
of  high  steam  pressures  may  be  realized  under  practical  con- 
ditions, as  far  as  our  present  knowledge  and  experience  enable 
us  to  realize  them. 

The  ideal  Rankine  cjcle  cannot  be  realized  in  practice.  In 
steam  turbines  the  expansion  of  the  steam  cannot  be  effected 
without  friction  losses  which  are  converted  into  heat  and  to 
that  extent  make  the  expansion  deviate  from  the  adiabatic. 
It  is  also  impossible  to  fuUy  extract  the  mechanical  energy 
which  manifests  itself  in  the  velocity  of  the  steam,  the  residual 
velocity  representing  a  loss. 

In  piston  engines  of  the  double-flow  type  there  are  large 
losses  due  to  initial  condensation  at  the  time  of  steam  admis- 
sion and  to  heat  transfer  between  the  steam  and  the  cylinder 
walls.  In  the  unaflow  type  of  piston  engine,  properly  de- 
signed, these  losses  can  be  almost  entirely  avoided.  In  this 
latter  type  of  engine  it  is,  however,  impossible  to  carry  tlie 
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expansion  down  to  the  condenser  pressure,  because  if  such 
were  done  the  compression,  which  commences  at  the  same 
point  of  the  stroke  where  the  expansion  ends,  would  simply 
be  an  exact  reversal  of  the  expansion.  Thus,  the  compression 
curve  would  retrace  the  expansion  curve  and  no  work  would 
be  done  in  the  cylinder.  In  fact  in  this  case  no  steam  could 
enter  the  cylinder,  because  the  clearance  would  contain  as 
much  steam  of  the  same  pressure  and  volume  as  that  admitted 
for  expansion. 

These  sources  of  loss,  friction  in  the  turbine,  condensation 
in  the  double-flow  piston  engine  and  incomplete  expansion  in 
the  unaflow  engine,  determine  the  practical  limits  of  the  pos- 
sibility of  realizing  the  Rankine  cycle.  In  large  steam  tur- 
bines this  approximation,  or  the  Rankine  cycle  efficiency,  has 
been  carried  to  about  76  per  cent,  and  it  is  a  remarkable  fact 
that  an  eflSciency  closely  approximating  this  has  been  realized 
in  unaflow  engines,  even  in  small  sizes. 

There  is  no  reason  why  the  same  relative  efficiency  should 
not  be  realized  with  higher  steam  pressures.  Such  losses  as 
are  simply  due  to  temperature  differences  must  be  the  same  if 
the   initial   and   final   temperatures   of   the   steam   remain   the 


TABLE  3     RELATIVE  GAIN  IN  THERMAL  EFFICIENCY  DUE  TO  IN- 
CREASING  STEAM   PRESSURE  TO   1.574   LB,   PER  SQ.   IN.  ABS. 


Final  Condition  of  Steam 


As  against  100  lb.  initial  pressure,  100  deg.  fahr. 

superheat 

As  against  200  lb.  initial  pressure,  218  deg.  fabr- 

superheat 


29-in.  Vacuum 


413^  per  cent 
22M  per  cent 


Atmospheric 
Exhaust 


1S7  per  cent 
105  per  cent 


same,  because  the  temperature  changes  through  which  the 
steam  passes  in  performing  the  cycle  are  of  the  same  magni- 
tude in  both  eases. 

In  a  steam  turbine  higher  steam  pressures  will  mean  either 
higher  velocities  or  more  stages,  bt)th  introducing  higher  fric- 
tion losses.  It  is,  however,  to  be  expected  that  by  careful 
design  the  percentage  of  these  friction  losses  as  compared 
with  the  total  amount  of  energy  available  in  adiabatie  expan- 
sion can  be  kept  the  same  as  in  present  day  practice.  In  una- 
flow engines  it  is  quite  jsossible  to  keep  the  percentage  of  loss 
due  to  incomplete  expansion  as  low  as  the  corresponding  per- 
centage in  present-day  practice. 

The  foregoing  seems  to  justify  the  employment  of  higher 
steam  pressures.  Standard  boiler  designs,  however,  do  not 
permit  the  production  of  steam  of  a  pressure  higher  than  about 
200  lb.  per  sq.  in.  without  sacrificing  safety  and  without  calling 
for  an  investment  in  the  boiler  plant  high  enough  to  offset  the 
gain  in  economy  caused  by  higher  steam  pressures. 

The  solution  of  the  problem  of  boiler  safety  under  high 
steam  pressures  demands  two  fundamental  changes  in  boiler 
design : 

a  The  boiler  must  be  constructed  entirely  of  tubes  of  relatively 
small  diameter.    All  drums  and  vessels  of  large  diameter, 
as  well  as  all  flat  surfaces  (even  if  stayed)  must  be  aban- 
doned. 
h  Expanded,  beaded   or  riveted  joints  exposed  to  the  action 
of  the  fire  must  be  avoided.    That  part  of  the  boiler  which 
receives  the  heat  of  the  furnace  must  be  practically  a  one- 
piece  structure. 
It  is  important  that  in  meeting-  these  requirements  the  essen- 
tial chai-acteristic  of  water  circulation  in  the  boiler  be  I'etained 
in  order  to  make  possible  a  control  of  the  steam  pressure  and 
of  the  water  content  of  the  boiler  by  simple  means.     Flash 
boilers,  while  permitting  high  steam  i)ressures,  are  not  desira- 


ble because  they  require  complicated  automatic  regulating  de- 
vices necessary  on  account  of  the  interdependence  of  feed  and 
fire  control. 

In  considering  boilers  for  high  steam  pressures,  it  must  not 
be  overlooked  that  the  mass  of  water  in  the  boiler  is  at  a 
higher  temperature  than  that  in  a  low-pressure  boiler.  This 
difference  amounts  to  approximately  100  deg.  for  600  lb. 
pressure  as  compared  with  200  lb.  Even  if  the  heating  sur- 
face is  made  very  large,  or,  in  other  words,  the  evaporation 
per  square  foot  is  kept  very  low,  the  stack  gases  will  leave  the 
high-pressure  boiler  at  a  temperature  100  deg.  higher  than  the 
corresponding  gases  of  the  low-pressure  boiler.  The  boiler 
efficiency,  other  things  being  equal,  is  correspondingly  reduced. 

It  is,  of  course,  possible  to  meet  this  difficulty  by  making 
the  heating  surface  of  high-pressure  boilers  larger  in  propor- 
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Fig.  1    Temperature-Entropt  Diagram  for  Steam 


tion  to  what  is  current  practice  in  boilers  working  under 
pressures  used  today.  It  is  also  possible  to  increase  the 
effectiveness  of  the  heating  surface  by  proper  design.  Boiler 
designers  are  realizing  the  possibilities  in  this  direction,  even 
with  steam  pressures  not  higher  than  200  lb.  This  is  demon- 
strated by  the  fact  that  modern  boilers  show  an  evaporation 
per  square  foot  of  heating  surface  twice  as  high  as  was  cus- 
tomary only  a  few  years  ago,  at  the  same  time  realizing  a 
better  efficiency  than  formerly. 

It  therefore  seems  reasonable  that  highly  efficient  high- 
l»ressure  steam  boilers  can  be  made,  even  without  resorting 
to  special  heat  saving  apparatus  to  offset  the  effect  of  the 
higher  temperature  of  the  water  in  the  boiler.  The  possi- 
bilities of  these  extraneous  heat  saving  devices  should,  how- 
e\er,  not  be  overlooked.  Even  though  the  waste  gases  leaving 
the  boiler  have  a  temperature  of  700  deg.  fahr.  or  more,  a 
[iroperly  installed  economizer  will  reduce  this  temperature  to 
any  desired  degree  within  the  limits  given  by  the  temperature 
of  the  feed  water.  Even  a  very  small  economizer  will  save 
enough  heat  to  offset  the  loss  due  to  the  higher  temperatui'e 
corresponding  to  higher  pressure.  In  some  instances,  the 
waste  gases  might  profitably  be  used  to  heat  the  air  which 
sup]iorts  combustion  in  the  furnace. 
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The  question  of  streugth  of  constnu'tional  parts  outside  of 
the  boiler  to  withstand  high  steam  pressures  is  of  great  im- 
portance. In  reeiproeating-  engines  this  question  can  be  an- 
swered from  practice,  because  pressures  far  exceeding  600  lb. 
per  sq.  in.  are  used  successfully  in  gas  engines  and  Diesel 
engines,  and  therefore  the  design  of  cylinders  for  high  steam 
pressures  should  not  present  any  diflficulties  which  have  not 
already  been  overcome  in  other  types  of  machines. 

In  steam  turbines,  especially  in  those  of  larger  size,  the 
casings  of  large  diameter  would  need  to  have  disproportion- 
ately heavy  walls  were  they  required  to  withstand  pressures 
much  higher  than  those  employed  today.  The  solution  of  the 
problem  of  adapting  turbines  to  high  pressures  is  found  in  the 
principle  underlying  most  present  designs  of  large  steam  tur- 
bine units.  According  to  this  principle,  the  pressure  of  the 
steam  is  gi'eatly  reduced  in  the  tirst  nozzle  and  the  resulting 
high  velocity  is  utilized  in  several  rows  of  blades  of  the  velocity 
stage  type.  Thus,  it  is  possible  to  confine  high  pressures  to 
the  steam  piping  and  to  the  "  steam  belt "  carrymg  the  steam 
to  the  first  nozzles,  but  to  have  comparatively  low  pressure 
even  in  the  first  part  of  the  casing.  The  lesser  efficiency  of 
the  velocity  staging  is  not  so  serious  at  the  high-pressure  end 
as  it  would  be  at  the  low-pressure  end,  because  the  loss  mani- 
fests itself  in  a  somewhat  higher  superheat  of  the  steam  en- 
tering the  succeeding  stages  and  is  therefore  partly  recovered. 

With  high  pressures,  the  difficulties  with  piping  and  fittings 
are  greatly  reduced  on  account  of  the  reduced  specific  volume 
of  the  steam.  Even  if  lower  rates  of  flow  than  those  custom- 
ary in  present  practice  are  permitted  in  high-pressure  steam 
lines  (on  account  of  the  greater  density  of  the  steam),  the 
fact  that  one  pound  of  steam  at  600  lb.  pressure  occupies 
approximately  one-third  of  the  space  required  by  one  pound 
at  200  lb.  pressure  reduces  the  required  size  of  the  piping  and 
fittings  to  such  an  extent  that  both  difficulties  in  design  and 
cost  for  a  given  capacity  ai'e,  if  anything,  less  than  for  lower 
pressures. 

In  piston  engines  the  question  of  cylinder  lubrication  is 
important.  It  is  apparent  that  high  steam  pressures  will  per- 
mit neither  slide  nor  Corliss  valves.  The  advent  of  higher 
pressure  will  cause  the  poppet  valve  to  come  into  its  own  in 
America,  where  it  is  now  seldom  used,  in  spite  of  the  great 
success  it  has  had  in  Europe  for  many  years,  lately  the  flexible 
seat  type  especially. 

The  largest  part  of  the  lubricating  oil  now  used  in  piston 
engines  is  required  for  the  steam  distributing  valves.  That 
part  required  by  the  piston  and  piston  rings  is  very  small 
and  the  possibility  of  sufficient  piston  lubrication  is  not  af- 
fected by  higher  initial  steam  pressures,  because  even  in  case 
of  vei-y  high  mean  effective  pressures  in  single-acting  engmes, 
where  the  piston  serves  as  cross-head  and  therefore  requires 
constant  lubrication,  the  piston  can  be  made  long  enough  to 
keep  the  pressure  per  square  mch  within  proper  limits. 

For  a  given  output  the  cost  of  a  unaflow  engine  suitable  for 
liigh  steam  pressures  should  be  less  than  that  of  double-flow 
engines,  as  soon  as  it  can  be  manufactured  under  economical 
conditions  of  manufacture.  Such  an  engine,  if  single-acting, 
has  but  one  very  simple  organ  of  steam  distribution  and  on 
account  of  its  high  mean  effective  pressure  its  weight  per 
horsepower  is  low.  Even  in  a  single-acting  engine  of  this  type 
the  mechanism  is  utilized  twice  as  efficiently  as  in  a  four-stroke 
cycle  Diesel  engine. 

Steam  turbines  for  high  steam  pressures  would  probably 
cost  a  little  more  than  those  using  lower  pressures  and  giving 
the  same  power,  on  account  of  the  extra  stages  required.  This 
extra  cost  would  be  offset  bv  a  considerable  savins;  in  the  re- 


quired condenser  cooling  surface  on  account  of  the  larger 
percentage  of  moisture  in  the  steam  entering  the  condenser 
and  the  reduced  steam  consumption  due  to  better  thermal 
efficiency.     Table  4  will  make  this  clear. 

The  question  of  stufling  boxes  can  be  entirely  eliminated  in 
both  turbines  and  piston  engines — in  turbines  because  high 
steam  pressures  need  not  be  carried  beyond  the  first  nozzle, 
and  in  piston  engines  because  the  single-acting  type  of  engine 
is  from  many  poiuts  of  view  the  logical  design  for  high 
pressures.  In  such  a  piston  engine  the  stem  of  the  one  valve 
can  be  provided  with  a  "  labyrinth "'  packing,  as  has  been 
successfully  done  in  practice. 


TABLE  4     REDUCED  STEA.M  CONSUMPTION  DUE  TO^BETTER 
THERMAL  EFFICIENCY 


Imtial  Condition  of  Steam 

200  lb. 
600  Deg .  Fahr. 

600  lb. 
600  Deg. Fahr. 

Ideal  efficiency  with  29  in.  vacuum 

Percentage  of  steam  in  exhaust 

0.329 
0.814 

0.373 
0.749 

Ratio  of  condenser  cooling  surface=0.329x0.749/0.373X0.S14=0.S12. 
Thus,  .1  saving  of  about  19  per  cent  of  the  condenser  cooling  surface 
might  be  expected. 

In  the  design  of  power  houses  the  question  of  the  proper 
arrangement  of  the  auxiliary  appai'atus,  such  as  feed  pumps, 
air  and  circulating  pumps,  fans  and  stokers,  would  have  to 
be  considered  from  the  point  of  view  of  high  steam  pres- 
sures. In  very  large  plants  all  auxiliaries  are  often  driven  l)y 
electric  power,  and  the  current  for  them  is  furnished  by  a 
separate  power  unit.  Inasmuch  as  these  "  house  service  units  "' 
in  modern  power  plants  have  capacities  of  2000  kw.  and  over, 
it  is  a  simple  matter  to  operate  them  directly  with  high-pres- 
sure steam. 

Where  it  is  desired  that  the  auxiliaries  be  driven  entirely 
independent,  it  should  be  possible  to  drive  them  with  high- 
pressure  steam  turbines  if  the  size  of  the  auxiliary  unit  war- 
rants this,  or  by  high-pressure  unaflow  engines  for  the  smaller 
sizes.  In  this  latter  case,  the  objecti.on  might  be  raised  that 
the  exhaust  of  the  unaflow  engine  would  introduce  a  certain 
amount  of  lubricating  oil  into  the  condenser.  This  question 
can  be  met  in  different  ways.  If  the  unaflow  engine  is  of  the 
vertical  single-acting  type,  the  lubrication  can  be  reduced  to 
a  very  small  amount,  and  could  possibly  be  accomplished  with 
graphite  only,  so  that  the  amount  of  lubricant  introduced  into 
the  condenser  would  be  insignifleant  and  harmless. 

Another  way  of  meeting  this  question  would  be  the  non- 
condensing  operation  of  the  unaflow  engines,  using  the  heat  of 
their  exhaust  in  a  feed  water  heater.  This  manner  of  opera- 
tion appears  to  be  very  attractive,  because  the  economy  of 
noncondensing  unaflow  engines,  as  compared  with  noncon- 
densing  engines  of  other  types,  is  extremely  high.  Where 
clean  feed  water  is  readily  available,  the  method  would  be 
readily  applicable,  or  the  unaflow  auxiliary  units  might  be 
connected  to  an  independent  small  jet  condenser. 

It  seems  clear  that  if  steam  pressures  are  increased  to,  say 
600  lb.  per  sq.  in.  without  using  temperatures  higher  than 
those  employed  in  modern  practice,  the  difficulties  encoun- 
tered by  the  designer  are  not  formidable  and  are  more  easily 
met  than  in  the  case  of  some  types  of  explosion  engines  which 
have  been  successfully  designed.  The  result  to  be  attained  by 
adopting  such  high  steam  pressures  appears  to  be  fully  worth 
the  effort,  because  thermal  efficiencies  closely  approaching 
those  of  explosion  engines  can  be  realized  with  simpler  ap- 
paratus and  consequently  better  overall  economy,  at  the  same 
time  retaining  all  the  great  practical  advantages  which  steam 
utilization  has  over  any  other  method  of  producing  power. 
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THE  first  half  of  this  paper  is  devoted  to  the  matlieiuatical 
development  of  the  data  required  for  calculating  chim- 
neys on  a  gas  basis,  taking  into  account  the  increasing  tendency 
to  operate  boilers  at  higher  overloads,  the  attention  being  given 
to  baffling  as  a  factor  in  improving  boiler  performance,  and 
the  efforts  to  improve  the  efFiciency  of  combustion,  resulting 
in  a  reduction  of  the  volume  of  gases  to  be  removed. 

In  the  second  half  the  applications  of  the  formulae  and 
data  are  exemplified  by  the  consideration  of  the  following 
l>roblem :  What  sizes  of  chimneys  will  be  suitable  for  two  500 
h.p.  boilers  for  continuous  operation  at  not  over  150  per  cent 
of  rating?  The  temperature  of  the  air  wiU  not  exceed  80  deg. 
fahr.,  and  the  breeching  will  be  about  50  ft.  long  and  have 
two  right  angle  turns. 

The  following  symbols  are  used  in  the  equations  given: 

A  =  ai-ea  of  a  circular  conduit,  sq.  ft. 
d  =  diameter  in  ft.  corresponding  to  A 
H  =  effective  height  of  chimney,  ft. 
I  =  equivalent  length  of  breeching,  ft. 
P  =  barometric  pressure,  in.  of  mercury 
Pt  =  draft  loss  through  the  boiler,  in.  of  water 
Pe  =  total  effective  draft  required  at  the  entrance  to  the  chim- 
ney, in.  of  water. 
Pi  =  draft  required  in  the  furnace,  in.  of  water 
Pr  =  total  draft  loss  in  the  breeching  due  to  friction,  in.  of 

water 
Pv  =  draft  required  to  increase  velocity,  in.  of  water 
Py  =  draft  loss  caused  by  sudden  enlargement  of  the  gas  pas- 
sage, in.  of  water. 
Po  =  draft  loss  in  the  chimney,  in.  of  water 
p^  =  draft  loss  in  the  chimney  per  100  ft.,  in.  of  water 
P.  =  maximum  draft  jsroduced  by  the  chimney,  in.  of  water 
Pz  =  maximum  draft  produced  by  the  chimney  per  100  ft.,  in. 

of  water 
Pd  =  damper  friction,  in.  of  water 
q  =  volume  of  gases,  cu.  ft.  per  sec.  per  boiler  h.p. 
Q  =  total  volume  of  gases,  cu.  ft.  per  sec. 
«,  =  temperature  of  the  air,  deg.  fahr. 
<c  =  temperature  of  the  flue  gases,  deg.  fahr. 

V  =  velocity  of  gases,  ft.  per  sec. 

Y  =  density  of  gases,  lb.  per  cu.  ft. 
In  general 

P.  +  Pb=(Pz  — P.)— Pr  — P., 

In  applications  to  the  design  of  chimneys,  Pj  =  O,  since  the 
damper  will  be  assumed  to  be  wide  open.  Also  since  the  maxi- 
mum draft  and  the  draft  loss  in  the  chimney  are  both  propor- 
tional to  its  effective  height,  H,  then  P^  —  Pc  may  be  replaced 

by 

and,  in  form  for  chimney  calculations, 

H  =      100  Pe 


DKTERJIINING   THE   DRAFT   REQUIRED   AT  THE   BOILER   DAMPER 

This  must  be  assumed  from  a  knowledge  of  tlie  equipment 
and  conditions.  Ordinarily,  the  draft  required  may  be  taken 
from  characteristic  curves,  of  which  Fig.  1  is  typical  for 
boilers. 

The  draft  required  at  the  boiler  damper  is  the  sum  of  the 
draft  assumed  to  be  required  in  the  furnace  plus  the  assumed 
draft  loss  through  the  boiler. 

The  lower  curve  is  based  on  observed  draft  losses  during 
tests  with  coal  fuel  when  the  CO,  in  the  gases  was  relatively 
high  on  correction  of  these  losses  to  a  standard  of  13  per  cent 
COj  and  on  the  assumption  that  the  draft  loss  varies  as  the 
square  of  the  percentage  of  rating  developed.  This  curve  may 
be  considered  as  applicable  to  boilers  15  tubes  high  without 
superheaters.  The  points  circumscribed  by  circles  are  for  a 
boiler  14  tubes  high,  but  with  a  superheater  over  the  first  and 
second  passes;  the  circumscribed  crosses  are  for  a  boiler  13 
tubes  high  also  with  superheater. 

The  upper  curve  was  constructed  from  the  lower  by  allow- 
ing for  increased  air,  but  at  a  decreasing  rate  for  increasing 
overload.    While  it  is  not  unusual  for  a  boiler  to  develop  its 
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Fig.  1  Draft  Loss  from  Furnace  to  Damper  of  a  Cross- 
Baffled  Three-Pass  Edge  Moor  Water  Tube  Boiler 
WITH  18-ft.  Tubes 

For  Efficient  and  Inefficient  Firing 

rated  capacity  with  8  per  cent  CO,  in  the  escaping  gases,  it 
is  hardly  to  be  expected  that  a  boiler  should  develop  175  per 
cent  of  rating  with  less  than  11  per  cent  CO..  Hence  the  va- 
riation in  the  percentages  of  CO,  assumed. 

In  connection  with  the  draft  required  in  the  furnace  for 
natural  draft  and  coal  fuel,  the  following  formula  is  useful : 
(h.p.)  X  33480 
UEG 
where  C  is  the  maximum  weight  of  coal  to  be  burned  in  lb. 
per  sq.  ft.  of  grate  surface  per  hr.,  (h.p.)  is  the  maximum 
horsepower  to  be  developed,  U  is  the  calorific  value  of  the 
coal  in  B.t.u.  per  lb.,  E  is  the  efficiency  of  the  combined  gen- 
erator and  G  is  the  grate  surface  in  sq.  ft. 

Tor  the  present  problem,  P,  will  be  taken  as  0.25  in.  and 
Pb  =  0.45  in.  The  draft  required  at  the  boiler  damper  is  then 
0.25  +  0.45  =  0.70  in. 

determining  the  quantity  of  gas  to  be  transmitted 

Table  1  is  for  the  general  case.  It  is  assumed  that  the  true 
combustibles  are  practically  total  carbon,  available  hydrogen 
(H  —  0/8)  and  sulphur.  Sulphur  occurs  in  small  quantities, 
requires  little  air  for  combusticm  and  has  a  low  heat  value; 
it   may  therefore  be  neglected   in   approximate   calculations. 
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Hence  coal  may  be  considered  as  composed  of  carbon  and 

available  hydrogen. 

The  weight  of  gas  per  horsepower  is  approximately 

33480m; 

W= 

10,000  (E  + 0.02) 

where  W  is  the  weight  of  gas  in  lb.  per  hr.  per  boiler  h.p.,  w 

is  the  weight  of  gas  per  10,000  B.t.u.,  and  E  is  the  combined 

efficiency  of  the  steam  generator,    w  may  be  taken  from  Table 

1.    The  quantity  0.02  added  to  E  is  an  average  allowance  for 

carbon  in  the  ash. 

Example :  At  9  per  cent  CO,,  w  =  15.7.     Let  E  =  0.66. 

33480  X  15.7 


W  = 


77.3  lb. 


10,000(0.66  +  0.02) 
The  weight  i3er  sec.  is  TF/3600,  and  y  by  the  formula  y  = 

41.3P 

r- : — ::7--- — where  y  is  the  weight  in  lb.  of  1  cu.  ft.   ot 

30(tc  + 459.6)  '  * 

gases,  tc  is  the  temperature  of  the  gases  in  deg.  fahr.,  P  is 
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Fig.  2  Maximum  Draft  at  Sea  Level  per  100  Ft.  of  Chimney 
Height  Corresponding  to  the  Air  Temperatures  Noted 
ON  the  Curves 

For  any  other  height.  //  in  ft.  multiply  by  0.01  H. 
For  any  other  .iltitude,  multiply  by  the  corresponding  factor  of  cor- 
rection from  Fig.  3. 

TABLE  I  WEIGHT  OF  GASE.S  AND  PERCENTAGE  OF  HEAT  REJECTED 
TO  THE  CHIMNEY  FOR  DIFFERENT  PERCENTAGES  OF  COj 
WHEN  CO  =  0 
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Per  Cent  CO2  in  the 
Dn,'  Gases  by  Volume 


Excess  air  in  per  cent  of 
the  theoretical  mini- 
mum     0 

Weight  of  gases  per 
10,000  B.t.u.  in  the 
coal,  lb 

Chimney  loss  per  100 
deg.  fahr.  in  per  cent 
of  the  calorific  value 
of  the  coal .1  1.85 

Chimney  loss  per  50o! 
deg.  fahr 9.25 


18.7 


IS.O 

17.0 

16.0 

15.0 

14.0 

13.0 

4 

10 

17 

24 

33 

43 

8.1 

8,6 

9.1 

9.6 

10.3 

11.0 

1.92 

2.04 

2.16 

2.28 

2.44 

2.61 

9.60 

10  20 

10.80 

11.40 

12.20 

13.05 

54 


11.9 


2. 82 
14.10 


Per  cent  CO2  in  the  Drj'  Gases 
by  Volume 

Excess  air  in  per  cent  of  the 
theoretical  minimum. 

Weight  of  gases  per  10.000 
B.t.u.  in  the  coal,  lb 

Chimney  loss  per  100  deg. 
fahr.  in  per  cent  of  the  cal- 
orific value  of  the  coal 

Chimney  loss  per  500  deg. 
fahr 


11.0 

10.0 

9.0 

8.0 

7.0 

6.0 

68 

85 

105 

130 

162 

206 

12.9 

14.2 

15.7 

17.6 

20.0 

23.3 

3.06 

3  37 

3.72 

4.17 

4.74 

5.52 

15.30 

16.85 

18.60 

20.35 

23.70 

27.60 

5.0 


267 
27  S 

6.59 
32.95 


barometric    pressure,    in    inches    of    mercury,    is    (41.3P)    -^ 

{ 30  ( f c  -)-  459.6 )  J .     Hence  the  formula  for  the  volume  per  sec.  is 

_  30TF(«e  + 459.6)  _6.73TF(fo  + 459.6)        30 

^  41.3P  X  3600      ""  1,000,000  ^  'V 

where  q  is  the  volume  of  gas  in  cu.  ft.  per  sec.  per  boiler  h.p. 

In  ordinary  problems.  Table  2  may  be  used  instead  of  cal- 
culating g  by  the  foimula  above.  A  variation  of  100  deg. 
either  side  of  the  standard  of  540  deg.  fahr.  alters  the  volume 
by  10  per  cent. 

Returning  to  the  problem,  the  volume  of  gases  to  be  re- 
moved by  the  chimney  may  now  be  calculated.  The  maximum 
horsepower  to  be  developed  is  2  X  500  X  1-5  =  1500  h.p. 

q  =  0.52  from  Table  2  for  9  per  cent  CO,  and  66  per  cent 
efficiency.    Then  the  total  volume  of  gases  per  sec.  is 
Q  =  1500  X  0.52  =  780  cu.  ft. 

DETERMINING  THE   MAXIMUM:  DRAFT  PRODUCED  BY  THE  CHIMNEY 

The  general  formula  is 


P.  =  0.255PH 


1.04 


\f.-f  459.6        to +  459.6/ 
Values  of  P^  per  100  ft.  of  height  and  the  factor  of  correction 
for  different  altitudes  and  jiressures  are  given  graphically  in 
Figs.  2  and  3. 

In  the  problem  (,  =  80  deg.  fahr.  Let  «o  =  500  deg.  fahr. 
Then  from  Tig.  2  p,  =  0.59  in.  If  the  altitude  is  5900  ft. 
above  sea  level,  then  the  factor  of  correction  from  Fig.  3  is 
0.8.     Hence  p,  =  0.8  X  0.59  =  0.47  in. 


TABLE  2    WEIGHT  .\ND  VOLU.ME  OF  GAS  PER  BOILER  HORSEPOWER 
AT  SEA   LEVEL 


.\3sumed  CO2  per  cent 
of  dry  gases  by  vol- 

s 

63 

8 
66 

9 
66 

10 
68 

12 
70 

12 

75 

14 
68 

14 

Assumed  combined  ef- 
ficiency    of     boiler, 
furnace  and  grate. . . 

78 

Weight  of  gases  in  lb. 
per  hr.  per  boiler  h.p. 

\*oIume  of  gases  in  cu. 
cu.  ft.  per  sec.  per 
boiler  h.p.  for  a  tem- 
perature of  540  deg. 
fahr 

91 
.61 

87 
.58 

77 
.52 

68 
.46 

55 
.37 

52 
.35 

40 
.33 

43 
.29 

Suggested  correspond- 
ing    percentage     of 
rated     capacity     of 
boiler  to  be  used  for 
proportioning  chim- 

100 

125 

ISO 

200 

250 

DETERMINING  THE  DRAFT  LOSS  IN  THE  CHIMNEY 


The  formula  for  this  is 

Pr  =  0.008 


Li     -'    \ 

A   \fe  + 459.6/ 


By  means  of  this  formula,  the  values  shown  graphically  in 
Fig.  4  were  obtained. 

A  variation  of  100  deg.  either  side  of  the  assumed  standard 
of  540  deg.  fahr.  and  a  variation  of  3  in.  in  barometric  pres- 
sure, if  uncorrected  for,  would  each  introduce  an  error  of  10 
per  cent  in  the  draft  loss.  Since  the  draft  loss  is  uiStiaUy 
small,  it  would  seem  that  ordinarily  only  variations  beyond 
these  limits  need  be  considered. 

Before  the  cui'\-es  in  Fig.  4  may  be  used,  it  is  necessary  to 
assume  a  velocity.  If  v  is  assumed  then  A  follows  from  the 
formula  A  =  Q/v.  For  a  first  approximation,  the  velocity 
mav  be  selected  from  Table  3. 
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In  tlie  present  prol)lem,  the  volume  of  gas  to  be  removed  is 
780  cu.  ft.  per  sec.  Assuming  a  velocity  of  25  ft.  per  sec, 
A  =  780/25  =  31.2.  The  friction  loss  per  100  ft.,  by  visual 
interpolation  on  Fig.  4,  is  pc  =  0.08  in.  This  is  for  a  circular 
chimnev  at  sea  level. 


TABLE  3     ASSUMED  ECONOMICAL  VELOCITIES  FOR  A  FIRST  AP- 
PROXIMATION 


Volume  of  gas  to  be  re- 
moved in  cu.  ft.  per 

10 

50 

130 

500 

1200 

2500 

5000 

8000 

Economical  velocity  in 

10 

15 

20 

25 

30 

35 

40 

45 

For  a  square  chimney  of  side  equal  to  diameter  of  the  cir- 
cular chimney  p^  =  0.62  X  0.08  =  0.05  in.  For  a  circular 
chimney  and  barometric  jiressure  24  in.  of  mercury,  p^  = 
(30/24)  0.08  =  0.10  in.  For  a  circular  chimney  at  sea  level 
but  gas  temjjerature  equal  to  650  deg.,  p..  =  I  (640  -|-  460)  -f- 
1000}  0.08  =0.09  in.  For  a  square  chimney,  barometer  at  24 
in.  and  gases  at  640  deg.  fahr.. 


P- 


=  0.62  ■— 
24 


30  640  +  460 


1000 


0.08  =  0.07  in. 


DETERIIINING  THE   FRICTION   LOSS   IN   THE   BREECHING 

The  customary  assumption  is  that  one  sharp  right  angle 
turn  has  the  same  friction  as  50  ft.  of  length.  In  the  problem 
the  breeching  is  to  be  50  ft.  long  and  to  have  two  turns. 
Hence  Z  =  (2  X  50)  -j-  50  =  150  ft.  Assuming  the  breeching 
will  be  square,  with  side  equal  to  the  diameter  of  the  circular 
chimney,  then  P,  =  1.5  X  0.05  =  0.08  in.  The  quantity  0.05 
is  the  loss  per  100  ft.  as  computed  above.  For  a  circular 
breeching  of  the  same  size  as  the  chimney  Pr  =  1.5  X  0.08  = 
0.12  in.  This  does  not  indicate  that  the  total  loss  in  the  square 
breeching  will  be  less  than  that  in  the  circular  one  because  of 
the  draft  losses  due  to  changes  of  velocity,  as  discussed  in  the 
following  section. 

DRAFT  REQUIRED  TO  INCREASE  VELOCITY 

The  forma'a  is 

Pv  =  0.123 — ^5 ^^ 

30(f,  + 459.6) 

where  ti,  is  the  initial  velocity  of  the  gases  and  v,  is  the  final 

velocity. 

The  draft  required  to  accelerate  gases  at  sea  level  from  zero 
velocity  to  velocities  of  10,  20,  30  and  40  ft.  per  sec.  for  a  tem- 
perature of  540  deg.  fahr.  is  0.012  in.,  0.049  in.,  0.111  in.  and 
0.197  in.  respectively.  The  magnitude  of  this  loss  at  the 
higher  velocities  explains  the  regulating  effect  produced  by 
manipulating  the  damper. 

The  ratio  of  tlie  area  of  a  square  to  tliat  of  an  inscribed 
circle  is  1/0.7854.  The  velocity  in  the  fonner  will  therefore 
be  0.7854  times  the  velocity  in  the  latter.  Table  4  shows  the 
draft  loss  due  to  a  velocity  change  based  on  this  ratio  for  the 
case  when  gases  jiass  from  a  square  breeching  into  a  circular 
chimnev. 


TABLE  4 


DRAFT  REQUIRED  TO  ACCELERATE  GASES  AT  540  DEG. 
FAHR.,  BAROMETER  AT  30  IN. 


Change  of  velocity  in  ft.  per  sec 


Draft  required  in  in.  of  water. . 


11.8 
to 
15 


0.011 


15.7 


19  6 

to 


23.6 

to 
30 


0.042 


27.5 
to 
35 


0.058 


31.4 

to 
40 


35.3 
to 
45 


0.075  0.096 


39.3 
to 
50 


0.118 


Except  at  the  highest  velocities,  this  draft  is  small  enough 
to  be  neglected  in  the  problem  of  calculating  sizes  of  chimney; 
l)ut  as  regards  the  design  of  the  breeching  this  additional  loss, 
for  short  breeohings,  may  make  the  smaller  circular  breeching 
more  desirable  than  the  larger  square  breeching  from  an  oper- 
ating as  well  as  a  cost  standpoint  provided  the  gases  leave  the 
boilers  at  about  the  ultimate  velocity. 

Since  the  loss  due  to  the  velocity  change  will  almost  com- 
jiensate  for  the  decreased  friction  when  the  square  breeching 
is  used,  if  it  is  not  long,  then  the  friction  loss  per  100  ft.  of 
breeching  may  be  taken  the  same  as  in  the  circular  chimney, 
whetlier  the  breeching  will  be  square  or  circular. 

LOSS  OF  DRAFT  DUE   TO   SUDDEN   ENLARGEMENT  OF  THE   GAS 
PASSAGE 

As  stated  in  text  books,  eddies  are  set  up  when  the  velocity 
is  decreased  as  a  result  of  a  sudden  enlargement  of  the  area. 
This  is  accompanied  by  a  loss  of  pressure. 


0.6      0.7      0,S      03       1.0' 
Factor     of  Correction 


Fig.  3     Factors  of  Correction  Applicable  to  Fig.  2 


The  formula  is 


Pv'  =  0.123 


P(tV 


30(f,  + 459.6) 

For  a  change  of  velocity  from  30  to  10  ft.  per  sec,  at  sea 
level  and  temperature  equal  to  540  deg.  fahr.  this  loss  is 
0.049  in.  Where  there  are  several  sudden  enlargements  in  a 
long  flue,  the  aggregate  loss  may  be  considerable.  Hence 
;;radual  changes  of  cross  section  are  preierable  where  there  is 
something  to  be  gained  by  enlarging  the  breeching. 

DETERMINING   THE  VALUE  OF   d   IN   INCHES 

d  is  the  diameter  of  a  circular  chimney  or  breeching,  or 
the  length  of  one  side  of  a  square  chimney  or  breeciiing.  The 
curves  in  Fig.  4  are  based  on  circular  conduits,  hence  d  is 
always  the  diameter  corresponding  to  the  area  A.  Obviously, 
a  quick  way  to  deterimne  d  is  to  divide  the  area  A  by  0.7854 
on  the  upijer  scale  of  a  slide  rule  and  read  d  in  in.  opposite 
12  on  the  lower  scale. 

PRACTICAL    METHOD    FOR    CALCULATING    CHIMNEYS 

Solutions  of  chimney  problems  are  veiy  simple  if  carried 
out  in  the  following  form : 

Equipment  and  Location.     Two  500  h.]).  boilers  to  be  oper- 
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ated  up  to  150  per  cent  of  rating.  Breeching  to  have  two 
right  angle  turns  and  to  be  about  50  ft.  long.  Chimney  to  be 
circular.    Plant  to  be  at  about  sea  level. 

Assumptions,  h  =  80  deg.  fahr.,  t,  =  500  deg.  fahr.,  q  = 
0.52  cu.  ft.  (from  Table  2),  P,  =  0.25  in.,  P^  =  0.45  in., 
Pt  +  Pi  =  0.70  in. 

Calculations.     Maximum  h.p.  =  2  X  500  X  1-5  =  1500. 
Q  =  1500  X  0.52  =  780  cu.  ft.    Assume  i;  =  25  ft.  (from 

Table  3). 
A  =  Q/v  =  780  ^  25  =  31.2  sq.  ft. 
Po  from  A  and  v  on  Fig.  4  =  0.08  in. 

1=  (2  X  50)  +  50  =  150  ft.    Pr  =  1.5  p.  =  1.5  X  0.08  = 
0.12  in. 


0      0.10    010    0.30    040    050    060    0.70    080  0.90    1.00 
Draft    Loss   in    in.  of   Water 

Fig.  4  Draft  Loss  per  100  Ft.  of  a  Circttlar  Brick-Lined 
Conduit  Corresponding  to  the  Velocities  in  Ft.  per  Sec. 
Noted  ON  THE  Curves.  For  B.^rometeb  at30-in.  Mercury, 
AND  Gases  at  540  Deg.  Fahr. 

For  any  other  height  or  length  H  in  ft.,  multiply  by  0.01  H 

For  a  square  conduit  of  side  equal  to  the  diameter  of  a  circular  condxilt, 

multiply  by  0.62 
For  any  other  barometric  pressure  P  in  in.  of  mercury,  multiply  by  30/P 
For  any  other  gas  temperature  (  in  deg.  fahr.  multiply  by  0.001  ((  +  460) 

p.  =  (P,  +  p,)  +  p,  -f  p,  +  p/  =  0.70  +  0.12  +  0  = 

0.82  in. 

p.  =  0.59  in.  from  Fig.  3.     p.  —  p.  =  0.59  —  0.08  =  0.51  in. 

lOOP. 
H  = 


p.  — p. 
100  X  0.82 


161  ft. 


form  (Case  la)  and  assuming  other  velocities  then  other  sizes 
may  be  obtained  quickly. 

The  value  of  P,  in  Case  Id  is  based  on  the  assumption  that 
the  gases  leave  the  boiler  at  a  velocity  of  20  ft.  per  sec.  In 
the  other  cases  P,  was  assumed  to  be  negligible. 

The  best  size  of  chimney  wiU  depend,  of  course,  on  rela- 
tive cost,  local  and  other  conditions. 

To  illustrate  further,  assume  that  the  plant  will  be  at  an  ele- 


Case 

0 

A 

Pc 

Pr 

Pv 

Pe 

Pi— Pc 

H 

<f 

lo 

25 

31.2 

0.08 

0.12 

0.0 

0  82 

0,51 

161  ft. 

76  in. 

16 

20 

39.0 

0.04 

0.06 

0.0 

0.76 

0.55 

138  ft. 

85  in. 

Ic 

30 

26.0 

0.12 

0.18 

0.0 

0.88 

0.47 

187  ft. 

69  in. 

Id 

40 

19  5 

0.26 

0.39 

0.15 

1.24 

0.33 

376  ft. 

60  in. 

vation  of  5900  ft.  above  sea  level  and  that  the  chimney  will  be 
square.  Then  P  =  24  in.  The  maximum  draft,  p,! ,  will  be 
0.8  pz  and  the  friction  loss  in  the  breeching  and  chimney  will 
be  0.62  X  30.'24  p/  =  0.78  pc  where  p^  is  the  loss  at  sea  level. 
Hence 

p/  =  0.8  X  0.59  =  0.47  in.    P,  =  1.5  p/ 


Case 

V 

A 

Pc 

Po' 

Pt 

Pv 

Pe 

P«'-Pc' 

H 

d 

2a 

25 

31.2 

0.08 

0.06 

0.09 

0 

0.79 

0.41 

193  ft. 

76  in. 

26 

20 

39.0 

0.04 

0.03 

0.04 

0 

0.74 

0.44 

16    ft. 

85  in. 

2c 

1 

52.0 

0.02 

0.02 

0.03 

0 

0.73 

0.45 

162  ft. 

97  in. 

Table  5  illustrates  how  the  capacity  of  a  chimney  is  affected 
by  a  variation  of  one  or  more  of  the  governing  conditions. 
The  altered  conditions  are  in  italics.  Since  the  quantity  of 
gas  per  see.  per  h.p.  is  dependent  on  both  temperature  of 
gases  and  combined  efficiency,  its  value  has  been  altered  ae- 
eordinglv  when  these  are  involved. 


T.\BLE 

a 


VARIABLE  CAPACITY  OF  A  CIRCULAR  CHIMNEY  76  IN 
IN   DIAMETER  AND    160   FT.    HIGHJ  % 


s 

s 

S 

.35 

g 

^1 

J 

^  1 

o 

a 
s 

.Sg 

o  ^ 

li 

Qn 

16  a 

lo 

80 

500 

30 

0.25 

0.45 

0.12 

0.52 

1500 

3 

100 

500 

30 

0.25 

0.45 

0.12 

0.52 

900 

4 

20 

00 

30 

0.25 

0.45 

0.12 

0.52 

2700 

5 

80 

900 

30 

0.25 

0.45 

0.12 

0.90 

2000 

6 

SO 

500 

30 

0.25 

0.45 

0 

0.52 

100 

7 

SO 

500 

27 

0.25 

0.45 

0.12 

0.52 

750 

S 

SO 

500 

30 

O.BO 

0.B2 

0.12 

0.S5 

3900 

9 

SO 

500 

30 

0.10 

0.22 

0.12 

O.So 

4400 

10 

80 

600 

30 

0.10 

0.60 

0 

O.SS 

4200 

By  writing  the  above  calculations  in  the  following  tabular 


Cases  la,  3,  4,  6  and  7  are  for  a  boiler  in  good  condition 
but  inefficiently  fired.  Cases  la,  3,  4  and  7  are  for  different 
atmospheric  conditions;  Case  5  is  representative  of  a  boiler 
with  baffles  and  heating  surface  in  need  of  attention ;  Case  6 
is  for  a  chimney  set  directly  over  the  boiler;  Case  8  wotdd 
apply  to  a  natural  draft  installation  efficiently  operated; 
Case  9  is  for  an  oil  burning  or  forced  draft  installation  effi- 
ciently operated;  and  Case  10  is  for  efficient  operation  at 
about  250  per  cent  of  rating  with  forced  draft  and  chimney 
set  directly  over  the  boiler. 
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UNIQUE  HYDRAULIC  POWER  PLANT  AT 
THE  HENRY  FORD  FARMS 

BY  MARK  A.  REPLOGLE,  AKRON,  OHIO 
Member  of  the  Society 

The  hydraulic  power  plant  at  the  Henry  I'ord  Farms, 
Dearborn,  Mich.,  contains  two  turbines  designed  to  develop  85 
h.p.  each  at  110  r.p.m.  under  8-ft.  head,  together  with  electric 
generators.  The  plant  supphes  current  lor  light,  heat  and 
power  for  Mr.  Ford's  residence,  for  the  village  pumping  sta- 
tion, and  for  the  miscellaneous  requirements  of  the  farms. 
It  was  built  to  operate  under  somewhat  unusual  conditions  of 
head  and  contains  features  which  the  author  believes  to  be 
novel  and  imique. 

The  plant  is  located  on  the  River  Rouge,  near  its  junction 
with  the  Detroit  River,  which  latter  varies  considerably  with 
the  levels  of  the  Great   Lakes.     The  Rouge  River  is  subject 


Fig.  1     Cross  Section  of  Power  House  at  the  Henry  Ford  Farms 


to  the  widest  extremes  in  flow.  At  the  point  of  location  of  the 
plant  is  a  dam  over  which  the  normal  run -off  is  100  sec-ft. 
There  are  short  intervals,  however,  when  the  run-off  is  so 
great  that  it  fills  the  valley  with  water  so  that  no  sign  of  the 
dam  is  apparent ;  at  these  times  the  head  over  the  dam  is  com- 
pletely destroyed,  but  the  condition  lasts  only  a  few  hours 
until  the  high  water  wave  has  passed.  There  are  longer  periods 
when  the  level  is  affected  by  the  Great  Lake  conditions  causing 
back  water  in  the  tail  race  and  consequent  lowering  of  the 
head  for  days  at  a  time.  Also,  there  may  be  weeks  of  surplus 
flow  at  semi-high  head.  In  fact,  the  conditions  may  be  sum- 
marized as 

a  Low  water  with  normal  head 

6  Low  water  with  head  lowered  by  Great  Lake  conditions 
c  Normal  flow  under  variable  heads 

d  High  water  with  approximately  half  nonnal  head,  which 
is  also  variable  and  dependent  upon  Great  Lake  condi- 
tions 
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e  Very  high  water,  but  witli  head  almost  destroyed 

High  water,  with  head  varying  from  2  to  5  ft.,  may  persist 
for  weeks  at  a  time,  so  that  provision  to  meet  this  condition 
was  necessary.  The  condition  of  very  high  water  but  prac- 
tically no  head  only  obtains  for  a  few  hours  at  a  time,  and 
no  adequate  provision  can  be  made  for  it,  except  the  steam 
reserve. 

The  power  house,  an  adjunct  to  Mr.  Ford's  private  iaboi-a- 
tory,  is  a  concrete  structure.  The  foundation  consists  of  a 
monolith  of  reinforced  concrete.  Conditions  made  it  neces- 
sary to  floor  the  head  race,  power  house  site  and  tail  race  with 
concrete  for  several  feet  in  thickness.  The  head  race,  31  ft. 
wide  and  10  ft.  deep,  was  completely  arched  over  for  ap- 
proximately 150  ft.,  and  the  tail  race  was  similarly  arched, 
both  for  architectural  reasons. 

The  power  house.  Fig.  1,  is  a  3-story  building,  the  lower 
floor  containing  the  two  turbines,  the  middle  containing  the 
auxiliary  apparatus  for  controlling  the  turbines,  and  the  upper 
the  two  dynamos,  the  governors,  the  switchboard  and  one 
steam  resen^e  unit.  The  turbine  floor  is  divided  into  three 
separate  penstocks,  connected  by  an  overhead  gallery'. 

Ordinary  precaution  led  to  the  provision  of  two  units,  each 
having  the  capacity  of  the  normal  flow  of  the  stream  under 
8-ft.  head.  The  speed  of  110  r.p.m.  was  established  for  full 
head  conditions  and  this  speed  was  maintained  at  all  heads, 
vaiying  from  1  ft.  up  to  the  full  head  of  8  ft.  Herein  lies  the 
unique  feature  of  this  plant — the  maintenance  of  full  speeds 
and  good  power  through  a  wide  range  of  low  heads  and  in 
the  face  of  the  condition   that,   under  ordinary  settings,  the 

turbines  employed  re- 
quire slightly  over  4  ft. 
head  to  bring  them  to 
maximum  speed  at  full 
gate  and  no  load  condi- 
tions. 

The  turbines  are  of 
the  vertical  type,  de- 
signed, as  stated,  to  de- 
velop 85  h.p.  each  on 
the  turbine  shaft  when 
operating  under  8  ft. 
head  at  110  r.p.m.  They 
have  wicket  gates,  op- 
erated by  draw  rods 
from  a  gate  shaft  reaching  directly  to  the  governor  arm.  The 
turbine  chambers  are  scroll-shaped,  arranged  for  their  respec- 
tive right  and  left  hand  turbines.  The  weight  of  the  runners 
is  sustained  by  roller  bearings  on  top  of  the  generators.  All 
under  water  bearings  are  of  bronze. 

The  two  turbo-generators  are  of  the  vertical  type,  55  kw. 
each,  at  250  volts.  They  are  direct  current  machines  and  have 
ample  overload  capacity.  Each  is  self-contained,  having  a 
roller  bearing  on  top  which  supports  all  the  rotating  parts, 
including  the  balance  wheels  and  turbines.  A  third  steam 
engine  generator  is  provided.  This  is  horizontal,  and  is  of 
35  kw.  capacity  at  250  volts. 

The  governors  which  are  direct  connected  and  vertically 
driven  are  of  the  open  system,  oil-pressure  type.  Full  ap- 
paratus is  provided  in  the  top  floor  of  the  power  house  for 
recording  test  conditions. 

The  three  penstocks  on  the  lowest  floor  can  be  closed  by 
folding-  head  gates,  manipulated  by  the  overhead  crane.  Of 
these  penstocks,  the  middle  one  is  a  common  feeder  for  the 
others,  each  of  which  contains  what  has  been  termed  a  "  tur- 
bine discharge  accelerator.''     These  accelerators  are  a  form  of 
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draft  tube,  into  which  each  turbine  discharges  and  into  which, 
also,  water  from  the  head  race  is  discharged  through  a  feeder. 
The  head  race  water  accentuates  the  turbine  flow  through  the 
draft  tube,  having  the  same  effect  as  an  added  head  of  head 
water. 

The  purpose  of  the  discharge  accelerators  is  to  transfer 
energy  from  surplus  water  (otherwise  running  over  the  dam 
or  wasting)  to  the  turbines,  augmenting  their  power  under 
subnormal  heads  after  they  have  reached  their  otherwise  full 
power  at  those  heads.  In  other  words,  their  effort  is  to  boost 
the  power  of  the  turbines,  working  under  low  head  conditions, 
beyond  that  which  the  conditions  w'ould  seem  to  wan-ant. 

The  principle  of  the  accelerator  may  be  followed  by  refer- 
ence to  Fig.  2.     In  this  figure  is  also  shown  a  common  siphon 


Iced  J.^;' -r  Level 


Working  Head  =   The  induced  Head  plus  the  Inducer  Head 

Fig.  2     Comparison  or  Siphon  and  Accelerator 

for  purposes  of  comparison.  In  the  case  of  the  siphon,  the 
induced  or  suction  head  cannot  be  greater  than  the  inducer, 
or  pressure  head.  With  the  accelerator,  the  induced  head  may 
be  greater  than  the  inducer  head.  The  accelerator  is  not  an 
ejector. 

The  effect  of  the  accelerator  on  the  turbine  is  to  partially 
remove  the  pressure  at  the  discharge  end  without  changing  the 
pressure  at  the  intake  end.  Under  ordinary  conditions,  the 
pressure  on  both  the  head  and  tail  water  is  14.7  lb.  per  sq.  in. 
alike.  If  the  turbine  were  to  discharge  into  tail  water  the 
pressure  on  which  was,  say,  only  10  lb.  per  sq.  in.,  the  result 
would  be  the  equivalent  of  adding  slightly  over  10  ft.  head  to 
the  turbine,  and  as  far  as  practical  results  were  concerned, 
the  turbine  would  now  de\elop  energy  corresponding  to  the  in- 
creased head.  This  is  the  effect  of  the  discharge  accelerator. 
which  may  therefore  be  likened  in  principle  to  a  condenser  of 
a  steam  engine. 

Eacli  accelerator  consists  of  a  super  draft  tube,  a  concen- 
trator, and  an  infuser  as  shown  in  Fig.  3.  The  infuser  is 
provided  with  a  gate,  by  means  of  which  the  amount  of  ac- 
celerator water  may  be  varied  at  will,  or  shut  off  entirely,  in 
the  latter  case  leaving  only  the  turbine  discharging  into  the 
super  draft  tube. 

The  area  of  cross  section  of  the  concentrator  is  less  than 


that  of  the  turbine  draft  tube.  The  effect  of  this  narrowed 
section  on  the  turbine's  discharge  during  its  ordinary  operation 
was  in  doubt  during  the  construction  period,  but  when  the 
installation  was  completed  tests  showed  that  the  effect  was 
negligible. 

A  series  of  tests  were  made  on  the  accelerator  of  one  unit 
on  March  18,  1915,  and  the  results  are  plotted  in  Fig.  4.  In 
this  figure,  the  scale  of  turbine  horsepower  is  given  on  the 
left,  kilowatts  on  the  right  and  turbine  gate  opening  in  tenths 
below.  A  normal  speed  of  110  r.p.m.  was  maintained  through- 
out the  tests.  The  energy  was  absorbed  by  a  water  rheostat, 
and  the  power  was  measured  by  the  switchboard  instruments, 
which  are  new,  therefore  substantially  correct. 

The  purpose  of  Series  I  was  to  show  the  maximum  power  of 
the  turbine  when  the  accelerator  gates  were  closed.  The  curve 
shows  approximately  90  turbine  h.p.  at  between  9/10  and  full 
gate,  but  the  head  was  slightly  over  8  ft. 

Series  II  shows  reading's  made  at  the  same  turbine  gate 
openings,  but  the  accelerator  gate  was  open  20  per  cent  of  its 
range  throughout  the  series.  Although  the  actual  head  is  low- 
ered, there  is  an  actual  increase  in  power. 

Series  III  was  made  with  the  accelerator  gate  open  about 
40  per  cent  of  its  travel.  This  resulted  in  a  still  further  in- 
crease of  power. 

Series  IV  was  made  with  the  accelerator  gate  open  about 
fiO  per  cent  of  its  travel.  Throughout  this  series,  the  accelera- 
tor was  sucking  some  air,  but  the  power  increased. 

Series  V  was  made  with  the  accelerator  gate  open  about 
80  per  cent  of  its  travel.  The  accelerator  sucked  air  violently 
during  these,  last  readings,  but  the  power  increased  even 
though  the  head  was  less  than  7  ft. 


Floor 


.       "Hiqh  Head  Water 
7  'High  Water  Head 
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Fig.  3     85-h.p.  Turbine  and  Discharge  Accelerator 

The  excessive  taking  in  of  air  prevented  the  fui-ther  opening 
of  the  accelerator  gate.  Therefore  its  limit  of  action  is  un- 
known. 

The  curve  in  Series  V  shows  116  turbine  h.p.  at  6.94  ft. 
head.  This  curve,  reduced  by  the  well  known  fortuula,  to  an 
8-ft.  head  shows  that  143.5  h.p.  can  be  obtained  by  the  use  of 
the  accelerator  from  an  8-ft.  head  in  connection  with  the 
identical  turbine  that  had  been  guaranteed  to  develop  85  h.p. 
under  8-ft.  head. 

No  attempt  was  made  to  measure  the  accelerator  water 
used,  as  this  test  was  made  solely  to  demonstrate  that  a  tur- 
bine can  use  waste  water  that  would  be  detrimental  to  the 
liower  effects  of  the  turbine  if  the  accelerator  were  not  used. 
The  matter  of  measuring  the  water  is  a  part  of  proposed 
further  development,  which  will  be  continued  until  all  the 
limitations  are  discovered. 

The  possibilities  and  limitations  of  the  accelerator  have  not 
vet  been  fully  deteniiined.  although  several  years  of  experi- 


Januahy 
1916 


OIL  ENGINE  VAPORIZER  PROPORTIONS,  L.  ILLMER 


37 


mentation  liiwe  boen  spent  in  its  ileveldpniuiit.  In  its  opera- 
tion, there  seems  to  be  some  new  and  definite  law,  which  has 
not  yet  been  formulated.  So  far,  indications  are  that  low 
heads  may  be  boosted  as  much  as  from  100  to  500  per  cent, 
depending  on  the  conditions.  The  extreme  limit  appears  to 
be  the  atmospheric  head. 

The  present  instance  is  believed  to  be  the  first  ijractical 
demonstration  of  the  decided  advantage  to  be  secured  by  the 
application  of  the  turbine  discharge  accelerator,  and  liie  de- 
sign of  the  device  is  believed  to  be  original. 

There  seems  to  be  every  reason  to  believe  that  full  turbine 
Iiower  from  a  water  turbine  can  be  obtained  from  all  the 
water  used  (when  based  on  the  actual  or  working  head)  even 
though  only  a  portion  of  the  water  passes  through  the  turbine 
]3roper.  A  water  power  equipped  with  an  accelerator  can  be 
speeded  for  full  head  at  low  water  condition,  and  the  same 
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turbine  oate  opening  im  tenths 
Fig.  4     Results  of  Tests  on  Accelerator 


turbine  can  have  its  capacity  practically  doubled  under  the 
same  head,  if  sufficient  water  is  available.  The  power  unit 
can  develop  its  normal  rated  power  at  one-half  head  when 
sufficient  water  is  available,  and  the  turbine  can  furnish  con- 
siderable power  when  the  working  head  is  less  than  25  per 
cent  of  the  normal  head,  and  all  this  may  be  done  at  good 
efficiency. 

A  like  reflection  will  show  that  with  this  system  many  water 
powers  may  become  independent  of  steam  or  gas  reserves, 
with  the  saving  of  the  large  expense  these  auxiliary  power 
units  now  entail.  With  the  accelerator,  too,  it  is  not  necessary 
to  provide  so  many  power  units  in  a  given  development,  as  the 
elasticity  permits  of  good  efficiency  with  fewer  turbines. 

There  are  very  many  cases  in  which  low  heads  only  are 
available  and  the  water  cannot  be  utilized  practically  and 
profitably.  The  accelerator  can  be  used  to  boost  the  head  in 
such  cases  to  an  amount  at  which  development  of  the  water 
power  is  possible.  The  accelerator  can  convert  an  actual  head 
of  3  to  10  ft.  into  a  working  or  effective  head  of  8  to  20  ft. 


OIL  ENGINE  VAPORIZER  PROPORTIONS 

BY  LOUIS  ILLMER,  READING,  PA. 
Member  of  the  Society 

This  paper  is  a  synopsis  of  a  research  study  to  determine 
the  proper  proportions  of  hot  bulbs  for  oil  engines.  The 
study  was  begun  by  the  author  a  number  of  years  ago  when 
he  was  called  upon  to  fix  vaporizor  dimensions  suitable  for 
Hornsby-Akroyd  oil  engines  of  large  capacity.  A  careful  in- 
vestigation of  the  underlying  piinciples  brought  out  the  de- 
sign data  here  presented  and  from  these  data  hot-bulb  oil 
engines  iu  sizes  up  to  100  b.h.p.  have  been  built  and  operated 
with  satisfactory  results.  Recently  this  investigation  has 
again  been  taken  up  and  has  been  largely  extended  so  as  to 
Hiclude  proportions  for  high  comiiression  oil  engine  vap- 
orizers. 

In  the  hot  bulb  oil  engine,  of  which  the  well  known  Horns- 
by-Akroyd engine  is  the  prototype,  the  vaporizer  heated  by  the 
gases  of  combustion  provides  a  hot  surface  for  the  double 
jjurpose  of  evaporating  the  heavy  mineral  oils  in  the  fuel  oil 
and  of  maintaining  the  confined  mixture  charge  at  a  tempera- 
ture high  enough  to  enable  self-igniition  to  be  induced  with 
moderate  compression.  Fig.  1  is  a  sectional  view  of  the  vapor- 
izer generally  applied  to  a  single-acting  4-stroke  cycle  Horns- 
by-Akroyd stationary  oil  engine.  The  vaporizer  is  of  cast 
iron  and  forms  a  chamber,  the  outermost  end  or  cap  of  which 
is  unjacketed  and  maintained  at  approximately  incipient 
cherry-red  heat,  by  the  absorption  of  heat  from  the  working 
charge.  The  spray  nozzle  is  arranged  to  direct  the  oil  against 
the  hot  surface  of  the  vaporizer  cap ;  the  hot  gases  confined 
within  the  vaporizer  from  the  previous  charge  evaporate  the 
highly  atomized  jiartides  of  the  injected  oil,  while  the  heavier 
jiartieles  impinge  agamst  the  hot  cap  wall.  Part  of  the  heat 
required  for  evaporation  of  the  oil  is  therefore  supplied  from 
the  gases  in  the  vaporizer  and  part  from  the  vaporizer  cap ; 
the  latter  is  the  major  part. 

The  essential  principles  of  operation  are :  The  oil  is 
sprayed  into  the  vaporizer  chamber  in  the  same  period  that  a 
volume  of  air  is  sucked  into  the  power  cylinder.  At  the  end 
of  the  suction  stroke,  the  superheated  oil  vapor  or  gas  in  the 
vaporizer  will  have  been  mixed  with  approximately  half  of 
the  hot  products  of  combustion,  while  the  body  of  air  in  the 
cylinder  is  confined  there  by  the  vaporizer  neck.  During  the 
compression  stroke,  a  certain  portion  of  this  air  is  forced 
tlnough  the  neck  at  relatively  high  velocity,  and  is  projected 
into  the  center  of  the  highly  heated  oil-gas.  This  results  at 
first  in  a  supersaturated  mixture  of  oil-gas  and  air  being 
formed  within  the  cap  enclosure,  the  mixture  being  kept  at  a 
temperature  consi<lerably  above  ignition  point  by  the  heating 
effect  of  the  products  of  combustion.  Self-ignition  will  occur, 
therefore,  at  the  instant  the  further  addition  of  air  makes  this 
mixture  of  such  proportions  as  to  be  explosive.  Owing  to  this 
rather  complicated  action,  the  vaporizer  dimensions  must  be 
exactly  suited  to  the  requirements,  or  the  engine  will  not 
operate  satisfactorily. 

From  the  proportional  analysis  of  some  design  data  deduced 
from  a  fully  de\'eloped  line  of  horizontal  4-stroke  Hornsby- 
Akroyd  oil  engines,  it  was  found  that  the  one  simple  relation 
suitable  for  design  purposes  was  that  of  vaporizer  volume  to 
piston  displacement.  The  other  design  factors  depend  upon 
more  involved  relations  and  center  about  the  average  tempera- 
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ture  attained  by  llie  unjucketed  cap  portion  of  the  vaporizer 
wall. 

The  temperature  i-elatioiis  existing  in  a  hot  \aporizer  cap 
are  best  treated  on  the  basis  of  a  thin  flat  disc  receiving  a 
uniform  heat  input  over  one  of  its  faces.    Under  conditions  of 
equilibrium,  the  resulting  heat  flow  will  cause  a  temperature 
dro2i  between  the  center  and  edge  of  the  disc. 
Let  *j  =  temperature  of  disc  at  center,  deg.  fahr. 
^„  =  temperature  of  disc  at  edge,  deg.  fahr. 
*  =  *,  —  *„  =  temperature  drop  from  center  to  edge  of 

disc 
r  =  radius  of  disc,  in. 
s  =  uniform  thickness  of  disc,  in. 
H  =  uniformly  distributed  gross  heat  input  in  B.t.u.  per 

hr.  per  sq.  in.  of  area 
k  =  specific  thermal  conductivity  in  B.t.u.  per  hr.  per  sq. 
in.  of  section  at  1  deg.  fahr.  head 
=  about  3.82  for  cast-iron. 


I  Fig.  i5Vaporizer  for  Single-acting  4-Cycle  Oil  Engine 

Since  the  temperature  gradient,  i.e.,  drop  per  inch  of  length, 
is  propoi-tional  to  the  rate  of  heat  flow,  the  gradient  in  the 
case  of  a  cast-iron  vaporizer  cap  will  be  equal  to  1  deg.  fahr. 
for  each  3.82  B.t.u.  flow  per  hr.  per  sq.  in.  of  section.  Apply- 
ing this  to  a  disc  of  radius  r,  the  heat  input  will  be  measured 
by  the  area  enclosed,  multiplied  by  the  uniform  rate  of  input 
per  sq.  in.  of  surface.  Assuming  all  of  this  heat  is  to  be 
conducted  to  the  edge  of  the  disc,  the  rate  of  heat  flow  through 
the  peripheral  sectional  area  will  be  equal  to 

Hr 
7t  r'  H^-2  7c  r  s  = 


Dividing  this  equation  by  the  constant  k,  the  corresponding 
temperature  gradient  at  the  edge  radius,  r,  will  be  equal  to 

Hr 


2ks 


This  shows  that  the  temperature  drop  per  unit  of  length  is 
directly  proportional  to  the  disc  radius;  and  since  the  heat 
flow  at  the  center  of  the  disc  is  zero,  the  average  temperature 
gradient  will  therefore  be  ^  that  at  the  full  radius,  r. 

The  total  temperature  drop  from  center  to  edge  of  a  thin 
disc  will  then  be  equal  to  the  average  drop  per  unit  length 
multiplied  by  the  disc  radius,  r,  that  is,  for  the  disc 
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°     4     its 


■[1] 


Applying  the  same  reasoning  to  the  case  of  a  relatively  thin 
internally  heated  tube  whose  inner  radius  is  r  and  length  is  I 
(both  in  inches),  and  in  which  all  the  heat  is  conducted  away 


at  one  end,  it  will  be  found  that  the  total  temperature  drop 
over  the  full  length  is  equal  to 

'      °      TTT  ^^] 

The  temperature  drop  over  a  tube  is  dependent  only  upon  the 
length  of  the  tube,  and  for  unit  length  the  drop  is  twice  that 
for  a  disc  of  unit  radius. 

The  temperature  distribution  as  determined  by  either  of 
equations  [1]  or  [2]  is  plotted  in  Fig.  2.  The  maximum  tem- 
perature, ^,,  coiTesponds  to  that  of  the  center  of  the  disc  or 
of  the  free  hot  end  of  the  tube,  while  the  disc  edge  or  attached 
tube  end  assumes  the  temperature  *„. 

Numerical  values  for  the  counter-temperature,  *„,  vary  with 
the  size  of  the  engine  and  the  character  of  joint  between  the  cap 
and  jacket  part  of  the  vaporizer.  In  the  case  of  the  Hornsby- 
Akroyd  vaporizer  cap,  a  fair  average  value  for  *„  is  450  deg. 
fahr.  under  fuU  load  conditions. 

If  to  the  counter-temperature,  *„,  be  added  the  average  tem- 
perature ordinate  under  the  curve,  Fig.  2,  then  the  average 
temperature,  t^,  attained  by  the  cap  may  be  taken  as  approxi- 
mately equal  to 

*. =4  (^ -'«)+"« t3] 

In  treating  the  case  of  a  bumped  head,  such  as  is  sho^vn  in 
Fig.  1,  a  simple  and  fairly  reliable  method  is  to  resolve  the  cap 
volume  into  an  equivalent  cylindrical  depth,  h.,  enclosed  by  a 
flat  plate  end,  as  indicated  by  the  dotted  line  in  the  figure. 
The  corresponding  contour  length  for  heat  travel,  taken  in 
terms  of  tube  length,  will  then  be  equal  to 


4  +  '« 


I, 


•[4] 


where  h  =  equivalent  tube  length  in  in.  of  the  combined  con- 
tour of  tube  and  disc. 
The  input  surface  in  this  ease  will  be  the  area  of  the  disc 
plus  the  area  of  the  cylindrical  length,  U,  which  is  exactly 
equal  to  the  interior  surface  of  a  cylinder  having  a  length  of  U. 
Hence  this  factor  may  be  inserted  into  equation  [2]  without 
further  surface  correction,  thus 

H  k' 

e  =  e  —e  = r2al 

'       °      2fcs  ^    ^ 

The  thickness,  s,  in  the  line  of  Horusby-Akroyd  engines 
referred  to,  is  fairly  well  represented  by  the  relation 


s  =  0.075  Ze. 


.[5] 


When  the  cap  is  projected  into  the  vaporizer  and  receives 
heat  over  a  portion  of  its  face  in  the  manner  indicated  in  Fig. 
3,  the  counter-temperature,  *»,  is  increased.  The  derived 
formulfe  apply  only  to  the  disc  portion  of  the  surface  which 
is  directly  exposed  to  the  heating  action  of  the  hot  gases,  while 
the  temperature  drop  over  the  length,  d,  of  the  protected 
tubular  section  of  Fig.  3  should  be  taken  proportional  to  the 
amount  of  heat  conducted  to  the  edge  of  the  disc. 

The  case  of  an  offset  cylinder  head.  Fig.  4,  receiving  heat  at 
a  uniform  rate  of  input  over  its  entire  surface  is  best  treated 
by  considering  the  shape  as  a  whole  and  flnding  its  equivalent 
tube  length  having  an  internal  radius  r^.  The  equivalent  tube 
length  to  be  added  to  compensate  for  the  flat  closing  head  is 
given  by  the  above  formula?;  but  in  determining  the  equivalent 
leng-th  to  be  added  for  the  annulus  at  the  other  end  of  the  tube, 
due  allowance  must  be  made  for  difference  of  thickness,  area 
and  contour  length  as  compared  with  that  of  a  disc. 

Before  numerical  results  can  be  obtained  by  means  of  equa- 
tion [2a],  a  value  must  be  fixed  for  the  heat  input  factor,  H. 
Owing  to  the  cyclic  nature  of  the  heat  flow,  the  quantity  of 
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heat  that  will  pass  into  the  vaporizer  cap  wall  may  be  taken 
as  proportional  to  the  average  temperature  head  maintained 
with  respect  to  the  hot  cap  multiplied  by  the  square  root  of 
the  rate  of  such  temperature  applications. 

For  the  purpose  of  further  simplification,  it  is  assumed 
that  the  temperature  of  the  exhaust  gases  is  approximately 
equal  to  that  of  the  cap,  so  that  the  interchange  of  heat  to 
and  from  the  cap  during  all  but  the  power  strokes  may  be 
regarded  as  negligible.  This  holds  true  of  Hornsby-Akroyd 
engines,  because  the  temperature  of  the  hot  exhaust  gases 
enclosed  by  the  cap  is  approximately  1300  deg.  fahr.  at  full 
load. 

Under  the  assumed  conditions,  fairly  reliable  values  for  the 
uniformly  distributed  heat  input  factor,  R,  may  be  based  upon 
experimental  determinations  of  gas  engine  jacket  losses  and 
may  be  taken  as  follows  : 

For  2-stroke  cycle  engines 


H  = 


loT 


.[6] 


H 


■{T 


and  for  4-stroke  cycle  engines 

ir\  "200" 

where  .V  =  engine  speed  in  r.p.m. 

t^  =  effective  temperatui'e  head  in  deg.  fahr.  as  meas- 
ured   by    the    average    temperature    maintained 
during  expansion  with  respect  to  the  heat-absorb- 
ing jacket  wall 
//  is  in  B.t.u.  per  sq.  in.  of  cap  surface  per  hr. 
These  formulae  hold  good  only  for  relatively  hot  cayjs. 

In  case  the  vaporizer  is  subjected  to  external  radiation, 
all  of  the  heat  absorbed  by  the  vaporizer  cap  wall  will  not 
be  conducted  to  the  edge  of  the  disc,  as  is  assumed  in  the 
derivation  of  the  above  formulae.  The  radiation  loss  of  a 
vaporizer  at  red  heat  may  be  approximately  compensated  for 
on  the  basis  of  10  B.t.u.  per  sq.  in.  per  hr.  uniformly  distrib- 
uted over  the  interior  cap  surface. 

Another  modifying  factor  of  heat  flow  is  the  cooling  action 
due  to  the  evaporation  of  such  portion  of  the  injected  fuel  oil 
as  may  take  heat  out  of  the  cap  wall.  This  loss  is  likewise 
most  conveniently  allowed  for  by  assuming  it  to  be  uniformly 
distributed  over  the  entire  surface  of  the  cap. 

As  previously  pointed  out,  the  injection  of  fuel  oil  tends 
to  cool  the  hot  products  of  combustion  confined  within  the 
vaporizer.  The  degree  to  which  these  hot  gases  contribute 
to  the  evaporation  of  the  fuel  oil  depends  in  part  upon  the 
thoroughness  of  atomization.  Without  elaborating  on  this 
point,  it  might  be  said  that  in  the  Hornsby-Akroyd  engine 
apparently  about  one-tliird  of  the  full  load  oil  is  vaporized  by 
the  liot  gases  and  the  hot  cap  imparts  the  necessary  heat  of 
evaporation  to  the  remainmg  two-thirds  of  the  full  load  fuel 
oil  and  superheats  this  oil  gas  to  a  temperature  of  about  900 
deg.  fahr. 

The  quantity  of  oil  required  by  an  oil  engine  operating  on 
the  explosive  cycle  can  be  determined  approximately  from  the 
following  full  load  indicated  efficiency  formula : 

^'  =  1— ^icir [8] 

H 

where  Ei  =  indicated  efficiency 

R  =  ratio  of  expansion    (about  3J<3  for  the  Hornsby- 
Akroyd  engine) 
n  =  exponent  in  formula  P  V  =  C  as  based  upon  the 
expansion  line.     For  most  explosive  oil  engines  of 
the  vaporizer  type,  n  may  be  taken  at  about  6/5. 
The  total   heat   of  evaporation   for  fuel   oil  remains  fairly 


constant  throughout  a  wide  range  of  densities,  and  for  the 
purpose  of  the  present  investigation  it  may  be  taken  as  ap- 
proximately 

tt 


g  =  165  -f  ■ 


,[9] 


where  q  =  total  heat  in  B.t.u.  required  to  evaporate  1  lb.  of 
fuel  oil  from  70  deg.  fahr. 
t,  =  deg.  fahr.  to  which  the  oil-gas  is  heated. 

An  estimate  can  now  be  made  of  the  total  cooling  action 
resulting  from  external  radiation  plus  that  due  to  the  gasifica- 
tion of  fuel  oil  by  the  cap.  This  heat  taken  on  the  basis  of 
unit  cap  area,  will  be  designated  by  h,  and  its  numerical  value 
varies  from  10  to  25  per  cent  of  the  gross  input  heat,  H. 

Having  thus  fixed  upon  that  portion  of  the  input  heat  that 
is  not  conducted  to  the  edge  of  the  disc,  a  connection  for  the 
dissipated  heat  can  be  embodied  in  equation  [2a]  by  taking 
the  temperature  drop  from  end  to  end  of  the  tube  proportional 
to  the  net  or  actual  lieat  flow,  thus 


/U  —  h\  U 
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Fig.  2     Vaporizer  Cap  Temper.^ture  Head 

where  h  =  dissipated  heat  in  B.t.u.  per  hr.  per  sq.  in.  of  cap 
area,  i.e..  difference  between  the  gross  input  heat 
and  the  net  quantity  actually  conducted  to  the  end 
of  the  tube. 
The  heat  consumption  of  an  engine  per  cubic  foot  of  cylin- 
der displacement  can  readily  be  shown  to  be  equal  to 


.[11] 


0.185 -— 

where  Pm  =  mean  effective  pressure  in  lb.  per  sq.  in. 

The  maximum  attainable  mean  effective  pressure  is  de- 
pendent, in  part,  upon  the  amount  of  fresh  air  per  cubic  foot 
of  displacement  that  is  available  for  fuel  combustion.  In  a 
4-stroke  cycle  explosive  oil  engine  in  which  the  compression 
pressure  crosses  the  atmospheric  line  at  about  9/10  stroke  the 
full-load  mean  effective  pressure  to  be  expected  from  a  prop- 
erly proportioned  explosive  mixture  bears  a  constant  relation 
to  the  indicated  efficiency,  and  may  be  taken  as  approximately 
equal  to 

P„,  =  200E, [12] 

Combining  [11]  and  [12],  it  will  be  seen  that  the  full  load 
heat  consumption  of  a  4-stroke  cycle  oil  engine  is  practically 
constant  at  37  B.t.u.  per  cu.  ft.  displacement,  and  that  this  is 
independent  of  the  compression  pressure.  Tliis  means  tliat,  in 
terms  of  fuel  oil  having  a  heating  value  of  about  18,500  B.t.u. 
per  lb.,  a  4-stroke  cycle  engine  may  be  expected  to  burn  about 
0.002  lb.  oil  per  cu.  ft.  of  displacement  iit  full  load. 

The  maximum  temperature  of  combustion  may  be  approxi- 
mately estimated  on  the  basis  of  a  fuU-load  input  of  37  B.t.u. 
per  cu.  ft.  displacement,  as  found  above.     The  air  sucked  into 
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a  hot  4-stroke  cycle  cylinder  may  be  taken  at  about  0.05  lb. 
per  eu.  ft.  displacement,  and  allowing  for  the  high  tempera- 
tures prevailing  in  the  cylinder  after  the  instant  of  explosion, 
the  speeitie  heat  at  constant  volume  may  be  assumed  at  0.25. 
The  resulting  theoretical  temperature  rise  must  be  reduced  to 
allow  for  the  considerable  cooling  action  of  the  cap  wall;  in 
the  case  of  the  Hornsby-Akroyd  engine,  the  actual  tempera- 
ture rise  does  not  exceed  three-quarters  that  expected  on  the 
unjaeketed  basis. 

The  full-load  temperature  rise  in  the  cap  of  the  Hornsby- 
Akroyd  vaporizer,  resulting  from  the  combustion  of  the  oil- 
gas  mixture,  is  probably  not  far  from  2000  deg.  fahr.,  and  if 
this  be  added  to  the  initial  temperature,  the  maximum  tempera- 
ture of  combustion  may  be  fixed  at  about  2800  deg.  fahr.  At 
lighter  loads  the  temperature  rise  will  naturally  be  reduced  in 
proportion  to  the  oil  requirements. 

The  temperature  at  point  of  release  or  end  of  expansion 
period  is  then  equal  to 

T,  =  (1-E,)T3 [13] 

where  T^  =  temperature  of  release,  absolute 

Tj  =  temperature  of  combustion,  absolute 
and  hence  the  desired  net  temperature  head  driving  the  heat 
into  the  cap  wall  is  given  by  the  equation 


peratures  to  vary  approximately  as  the  square  root  of  the  per 
cent  of  full-load  oil  used.  It  will  be  seen  that  since  the  cap 
temperature  fonimlse  contain  a  speed  factor,  the  cooling  off 
of  the  cap  mider  slow  speed  and  light  loads  tends  to  limit  the 
speed  control  of  the  engine. 

The  air  sucked  into  the  hot  cylinder  of  a  Hornsby-Akroyd 
engine  may  be  assumed  to  have  an  initial  temperature  of  about 
250  deg.  fahr.  This  air,  taken  at  0.05  lb.  per  cu.  ft.  piston 
displacement,  when  compressed  to  about  45  lb.  per  sq.  in.  gage, 
will  be  confined  in  a  volume  just  about  ecjual  to  that  of  the 
\aporizer.  Since  a  portion  of  this  air  must  remain  in  the 
clearance  space  behind  the  piston,  only  about  one-half  of  the 
cylinder  intake  air  will  be  forced  into  the  vaporizer  by  the  time 
the  piston  reaches  its  inner  dead  center.  This  amount  of  air 
weighs  only  about  12  times  as  much  as  the  injected  full-load 
oil  and  is  insufficient  for  complete  combustion.  However,  im- 
mediately after  explosion  of  this  charge,  a  portion  of  the 
ignited  supersaturated  mixture  is  sent  forth  through  the  con- 
tracted neck,  when  it  is  made  to  intermingle  with  the  required 
amount  of  surplus  air  lying  in  the  space  behind  the  receding 
piston. 

Oil-gas  assumes  explosive  proportions  when  the  air  content 
of  the  mixture  reaches  about  two-thirds  of  the  air  required 


Fig.  3    Vaporizer  Cap  Projecting  Inw^ards 
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where  t„  =  average  temperature  during  expansion  stroke,  deg. 
fahr. 

Numerical  values  for  all  the  required  factors  having  been 
finally  fixed  upon,  the  various  equations  may  now  be  combined 
to  find  a  value  for  the  cap  temperature,  t^.  This  must  be  taken 
with  due  allowance  for  the  decreased  heat  input  with  rise  of 
temperature  in  the  cap  wall.  For  a  4;-stroke  cycle  engine,  this 
condition  is  satisfied  by  substituting  in  equation  [3]  and 
transposing. 
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200, 


33  ks 

Taking  k  for  cast  iron  equal  to  3.82  and  confining  the  equa- 
tion to  the  line  of  Hornsby-Akroyd  oil  engines,  the  above  can 
be  further  simplified  by  substituting  for  the  thickness,  s,  equa- 
tion [5].    Accordingly  at  full  load, 

'¥_ 
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°\(200 

From  these  formula',  the  expected  cap  temperature  for  an 
oil  engine  vaporizer  may  readily  be  estimated.  The  equations 
also  hold  good  for  partial  loads,  provided  the  numerical  values 
of  ?„  and  9„  are  suitably  modified.    A  check  shows  the  cap  tem- 
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Fig.  4    Vaporizer  Cap  PROJEcrriNG  Outwards 

for  complete  combustion,  i.e.,  about  10  parts  of  air  to  one  of 
oil  by  weight.  Such  a  mixture  will  ignite  of  itself  at  a  tem- 
perature of  about  750  deg.  fahr.  Assuming  that  air  in  propor- 
tion of  about  10  times  the  fuel  weight  to  have  been  forced  into 
the  vaporizer  at  the  end  of  the  compression  stroke,  the  hot 
products  of  combustion  may  be  expected  to  raise  the  tempera- 
ture of  the  entire  vaporizer  content  of  a  Hornsby-Akroyd 
engine  to  750  deg.  fahr.,  ignition  temperature  when  running 
on  one-third  to  one-half  of  the  oil  used  at  full  load.  Below 
this  critical  point,  the  temperature  head,  fi,,  is  reduced  to  such 
an  extent  that  the  cap  no  longer  keeps  the  enclosed  gases  suffi- 
ciently preheated  to  reach  the  ignition  temperature  at  the  end 
of  the  compression  period. 

A  corresponding  check  made  for  full-load  conditions  shows 
that,  due  to  the  higher  exhaust  and  cap  temperatures,  the  aver- 
age mixture  temperature  in  the  vaporizer  will  be  raised  to 
about  800  deg.  fahr.  This  increase  of  temperature  causes  an 
advance  in  the  ignition  timing,  and  at  heavy  loads  may  lead 
to  the  characteristic  pounding  that  accompanies  serious  pre- 
ignition  unless  counteracted  by  water  injection. 

Here  the  author  develops  the  following  formula  for  the  mini- 
mum allowable  vaporizer  volumes  for  high  compression  en- 
gines : 


y. 

Y, 


1 


\^400 j "    \mj " 


.[17] 


where   Yn  =  total  clearance  volume  of  engine  (including  vaporizer) 
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l'„  =reqiiired  volume  of  vaporizer 

1  \.  =  clearance  volume  external  to  vaporizer 

Pj  =  maximum  explosion  pressure,  absolute 

Ps  =  compression  pressure,  absolute 

n   =  exponent  in  P  V"  =C 

Xumeiical  results  derived  fi-nui  eiiualioii  [17]  are  shown 
plotted  in  Fig.  3,  from  which  it  is  evident  that  equalization  of 
pressure  cannot  occur  in  the  sense  assumed  unless  the  com- 
pression pressure  exceeds  135  lb.  per  sq.  in.  gage.  Hence 
engines  operating  at  less  than  this  compression  should  have 
their  vaporizer  volume  made  equal  to  the  entire  clearance 
space.  This  requirement  may  be  obviated,  and  the  vaporizer 
volume  reduced  by  about  one-third,  when  working  with  a  super- 
saturated mixture  and  projecting  the  ignited  oil-gas  into  the 
surplus  air  lying  outside  the  vajiorizer,  as  practised  in  the 
Hornsby-Akroyd  oil  engine. 

The  moderate  preheating  retiuirements  of  a  high  compres- 
sion oil  engine  allow  self-ignition  to  be  attained  without  main- 
taining the  vaporizer  cap  at  full  red  heat.  This  reduces  in- 
ternal strains  and  makes  the  cap  better  able  to  withstand 
fatigue  without  cracking.  Furthermore,  the  increased  ratio  of 
expansion  in  the  high  compression  engine  lowers  the  exhaust 
temperature,  and  in  case  the  vaporizer  cap  is  to  be  maintained 
at  an  average  temperature  considerably  higher  than  that  of 
the  exhaust  gases,  due  allowance  must  be  made  in  the  given 
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Fig.  3     Curve  Giving  Vaporizer  Volume 


formube  for  the  cooling  action  occurring  during  the  idle 
strokes. 

The  elimination  of  the  idle  suction  and  exhaust  strokes, 
make  the  2-stroke  cycle  especially  applicable  to  hot-bulb  oil 
engines;  it  not  only  improves  the  frequency  of  impulse,  but 
also  admits  of  wider  speed  variation  without  ignition  failure. 
By  carrying  the  compression  in  the  vaporizer  beyond  the  self- 
igiiition  limits,  the  engine  can  be  proportioned  to  operate 
through  a  much  greater  speed  range  than  is  possible  with  the 
low  compression  Hornsby-Akroyd  type  of  engine. 

Comparing  the  high  compression  vaporizer  type  of  oil  en- 
gine with  the  Diesel  engine,  it  may  be  pointed  out  that  the 
former  is  lower  in  first  cost  and  the  net  fuel  economy  is  little, 
if  at  all,  inferior  when  working  with  a  compression  pressure 
above  300  lb.  per  sq.  in,  gage.  Among  other  advantages,  the 
vapoi'izer  engine  embodies  simplified  construction,  obviates 
extremely  high  pressures,  increases  mechanical  efficiency,  low- 
ers the  power  loss  required  for  air  injection  of  the  fuel  oil, 
lessens  operating  skill  requii-ed  on  the  part  of  the  attendant 
and  to  a  considerable  degree  reduces  the  danger  of  destructive 
explosion. 
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Contributions  for  these  departments  are  earnestly  solicited. 

AN   OPPORTUNITY   FOR   THE   SOCIETY 

To  THE  Editor: 

I  wish  to  suggest  an  answer  to  one  of  the  questions  you  ask 
on  page  2  of  the  November,  1915,  issue  of  The  Journal  as  to 
how  the  work  of  the  Society  can  be  extended. 

In  my  opinion,  one  way  of  doing  this  is  to  draw  the  atten- 
tion of  the  membership  to  the  desirability  of  inducing  the 
Federal  Government  to  bestow  the  same  favor  on  engineering 
that  has  been  accorded  to  agriculture,  that  is,  to  pass  a  law 
establishing  Engineering  Experiment  or  Research  Stations  at 
the  Land  Grant  Colleges.  The  Society  might  well  be  given 
the  privilege  of  supervising  this  work. 

In  order  to  satisfy  the  constantly  increasing  need  and  de- 
mand for  engineering  researcli  work  in  this  country,  we 
should  have  an  appropriation  beginning  the  first  year  with 
+  15,000  and  an  annual  increase  of  $5,000  per  year  for  two 
years,  making  a  total  annual  sum  of  $25,000,  to  be  paid  each 
state  and  territory  for  maintaining  a  Research  Station.  This 
money  should  be  used  for  no  other  purpose  than  research  along 
engineering  lines. 

The  staff  at  these  stations  should  be  composed,  in  the  be- 
ginning, of  three  engineers,  all  of  whom  should  be  "  thirty- 
two  years  of  age,  or  over,  and  in  actual  practice  of  their  pro- 
fession for  at  least  ten  years  and  in  responsible  charge  of 
important  work  for  five  years,  and  qualified  to  design  as  well 
as  to  direct  engineering  work."  One  of  these  should  be  desig- 
nated Director. 

As  soon  as  the  appropriation  has  increased  to  an  amount 
jiermitting,  one  more  engineer  should  be  engaged,  thus  com- 
pleting the  staff  of  four  engineers  at  each  station. 

The  Federal  Director  of  these  stations  should  be  first,  an 
engineer  an<l  second,  a  good  business  man. 

In  the  selection  of  these  engineers  it  should  be  of  the  high- 
est importance  to  choose  men  whose  records  show  their  ability 
to  think  scientifically,  and  in  order  to  secure  able  enguieers 
for  these  stations,  I  feel  that  one-half  of  the  appropriation 
should  be  used  for  the  salaries  of  these  four  engineers,  the 
balance  to  be  expended  for  apparatus,  labor,  etc.,  in  connec- 
tion with  the  experiments. 

We  need  research  on  this  scale  in  order  to  keep  pace  with 
the  other  world  powers.  We  need  it  to  improve  the  quality 
of  our  materials  and  to  perfect  our  processes  and  methods. 

In  asking  for  this  appropriation  of  one  and  a  quarter  mil- 
lions dollars  in  round  numbers  annually,  we  cannot  promise 
a  regular  return  to  the  Government  in  the  form  of  direct 
earnings,  but  we  ean  promise  an  indirect  return  in  course  of 
time  of  many  million  of  dollars  in  the  form  of  mcreased  wealth 
of  manufacturing,  increased  tax  returns  on  manufacturiug- 
property,  also  increased  exports  of  improved  machinery  and 
merchandisp. 

CiiAS.  Mills. 

Riverside,  Cal. 
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THE  Boiler  Code  Committee  of  the  Society,  after  comple- 
tion of  its  report  on  Rules  for  the  Construction  of  Sta- 
tionary Boilers  and  Allowable  Working  Pressures,  as  an- 
nounced in  the  March  1915  issue  of  The  Journal,  was  con- 
tinued by  the  Council  as  a  Committee  to  make  such  revisions 
as  may  be  found  desirable  in  the  Rules  and  to  modify  them  as 
the  state  of  the  art  advances. 

A  resolution  was  passed  by  the  Council  of  the  Society  em- 
powering the  Committee  to  make  rulings  where  inquiries  are 
made  respecting  constructions  not  covered  by  the  Code  and  to 
interpret  any  parts  of  the  Code.  The  various  inquiries  have 
been  given  careful  consideration  by  the  Committee,  each  being 
given  a  case  number  under  which  it  is  filed  in  the  records  of 
the  Committee,  which  are  preserved  at  the  office  of  the  Society. 

The  procedure  in  the  Committee  in  handling  the  eases  is  as 
follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  on  at  a  regular  meeting  of  the 
Committee.  This  interpretation  is  submitted  to  the  Council 
for  approval,  after  which,  it  is  issued  to  the  party  making 
the  inquii-y  and  later  published  in  The  Journal,  in  order  that 
any  one  interested  may  readily  secure  the  latest  infonnation 
concerning  the  interpretations. 

Since  the  first  meeting  for  issuing  interpretations  which 
was  held  in  Buffalo  at  the  time  of  the  Spring  meeting  of  the 
Society,  three  additional  meetings  have  been  held  by  the  Com- 
mittee. Forty-six  inquiries  have  been  considered.  Of  these 
interpretations  have  been  given  for  aU  but  three,  which  are  still 
in  the  hands  of  the  Committee.  Below  are  presented  synopses 
of  the  forty-three  eases  for  which  interpretations  have  been 
issued.  In  general  it  has  been  thought  advisable  to  refrain 
from  the  publication  of  the  names  of  inquirers. 

The  Code  was  published  in  Volume  36  of  the  Transactions. 

Case  No.  1 
Inquiry:     Should  the  crown  sheet  of  the  vertical  single  Hue 
boiler  shown  in  Fig.  1  be  stayed  or  braced  as  a  flat  surface? 

Beply:  The  strains  in  a  boiler  of  this  design  cannot  be 
calculated,  and  it  is  the  expressed  desire  of  the  Committee 
that  such  a  boiler  of  the  particular  size  and  make  be  teste! 
to  destruction  in  the  presence  of  the  Ohio  state  inspector  and 
the  inspector  of  an  authorized  insurance  company  doing  busi- 
ness in  the  State  of  Ohio. 

Case  No.  2 
Inquiry:    A  ruling  is  desired  relative  to  the  method  of  sup- 
porting water  tube  boilers  by  head  supports  attached  directly- 
to  the  heads  of  steam  drums,  in  order  to  enable  the  drums 
to  be  set  close  together. 

Reply:  Where  forces  other  than  than  those  provided  for 
in  the  Code  are  applied  to  steam  boilers  or  other  pressure 
vessels,  the  strain  imposed  by  such  forces  must  be  calculated 
and  additional  strength  provided  to  withstand  them,  using  a 
factor  of  safety  not  less  than  that  prescribed  for  similar  con- 
ditions in  the  Code. 

Case  No.  3 
Inquiry:  Can  flange  steel  be  used  in  the  shells  of  locomo- 
tive, marine  and  vertical  tubular  boilers  in  construction  under 
the  A.S.M.E.  Code?  In  other  words,  is  it  to  be  undei-stood 
that  fire-box  steel  will  be  required  only  where  the  plates  are 
exposed  to  the  fire  or  products  of  combustion? 

Reply:  In  accordance  with  Pars.  2  and  3.  flange  steel  may 
be  used  in  shells  of  such  boilers. 


Case  No.  4 
Inquiry:  Is  there  anything  in  the  Boiler  Code  to  prohibit 
a  third  return  of  the  products  of  combustion  in  tlie  setting 
of  a  horizontal  tubuhxr  boiler,  by  turning  arches  over  the 
same?  It  is  also  a  common  practice  in  heating  uistallations 
where  locomotive  type  boilers  are  used,  to  return  the  products 
of  combustion  around  and  over  the  top  of  such  boilers  by 
arching  them  in. 

Reply:  There  is  no  mention  of,  nor  provision  for  the  pass- 
ing of  products  of  combustion  over  the  tops  of  boilers  and 
this  arrangement  is  thus  not  prohibited  by  the  Code.  How- 
ever, if  such  third-pass  arrangement  is  used  and  the  products 
of  combustion  come  in  contact  with  the  shell  or  dome  of  a 
boiler,  it  would  be  necessary  that  the  boiler  be  constructed  en- 
tirely of  fu-e-box  steel  to  comply  with  Pars.  2  and  3  of  the 
Code. 

Case  No.  5 

Inquiry:  Can  the  quadruple-riveted  butt  and  doul)le  strap 
joint,  illustrated  in  Fig.  2,  be  used  under  the  rules  of  the 
A.S.M.E.  Code?  On  quadruple-riveted  joints,  only  a  few 
rivet  pitches  can  be  put  in  a  couree  of  a  shell,  and  it  is  often 
vei-y  difficult  to  get  in  a  good  spacing  of  rivets.  This  proposed 
spacing  gi\'es  the  designer  more  leeway.  It  is  the  same  as  the 
quintuple  riveted  joint  shown  on  p.  102  of  the  Code. 

Reply:  There  is  nothing  in  the  Code  to  prohibit  the  use 
of  the  proposed  arrangement,  providing  the  rules  in  the  Code 
with  respect  to  joints  are  complied  with. 

Case  No.  C 

Inquiry:  The  upper  cut  on  p.  103  of  the  Code  shows  an 
impossible  joint  for  boiler  construction.  The  distance  between 
the  outer  rows  of  rivets  is  too  great  and  therefore  the  joint 
does  not  permit  of  calking  tight. 

Reply:  The  criticism  is  justified  only  when  butt  straps  are 
thin.  This  type  of  joint  is  in  common  use  in  this  country  and 
abroad  with  heavy  plates. 

Case  No.  7 

Inquiry:  Is  the  bushing  specified  in  Pars.  307  and  315  con- 
sidered necessarj"  to  more  securely  hold  the  pipe  in  the  head? 
If  this  is  the  case,  does  not  a  lip  pressed  outwardly  around 
the  feed  pipe  perform  the  same  function  and  could  it  not  be 
included  under  the  same  specifications? 

Reply:  Much  better  construction  would  result  by  forming 
or  pressing  into  the  dished  head  a  flat  spot  in  which  can  be 
inserted  a  regular  steel  or  brass  bushing,  as  required  by  the 
Code.  The  intent  of  the  brass  or  steel  boiler  bushing  is  to 
allow  the  pipe  to  be  threaded  in  solid  from  each  side;  that  is, 
from  the  inside  or  outside  of  the  boiler. 

Case  No.  8 

Inquiry:  The  title  of  the  Code  on  the  cover  and  page  1 
reads,  "  Construction  of  Stationary  Boilers,"  which  is  not 
correct.  The  Code  does  not  cover  stationary  boilers  only;  it 
covers  portable,  semi-portable  and  traction  boilers  and  the 
teiTn  is  therefore  misleading. 

Reply :  The  interpretation  given  to  the  word  "  stationary  " 
by  the  Committee  is  that  stationary  boilers  in  general  are  con- 
sidered land  boilers  or  non-marine  boilers.  Further,  station- 
ary boilers  are  construed  in  some  interpretations  to  be  applied 
to  boilers  in  vessels  where  the  vessels  are  not  propelled  by  the 
steam  generated  in  them,  such  as  pile  drivers  and  donkey 
boilers  of  steamships  and  barges.  It  was  therefore  decided 
unwise  to  amplify  or  describe  the  word  "  stationary "  in 
detail. 

Case  No.  9 

Inquiry/ :  Is  it  allowable  to  publish  extracts  from  the  Code  in 
a  text  book  for  students,  where  the  quotations  are  not  arranged 
in  the  same  sequence  as  in  the  Code,  but  where  all  quotations 
are  literally  in  the  langruage  of  the  Code,  each  paragraph  being 
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preceded,  as  a  distinguishing  mark,  by  tlie   paragraph  uuni- 
ber  of  the  Code  and  by  quotation  marks? 

Beply:      The   publication   under  the   conditions   outlined   is 
allowable. 

Case  No.  10 
Inquiry:    Please  advise  as  to  where  the  boiler  stamp  speci- 
fied in  Par.  332  of  the  Boiler  Code  may  be  obtained? 
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and  reaming  of  the  tube  holes  is  specifically  provided  for, 
apply  to  handhole  openings  as  well? 

Reply:  Par.  248  applies  only  to  tube  holes  and  thus  does 
not  refer  to  handhole  openings,  and  there  is  no  provision  in 
the  present  rules  providing  for  the  machining  of  handholes. 

Case  No.  12 
Inquiry:  Objections  are  raised  to  the  action  of  the  Ohio 
Board  of  Boiler  Rules  in  rejecting  a  particular  design  of 
house  heater  safety  valve  as  not  conforming  to  the  require- 
ments of  the  A.S.M.E.  Code,  on  the  basis  of  the  rules  that 
prohibit  adjustment  for  a  higher  pressure  than  15  lb.,  and 
that  prohibit  location  or  piping  so  that  there  will  be  danger  of 
scalding  attendants. 

Reply:  It  is  the  judgment  of  the  Committee  that  the  Ohio 
Board  is  entirely  correct  in  its  interpretation  of  the  provisions 
of  the  Code. 

Case  No.  13 
Inquiry:     Please  give  an  interpretation  of  the  application 
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Fig.  1     A  Design  of  Vertical  Single  Flue  Boiler 


Fig.  2     A  Design  of  Quadruple-Riveted  Butt  and   Double 
Strap  Joint 
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Where  "p"is  same  as 
given  in  Table  3 
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paragraph  199 


Using  C  =120 
Case  no+  Covered  by  Rules 
Fig.  3    Details  showing  Application  of  Pars.  205,  206  and  207  to  the  St.^ting  of  Wet-Bottom  Boilers 


Reply:  At  the  meeting  of  the  Boiler  Code  Committee  of 
The  American  Society  of  Mechanical  Engineers  in  Buffalo  on 
June  24,  1915,  the  wisli  was  officially  expressed  by  the  Com- 
mittee that  all  A.S.M.E.  boiler  stamps  be  obtained  through 
The  American  Society  of  Mechanical  Engineers,  29  "West  39th 
Street,  New  York.  Stamps  have  been  placed  on  sale  by  the  So- 
ciety, and  may  be  obtained  at  the  nominal  price  of  .filOO  each. 

Case  No.  11 
Inquiry:    Does  Par.  248,  in  which  tlie  drilling  or  punching 


of  Pars,  205,  20G  and  207  to  the  staying  of  locomotive  type 
wet  bottom  boileis,  such  as  are  used  in  portable  or  traction 
ser\doe,  with  jiarticular  reference  to  the  details  shown  in  Fig.  3. 

Reply:  Fig.  3  has  been  prepared  to  show  the  application 
of  Pars.  205,  206  and  207  to  eight  possible  cases  where  un- 
certainty may  arise  in  the  staying  of  boilers  of  this  type,  each 
of  which  is  shown  with  a  reference  to  a  paragraph  and  a 
formula  indicating  the  value  of  p  together  with  the  value  of 
the  constant. 
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An  additional  case  not  covered  by  the  rules  is  also  shown. 
The  matter  of  reinforcing  plate  underneath  the  dome  is  an- 
swered by  reference  to  Par.  261  of  the  Code. 

Case  No.  14 
Incpiiry:     Is  Par.  5  which  apparently  requires  all  manhole 
and  handhole  covers  to  be  made  of  pressed  steel,  consistent 
with  Par.  262? 

Reply:  It  was  found  that  the  punctuation  in  Par.  5  in  the 
first  edition  of  the  Code  was  incorrect  and  the  paragraph  has 
been  repunctuated  as  follows:  "5  Manhole  and" handhole 
covers  and  other  parts  subjected  to  pressure  and  braces  and 
lugs,  when  made  of  steel  plates,  shall  be — "  etc. 

Case  No.  15 
hiquiry:     Is  it  allowable  under  Par.  195,  to  use  the  longer 
radius  in  calculating  the  thickness  of  a  concave  head  having 
two  different  radii? 

Sephj:  It  is  perfectly  safe  to  use  the  longer  radius  in  cal- 
culating the  thickness  of  heads  having  two  different  radii. 

Case  No.  16 
Inquiri/:  Is  it  possible  to  omit  the  constant  in  the  formula 
in  Par.  193.  which  handicaps  the  construction  of  drums  with 
the  tube  spacings  illustrated  in  Fig.  4?  It  is  considered  that 
the  staggered  relation  of  the  tube  design  shown  in  Fig.  4  is 
equally  as  strong  as  if  the  tubes  were  put  in  parallel  rows. 
Can  this  not  be  proved  to  the  satisfaction  of  the  Committee 
by  a  test  to  destruction  of  drums  constructed  in  this  manner? 
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Fig.  4     Diagonal  Spacing  of  Tube  Holes  in  Steam  Drum 

Beply:  The  particular  spacings  of  5%  in.  and  T  in.  for 
staggered  4  in.  tubes,  do  not  come  within  the  range  of  the 
formula  in  the  Code  for  diagonal  ligaments,  and  as  long  as 
these  particular  spacings  and  size  of  tubes  continue  to  be  used, 
the  efficiency  of  the  tube  sheet  may  be  figured  on  the  longitu- 
dinal ligament. 

Case  No.  17 

Inquiry:  a.  Eeferring  to  the  provision  that  all  tii'e  doore 
of  water  tube  boilers  are  to  be  provided  with  latches,  how  can 
a  fireman  be  expected  to  make  use  of  such  a  device? 

h.  The  specification,  staybolt  iron,  is  so  drastic  as  to  pro- 
hibit its  use  in  the  boiler  business,  which  is  a  misfortune  be- 
cause staybolt  iron  is  a  better  product  for  use  in  water  tube 
boilers  than  staybolt  steel. 

c.  Is  not  the  thickness  required  by  the  formula  for  dished 
heads  excessive.     They  are  vastly  beyond  all  previous  practice. 

d.  EefeiTing  to  Par.  191,  how  is  it  proposed  to  form  the 
ends  of  a  72  in.  shell  by  rolling?  This  involves  so  much  extra 
labor  when  applied  to  shell  plates  that  doubtful  benefits  are 
secured  at  much  too  high  a  cost. 

Reply:  a.  The  provision  of  latches  on  fire  doors  of  water 
tube  boilers  was  made  in  the  interest  of  safety. 

6.  The  requirements  of  the  Code  relative  to  staybolt  iron 
are  a  direct  copy  from  the  American  Society  for  Testing 
Materials  specifications  for  that  class  of  material. 

e.  This  particular  formula  (Par.  191)  in  the  Code,  was 
determined  after  the  most  careful  consideration  and  it  wiU  be 
inexpedient  to  consider  any  change. 

d.  In  regard  to  the  rolling  of  boiler  shells,  this  is  one  of 
the  most  important  features  in  the  proper  construction  of 
boilers,  and  the  Committee  trusts  that  arrangements  may  be 
made  in  constructing  boilers  to  meet  the  requirements  of  the 
Code. 


Case  No.  18 
Inqviry:  What  is  the  purpose  of  Pars.  307  and  315,  re- 
quiring boiler  bushings?  In  locomotive  type  boilers  it  has 
been  a  practice  to  take  the  feed  pipe  through  the  fire  door 
sheet,  although  in  some  cases,  due  to  interference  of  external 
constniction  it  has  been  necessary  to  have  the  flredoor  in  the 
side  of  the  fire  box  instead  of  at  "the  end.  In  these  cases,  it  is 
also  impracticable  to  introduce  the  feed  water  through  the 
fire  door  head,  and  it  is  then  introduced  through  the  shell 
plate,  using  a  reinforced  plate  riveted  to  the  shell  and  thread- 
ing both  plates. 

Reply:  Par.  315  of  the  Code  applies  only  to  horizontal 
return  tubular  boilers.  It  was  the  intention  of  the  Committee 
to  make  the  use  of  a  boiler  bushing  obligatory  only  when  an 
internal  pipe  is  used. 

Case  No.  19 
Inquiry:    Is  it  the  intention  of  Par.  200  to  allow  the  use  of 
liollow  staybolts  in  lieu  of  drilled  stavbolts, — at  any  rate  for 
small  bolts? 

Reply:  It  was  the  intention  of  the  Committee,  as  expressed 
in  Par.  200,  to  permit  the  use  of  hollow  staybolts,  whether 
drilled,  forged  or  made  of  tubing. 

Case  No.  20 
(In  the  hands  of  the   Committee) 

Case  No.  21 
Inquiry:     An   explanation  of  the  meaning  of  Par.  207  is 
desiied.     Ajiparentlv   this   matter  is   specifically   covered   in 
Par.  199. 

Reply:  This  paragraph  -nas  arranged  so  that  manufac- 
turers could  space  stays  wider  than  allowed  by  Table  3,  pro- 
viding stitteners  be  used  to  keep  the  stress  within  prescribed 
limits;  for  illustration  handholes  where  edges  of  plates  are 
turned  in. 

Case  No.  22 

Inquiry:  Is  the  term,  "length  of  furnace"  in  Par.  239  in- 
tended to  mean  the  length  of  the  longest  section  or  the  length 
from  end  to  end  ? 

Reply:  The  length  of  furnace,  referred  to  in  Par.  239,  is 
the  total  length  and  not  the  length  of  a  section. 

Case  No.  23 

Inquiry:  AVhere  a  manhole  is  located  in  the  head  of  a 
horizontal  tubular  boiler  above  the  tubes,  how  should  the  ar- 
rangements of  braces  around  the  opening  be  provided  for? 
It  is  possible  that  Par.  203  would  cover  in  the  case  of  hand- 
holes,  but  would  not  some  additional  provision  for  spacing  be 
required  in  the  case  of  manhole  openings? 

Reply:  Par.  203  is  not  intended  to  be  applied  to  the  spac- 
ing of  crowfeet  or  the  spacing  of  through  braces  across  any 
opening. 

Case  No.  24 
Inquiry:    Please  state  the  correct  procedure, 
(a)     to  design  an  A.S.M.E.  Code  Boiler;  it  is  understood 
that  it  is  only  necessary  to  follow  the  Code  and  that  drawing 
need  not  be  submitted  for  approval. 

(&)  to  obtain  authority  to  use  the  A.S.M.E.  Code  Boiler 
stamp ;  it  is  understood  that  this  is  supplied  by  the  Society  at 
a  cost  of  .$3.00  upon  application  in  the  form  of  an  affidavit 
which  prescril)es  its  usage  and  is  to  be  surrendered  to  the 
Society  immediately  at  any  time  upon  request. 

(c)  after  obtaining  the  stamp  to  build  the  boUer;  when 
an  order  for  an  A.S.M.E.  boiler  is  received,  it  is  understood 
that  an  insurance  company  is  to  be  notified  that  an  inspection 
is  to  be  made  of  it. 

(d)  in  handling  inspections  of  boilers;  it  is  understood 
that  two  inspections  are  made, — one  before  the  riveting  up 
and  one  as  a  final  test: 

(e)  in  the  stamping  of  the  boiler  after  completion;  it  is 
understood  that  the  builder  shall  stamp  the  boiler  in  the 
presence  of  the  inspector,  with  the  A.S.M.E.  Code  stamp,  the 
builder's  name  and  the  serial  number  of  the  boiler  as  well  as 
the  insurance  comjiany's  or  State  stamp. 
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(/)  in  making  report  of  inspector's  data;  it  is  understood 
tliat  the  inspector's  data  slip  is  turned  in  to  the  chief  in- 
spector and  that  a  record  must  be  made  of  all  that  is  in  same. 

Reply:  The  understanding  relative  to  Inquiries  a  and  h 
as  to  the  procedure  necessary  in  commencing  construction  t)f 
an  A.S.M.E.  Code  boiler,  is  coiTect.  As  to  c,  d,  e  and  f,  the 
matter  of  any  insurance  company  certifying  as  to  the  coi'rect- 
ness  of  the  Code  stamp  is  a  question  of  contract  between  the 
manufacturer  and  the  insurance  company  adding  the  stamp, 
and  of  the  law  in  the  ease  of  a  State  stamp,  over  which  the 
Connuittee  has  no  jurisdiction. 

Case  No.  25 

Inquiry:  Referring  to  Pars.  268,  .'^07  and  315,  must  the 
boiler  feed  and  surface  blow-off  pipes  be  bushed  in  all  types 
of  boilers,  including  the  locomotive  type  as  well  as  the  vertical 
submerged  tube  type? 

Reply:  Par.  315  of  the  Code  applies  only  to  horizontal 
return  tubular  boilers.  It  was  the  intention  of  the  Committee 
to  make  use  of  a  boiler  bushing  obligatory  only  when  an  in- 
ternal pipe  is  used. 

Case  No.  26 

hnjuiri/:  Is  it  necessary  to  furnish  mill  test  reports  cover- 
ing physical  test  and  chemical  analysis  of  material  used  in 
braces  ? 

Reply:  Attention  is  called  to  the  specification  for  steel 
bars  on  p.  19  of  the  Boiler  Code,  which  specification  a  builder 
will  be  called  upon  to  follow  for  braces  to  be  used  in  boilers 
constructed  in  strict  accordance  with  the  Code.  Attention  is 
also  called  to  Par.  6  of  the  Code. 

Case  No.  27 

Inquiry:  An  interpretation  is  requested  on  Par.  223,  which 
does  not  state  that  the  rivet  holes  must  be  drilled  from  the 
solid. 

Reply:  Any  or  all  rivet  holes  in  boiler  construction  may 
be  punched  ^4  i"-  small  and  drilled  or  reamed  to  full  size 
thereafter. 

Case  No.  28 
(In  the  hands  of  the  Committee) 

Case  No.  29 

Inquiry:  Is  the  boiler  brace  shown  in  the  accompanying 
sketch,  where  the  end  section  left  in  the  foot  of  the  brace  is 
smaller  than  called  for  bv  Par.  223,  within  the  requirements 
of  the  Code? 

Reply :  It  is  the  judgement  of  the  Committee  that  all  braces 
used  in  A.S.M.E.  Code  boilers  should  conform  to  the  Code 
in  every  detail. 

Case  No.  30 

Inquiry:  Attention  is  called  to  the  fact  that  the  require- 
ments of  the  Code  for  safety  valves  specifying  a  lifting  device 
so  attached  that  the  valve  disc  can  be  lifted  from  its  seat  a 
distance  of  one-tenth  the  nominal  diameter  of  the  valve,  re- 
quires an  exceptionally  strong  lever,  possibly  of  the  cam  type, 
and  that  the  present  types  of  levers  are  not  satisfactory. 

Reply:  The  requirements  for  safety  valves  were  made 
after  conference  with  the  principal  manufacturers  of  the 
country  and  it  goes  without  saying  that  the  Code  requirements 
apply  to  all  manufacturers  and  all  designs. 

Case  No.  31 
Inquiry:    Is  not  a  pressed  steel  flange  for  surface  blow-off 
connection  superior  to  an  ordinary  bushing  screwed  into  the 
boiler  shell,  as  provided  for  in  Par.  307? 

Reply:  It  is  the  intention  of  the  Committee  to  make  the 
use  of  a  boiler  bushing  obligatory  only  when  an  internal  pipe 
is  used.  The  idea  in  specifying  the  boiler  bushing  is  to  have 
the  internal  pipe  screwed  in  solid  into  a  substantial  frtting. 
Whether  or  not  the  plate  should  be  reinforced  where  the  bush- 
ing is  screwed  in  depends  on  its  thickness  to  give  the  required 
number  of  threads  in  accordance  with  Par.  268. 


Case  No.  32 
Inquiry:    The  latter  part  of  Par.  199  is  understood  by  some 
to  set  a  limit  on  the  thickness  of  doubling  plates;  is  this  so? 

Reply:  It  was  not  the  intention  of  the  Committee  to  limit 
the  thickness  of  doubling  plates  that  might  be  used  on  a 
boiler,  but  it  was  intended  rather  that  the  strength  added  by 
the  application  of  a  doubling  plate  should  be  limited  to  that 
which  would  be  provided  by  a  plate  of  equal  thickness  with 
the  head  to  which  it  is  applied;  that  is,  for  cases  where 
doubling  plates  are  thicker  than  the  head  of  the  boiler,  the 
value  of  "  t "  shall  be  taken  as  %  of  the  double  thickness  of 
the  head. 

Case  No.  33 

Inquiry:  Can  safety  valves  of  any  size  be  connected  to 
boilers  by  the  use  of  nipples  and  threaded  flanges?  There 
appears  to  be  a  conflict  between  Pars.  268  and  286. 

Reply:  Par.  286  applies  to  the  form  of  connection  of  a 
safety  valve  to  a  boiler.  Par.  268  makes  no  reference  to  the 
form  of  connection. 

Case  No.  34 

Inquiry:  Does  Par.  25-1:  apply  to  the  butt  joints  in  the  shell 
only,  or  to  other  riveted  joints  on  boilers  also? 

Reply:  Par.  254  refers  specifically  to  plates  and  butt-straps 
collectively,  whether  reamed  or  drilled. 

Case  No.  35 
Inquiry:     Is  it  intended  that  Par.  292  apply  to  all  designs 
of  automatic  water  gages  when  there  is  one  design  in  which 
an  entire  stoppage  of  either  valve  is  impossible? 

Reply:  After  careful  consideration  of  this  question,  the 
Committee  has  decided  to  interpret  Par.  292  as  follows:  No 
water  glass  connection  shall  be  fitted  with  an  automatic  shut- 
off  valve,  except  when  the  automatic  shut-off  valves  are  so  con- 
structed that  the  two  connections  to  the  water  glass  can  be 
blown  through  separately  and  the  steam  connection  cannot  be 
entirely  closed  thereby. 

Case  No.  36 

Inquiry:  Does  Par.  355  mean  that  a  safety  valve  with  a 
threaded  side  outlet  must  be  used  or  can  a  valve  with  top  out- 
let or  one  which  exhausts  directly  into  the  atmosphere  be  used  ? 

Reply:  A  safety,  or  water  relief  valve  designed  for  a  dis- 
charge pipe  will  comply  with  the  requirements  of  Par.  355; 
safety  or  water  relief  valves  without  pro\-ision  for  a  discharge 
pipe  may  comply  with  the  requirements  of  Par.  355  provided 
the  valve  is  so  located  that  there  is  no  danger  of  scalding  the 
attendants. 

Case  No.  37 

Inquiry:  Can  forged  steel  flanges  of  4  in.  pipe  size,  with 
a  thickness  of  1%  in.  be  used  on  boilers  built  to  carry  175 
lb.  pressure?     Table  16  requires  a  thickness  of  11/^  in. 

Reply:  In  regard  to  the  thickness  of  flanges  and  bodies 
for  nozzles  and  fittings,  Tables  15  and  16  for  the  American 
Standard  have  been  prepared  for  cast  iron  as  a  material,  and 
until  a  flange  committee  prepares  a  table  for  steel,  the  Boiler 
Code  will  permit  an  allowable  variation  of  20  per  cent  from 
the  thickness  required  by  the  above  mentioned  tables,  leaving 
the  drilling  of  bolt  holes  unchanged.  Special  forged  fittings 
shall  conform  with  respect  to  diameter  of  flanges  and  bolt  cir- 
cle, but  otherwise  need  not  conform. 

Case  No.  38 
Inquiry:     Is  it  required  that  every  boiler  stamped  with  the 
symbol  illustrated  in  Fig.  19  of  the'  Boiler  Code,  should  also 
be  stamped  with  the  form  shown  in  Fig.  20? 

Reply:  This  inquirj'  is  answered  by  the  ruling  given  in 
Case  No.  24  as  follows :  "  Certifying  to  the  correctness  of  the 
Code  stamp  is  a  question  of  contract  between  the  manufacturer 
and  the  insurance  company  adding  the  stamp,  and  of  the  law, 
in  the  case  of  a  State  stamp,  over  which  tlie  Committee  has 
no  jurisdiction. 
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Case  No.  39 

Inquiry:  Referriug  to  Par.  299,  which  states:  "Where 
the  maximum  allowable  working  pressure  is  less  than  125  lb. 
per  sq.  in.,  Table  15  shall  be  used  and  where  higher  Table  16," 
a  ruling  is  requested  as  to  whether  or  not  Table  15  is  to  be 
used  lor  125  lb. 

Reply:  The  intention  of  Par.  299  is  that  Table  15  shall 
apply  where  the  maximum  allowable  working  pressure  is  125 
lb.  per  sq.  in.  or  less. 

Case  No.  40 

Inquiry:  Referring  to  Par.  223  of  the  Code  which  calls  for 
each  branch  of  the  crow-foot  of  boiler  braces  to  carry  two- 
thirds  of  the  total  load  of  the  brace  at  the  allowed  stress,  and 
for  the  net  sectional  areas  to  be  at  least  equal  to  the  required 
rivet  section,  exemption  is  asked  for  a  special  form  of  brace, 
as  it  is  believed  that  this  ruling  applies  to  braces  that  are 
divided  in  the  center  of  the  crow-foot. 

Reply:  The  design  submitted  is  such  that  it  does  not  come 
within  thn  requirements  of  the  Code.  These  rules  have  been 
formulated  after  thorough  consideration  of  the  stresses,  and 
are  in  accord  with  sound  practice. 

Case  No.  11 

Inquiry:  Referring  to  Par.  299  and  Tables  15  and  16,  it  is 
understood  that  these  requirements  are  based  on  flanges  and 
fittmgs  of  cast  iron ;  is  it  intended  that  these  same  tables  shall 
apply  to  flanges  of  steel? 

Reply:  In  regard  to  the  thickness  of  flanges  and  bodies  for 
nozzles  and  fittings.  Tables  15  and  16  for  the  American  Stand- 
ard have  been  prepared  for  cast  iron  as  a  material,  and  until 
a  flange  committee  prepares  a  table  for  steel,  the  Boiler  Code 
will  permit  an  allowable  variation  of  20  per  cent  from  the 
thickness  required  by  the  above  mentioned  tables,  leaving  the 
di-illing  of  bolt  holes  unchanged.  Special  forged  fittings  shall 
conform  with  respect  to  diameter  of  flanges  and  bolt  circle, 
but  otherwise  need  not  conform. 

Case  No.  42 
Inquiry:    In  Par.  323,  the  third  sentence  apparently  applies 
only  to  boilers  over  78  in.  in  diameter  and  specifically  only  to 
boilers  suspended  from  over-head  girders;  has  it  any  applica- 
tion to  boilers  provided  with  lugs  resting  on  brackets  ? 


Reply:  Par.  323  applies  only  to  boilers  over  78  in.  in  diam- 
eter: such  boilers  must  be  suspended.  Therefore,  the  para- 
graph relates  only  to  lug  supports  of  boilers  over  78  in.  in 
diameter. 

Case  No.  43 
Inquiry:  Par.  223  of  the  Code  requires  that:  "The  net 
sectional  areas  through  the  sides  of  crow-feet,  T  irons,  or  sim- 
ilar fastenings  at  the  rivet  holes,  shall  be  at  least  equal  to  the 
required  rivet  section ;  does  this  refer  to  the  blades  of  diagonal 
braces  where  attached  to  the  shell  of  the  boiler? 

Reply :  Par.  223  refers  to  blades  of  diagonal  braces  as  they 
are  similar  fastenings  to  crow-feet  or  T  irons.  This  means 
that  the  net  section  at  the  rivet  holes  of  the  brace  should  be  at 
least  11/4  times  the  required  cross  sectional  area  of  the  body 
of  the  brace. 

Case  No.  44 

Inquiry:  A  ruling  is  requested  relative  to  a  design  of 
boiler  in  which  cross  drums  are  suspended  below  the  shell 
of  the  boiler  and  exposed  directly  to  the  fii-e,  so  that  they  nec- 
essarily act  as  receptacles  for  mud  and  sediment  and  can  only 
be  classed  as  mud  drums;  as  these  are  placed  in  direct  contact 
with  intense  heat,  they  are  considered  contrary  to  modem 
practice  and  not  of  safe  construction. 

Reply:  The  Committee  has  decided  that  it  wdll  not  express 
opinions  on  types  of  boilers,  and  it  will  therefore  be  impos- 
sible to  comply  with  your  request  for  an  opinion. 

Case  No.  45 
(In  the  hands  of  the  Committee) 

Case  No.  46 

Inquiry:  With  reference  to  the  design  of  boilers  for  500  to 
GOO  lbs.  pressure,  the  test  pressure  as  specified  in  the  Boiler 
Code  would  be  prohibitive  and  give  a  larger  factor  of  safety 
than  could  be  expected  with  commercial  construction.  Can  a 
modification  be  made  that  would  permit  the  construction  of 
such  boilers  at  a  commercial  cost'? 

Reply:  AU  requirements  of  the  Code  should  be  complied 
with  irrespective  of  the  working  pressure.  The  Committee 
feels  this  is  not  an  unreasonable  requirement  for  commercial 
construction. 
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SOCIETY   AFFAIRS 


<T''HE  Annual  Meeting  of  the  Society  in  New  York,  December  7-10,  u'as  a  pronounced  success  socially  as 

well  as  from  a  technical  viewpoint.     The  registration  exceeded  all  former  records,  and  as  a  result  the 

excursions  and  social  affairs  in  connection  unth  the  Meeting  were  unusually  well  attended.      The  "Smoker," 

an  innovation  at  this  Meeting,  met  with  the  approval  of  the  visiting  members  and  its  repetition  at  later  meetings 

ivas  strongly  xirged  by  all.    An  account  of  the  social  features  of  the  Meeting  follows. 


THE   ANNUAL   MEETING 

The  Thirty-sixth  Annual  Meeting  held  iu  New  York  Decem- 
ber 7-10  inclusive  was  a  great  success.  There  was  a  record  at- 
tendance of  1437,  of  which  819  were  members.  Members  were 
present  from  every  section  of  the  country,  and  fourteen  Local 
Sections  were  represented  by  delegates,  two  of  whom  were 
from  California.  A  feeling  of  enthusiasm  was  manifest,  which 
found  voice  in  various  ways  during  the  meeting.  As  reported 
elsewhere,  there  was  a  series  of  conferences  of  reiDresentp,tives 
of  the  Local  Sections  at  which  "  Extend  the  Local  Sections  " 
was  the  watchword ;  and  at  these  conferences  the  delegates 
proceeded  to  plan  ways  and  means  for  occomplishing  this  end. 
At  the  Council  meetings  the  sentiment  expressed  was  equally 
prophetic.  The  spirit  of  democratization  was  in  the  air  and 
action  started  toward  a  fuller  control  of  the  government  of 
the  Society  by  the  membership  at  large. 

It  is  probable  that  few  members  realize  the  great  amount 
of  work  assumed  by  the  Committee  on  Meetings  in  preparing 
the  program  for  the  Annual  Meeting.  The  examination  of 
the  many  papers  submitted  is  itself  an  arduous  task  for  busy 
men,  besides  the  work  of  arranging  an  acceptable  program 
and  deciding  the  many  questions  which  arise.  The  committee 
is  always  ably  assisted  by  the  New  York  Local  Committee, 
who  have  charge  of  the  social  events,  and  this  year  unusually 
valuable  contributions  to  the  professional  program  were  rend- 
ered by  several  of  the  local  and,  lorofessional  committees. 
Seven  papers  were  contifibuted  by  Local  Sections  and  thirteen, 
including  reports,  by  professional  committees.  By  this  means 
the  papers  are  not  only  becoming  more  reiiresentative  of  the 
engineering  work  of  the  comitry  as  a  whole,  but  are  selected 
through  intimate  acquaintance  with  the  subjects  to  be  dis- 
cussed and  the  mature  judgment  of  the  expert  engineers  who 
constitute  the  different  committees. 

president's  address 

Never,  on  a  Tuesday  evening  of  a  convention  of  this  So- 
ciety, has  there  been  so  large  an  audience  to  listen  to  the  presi- 
dential address  as  greeted  Dr.  John  A.  Brashear  in  the  large 
auditorium  of  the  Engineering  Societies  Budding  at  the  open- 
ing session.  Dr.  Brashear  spoke  in  his  always  delightful  man- 
ner on  Science  in  its  Relation  to  Engineering,  and  the  manu- 
script of  his  address  is  appropriately  given  fii'st  place  in 
this  number  of  The  Journal. 

Following  the  address  Calvin  W.  Rice,  Secretary,  reported 
for  the  Tellers  of  Election  of  Oiiicers  the  election  of  the  fol- 
lowing : 

For  President : 

D.  S.  Jacobus,  New  York. 
For  Vice-Presidents: 

Wm.   B.  Jackson,  Chicago,  111. 

J.     Sellers     Bancroft,     Philadelphia,     Pa. 

Julian  Kennedy,  Pittsburgh,  Pa. 
For  Managers: 

John  H.  Barr,  New  York. 

John  A  Stevens.  Lowell,  Mass. 

"H.  de  B.  Parsons,  New  York. 
For  Treasurer : 

Wm.  H.  Wiley,  New  York. 


Past-Presidents  Ambrose  Swasey,  S.  T.  Wellman.  and  W. 
F.  M.  Goss  then  escorted  the  President-Elect,  Dr.  D.  S. 
Jacobus,  to  the  platform,  where  Dr.  Goss  presented  him  as 
"one  who  had  brought  great  honor  to  the  profession  and 
who  for  many  years  had  unselfishly  devoted  himself  to  the 
work  of  the  Society,"  and  said  that  it  was  most  fitting  that  he 
should  now  guide  its  destinies. 

Dr.  Brashear  greeted  Dr.  Jacobus  and  said  that  he  hoped 
the  new  President  would  have  as  good  a  time  as  he  had  had 
during  his  term  of  ofliee  and  that  he  would  have  as;  cordial 
support  as, he  had  received  from  the  membership.  He  refen-ed 
to  the  Council  meeting  of  that  afternoon  at  which  several  reso- 
lutions were  passed  for  the  good  of  the  Society  at  large,  look- 
ing to  the  extension  of  its  representative  character,  so  that  all 
its  members  "  from  Maine  to  California  and  from  the  Gulf  to 
Canada  "  would  have  as  great  a  voice  as  possible  in  the  eon- 
duct  of  its  affairs.  Dr.  Jacobus  replied  briefly,  saying  that 
this  was  the  proudest  moment  of  his  life. 

As  is  customary,  the  audience  then  adjourned  to  the  rooms 
of  the  Society  on  the  eleventh  floor  of  the  building  where  a 
reception  was  tendered  to  the  President  and  President-elect 
and  their  friends. 

ENTERTAINMENT  FEATURES 

It  has  become  the  custom  for  the  ladies  to  hold  a  reception 
and  serve  tea  in  the  rooms  of  the  Society  during  oije  after- 
noon of  the  Annual  Meeting,  and  as  usual  this  event  contrib- 
uted much  to  the  jileasure  of  those  in  attendance  and  gave  the 
members  an  opportunity  for  a  social  hour  at  the  end  of  a 
strenuous  day  of  professional  meetings. 

On  Thursday  Mrs.  Harrington  Emerson  entertained  the  la- 
dies delightfully  at  luncheon  at  the  Hotel  Astor.  About  one 
hundred  ladies  enjoyed  her  hospitality  on  this  memorable 
occasion. 

In  the  matter  of  entertainment  for  the  visiting  members  an 
innovation  was  introduced  in  the  way  of  a  smoker  held  in  the 
rooms  of  the  Society  on  Wednesday  evening  in  place  of  the 
usual  W^ednesday  evening  lecture.  To  say  that  the  rooms  were 
not  only  crowded  but  were  packed  to  their  utmost  capacity 
indicates  the  popularity  of  such  a  form  of  entertainment  and 
the  opportunity  for  members  to  get  together  for  the  renewal 
of  acquaintanceship.  It  is  safe  to  say  that  the  membership 
will  desire  to  have  this  feature  of  the  Annual  Meeting  repeated 
another  year  and  it  is  also  evident  that  much  larger  quarters 
will  have  to  be  arranged  for  to  accommodate  those  who  desire 
to  attend.  Expressions  of  approval  of  this  smoker,  which  was 
arranged  by  the  New  York  Committee,  were  heard  on  every 
hand. 

On  Thursday  evening  as  usual  there  was  a  dinner  and  dance 
in  the  Grand  Ballroom  of  the  Hotel  Astor,  which  was  at- 
tended by  300  members  and  guests.  Last  year  this  took  the 
form  of  a  combined  dinner  and  dance,  with  dancing  between 
the  courses.  This  year  the  dinner  took  place  before  the  danc- 
ing, so  that  groups  who  desired  to  dine  together  would  not 
be  broken  up  until  the  conclusion  of  the  banquet.  A  repro- 
duction of  a  i)hotograph  taken  at  the  banquet  is  shown  here- 
with. 
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EXCURSIONS 

On  the  third  and  fourth  days  of  the  Annual  Meeting,  six 
excursions  were  made  to  points  of  engineering  interest.  These 
were  organized  by  the  Excursion  Committee,  and  each  party 
was  in  charge  of  a  competent  guide. 

The  places  visited  -were  the  Woohvorth  and  Municipal 
Buildings,  the  studio  of  the  Vitagraph  Company  of  America, 
the  aviation  field  at  Garden  City,  the  Brooklyn  Navy  Yard, 
the  luterboro  Rapid  Transit  Company's  74th  Street  Station, 
and  the  Harrolds  Motor  Car  Company.  The  guides  were 
Messrs.  W.  H.  Greul,  F.  A.  Seheffler,  L.  Goldmerstein,  A.  D. 
Blake,  E.  D.  Herbert,  and  C.  P.  Bliss. 

At  the  Woolworth  and  Municipal  Buildings,  members  were 
afforded  an  excellent  opportunity  of  inspecting  jsartimilarly 
the  power  plants — that  at  the  former  building  being  privately 
owned  and  that  at  the  latter  being  Edison  sei-vice — and  the 
elevator  equipments. 

At  the  Vitagraph  studio,  the  practical  details  of  malting 
moving  2:>ictures  were  shown  the  party,  and  a  very  enjoyable 
time  was  spent. 

Various  types  of  flying  machines,  including  Huntington, 
Schmitt,  Buranelli-Carisi,  Gallaudet,  Curtiss,  Bellanca,  Young, 
•driven  by  different  motors,  including  Curtiss,  Gyro  and 
Gnome,  were  inspected  at  the  Garden  City  aviation  field. 
Flights  were  made  by  biplanes  of  the  Max.  Schmitt  Company 
and  by  the  Gallaudet  machine  of  the  New  York  National 
Guard. 

At  the  Brooklyn  Navy  Yard,  the  Diesel  engines  for  the  fuel 
shijj  Maumee  were  run  on  the  testing  floor  by  special  arrange- 
ment. These  engines  are  the  largest  yet  constructed  in  this 
country,  2600  h.p.  A  number  of  large  battleships,  including 
the  Arizona,  now  being  fitted  out  at  the  yard,  were  inspected. 

The  Seventy-fourth  Street  Station  of  the  Interborough 
Rapid  Transit  Company,  also  visited,  supplies  the  elevated 
railway  system  of  New  York  City.  The  plant  contains  three 
30,000  k.v.a.  cross-compound  turbines. 

At  the  Harrolds  Motor  Car  Company,  the  ]iarty  was  af- 
forded the  opportunity  of  seeing  Pierce-Arrow  motor  ear 
trucks  and  cars  assembled. 

COLLEGE   REUNIONS 

Friday  night  at  the  Annual  Meeting  has  now  come  to  be  re- 
garded as  College  Reunion  night.  This  year  ten  such  re- 
unions were  held  and  the  members  of  the  Society  were  in- 
vited to  all. 

These  functions  were  the  annual  dinner  and  theater  party 
of  the  Alumni  of  Stevens  Institute  of  Technology,  a  smoker 
given  by  the  Engineering  Alumni  of  Brown  University,  the 
annual  dinner  of  the  Mechanical  Engineers  of  Cornell  Uni- 
versity, a  reunion  dinner  and  smoker  of  the  New  York  Lehigh 
Club,  a  reunion  of  members  of  the  Technology  Club  at  the 
Chemists'  Club,  a  reunion  of  the  Mechanical  Engineering 
Alumni  of  the  Polytechnic  Institute  of  Brooklyn  in  the  rooms 
of  the  Society,  a  reunion  dinner  and  smoker  of  the  Purdue 
Club  of  New  York,  a  reunion  dinner  and  smoker  of  the  AJuinni 
of  the  University  of  Illinois  and  the  annual  dinner  of  the 
New  York  Alumni  of  Worcester  Polytechnic  Institute. 

BUSINESS  SESSION 

The  business  session  on  Wednesday  morning  opened  with 
the  presentation  of  the  report  of  the  Council  and  of  the  stand- 
ing committees,  which  were  approved  by  the  meeting.  Secre- 
tary Calvin  W.  Rice  in  offering  the  reports  called  attention  to 
the  salient  features  of  the  report  of  the  Council,  which  is  pub- 
lished elsewhere  in  this  number. 


Following  the  presentation  of  the  reports  of  the  Council  and 
standing  committees,  E.  S.  Sanderson,  Chairman  of  the  Com- 
mittee on  Standardization  of  Special  Threads  for  Fixtures 
and  Fittings,  presented  a  report  of  his  committee  on  Straight 
Pipe  Threads.  This  is  the  second  report  which  the  committee 
has  submitted,  the  first  having  been  given  at  the  last  Spring 
Meeting  on  the  subject  of  Rolled  Threads  for  Screw  Shells 
of  Electric  Sockets  and  Lamp  Bases. 

Mr.  Sanderson  said  that  while  the  subject  of  the  report  of 
his  committee  seems  like  rather  a  small  matter,  it  probably 
affects  as  many  manufacturers  of  small  thread  devices  as  could 
be  conceived.  The  matter  was  first  brought  to  the  attention 
(if  the  committee  by  manufacturers  of  automobile  devices  who, 
when  the  change  was  made  from  acetylene  lighting  to  electric 
lighting  for  automobiles,  found  that  the  threads  did  not  in- 
te-rchange  and  investigation  showed  that  a  similar  condition 
existed  with  regard  to  threads  on  gas  fixtures,  electric  sockets, 
etc.  The  report  had  been  submitted  to  practically  all  the  so- 
cieties whose  members  might  be  users  of  such  fixtures  and  it 
had  their  approval  with  but  slight  modifications  which  did 
not  affect  the  usefulness  of  the  report. 

Dr.  D.  S.  Jacobus  announced  the  completion  of  the  report 
of  the  Committee  on  Power  Tests  and  said  that  a  number  of 
years  ago  the  committee  was  appointed  to  bring  out  a  re- 
jiort,  considering,  however,  existing  reports  on  this  subject 
which  the  Society  had  issued,  and  which  to  a  certain  extent 
had  become  standard  through  long  use. 

A  great  deal  of  work  had  been  done,  especially  by  George 
H.  Barrus,  Chairman  of  the  committee,  William  Kent  and  A. 
C.  Wood,  who  formed  a  sub-conunittee  of  the  main  committee. 
From  time  to  time  there  were  meetings  of  the  entire  committee 
and  every  member  of  the  committee  had  given"  his  approval 
to  the  final  report  which  had  now  been  prepared. 

The  work  was  to  be  brought  out  first  in  a  limited  edition 
with  the  idea  that  some  typographical  errors  might  be  found 
and  the  committee  had  suggested  to  the  Council,  who  had  ap- 
proved, that  a  permanent  committee  be  formed  to  interjiret 
any  portions  of  the  report  about  which  there  might  be  doubt. 

It  was  moved,  and  carried  by  the  meeting,  that  the  report 
be  accepted,  with  the  request  to  the  Council  that  the  standing 
committee  mentioned  be  appointed. 

The  next  business  related  to  amendments  to  the  Constitu- 
tion, the  first  of  which  proisosed  to  change  the  present  pro- 
vision for  a  special  nominating  committee  for  officers  of  20 
or  more  persons  to  a  special  nominating  committee  consisting 
of  one  per  cent  of  the  voting  membershiij. 

There  was  considerable  discussion  of  this  amendment,  in- 
dicating a  question  in  the  minds  of  many  as  to  whether  one 
[ler  cent  of  the  present  membership,  which  now  constitutes 
5000  voting  members,  would  not  make  it  too  difficult  for  any 
member  or  group  of  members  to  organize  a  special  nominating 
committee. 

William  T.  Donnelly  said  that  he  had  known  of  no  abuse 
of  the  provision  as  it  stood  whereby  only  20  persons  were 
required  to  constitute  such  a  committee.  He  considered  the 
Constitution  an  instrument  which  should  safeguard  the  mem- 
bership, and  that  technically  and  ethically  all  amendments  to 
the  Constitution  should  arise  from  the  membership  rather 
than  the  Council;  and  unless  there  was  some  reason  for  the 
change  in  this  section  of  the  Constitution  of  which  he  was  not 
ad^dsed,  he  was  in  favor  of  the  old  form. 

Charles  Whiting  Baker  considered  the  change  not  to  be  in 
the  direction  of  democratization  of  the  Society.  WhUe  he  be- 
lieved that  the  nominating  committees  had  done  their  work 
without  favor  or  jirejudice,  still  he  would  leave  a  door  wide 
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open  so  that  the  ordinary  mau  could  come  in  and  make  his  own 
ticket  by  choosing  20  men  to  nominate  a  candidate  for  any 
office  in  the  Society. 

Dr.  Jacobus  explained  that  in  accordance  with  the  require- 
ments this  amendment  had  its  first  presentation  at  the  last 
Spring  Meeting,  otherwise  he  would  Lave  prepared  another 
amendment  in  the  same  line  to  make  the  nominating  commit- 
tee more  representative  of  the  entire  Society.  He  thought  it 
would  be  a  good  plan  to  have  the  chairman  of  each  Local  Sec- 
tion a  member  of  the  nominating  committee.  At  the  Council 
meeting  the  day  before  it  was  voted  to  do  ever^^;hing  possible  to 
carry  out  the  democratization  of  the  Society  and  every  mem- 
ber was  to  be  given  a  chance,  "  from  Maine  to  California  and 
from  the  Gulf  to  Canada"  (as  expressed  by  Dr.  Brashear  at 
the  opening  session ) ,  to  have  a  voice  in  the  nomination  of  the 
officers  and  of  the  members  of  the  Council. 

James  E.  Sague,  member  of  the  Committee  on  Constitution 
and  By-Laws,  said  there  was  no  intent  of  the  committee  to 
move  against  a  fair  representation  by  the  membership,  but 
that  it  was  considered  that  one  member  out  of  each  100  of  the 
voting  members  would  be  a  more  business-like  number  than 
the  limitation  of  20  members. 

A  motion  to  lay  the  amendment  on  the  table  was  duly  sec- 
onded and  carried  by  a  preponderant  vote  in  the  affirmative. 
At  this  point  the  business  of  the  meeting  was  suspended  to 
do  honor  to  the  memory  of  the  late  Frederick  W.  Taylor.  Past- 
President,  by  brief  memorial  exercises,  an  account  of  which 
appears  elsewhere  in  this  number. 

At  the  conclusion  of  these  exercises  the  second  amendment 
to  the  Constitution  was  considered,  relating  to  copyrighting 
the  Society's  publications.  At  the  present  time  the  Society 
copyrights  none  of  its  publications  except  the  annual  volume 
of  Transactions.  The  proposed  amendment  provided  that 
"  The  Society  shall  claim  the  exclusive  copji-ight  to  any  re- 
ports of  its  duly  appointed  committees.  The  Council  shall 
waive  such  copyright  for  specific  reports.  The  Society  shall 
copyright  all  papers  read  before  the  Society  printing  thereon 
in  each  instance  that  the  paper  may  be  reprinted  by  anyone 
after  the  same  had  been  read  before  the  Society,  provided  that 
due  credit  be  acknowledged  to  the  Society  and  the  author." 

Arthur  M.  Greene,  Jr.,  explained  that  the  purpose  of  the 
amendment  was  to  enable  the  Council  to  secure  a  cop^Tight  in 
order  to  insure  the  proper  publication  of  any  report  by  those 
outside  of  the  Society.  The  question  arose  in  connection  with 
the  Boiler  Code  where  certain  people  wished  to  publish  parts 
of  the  Code,  and  the  Council  felt  it  necessary  to  protect  the 
Code  by  insisting  that  they  get  permission  whenever  it  is  de- 
sired to  publish.  The  purpose  is  merely  to  give  the  control 
of  any  publication  to  the  Society  rather  than  to  leave  it  in 
the  hands  of  one  who  would  like  to  republish  a  paper  or  a  re- 
port without  securing  permission. 

Dr.  Hollis  Godfrey  asked  what  was  the  relation  of  the  author 
to  a  paper  so  copyrighted.  There  should  be  a  provision  which 
would  enable  the  Society  to  release  the  copyright  to  an  author 
of  a  paper  when  he  desired  to  publish  it  in  the  form  of  a  book. 
Authors  have  experienced  difficulty  in  securing  the  consent 
necessary'  to  publish  matter  of  their  own  in  book  form  when 
it  has  previously  been  copyrighted.  The  discussion  by  several 
others  indicated  that  uncertainty  existed  as  to  whether  this 
condition  would  obtain  under  the  amendment  as  now  provided, 
and  it  was  finally  moved  and  carried  that  the  whole  subject  of 
copyrighting  be  laid  on  the  table  to  give  an  opportunity  for 
further  consideration.  The  business  meeting  now  adjourned 
and  the  first  professional  session  began. 


PROFESSIONAL   SESSIONS 


At  this  first  session  two  papers  were  presented  for  discus- 
sion, on  The  Design  of  Fire  Tube  Boilers  and  Steam  Dnims, 
by  F.  W.  Dean,  and  A  Novel  Method  of  Handling  Boilers  to 
Prevent  Corrosion  and  Scale,  by  Allan  H.  Babcoek.  The  latter 
paper  was  read  by  Mr.  Babcock's  assistant,  Mr.  Fred  E. 
Geibel,  who  had  come  from  San  Francisco  for  this  purpose. 
This  paper  provoked  considerable  discussion  and  it  was  a  late 
hour  when  the  meeting  adjourned. 

At  tliis  meeting  also  six  papers  were  listed  and  distributed 
in  pamphlet  foi-m  for  presentation  by  title  only,  and  upon 
which  written  discussion  was  solicited  for  publication  in  The 
Journal.  Five  of  these  papers  were  contributed  by  Local 
Sections  of  the  Society. 

On  Wednesday  afternoon  three  simultaneous  sessions  were 
held  respectively  by  the  Sub-committees  on  Textiles.  Machine 
Shop  Practice,  and  Railroads.  At  the  Textile  Session  the 
papers  were  on  Higher  Steam  Pressures,  Robert  Cramer; 
Heating  by  Forced  Circulation  of  Hot  AYater  in  Textile  Mills, 
Albert  G.  Duncan;  Relative  Value  of  Private  and  Purchased 
Electric  Power  for  Textile  Mills,  Frank  W.  Reynolds;  and 
The  Engineer  and  the  Business  of  Fire  Insurance,  Joseph  P. 
Gray. 

At  the  Machine  Shop  Session  there  were  two  papers  upon 
the  Automatic  Control  of  Machine  Tools  by  L.  D.  BurUngame 
and  L.  C.  Brooks,  together  with  a  Report  of  a  Safety  Code 
for  the  Use  and  Care  of  Abrasive  Wheels,  which  had  been  put 
in  the  hands  of  the  Sub-committee  on  Machine  Shop  Practice 
after  consideration  by  a  committee  of  the  Machine  Tool  Build- 
ers Association  and  some  other  organiaztions. 

A  feature  of  the  Railroad  Session  was  a  paper  by  a  distin- 
guished Honorary  Member  of  the  Society,  Anatole  Mallet  of 
Paris,  France,  on  the  Operation  of  Parallel  and  Radial  Axles 
of  a  Locomotive  by  a  Single  Set  of  Cylinders.  A  paper  was 
also  given  on  Four-Wheel  Trucks  for  Passenger  Cars  by  Roy 
V.  Wright. 

On  Thursday  morning  there  were  two  simultaneous  sessions, 
one  on  Power  Plants  and  one  with  Miscellaneous  Papers. 
Those  relating  to  Power  Plants  were  The  Heat  Insulating 
Properties  of  Commerical  Steam  Pipe  Coverings,  L.  B.  Mc- 
Millan; Performance  and  Design  of  High  Vacuum  Surface 
Condensers,  Geo.  H.  Gibson  and  Paul  A.  Bancel;  Circulation 
in  Horizontal  Water  Tube  Boilers,  Paul  A.  Bancel:  and 
Unique  Hydraulic  Power  Plant  at  the  Henry  Ford  Farms, 
Mark  A.  Replogle. 

The  papers  of  the  Miscellaneous  Session  were  headed  by  the 
Junior  Prize  paper  for  1915  on  The  Flow  of  Air  Through 
Thin-Plate  Orifices,  by  Ernest  0.  Hlcksteln.  This  is  the  first 
paper  to  receive  a  prize  from  The  American  Society  of  Me- 
chanical Engineers.  The  donation  of  the  prize  was  made  pos- 
sible by  a  fund  for  Student  and  Junior  Prizes  recently  estab- 
lished by  a  member  of  the  Society.  The  other  papers  at  this 
session  were  Elasticity  and  Strength  of  Stoneware  and  Por- 
celain, by  James  E.  Boyd;  Foundations,  by  Charles  T.  Main; 
and  Oil  Engine  Vaporizer  Proportions,  by  Louis  Illmer. 

The  last  session  was  a  session  of  general  interest  and  of  a 
semi-technical  nature  under  the  direction  of  the  Sub-committee 
on  Protection  of  Industrial  Workers  w-ith  the  following  papers 
wliich  drew  out  a  considerable  amount  of  discussion :  Stand- 
ardization of  Safety  Prineiijles,  Carl  M.  Hansen:  Modern 
Movement  for  Safety  from  Standpoint  of  Manufacturer.  Mel- 
ville W.  Mix ;  The  Attitude  of  the  Employer  towards  Accident 
Prevention  and  Workmen's  Compensation,  W.  H.  Cameron; 
and  Industrial  Safety  and  Principles  of  Management,  W.  P. 
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Barba.  This  was  the  last  session  with  Dr.  Brashear  in  the  chair 
as  President  ot  the  Society,  and  he  closed  the  meeting  with  a 
few  remarks  expressing  his  thanks  to  every  member  of  the 
Society.  He  explained  how  when  tlie  nomination  had  been 
offered  him  he  felt  that  his  (ither  duties  would  prevent  his 
serving  the  Society,  but  he  finally  agreed  to  accept  if  he  could 
be  relieved  of  minor  duties.  As  had  proved  he  found  the  major 
duties  quite  sufficient,  for  he  had  traveled  12,500  miles  since 
the  first  of  September,  to  say  nothing  of  his  earlier  trips,  for 
the  purjjose  of  meeting  members  and  friends  of  the  Society 
in  different  parts  of  the  counti-y  and  for  delivering  lectures 
before  different  sections  .Tnd  other  associations  in  the  country. 

TRIBUTE  TO  F.  W.  TAYLOR  AT  ANNUAL 
MEETING 

As  a  tribute  to  the  late  Dr.  Frederick  \Vinslow  Taylor, 
Past-President  of  the  Society,  who  died  on  March  21,  1915, 
the  regular  business  of  the  Wednesday  morning  session  of  the 
Annual  Meeting  was  suspended  at  11  o'clock  a.m.  for  a  period 
of  an  hour,  during  which  was  held  a  memorial  meeting  to 
Dr.  Taylor. 

It  was  the  desire  of  the  Society,  after  the  distressing  news 
of  Dr.  Taylor's  early  death,  to  show  honor  to  his  memory  in 
some  fitting  way,  and  in  May  last,  the  Council  appointed  a 
committee  consisting  of  Henry  R.  Towne,  Chairman,  John  R. 
Freeman,  Prof.  Frederick  R.  Hutton  and  Oberlin  Smith,  for 
the  purpose  of  preparing  a  memorial. 

This  committee  learned  later  of  the  service  in  memory  of 
Dr.  Taylor  to  be  held  in  Philadelphia  in  October  by  the  Society 
to  Promote  the  Science  of  Management.  An  account  of  this 
remarkable  service,  which  was  conducted  on  Friday,  October 
22,  in  Houston  Hall,  University  of  Pennsyh-ania,  and  at 
which  many  leaders  in  management  and  personal  friends  of 
Dr.  Taylor  were  present,  was  given  in  the  November  issue  of 
The  .Tournal. 

At  the  Annual  Meeting,  Mr.  Townc  said  it  was  the  inten- 
tion of  his  Committee  to  include  in  its  report  an  account  of 
the  proceedings  of  the  Philadelphia  service,  and  that  it  would 
ask  leave  from  the  Society  to  print  the  full  report  of  the  Com- 
mittee in  Volume  37  of  Transactions  as  a  lasting  tribute  to 
Dr.  Taylor's  memory. 

Brief  addresses  were  then  given  by  Mr.  Towne,  Mr.  H.  L. 
Gantt  and  Rear-Admiral  Casjjer  F.  Goodrich,  all  intimate 
friends  of  Dr.  Taylor,  referiiug  to  various  phases  of  his  Kfe 
and  work,  accounts  of  which  follow. 

Henry  R.  Towne.  Science  is  defined  as  ''  knowledge 
gained  by  systematic  observation,  experiment  and  reasoning." 
That  is  the  Baconian  system,  and  this  was  followed  by  Mr. 
Taylor  throughout  his  whole  professional  career.  He  not  only 
aimed  to  acquire  knowledge,  but  did  acquire  it,  and  out  of 
the  knowledge  so  acquired  he  created  a  new  science,  and,  em- 
phatically, he  is  entitled  to  be  classed  as  a  scientist  as  well  as 
an  engineer.  Mr.  Taylor's  achievements  were  not  the  result 
of  sudden  impulse  or  inspiration, — they  were  th'e  fruition  of 
years  of  patient  investigation,  study,  toil,  experimentation 
and  intense  application  of  his  admirable  reasoning  faculties. 
One  of  the  most  notable  of  his  traits  to  all  who  have  followed 
his  career  and  to  those  of  us  who  knew  him  was  the  endless 
pertinacity  with  which  he  pursued  an  object  to  which  he  had 
once  turned  his  serious  attention,  and  the  work  which  he  did 
was  ever  pursued  in  the  true  spirit  of  research. 

"  Facts,  not  opinions,"  is  a  motto  which  peculiarly  applies 
to  the  life  and  methods  of  Mr.  Tavlor.    He  was  ever  seeking  to 


get  facts,  to  understand  tliuse  fads  correctly,  to  analyze  them, 
and  to  apply  them  to  useful  ends.  That  is  true  throughout 
the  whole  of  his  wide  range  of  work,  but  above  all  to  his  study 
of  facts  concerning  human  nature  and  their  application  to 
industrial  woik  and  management. 

True  to  the  spirit  of  the  scientist,  Mr.  Taylor  never  rushed 
into  print.  Like  Charles  Darwin,  before  giving  the  world  the 
results  of  his  studies  and  discoveries  he  waited  long  years  to 
assure  himself  of  the  facts  and  that  his  deductions  from  them 
were  sound.  He  began  his  career  at  Midvale  in  1878.  His 
first  public  utterance  on  the  subject  of  industrial  management 
was  in  1886.  and  then  only  as  a  discussion  of  a  paper  pre- 
sented by  Metealf.  His  first  paper  on  the  piece-work  system 
was  not  presented  until  1895,  after  fifteen  years  of  investiga- 
tion and  study,  and  his  classic  paper  "  The  Art  of  Cutitng 
Metals,"  presented  in  1906,  came  out  only  after  twenty  years 
of  research.  He  spoke  only  when  he  had  a  message,  and  then 
always  with  absolute  modesty.  One  could  always  feel  that  the 
man  was  not  presenting  himself,  but  his  topic,  and  that  that 
possessed  him,  that  he  was  trying  to  present  what  he  believed 
to  be  a  new  and  interesting  truth  for  the  world  to  consider. 

Mr.  Taylor's  major  publications  constitute  a  remarkable 
list.  His  first  was  in  1886  on  "  The  Relative  Value  of  Water 
Gas  and  Producer  Gas  for  Open  Hearth  Furnaces,"  a  short 
publication  of  only  eight  pages.  In  1893  came  his  "  Notes  on 
Belting,"  the  most  comprehensive  address  on  the  subject  the 
world  had  ever  had  up  to  that  date,  which  was  accepted  as  the 
basis  for  all  further  studies  and  investigations,  and  is  prac- 
tically the  authority  to-day  on  all  the  phases  of  the  subject  to 
which  it  relates.  In  1895  was  issued  his  "  Piece-work  System," 
the  first  paper  on  the  subject.  In  1899  he  and  !Mr.  White 
wrote  a  short  paper  of  great  interest  and  importance  on 
"  Colors  of  Heated  Steel."  In  1903,  he  brought  out  his  first 
elaborate  paper  on  the  subject  of  "  Shop  Management,"  and 
for  the  first  time  presented  to  the  world  what  we  now  call 
commonly  the  '"  Taylor  System."  In  1905  was  issued  his  book 
on  "  Concrete,"  of  which  a  third  edition  is  in  press  to-day, 
and  in  1906  came  his  paper  on  "  The  Art  of  Cutting  Metals," 
246  pages,  which  was  epochal  in  its  significance  and  im- 
portance, and  finally  in  1911  his  complete  gathering  together 
of  his  "  Facts  and  Arguments  on  the  Subject  of  the  Prin- 
ciples of  Scientific  Management,"  a  book  of  144  pages.  What 
a  record  for  twenty-five  years !  How  wide  the  range  of  sub- 
jects, how  long  and  thorough  the  study,  and  how  complete  his 
summing  up  of  them! 

Mr.  Taylor  was  born  in  Philadelphia,  in  1856,  and  attend- 
ed the  Germantown  Academy  as  his  early  school.  Then  he 
was  sent  to  school  in  France  and  Germany,  and  afterward 
spent  a  year  and  a  half  in  an  enjoyable  trip  to  nearly  all  of 
continental  Europe,  and  then  two  years  at  Exeter  Academy 
preparing  for  Harvard  University. 

His  eyes  failed  under  the  strain  of  his  work  and  he  had  to 
give  up  the  intention  of  entering  Harvard.  He  entered  a 
machine  shop  in  Philadelphia  in  1875,  and  for  three  years 
served  his  apprenticeship  as  a  pattern  maker  and  machinist, 
and  there  laid  the  fomidation  for  the  practical  work  which 
he  took  up  later  on.  In  1878  he  entered  the  Midvale  Steel 
AVnrks  as  a  laborer  and  rose,  in  the  short  period  of  six  years, 
to  become  chief  engineer  of  the  plant.  One  of  his  notable 
achievements  while  still  a  young  man  at  Midvale  was  the  suc- 
cessful design  of  a  20-ton  steam  hammer,  which  was  novel  in 
liriiH'iple  and  daring  in  its  features. 

In  1883,  while  at  Midvale,  realizing  his  need  for  more  thor- 
ough technical  engineering  education,  he  entered  as  a  cor- 
respondence student  of  Stevens  Institute,  and  by  diligent  and 
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earnest  study  secured  his  degree  of  Meehauical  Engineer  at  the 
end  of  three  years. 

In  1890  he  left  Midvale  and  entered  the  employ  of  the  Man- 
ufacturing and  Investment  Co.,  and  for  three  years  de- 
voted himself  to  the  reorganization  of  their  large  interests  in 
Maine  and  Wisconsin,  including  in  his  work  the  design  of  two 
large  pulp  mills,  and  contributing  many  improvements  to  the 
processes  and  machines  used  in  that  special  industry. 

From  1893  to  1898  he  worked  out  plans  in  five  or  six  differ- 
ent establishments  in  Philadelphia  and  elsewhere,  for  remodel- 
Img  their  sj-stems  of  shop  management,  and  introduced  many 
features  of  what  aftenvard  became  known  to  all  of  us  as  the 
"  Taylor  System." 

To  whatever  he  turned  his  thoughts  and  his  hands  he  gave 
concentrated  attention,  and  in  all  cases  he  improved  where 
he  did  not  wholly  originate.  His  range  of  work  covered  many 
fields  and  is  an  interesting  chapter  of  human  experience. 

In  1901  he  withdrew  from  salaried  positions  of  aU  kinds. 
He  had  won  a  competence  and  was  satisfied  with  it.  His  am- 
bition lay  not  in  that  direction  but  in  the  carrying  forward 
and  upward  of  the  work  in  which  he  had  been  so  deeply  in- 
terested and  with  which  he  was  so  closely  identified,  and  he 
devoted  himself  from  that  time  to  the  end  of  his  life,  without 
comisensation,  indeed  even  at  the  expenditure  of  much  of  his 
private  means,  to  spreading  the  gospel  of  better  industrial 
management. 

In  1907  he  was  consulted  by  the  United  States  Government 
in  regard  to  the  introduction  of  modern  methods  of  manage- 
ment in  its  work-shops,  arsenals  and  navy  yards.  In  1909 
and  afterward  he  frequently  lectured  on  the  subject  of  man- 
agement and  on  kindred  topics. 

In  1906  the  University  of  Pennsylvania  conferred  on  him 
the  honorary  degree  of  Sc.  D.  and  Hobart  College  that  of 
LL.D.  He  was  President  of  this  Society  in  1906,  as  well  as 
being  a  member  of  many  engineering  and  scientific  organiza- 
tions. 

Mr.  Taylor's  was  an  abounding  life.  From  youth  to  man- 
hood and  maturity  it  was  brimming  over  with  mental  activity, 
an  activity  that  flowed  into  many  channels,  but  in  each  of  them 
concentrated  sooner  or  later  upon  some  definite,  specific  ob- 
ject. He  followed  each  object  until  a  solution  of  the  problem 
it  presented  had  been  worked  out,  and  worked  out  so  com- 
pletely as  to  satisfy  him,  to  make  him  willing  to  present  the 
solution  to  the  world. 

In  1901  he  said  to  one  of  his  intimate  friends:  "I  cannot 
afford  any  longer  to  work  for  money."  That  statement  was 
typical  of  the  man.  Money  was  not  an  end  with  him  but  only 
a  means,  and  having  acquired  the  means  to  satisfy  his  reason- 
able desires  his  whole  heart  went  into  the  furtherance  of  the 
work  with  which  he  had  been  identified  through  all  his  career. 

His  achievements  were  based  primarily  on  his  work  at  Mid- 
vale,  and  there  he  laid  the  foundations  of  nearly  aU  the  im- 
provements with  which  he  was  afterwards  identified,  especially 
in  regard  to  the  cutting  of  metals,  piece-work  methods,  the 
study  of  belting  and  shop  management. 

His  books  have  been  translated  into  many  languages.  His 
system  has  won  world-wide  recognition  and  increasing  ac- 
ceptance, and  the  tributes  which  were  paid  to  him  at  the  Tay- 
lor Memorial  Services  in  Philadelphia,  on  October  21  and  22, 
1915,  were  significant  of  the  exceptional  character  of  the  man 
and  his  achievements. 

As  to  the  "  Taylor  System,"  the  achievement  with  which  his 
name  is  chiefly  identified,  there  are  many  misconceptions. 
Most  truly  it  is  a  science,  and  a  new  science.  It  is  perfect  in 
its  simplicity  and  completeness.     It  is  not  piece-work,  it  is 


not  differential  rates,  nor  improved  tools,  nor  time  studies, 
nor  routing  jilans,  nor  functional  management,  but  it  is  all  of 
these  coordinated  and  combined,  and  above  all,  it  aims  to  effect 
the  uplift  of  the  worker.  Mr.  Taylor  aimed  to  show  the  work- 
ingman  how  to  apply  his  time  and  efforts  to  better  advantage 
and  to  accomijlish  more  vi'ork  than  before  in  shorter  time  with 
less  effort. 

Sooner  or  later  this  fundamental  fact  in  Mr.  Taylor's  work 
will  be  appreciated,  and  then  the  leaders  of  organized  labor 
who,  unwittingly,  I  like  to  think,  thus  far  are  opposing  the 
introduction  of  the  Taylor  System,  not  only  into  Government 
plants  but  into  private  plants  as  well,  will  see  their  error  and 
will  lend  their  influence  to  promoting  the  introduction  of  a 
system  which  will  do  more  than  anything  else  that  has  been 
proposed  in  our  day  and  generation  for  the  uplift  of  labor. 

Mr.  Taylor  saw  the  inequity  of  the  old  system  of  piece- 
work compensation,  under  which  increased  eflfieiency  and  out- 
put, instead  of  being  rewarded,  were  punished  by  a  reduction 
of  the  piece-rate.  I  partly  grasped  that  fact,  and  proposed 
in  1899  a  method  which  would  supply  a  partial  remedy.  Mr. 
Tajdor  grasped  the  full  fact  and  furnished  a  remedy  which 
completely  solved  the  problem.  His  best  monument  is  the 
Science  which  he  created,  and  that  will  endure  forever. 

H.  L.  Gantt.  It  was  my  good  fortune  to  be  associated  with 
Frederick  Winslow  Taylor,  when,  as  a  young  man,  lie  was 
developing  those  characteristics  that  were  to  make  him 
famous. 

His  reputation  does  not  depend  upon  the  fact  that  he  de- 
signed and  built  the  most  successful  big  steam  hammer  in  the 
world,  or  that  he  developed  a  method  of  treating  tool  steel 
that  trebled  its  cutting  power,  or  that  he  determined  the  laws 
of  cutting  metals,  or  even  that  he  was  the  father  of  scientific 
management.  These  were  incidents  in  his  career,  and  only  the 
logical  results  of  his  methods.  At  an  early  date  he  realized 
how  much  of  the  world's  work  was  based  on  precedent,  or 
opinion,  and  undertook  to  base  all  his  actions  on  knowledge 
and  fact. 

Endowed  naturally  with  untiring  energy  and  a  wonderfully 
analytical  mind,  he  concentrated  all  the  power  of  that  com- 
bination on  the  problem  of  determining  the  facts  he  needed. 
He  was  interested  in  what  had  been  done,  mainly  for  the  in- 
dication it  gave  of  what  could  be  done.  His  mind  was  con- 
tinually on  the  future,  and  to  him  the  great  value  of  knowledge 
was  that  it  enabled  him  to  anticipate  that  future.  Accurate  in 
his  calculations  and  logical  in  his  conclusions,  he  never  failed 
to  put  his  trust  in  the  results  of  his  investigations,  and  often 
accomplished  what  was  considered  by  othei-s  to  be  impossible. 

Balked  at  the  outset  of  his  career  in  1880  by  the  lack  of 
knowledge  of  cutting  steel,  which  then  existed,  he  set  himself 
the  task  of  supplying  that  lack.  Three  years  were  spent  in 
finding  out  how  to  study  the  problem;  and,  although  the  work 
was  not  completed  for  over  twenty  years,  it  is  a  fact  that 
wlien  I  entered  his  employ  in  1887,  the  fundamental  laws  had 
already  been  approximately  determined.  Subsequent  investi- 
gations served  only  to  confirm  what  had  been  done,  and  to 
correct  minor  inaccuracies. 

At  Bethlehem  he  became  so  interested  in  determining  these 
laws  exactly,  that  it  is  doubtful  if  he  ever  realized  how  won- 
derfully accurate  his  earlier  results  really  were.  To  be  sure, 
much  more  ground  was  covered  in  the  subsequent  work,  but 
as  an  investigation  into  the  laws  of  cutting  metals,  his  work 
as  a  young  man  at  the  Midvale  Steel  Works  stands  out,  to  my 
mind,  as  far  the  more  remarkable  achievement. 

One  of  the  by-products  of  this  investigation  was  the  dis- 
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eovery  of  tlie  Taylor-White  process  of  treating  high  speed 
steel,  the  far-reaching  effect  of  which  has  not  only  not  yet  been 
fully  realized,  but  cannot  be  until  all  the  other  problems  en- 
tering into  machine  shop  management  have  been  given  the 
same  kind  of  study  as  has  been  given  the  cutting  of  metals. 

The  least  heard  of,  but,  to  my  mind,  his  most  daring  feat, 
was  the  design  of  the  great  hammer  of  the  Midvale  Steel  Co. 
This  hammer  was  kept  in  alignment  by  the  elasticity  of 
its  parts,  which  yielded  to  the  force  of  a  foul  blow  and  re- 
turned exactly  to  their  former  position.  Dependence  upon 
the  principle  of  elasticity  enabled  him  to  build  a  hammer 
which,  for  its  weight,  had  far  greater  power  than  any  other 
hammer  that  had  ever  been  built. 

Moreover,  Mr.  Taylor  repudiated  the  theory  that  large 
bodies  must  move  slowly,  which  had  apparently  been  ac- 
cepted by  previous  designers  of  large  steam  hammers,  for  few, 
if  any  had  been  supplied  with  top  steam.  He  recognized  the 
fact  that  large  bodies  could  be  made  to  move  as  rapidly  as 
small  ones,  if  only  sufficient  power  were  applied  to  them. 
Accordingly  he  supplemented  a  falling  weight  of  25  tons  by 
50  tons  of  top  steam,  and  designed  a  hammer  whose  rate  of 
action  was  nearly  three  times  that  of  other  hammers  of  the 
same  class. 

The  fact  that  he  became  a  pioneer  in  another  field  is  not 
surprising,  for  he  was  destined  to  be  a  leader  in  whatever 
field  his  activities  took  him.  It  seems  quite  likely  that  if  he 
had  adhered  to  what  was  then  known  as  strictly  engineering, 
he  would  have  made  even  a  greater  reputation  than  he  achieved 
in  the  field  of  management. 

The  work  by  which  he  is  best  known,  however,  is  not  what 
was  then  regarded  as  strictly  engineering.  Strange  as  it  may 
seem,  although  much  knowledge  and  thought  had  been  de- 
voted to  the  design  of  machinery  and  apparatus,  but  little 
study  had  been  given  to  the  possibilities  of  the  men  who  were 
to  operate  that  maehinerj^  Even  to  this  day  many  engineers 
consider  their  work  done  when  they  have  designed  and  built, 
and  demonstrated  the  possibilities  of  a  piece  of  apparatus. 
They  seem  to  feel  that  the  efficient  opei'ation  of  it  is  not  in 
their  province.  Mr.  Taylor  felt  otherwise.  To  him,  perfec- 
tion in  design  was  worthless  without  efSciency  in  operation, 
and  at  an  early  date  he  turned  his  attention  to  the  efficient 
utilization  of  human  effort. 

In  this  work  he  used  the  same  methods  that  had  already 
brought  him  success,  namely,  to  disregard  opinions,  from 
whatever  source,  unless  substantiated  by  facts.  Where  facts 
were  not  available,  and  they  seldom  were,  he  used  the  scien- 
tific method  for  their  determination. 

When  I  went  to  the  Midvale  Steel  Works  in  1887,  he  had 
already  made  considerable  progress  in  this  work,  and  had 
fully  developed  the  methods  of  detail  analysis  and  study,  which 
later  became  the  origin  of  scientific  management. 

He  recognized  as  an  economic  as  well  as  an  ethical  fact, 
that  the  employer  should  always  consider  the  interests  of  the 
employee. 

Endowed  with  vast  energy  and  great  ability  to  work,  he 
recognized  the  advantage  such  qualities  would  be  to  others, 
and  offered  high  wages  to  those  who  would  develop  them. 
That  he  was  con'ect  is  shown  by  the  remarkable  success  which 
has  been  attained  by  all  who  profited  by  his  training. 

Having  determined  on  a  course  of  action  he  pursued  it 
regardless  of  consequences ;  and  inasmuch  as  such  courses  were 
planned  by  a  clear  head  and  followed  with  an  iron  will,  he 
often  accomplished  results  far  in  excess  of  what  even  his  most 
earnest  supporters  thought  possible. 

To  end  here  would  not  complete  our  picture.     He  was  not 


the  steam  roller  that  some  people  like  to  represent  him,  but  he 
did  believe  that  a  strenuous  life  was  the  life  worth  while,  and 
that  it  not  only  brought  more  financial  compensation,  but  that 
it  added  to  the  usefulness  and  happiness  of  men. 

lie  had  still  another  side :  People  said  he  made  work  of 
his  play.  True,  work  was  his  joy.  Not  the  routine  that  would 
be  done  by  anybody,  but  the  work  that  others  had  been  un- 
able to  do.  An  unsolved  problem  was  a  constant  challenge  to 
him,  and  lie  attacked  it  with  a  thoroughness  and  an  eagerness 
that  it  is  hard  to  comprehend. 

Reae-Admiral  Casper  F.  Goodrich.  It  is  always  a  great 
pleasure  for  me  to  speak  of  Dr.  Frederick  Winslow  Taylor, 
and  I  thank  you  for  the  opportunity  of  again  bearing  witness, 
such  as  it  is,  to  the  man's  remarkable  character  and  his 
genius.  I  am  familiar  with  a  certain  chapter  in  the  Ufe  of 
Dr.  Taylor  which  I  think  is  imknown  to  the  majority  of  you, 
and  until  very  recently  was  not  known  to  more  than  a  mere 
handful  of  people. 

I  fii'st  met  Mr.  Taylor  in  1885,  when  he  was  chief  engineer 
of  the  Midvale  Steel  Works.  I  took  a  great  fancy  to  him 
then,  and  I  recommended  him  to  the  then  Secretary  of  the 
Navy,  Mr.  Whitney,  for  the  position  of  Superintendent  of  our 
great  gun  works  at  the  Washington  Navy  Yard.  I  do  not 
think  that  Mr.  Taylor  felt  himself  free  at  that  time  to  accept 
the  position,  but  at  all  events  this  recommendation  brought 
him  into  relation  with  Mr.  Whitney,  and  later  when  the  latter 
started  a  certain  line  of  manufacturing,  he  asked  Mr.  Taylor 
to  take  the  position  of  general  manager  of  the  works.  In 
that  way  I  was  associated  with  Mr.  Taylor  for  a  couple  of 
years,  very  intimately,  and  I  have  maintained  the  friendship 
based  upon  that  association  up  to  his  death. 

I  am  indebted  to  him  for  a  gi-eat  many  very  valuable  serv- 
ices. In  1907  I  was  sent  as  Commandant  of  the  New  York 
Navy  Yard,  where  I  found  five  separate  industrial  establish- 
ments within  the  yard,  each  one,  in  so  far  as  it  could  be,  com- 
plete in  itself.  Each  one  of  these  plants  had  been  erected  by 
one  of  the  bureaus  of  the  Navy  Department, — there  were 
buildings  devoted  to  construction  and  repairs,  ordnance,  equip- 
ment, yards  and  docks,  etc.  This  multiplication  of  plants  was 
not  conducive  to  economy,  and  I  immediately  saw  the  need 
for  reform. 

Mr.  Truman  H.  Newbury,  who  was  then  Assistant  Secretary 
of  the  Navy,  and  who  later  became  Secretary,  had  charge  of 
the  navy  yards  at  that  time,  and  I  went  to  bim  with  the  facts 
and  I  said:  "Mr.  Secretary,  I  will  present  to  you  no  scheme, 
no  proposition,  that  I  have  not  already  threshed  out  with  the 
ablest  engineer  in  this  country.  I  do  not  pretend  myself  to 
be  a  mechanical  engineer,  but  I  do,  fortunately,  possess  the 
friendship  and  the  confidence  of  Mr.  Frederick  W.  Taylor, 
and  I  will  go  over  all  these  propositions  with  him  and  I  will 
bring  nothing  before  you  that  does  not  meet  with  his  ap- 
proval." Mr.  Newbury,  of  course,  knew  all  about  Mr.  Tay- 
lor and  he  liked  to  feel  that  any  matter  in  the  way  of  reform 
would  be  based  upon  the  broadest  and  the  wisest  of  grounds. 
He  promised  me  the  backing  of  the  Navy  Department.  I 
consulted  Mr.  Taylor  and  we  drew  up  a  scheme  and  carried 
it  out,  and  suffice  it  to  say  that  with  Mr.  Newbury's  authority 
and  Mr.  Taylor's  advice  we  succeeded  in  concentrating  the 
work  of  the  Yard  into  fewer  shops  and  in  enormously  de- 
creasing the  appropriation  necessary. 

I  will  only  give  one  other  illustration  of  what  he  did.  There 
came  over  to  my  desk  on  one  occasion  a  statement  or  schedule, 
as  it  is  called,  of  the  tool  steel  required  at  the  different  navy 
yards  in  only  one  of  the  departments.     I  was  amazed  at  the 
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vast  number  of  varieties  of  tool  steel  that  were  demanded  by 
name,  by  brand,  and  in  every  ease  tliere  was  a  certificate  that 
none  other  would  serve.  I  consulted  Mr.  Taylor  who  advised 
me  to  buy  steel  aeeording  to  specifications  and  not  by  brand. 
I  asked  him  if  he  would  help  me  prepare  specifications  and  he 
very  quickly  offered  me  all  the  assistance  I  required.  So  we 
prepared  the  specifications,  which  were  later  adopted  by  the 
Tool  Steel  Board  appointed  by  Mr.  Newbury  to  take  up  the 
question  of  the  varieties  of  tool  steel  required,  and  their 
composition. 

The  first  high  speed  steel  that  was  bought  under  Mr.  Tay- 
lor's specifications,  as  adopted  and  promulgated  by  the  Navy 
Department,  was  for  the  gun  works  at  Washington,  and  Ad- 
miral Leutzed,  who  was  then  in  command,  told  me  he  had 
been  previously  paying  |1.25  a  pound  for  the  steel  required 
and  he  was  now  getting  tool  steel  for  from  32c  to  36c  a  pomid, 
and  the  new  steel  was  doing  about  33  1/3  per  cent  more  work. 

I  thank  you  for  this  opportunity  of  claiming  what  I  con- 
sider to  be  one  of  the  greatest  privileges  of  a  long  life,  that  of 
speaking  of  my  former  intimate  and  dear  friend,  Frederick 
Winslow  Taylor. 

Henry  H.  Suplee.    A  little  storv  about  Mr.  Taylor  which 


I  do  not  think  has  been  told  anywhere  might  be  of  interest. 
Mr.  Taylor  had  some  knowledge  of  the  German  language, 
and  wished  to  perfect  himself  in  it.  Instead  of  hiring  a 
teacher  and  studying  a  grammar,  he  set  about  to  organize  his 
own  method  of  studying  German.  He  got  several  of  his 
friends  together — there  were  about  a  dozen  of  us — and  we 
were  to  meet  once  a  week  in  his  father's  house  in  German- 
town.  Pie  employed  a  teacher,  not  to  teach  him,  but  to  do 
what  he  told  the  teacher  to  do.  Then  he  devised  a  method  of 
studying  German,  so  that  we  could  all  learn  to  speak  it 
fluently.  It  was  his  idea  that  if  we  attempted  to  play  the 
game  known  as  "  Twenty  Questions," — a  game  in  which 
twenty  questions  are  asked  in  regard  to  various  subjects,  and 
those  present  gave  the  answers — and  if  we  were  obliged  to 
answer  the  question  in  German,  we  would  soon  learn  the 
language.  If  we  made  mistakes,  it  was  to  be  the  duty  of  the 
teacher  to  correct  us.  The  teacher  was  not  to  instruct  us  in 
German,  but  to  hold  us  down  to  the  ordinary  rules  of  good 
speaking,  and  to  correct  us  if  we  made  mistakes  in  our  conver- 
sation with  one  another.  We  held  meetings  once  a  week  for 
one  winter  and  played  this  game  and  we  were  all  fluent 
speakers  in  German  at  the  end  of  that  time. 


ANNUAL  REPORT  OF  THE  COUNCIL 


THE  Council  herewith  presents  in  brief  the  important 
phases  of  the  Society  activities  during  the  year  1915, 
under  the  presidency  of  Dr.  John  A.  Brashear.  In  reports 
published  in  the  December  Journal,  the  Standing  Committees 
have  given  accounts  of  their  work  in  detail.  This  year  in  the 
appointments  by  the  President  the  plan  was  carried  out  so 
far  as  possible  of  having  a  member  of  the  Council  on  every 
Standing  Committee.  The  appointments  on  Standing  Com- 
mittees for  the  year  were:  Finance  Committee,  A.  E.  For- 
staU;  Committee  on  Meetings,  L.  P.  Alford;  Publication, 
Heniy  Hess;  Library,  Jesse  M.  Smith;  Memberehip,  George 
A.  Orrok  and  later  Charles  E.  Lucke;  House,  0.  P.  Cum- 
mmgs;  Reseai-ch,  R.  J.  S.  Pigott,  A.  M.  Greene,  Jr.;  Public 
Relations,  Spencer  Miller;  Constitution  and  By-Laws,  James 
E.  Sague.  H.  A.  Hey,  Chaii-man,  Robert  H.  Kirk,  W.  P. 
Hayes,  and  E.  S.  Cooley  were  appointed  as  Tellers  of  Election. 

Membership.  Under  the  guidance  of  I.  E.  Moultrop, 
Chairman  of  the  Increase  of  Membei-ship  Committee,  coop- 
erating with  the  Membership  Committee  in  keeping  to  high 
ideals  of  membership,  there  has  been  a  steady  increase  in  en- 
rollment of  the  most  representative  men  of  the  profession. 
Fig.  1  gives  comparative  data  on  the  membership  of  the  four 
national  societies. 

On  account  of  the  unusual  conditions  prevailing  abroad 
and  the  inability  of  communicatmg  with  members  there,  for- 
eign members  of  the  Society  have  been  continued  on  the  rolls 
until  further  action  of  the  Council. 

The  Society  has  lost  by  death  during  the  pa-st  year,  B.  F. 
Isherwood.  Honorai-y  Member  and  two  Past-Presidents,  Fred 
W.  Taylor  and  James  M.  Dodge. 

The  Council  elected  to  Honorary  Membership  E.  D. 
Leavitt,  the  second  President  of  the  Society,  who  served  dur- 
mg  one  of  the  most  difficult  periods  of  its  history.  Mi-. 
Leavitt  is  best  known  for  his  notable  successes  in  the  design 
of  high-duty,  compound  pumping  engines  for  city  water- 
works service  and  of  engines  and  other  machinery  for  some 
of  the  great  mining  operations  of  the  country. 


Local  Sections.  The  Council  at  its  January  meeting  ap- 
pointed a  Committee  on  Local  Sections,  tlie  pereonnel  of 
which  is  E.  H.  Whitlock,  Chairman,  Cleveland,  Ohio;  W.  F. 
M.  Goss,  Urbana,  111.;  L.  C.  Marburg,  New  York;  Walter 
Rautenstraueh,  New  York,  and  D.  Robert  Yarnall,  Phila- 
delphia. It  is  hoped  by  this  means  to  develop  and  put  on 
an  efficient  basis  this  important  phase  of  the  Society's  work. 

One  of  the  first  plans  carried  out  by  the  Committee  was  a 
conference  of  section  representatives  held  at  the  Spring  Meet- 
ing in  Buffalo.  Delegates  attended  from  Atlanta,  San  Fran- 
cisco, Milwaukee,  Chicago,  New  York,  Providence,  Philadel- 
phia, Cleveland,  Worcester  and  Birmingham,  and  so  much 
of  interest  was  developed  that  the  Committee  aiTanged  for  a 
second  conference  at  the  Annual  Meeting.  It  is  planned  to 
make  these  conferences  of  local  section  chairmen  a  feature  of 
either  the  Annual  or  Spring  Sleetings. 

Local  meetings  have  been  held  under  the  auspices  of  the 
several  local  sections  committees  in  Atlanta,  Boston,  Buffalo, 
Chicago,  Cincinnati,  Los  Angeles,  Milwaukee,  Minnesota, 
New  Haven,  New  York,  Philadelphia,  St.  Louis,  San  Fran- 
cisco, and  Worcester. 

Cooperation  of  any  local  section  of  the  Society  with  existing 
engineering  organizations  in  the  same  city  has  been  enthus- 
iastically supported  by  the  Council  in  the  endeavor  to  promote 
general  concurrence  of  all  engineering  societies  in  technical 
meetings.  St.  Louis  has  formed  such  an  affiliation  with  the 
Engineers'  Club  of  that  city  and  the  Philadelphia  Local  Sec- 
tions' Committee  with  the  Engineers'  Club  of  Philadelphia. 

New  sections  were  established  this  year  at  Los  Angeles, 
Cal.,  Worcester,  Mass.,  and  Birmingham,  Ala. 

Student  Branches  are  established  in  38  universities,  repre- 
senting a  total  enrollment  of  nearly  1,000.  Branches  have 
been  added  this  year  at  Virginia  Polytechnic  Institute,  and 
Georgia  School  of  Technology. 

Finances.  The  annual  report  of  the  Finance  Committee, 
together  with  the  auditors'  report,  covers  fully  the  financial 
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status  of  the  Society.  In  this  connection  the  Council  wishes 
to  call  attention  to  the  fact  that  our  life  membership  fund 
($44,120.11),  representing  all  that  has  been  paid  in  for  life 
membei-ships,  is  maintained  as  a  separate  fund  and  is  in- 
vested. Similarly  all  the  other  trust  funds  and  for  quite  a 
number  of  years  aU  the  initiation  fees  have  been  put  into  a 
fund  and  invested.  From  this  latter  fund,  at  a  rate  of 
$6,000  per  year,  we  are  retiring  the  certificates  of  indebted- 
ness  for  the  land   on   which   the   lieadquarters   is  built.     We 


the  entire  list  as  firms  and  individuals  in  many  cases  fail  to 
advise  the  Secretary's  office. 

It  ma.y  be  of  interest  to  note  that  the  other  national  socie- 
ties have  now  adopted  this  policy  of  assisting  members  to  se- 
cure positions  by  bringing  firms  and  men  together. 

Prizes  for  Tecltiiicul  Papers.  The  Society  has  received  by 
bequest  from  the  late  Rear- Admiral  George  W.  Melville 
$1,000,  the  income  of  which  is  to  provide  a  gold  medal  to  be 


9000 

8500 

8000 

■JBOO 

7000 

6500 

6000 

.5500 

1.. 

^5000 

^4500 

-^4000 

i;3500 

13000 

?500 

2000 

1500 

1000 

500 

0 


78  1 

// 

/ 

— — —Amencari  Soclefij  of  Civil  Engineers 

/ 

/ 

fiS 

'1 

American  Iraiiiufe  of  Electrical  Engineers 

/ 

.' 

/ 

American  Insfifufe  oi  Mining  Engineers 

/ 

/ 

1 

I 

f 

1 

/ 

52  !< 

1 

/ 

/ 

^•' 

/ 

'/> 

- 

- 

/ 

/ 

^w 

/ 

"" 

y 

• 

yV 

/ 

/" 

^'' 

y 

./ 

b 

^ 

y 

"^ 

y' 

-" 

1 

— 

-" 

'' 

,^ 

_,^ 

z' 

f 

^j 

-- 

■^ 

_. 

?* 

.— 

— 

'-- 

f 

'' 

,-^ 

■~~ 

" 

^- 

-• 

-^ 

^ 

... 

.— 



-' 

-' 



.- 

— 

-^ 

1 

_,— 

- 

««■ 

^ 

^ 



-- 

-' 

^ 

^ 

_J 

-^ 

" 

... 

-- 

— 

'" 

1872     1874     1876     1878     1830     I88J     1884     1886    1888     1890     1892     1894     I89f     1893     1900     1902    1304    1906    1908     1310     1912     1314     1916     1918     1920 

Fig.  1.    Comparative  Growths  of  Membership  in  the  Four  National  Societies 
membeuship  for  year  1914-15 


9000 
8500 
8000 
7  500 
7000 
5500 
6000 
5500 
5000 
4500 
4000 
3500 
3000 
25.00 
2000 
1500 
1000 
500 
0 


Grade 

Oct.  1,  1914 

Losses 

Additions 

Net 
Increase 

Transfer 

Resign 

Lapsed 

Death 

Transfer 

Election 

Oct.  1,  1915. 

Hon.  Mem 

Member 

14 

4077 

380 

245 

1274 

5990 

1 
12 

42 
55 

29 
6 

25 
60 

36 
9 

24 
69 

1 
3S 
4 
1 
2 
46 

1 
33 

1 
20 

55 

328 
38 
184 
212 
762 

257 
S 
203 
119 
587 

14 

4334 

388 

Assoc.  Mem 

Junior 

448 
1393 

Total 

6577 

Note — Affiliates,  students'  aections  955,  a  decrease  of  36  since  1914. 


have  thus  accumulated  $40,268.90  to  offset  the  $54,100  of 
certificates  of  indebtedness.  We  have  also  $40,000  cash  on 
hand,  so,  if  we  wished  to,  we  could  pay  ofJ  all  these  certificates 
and  be  free  and  clear,  but  to  do  so,  would  leave  little  working 
capital.  As  we  are  doing  a  business  of  $150,000  a  year,  and 
discount  all  bills,  it  is  economy  to  carry  this  extra  cash,  par- 
ticularly as  all  our  funds  are  invested  at  the  same  rate  of 
interest  as  we  are  paying  on  the  certificates. 

Financially,  we  are  one  of  the  strongest  engineering  socie- 
ties in  the  world,  although  we  have  secured  far  less  by  gift 
than  many  similar  organizations. 

Employment  Work.  There  has  been  marked  activity  in 
the  employment  work  this  year.  We  have  registered  over 
400  positions  with  firms  who  have  asked  our  cooperation  in 
securing  men ;  this  does  not  include  recommendations  of  ex- 
perts in  consulting  work  of  which  we  do  not  keep  record  but 
for  whom  we  have  many  inquiries.  We  have  definite  record 
of  over  100  men  who  have  been  placed  in  positions  through 
the  Society,  and  we  are  confident  that  this  cannot  represent 


awarded  annually  to  such  competing  member  of  the  Society 
who  presents  the  best  original  paper  or  thesis.  As  an  ade- 
quate die  for  a  medal  cannot  be  purchased  out  of  the  above 
fund,  upon  application  to  the  Court  the  Society  has  been 
authorized  to  allow  the  fund  to  accumulate  until  sufficient  to 
defray  the  cost  of  a  suitable  set  of  dies. 

There  was  reported  last  year  the  receipt  of  $2,000,  through 
the  generosity  of  a  member  of  the  Council,  from  which  fund 
there  are  to  be  awarded  annually  three  prizes,  one  of  $50,  to 
a  Junior  and  two  of  $25  each  to  student  members  who  con- 
tribute the  best  original  papers.  It  is  felt  that  such  awards 
will  influence  the  young  engineer  to  undertake  original  work. 
The  committees  in  charge  of  awards  are:  For  Juniors,  R.  H. 
Fernald,  Chairman;  Fred  E.  Rogers,  George  B.  Brand.  For 
students,  Frederick  R.  Hutton,  Chairman;  R.  H.  Fernald, 
D.  S.  Kimball.  One  award  was  made  this  year  for  the  paper, 
"Flow  of  Air  Through  Thin  Plate  Orifices,"  by  Ernest  0. 
Hickstein,  Junior  Member.  As  the  papers  submitted  by 
students  did  not  meet  the  requirements  as  to  standard,  no 
awards  were  made  this  vear. 
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Publications.  The  history  of  the  Society  from  the  time  of 
its  formation  in  1880  through  the  j'ear  1915,  has  been  com- 
pleted and  issued  uuifonu  in  size  and  binding  with  Transac- 
tions, with  the  exception  of  color  which  is  dark  green  used  to 
designate  extra  publications  of  the  Society. 

The  Council  has  approved  the  plans  of  the  Publication 
Committee  as  given  in  their  report,  which  outlines  a  broad 
and  progressive  policy  for  the  several  publications  of  the 
Society. 

COMMITTEE  REPORTS 

The  Council  has  ruled  that  the  signatures  of  members  of 
the  committee  grouped  as  assenting  or  dissenting  must  ac- 
company all  reports.  This  ruling  is  covered  in  the  following- 
by-law  : 

"  B-47.  All  wi'itten  reports  of  all  committees  shall  be  pre- 
sented to  the  Council.  Each  wi-itten  report  of  every  commit- 
tee must  be  approved  in  writing  by  at  least  a  majority  of  the 
members  of  that  committee,  before  it  is  presented  to  the  Coun- 
cil. A  member  of  a  committee  who  disagrees  with  the  action 
of  a  majority  of  that  committee  may  express  his  disagreement 
over  his  signature,  either  on  the  report  of  the  committee  or  in 
a  minority  report.  The  minority  report  of  any  member  of  a 
committee  if  offered,  shall  be  presented  at  the  same  time  that 
the  report  of  that  committee  is  presented  to  the  Council.  All 
reports  of  committees  must  be  first  received  by  the  Council 
who  shall  prescribe  the  manner  in  which  they  shall  be  pre- 
sented to  the  membership  of  the  Society  and  be  made  public 
and  printed." 

Boiler  Code.  On  the  completion  of  the  report  of  the  com- 
mittee having  in  hand  the  preparation  of  a  code  for  steam 
boilers,  the  original  committee  and  its  advisory  committee 
were  reappointed  as  one  committee  to  be  known  as  the  Boiler 
Code  Committee  and  asked  to  continue  and  extend  its  work 
to  cover  any  structures  and  their  operation  that  are  connected 
with  and  serve  purposes  similar  to  boilers.  The  amount  of 
time  and  work  which  the  various  members  of  this  entire  com- 
mittee have  given  to  the  preparation  of  this  report  is  so  great 
tliat  the  Council  wishes  to  record  here  its  sincere  appreciation. 

Threads  for  Fixtures  and  Fittings.  As  the  result  of  care- 
ful consideration  of  this  subject  and  the  cooperation  by  de- 
tailed correspondence  with  a  selected  list  of  thirty-eight  of 
the  largest  manufacturers,  the  Committee  on  Threads  for 
Fixtures  and  Fittings  has  completed  its  work  on  Rolled 
Threads.  The  report  on  Straight  Threads  will  be  presented 
at  the  Annual  Meeting,  1915. 

Tolerances  for  Screw  Threads  is  a  subject  which  is  receiv- 
ing the  attention  of  a  special  committee  and  with  the  ready 
cooperation  of  manufacturers  of  taps  and  dies,  the  committee 
is  now  at  work  on  tolerances  for  taps  and  screw  threads. 

The  Power  Test  Report  resulting  in  a  complete  standard 
for  power  tests  is  completed  and  presented  for  record  in  the 
Transactions  for  1915.  This  is  another  example  of  years  of 
self-sacrifice. 

A  permanent  committee  will  be  appointed  to  interpret  the 
rules  of  the  report  when  called  upon  to  do  so,  to  make  such 
revisions  as  may  be  found  desirable,  and  to  modify  the  rules 
to  meet  new  conditions  as  tliey  may  arise  in  the  future.  This 
new  committee  will  hold  meetings  from  time  to  time  at  which 
all  interested  will  have  opportunity  to  present  suggestions. 

RELATIONS    WITH    OTHER    SOCIETIES 

The  American  Institute  of  Electrical  Engineers,  the  Amer- 
ican Institute  of  Mining  Engineers  and  The  American  Society 
of  Mechanical  Engineers,  representing  the  Founder  Societies 


of  the  United  Engineering  Society  have  cooperated  by  joint 
agreement  in  maintaining  and  financing  the  libraries  of  the 
Founder  Societies  under  the  direction  of  a  Library  Board. 
Tlie  same  arrangement  has  also  been  provided  in  the  matter  of 
insurance  and  the  establishment  and  maintenance  of  the 
Library  Service  Bureau.  The  representative  appointed  this 
year  on  the  Board  of  Trustees  is  John  R.  Freeman,  succeeding 
Fred  J.  Miller,  whose  term  of  oflSce  expired  and  who,  under 
the  by-laws,  was  not  eligible  for  re-election;  Jesse  M.  Smith 
and  Alex.  C.  Humphreys,  Past-Presidents  are  the  other  ap- 
pointees. 

The  Engineering  Foundation.  A  noteworthy  incident  in 
the  history  of  the  profession  of  engineering  was  the  inaugu- 
ration in  January  1915  of  The  Engineering  Foundation,  a 
fund  to  be  administered  "  for  the  advancement  of  arts  an<l 
sciences  connected  with  engineering  and  the  benefit  of  man- 
kind." The  basis  of  this  fund  is  the  gift  of  $200,000  by 
Ambrose  Swasey  of  Cleveland,  Ohio,  Past-President  of  this 
Society.  The  American  Society  of  Civil  Engineers,  American 
Institute  of  Mining  Engineers,  American  Institute  of  Elec- 
trical Engineers  and  The  American  Society  of  Mechanical 
Engineers  are  equally  represented  in  the  administrative  board 
of  The  Foundation.  The  United  Engineering  Society  has 
been  made  custodian  of  the  funds.  The  representatives  of 
this  Soeietj'  on  the  Board  are  Jesse  M.  Smith  and  Alex.  C. 
Ilumphrej's ;  Frederick  R.  Hutton  is  Secretary  of  the  Board. 

Conference  Committee.  By  the  death  of  Alfred  Noble  a 
vacancy  was  caused  in  the  Society's  representation  on  the 
Joint  Conference  Committee  of  the  national  engineering  so- 
cieties and  Arthur  M.  Greene,  Jr.,  member  of  the  Coimcil, 
was  appointed  to  fill  the  place.  The  Conference  Committee 
is  composed  of  two  representatives  each  from  the  American 
Society  of  Civil  Engineers,  American  Institute  of  Mining  En- 
gineers, American  Institute  of  Electrical  Engineers,  The 
American  Society  of  Mechanical  Engineers  and  Society  of 
Naval  Architects  and  Marine  Engineers. 

John  Fritz  Medal  Award.  F.  R.  Hutton  was  reappointed 
for  a  term  of  four  years  on  the  John  Fritz  Medal  Board  of 
Award.  The  other  representatives  of  tlie  Society  are  Am- 
brose Swasey,  J.  A.  Brashear  and  .Jolm  R.  Freeman. 

Honorary  Vice-Presidents.  Frank  B.  Gilbreth  represented 
the  Society  on  the  occasion  of  the  opening  of  the  new  house 
of  the  Verein  deutscher  Ingenieure  in  Berlin.  Major  Wm. 
H.  Wiley,  Treasurer  of  the  Society  and  member  of  the  Coun- 
cil, was  appointed  the  official  representative  of  the  Society 
at  the  convention  of  the  Atlantic  Deeper  Watei-ways  Asso- 
ciation in  Savannah,  Georgia,  F.  F.  Gaines  acting  as  alternate. 

As  has  been  their  practice  for  several  years  the  Austrian 
Society  of  Engineers  on  the  occasion  of  their  annual  meeting 
sent  a  letter  of  greeting  to  the  Council. 

The  Engineers'  Club  of  Kansas  City,  has  been  added  to  the 
list  of  those  with  whom  we  have  aiTanged  an  exchange  of 
courtesies  in  the  use  of  the  rooms  and  library  privileges. 

Graphics.  As  the  result  of  invitations  extended  by  The 
American  Society  of  Mechanical  Engineers  a  number  of  as- 
sociations of  national  scope  have  appointed  representatives 
on  a  committee  to  make  a  study  of  the  methods  used  in  the 
different  fields  of  endeavor  for  presenting  statistics  and  quanti- 
tati\e  data  in  graphic  form.  Their  preliminary  report  has 
been  published  for  the  purpose  of  inviting  suggestions. 

Classification  of  Literature  of  Applied  Science.  Delegates 
from  about  twenty  national  technical  societies  have  conferred 
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with  a  view  to  perfecting  a  isermaiient  organization  for  the 
purpose  of  preparing  a  classification  of  the  literature  of  ap- 
plied science  which  may  be  generally  acceptable  and  adopted. 
The  name  of  this  organization  is  Committee  on  Classifica- 
tion of  Technical  Literature.  This  Society  is  represented 
on  the  committee  by  F.  R.  Low,  who  is  chairman  of  the  com- 
mittee of  the  whole,  L.  P.  Breckenridge,  W.  W.  Bird,  A.  E. 
Forstall,  E.  J.  Prindle.  The  Committee  from  this  Society 
will  also  take  under  consideration  a  proposed  digest  of  mate- 
rial which  has  appeared  in  the  publications  of  the  Society,  as 
the  result  of  a  suggestion  from  the  New  York  Section  on  the 
occasion  of  a  paper  by  E.  J.  Prindle  on  "  A  Proposed  System 
of  Classifying  and  Digesting  the  Records  of  the  Society  to 
render  immediately  available  all  information  on  each  branch 
of  every  subject." 

Expert  Testimony.  On  request  from  and  cooperating  with 
the  American  Association  for  the  Advancement  of  Science, 
the  Council  appointed  F.  H.  Richards,  W.  H.  Boehm,  and 
H.  deB.  Parsons,  with  authority  to  add  two  members  to  their 
number,  on  a  committee  having  for  its  object  better  practice 
in  the  use  of  expert  testimouj'  of  engineers. 

The  American  Society  for  Testing  Materials  ha'^'e  invited 
the  Society  to  a  proposed  conference  to  consider  the  desira- 
bility and  feasibility  of  cooperation  m  important  matters  of 
mutual  interest  and  advantage  to  the  various  technical  so- 
cieties. 

Flanges.  A  committee  composed  of  H.  G.  Stott,  Chair- 
man, A.  R.  Baylis,  A.  M.  Houser,  Julian  Kennedy,  E.  A. 
Stillman  and  W.  M.  White  has  been  appointed  to  cooperate 
with  the  standardization  committee  of  the  Manufacturers' 
Association,  in  the  recommendation  of  Flange  Standards  for 
Hydraulic  Work. 

The  Committee  on  Flanges  has  been  specifically  requested 
to  extend  its  work  to  include  recommendations  for  ammonia 
apparatus  and  for  steel  fittings. 

International  Engineering  Congress.  The  International 
Engineering  Congress  which  was  held  in  connection  with  the 
Panama-Pacific  International  Exposition  in  San  Francisco 
was  conducted  under  the  auspices  of  the  five  national  en- 
gineering societies,  the  American  Society  of  Civil  Engineers, 
American  Institute  of  Mining  Engineers,  American  Institute 
of  Electrical  Engineers,  The  American  Society  of  Mechanical 
Engineers,  the  Society  of  Naval  Architects  and  Marine  En- 
gineers, and  was  placed  in  the  hands  of  a  committee  of  man- 
agement consisting  of  the  presidents  and  secretaries  of  these 
five  societies,  and  eighteen  other  members  representative  of 
them  and  resident  in  or  near  San  Francisco. 

Professor  Durand  and  E.  C.  Jones  later  resigned  from  the 
Am.Soc.M.E.  committee,  and  their  places  were  filled  by  C.  T. 
Hutchinson  and  E.  C.  Jones. 

For  the  convenience  of  the  members  and  their  guests  of  the 
national  engineering  societies,  an  "  Engineers'  Special "  was 
provided,  leaving  New  York  September  9,  and  arriving  in 
San  Francisco  September  15. 

Two  hundred  and  forty-one  papers  were  presented  at  the 
52  sessions  of  the  Congress,  and  although  the  existing  inter- 
national conditions  made  impossible  a  representati\e  delega- 
tion from  abroad,  66  of  the  papers  contributed  to  the  Con- 
gress were  by  authors  outside  of  the  United  States.  It  is  in- 
teresting to  note  that  48  authors  of  papers  coming  from  the 
United  States  were  members  of  this  Society. 

The  return  trip   of  a  large  number  of   the  engineers  was 


made  along  the  line  of  the  Southern  Pacific  and  Canadian 
Pacific  through  Portland  to  Seattle,  Victoria,  Vancouver, 
Glacier,  Lake  Louise,  Banff,  Calgai-y  and  Moose  Jaw,  giving 
tlie  party  opportunity  to  inspect  the  engineering  works  along 
the  line,  the  last  objective  being  the  big  dam  at  Bassano. 

,  MEETINGS 

The  Society  has  held  its  general  meetings  during  the  year, 
the  Annual  Meeting  in  New  York  and  the  Spring  Meeting 
in  Buffalo,  N.  Y. 

An  additional  general  meeting  was  held  in  San  Francisco, 
September  16  and  17.  The  headquarters  of  the  Society  was 
the  Clift  Hotel  and  the  local  arrangements  were  in  the  hands 
of  the  local  committee  of  the  Society,  F.  W.  Gay,  Chairman, 
F.  H.  Varney,  V ice-Chairman,  C.  F.  Braun,  Secretary,  H.  L. 
Terwilliger  and  J.'  T.  Whittlesey.  Five  professional  papers 
were  presented.  This  meeting  preceded  the  general  sessions  of 
the  International  Engineering  Congress. 

PUBLIC    RELATIONS 

The  Council  received  an  invitation  from  Worcester  Poly- 
technic Institute  to  be  represented  at  the  fiftieth  anniversary 
of  the  granting  of  the  charter  to  Worcester  Polytechnic  In- 
stitute. Dr.  Brashear,  President,  and  Calvin  W.  Rice,  Secre- 
tary, attended. 

On  invitation  of  the  Gox'ernor  of  Massachusetts,  E.  F. 
Miller,  I.  E.  Moultrop  and  John  A.  Stevens  were  appointed 
to  represent  the  Society  at  the  hearing  on  boiler  legislation 
on   December  17,  1915. 

Park  A.  Dallis  was  appointed  to  represent  the  Society  at 
the  inauguration  of  Edward  Kidder  Graham  as  President  of 
the  University  of  North  Carolina,  and  W.  R.  Dunn  at  the  in- 
auguration of  John  Henry  MacCracken  as  President  of 
Lafayette  College. 

Dr.  Brashear  and  E.  M.  Herr  were  the  representatives  at 
the  celebration  of  "  Caraegie  Day  "  at  the  Caniegie  Institute 
of  Technology. 

Fire  Hose  Specifications.  The  Society  cooperated  with 
the  Chamber  of  Commerce  in  the  joint  appointment  of  H. 
deB.  Parsons  as  the  representative  of  both  organizations  on  a 
special  committee  created  by  the  Fire  Department  of  the  City 
of  New  York  to  revise  the  specifications  for  fire  hose.  The 
woT'k  has  been  perfoiTned  and  the  report  placed  in  the  files  of 
the  Society. 

Sir  William  H.  White  Memorial.  The  movement  recently 
started  by  the  engineering  societies  of  England  to  erect  a 
memorial  to  the  late  Sir  William  H.  White  was  responded  to 
by  the  appointment  of  a  memorial  fund  committee  of  this 
Society  composed  of  Jesse  M.  Smith,  Chairman,  Alex.  C. 
Humphreys  and  Frederick  R.  Hutton.  The  contribution  from 
the  members  and  friends  of  this  Society  was  63  guineas. 

Constituticmal  Conventions.  The  Committee  of  Engineers 
representing  national  and  local  engineering  societies  was  or- 
ganized to  present  recommendations  to  the  New  York  Con- 
stitutional Convention,  and  was  composed  of  representatives 
of  the  American  Society  of  Civil  Engineers,  American  In- 
stitute of  Electrical  Engineers,  The  American  Society  of 
Mechanical  Engineers,  American  Institute  of  Consulting  En- 
gineere.  New  York  Section  of  the  American  Institute  of  Min- 
ing Engineers,  Municipal  Engineers  of  the  City  of  New  York, 
and  the  Brookljai  Engineers'  Club.  The  Committee's  recom- 
mendations were  for  continuity  of  control  in  the  conduct  of 
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the  State's  public  works  and  by  persons  appointed  by  virtue 
of  special  fitness  for  these  offices.  In  the  report  made  by 
the  joint  committee  the  opinion  is  expressed  that  considerable 
success  was  secured  by  the  engineers'  efforts. 

The  general  committee  lias  presented  its  repoi-t  and  on 
recommendation  of  this  committee  and  the  representatives 
of  this  Society,  Charles  Whiting  Baker,  Chairman,  A.  M. 
Greene,  Jr.,  E.  G.  Spilsbury,  the  committee  is  continued  with 
those  of  the  other  societies  represented  for  such  assistance 
as  it  may  i-ender  in  other  states  where  similar  matters  may  be 
under  consideration. 

Naval  Consulting  Board.  The  Society  was  honored  by  an 
invitation  from  the  Secretary  of  the  Navy,  Hon.  Josephus 
Daniels,  to  participate  in  the  work  of  the  Naval  Consulting 
Board,  by  the  appointment  of  two  representatives.  By  letter 
ballot  W.  L.  R.  Emmet  and  Spencer  Miller  were  elected  by 
the  Council  as  the  appointees  of  this  Society.  The  Board  is 
composed  of  two  representatives  each  from  twenty-two  so- 
cieties, including  the  Chairman,  Thomas  A.  Edison,  Hon- 
orary Member  of  this  Society. 

Engineer  Reserve  Corps.  The  suggestion  was  made  in  the 
spring  of  1915  that  the  national  engineering  societies  offer  to 
assist  the  United  States  War  Department  in  the  formation 
of  an  Engineer  Reserve  Corps  in  the  United  States  Army. 
Acting  on  this,  the  American  Society  of  Civil  Engineers, 
American  Institute  of  Electrical  Engineei-s,  American  In- 
stitute of  Mining  Engineers,  The  American  Society  of  Me- 
chanical Engineers,  and  the  American  Institute  of  Consult- 
ing Engineers  appointed  committees  authorized  and  directed 
to  take  such  steps  for  the  organization  of  such  a  reserve  corps 
as  might  be  advisable.  In  order  to  simplify  future  confer- 
ences a  single  committee  has  been  formed  to  represent  jointly 
the  five  societies — or  the  engineering  profession  as  a  whole. 
This  general  committee  consists  of  Wm.  Barclay  Parsons, 
Chairman,  Committee  American  Society  of  Civil  Engineers: 
Henry  S.  Drinker,  Chairman,  Committee  American  Institute 
of  Mining  Engineers;  B.  J.  Arnold,  Chairman,  Committee 
American  Institute  of  Electrical  Engineers;  Wm.  H.  Wiley, 
Chairman,  Committee  The  American  Society  of  Mechanical 
Engineei-s;  R.  D.  Mershon,  Chairman,  Committee  American 
Institute  of  Consulting  Engineers.  The  special  committee  in 
this  Society  is  composed  of  Wm.  H.  Wiley,  Chairman,  John 
A.  Hill.  rice-Chairman,  W.  F.  M.  Goss,  H.  A.  Gillis  and 
James  M.  Dodge.  The  separate  committee  in  each  society  will 
take  care  of  the  work  of  its  society  as  soon  as  the  decision  of 
the  War  Department  can  be  given  and  a  general  scheme  of 
organization  adopted. 

Pan-American  Scientific  Congress.  In  response  to  an  in- 
\itation  from  the  Department  of  State  a  committee  of  this 
Society  is  cooperating  in  the  plans  for  a  second  Pan-Ameri- 
can Scientific  Congress  to  be  held  in  Washington,  D.  C,  De- 
cember 27,  1915,  to  January  8,  1916.  The  Committee  of  this 
Society  consists  of  General  W.  H.  Bixby,  Chairman,  also 
Chairman  in  charge  of  Section  V  Engineering.  Carl  C. 
Tliomas,  Charles  T.  Plunkett,  S.  W.  Stratton  and  Calvin  W. 
Kiee.  Upon  invitation  from  the  Department  of  State,  Am- 
brose Swasey,  Past-President,  and  W.  H.  Marshall  have  been 
ajjpointed  as  representatives  of  the  Society  to  the  Congress. 
Dr.  John  A.  Brashear,  President,  has  been  selected  by  the 
Secretary'  of  the  Department  of  State  of  the  United  States 
as  the  representative  of  the  engineering  profession  in 
America. 


COUNCIL   NOTES 

DECEMBER   7,  1915 

At  the  meeting  of  the  Council  on  December  7,  1915,  the  fol- 
lowing members  were  present:  John  A.  Brashear,  President, 
M.  L.  Cooke,  R.  M.  Dixon,  Chairman  Finance  Committee,  H. 
L.  Gantt,  W.  F.  M.  Goss,  A.  M.  Greene,  Jr.,  James  Hartness, 
Alex.  C.  Humphreys,  E.  E.  KeDer,  Spencer  Miller,  H.  Q. 
Reist,  J.  E.  Sague,  Ambrose  Swasey,  Max  Toltz,  S.  T.  Well- 
man,  E.  H.  Whitlock,  Wm.  H.  Wiley,  Treasurer,  Calvin  W. 
Rice,  Secretary,  and  by  invitation.  Dr.  D.  S.  Jacobus,  Presi- 
dent-elect. 

The  report  of  the  Power  Test  Committee  was  received  and 
ordered  printed.  It  was  voted  to  appoint  a  permanent  com- 
mittee to  interpret,  revise  and  modify  the  rules  to  meet  new 
conditions  as  they  arise. 

It  was  voted  to  invite  the  Committee  on  Standardization  of 
Flanges  to  extend  the  Flange  Report  to  include  flanged  fit- 
tings for  ammonia  work. 

It  was  voted  unanimously  to  favor  an  amendment  to  the 
Constitution  that  will  make  the  election  of  the  Nominating 
Committee  more  democratic.  Dr.  Jacobus  announced  his  in- 
tention to  ask  the  Chairman  of  the  Local  Sections  to  assist 
him  in  the  selection  of  the  Nominating  Committee. 

The  Administration  Committee  had  reported  at  the  pre- 
vious meeting  that  the  growth  of  the  Society  and  the  enlarged 
opportunities  for  the  accomplishment  of  work  of  national  im- 
portance presented  new  problems. 

The  Committee  recommended  the  further  development  of 
the  Sections  and  of  The  Journal  as  means  for  immediately 
strengthening  the  work  of  the  Society  and  maintaining  the 
organization  in  the  influential  position  it  should  occupy  in 
the  world. 

In  order  that  the  Seeretai-y  be  free  to  devote  himself  to 
the  larger  features  pertaining  to  the  accomplishment  of  the 
Society's  greater  activities,  and  that  the  editors  be  released 
from  attending  to  the  manufacturing  features  of  the  Society's 
publications,  the  Committee  recommended  that  they  be  relieved 
of  the  details  of  the  business  management  of  the  Society,  and 
these  matters  placed  in  the  hands  of  a  new  department  in 
charge  of  a  business  manager  to  be  responsible  for  their  exe- 
cution. 

The  report  of  the  Administration  Committee  was  approved 
in  principle  and  was  referred  to  the  Executive  Committee 
with  instructions  to  proceed  with  the  development  of  its  recom- 
mendations and  from  time  to  time  recommend  to  the  Council 
such  action  as  it  should  take  with  reference  thereto. 

It  was  voted  to  approve  a  Local  Section  of  the  Society  at 
Birmingham,  Ala.,  and  R.  E.  Brakeman  was  appointed  Chair- 
man, and  Paxil  Wright,  Secretary  and  Treasurer. 

The  report  of  the  joint  committee  in  connection  with  the 
drafting  of  amendments  to  the  Constitution  of  the  State  of 
New  York  was  received,  and  the  Committee  of  the  Society  was 
ordered  continued  with  similar  committees  of  other  societies 
t(j  render  assistance  in  other  States  where  similar  matters  may 
be  under  consideration. 

DECEMBER   10,   1915 

At  the  meeting  of  the  Coimcil  on  December  10,  1915,  the 
new  officers  were  formally  introduced.  The  following  mem- 
bers were  present:  John  A.  Brashear,  President,  J.  H.  Barr, 
R.  M.  Dixon,  Chairman  Finance  Committee,  W.  F.  M.  Goss, 
Henry  Hess,  Alex.  C.  Humphreys,  F.  R.  Hutton,  D.  S.  Ja- 
cobus, President-elect,  C.  T.  Main,  Spencer  Miller,  H.  de  B 
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Parsous,  J.  E.  Sague,  J.  A.  Stevens,  E.  H.  Whitlock,  Win.  H. 
Wiley,  Treasurer,  and  Calvin  W.  Rice,  Secretary. 

H.  G.  Stott  was  elected  a  member  of  the  Board  of  Trustees 
of  the  United  Engineering  Society  to  succeed  Jesse  M.  Smith, 
whose  term  of  office  had  expired  and  who  was  not  eligible  for 
reelection. 

Prof.  Frederick  R.  Hutton  was  reappointed  to  succeed  him- 
self as  a  representative  of  the  Society  on  the  John  Fritz 
Medal  Board  of  Award,  to  serve  for  a  term  of  four  years. 

W.  F.  M.  Goss  was  nominated  as  the  representative  of  the 
Society  to  the  Board  of  the  Engineering  Foundation. 

P.  N.  Engel,  Fred  Doruer  and  Wynn  Meredith  were  ap- 
proved as  Chairmen  of  the  Chicago,  Milwaukee  and  San  Fran- 
cisco Sub-committees  on  Increase  of  Membership,  respectively. 


Interpretations  of  the  Boiler  Code  were  on  motion  received 
and  ordered  issued.  These  are  published  elsewhere  in  this 
issue  of  The  Journal. 

It  was  voted  that  the  request  to  the  Committee  on  Stand- 
ardization of  Flanges  to  extend  their  work  to  flanged  fittings 
for  ammonia  apparatus  include  a  further  request  to  consider 
steel  fittings. 

It  was  voted  that  the  Committee  on  Constitution  and  By- 
laws be  requested  to  report  the  phraseology  of  suitable  By- 
laws to  cover  the  duties,  manner  of  appointment  as  to  terms 
of  office,  etc.,  of  all  the  Standing  Committees  of  the  Society 
for  which  instructions  have  not  already  been  provided. 

Calvin  W.  Rice,  Secretary. 


NEW  OFFICERS  OF  THE  SOCIETY 


DAVID  SCHENCK  JACOBUS 
President  for  1916 

David  Sehenek  Jacobus,  distinguished  as  one  of  tlie  foremost 
American  mechanical  engineers  and  educators,  was  born  in 
Ridgefield,  N.  J.,  in  1862.  He  was  educated  in  a  private 
school,  then  in  Stevens  High  School,  Hoboken,  N.  J.,  where 
he  won  by  comjietitive  examination  a  free  scholarship  in 
the  Stevens  Institute  of  Technology.  He  was  graduated  from 
the  Institute  with  the  degree  of  Mechanical  Engineer  in  1884. 

Upon  his  graduation  he  was  appointed  instructor,  then 
assistant  professor  of  experimental  mechanics,  being  closely 
associated  with  Prof.  J.  E.  Denton.  In  1897,  he  was  called 
to  the  chair  of  experimental  mechanics  and  engineering 
physics,  iu  which  he  continued  until  1906.  From  1900  to 
1906  lie  was  also  in  charge  of  the  Carnegie  Laboratory  of 
Engineering,  built  and  equipped  with  funds  donated  by  An- 
drew Carnegie  for  carrying-  out  a  course  of  instruction  to 
supplement  class  room  work  by  practical  experiments  made 
by  the  students. 

At  the  Stevens  Institute,  Dr.  Jacobus  devised  original  ap- 
paratus for  illustrating  physical  laws,  and  for  testing  vari- 
ous mechanical  devices,  and  developed  a  course  of  experi- 
mental mechanics  especially  fitted  for  a  mechanical  engineer- 
ing school. 

Wliile  at  the  Institute,  too,  Dr.  Jacobus  performed  a  large 
amount  of  expert  work,  involving  investigations  and  reports 
upon  mechanical  devices  and  processes  for  the  production  of 
power,  and  efficiency  tests  on  steam  motors,  turbines  and 
other  power  plant  apparatus.  He  was  early  in  the  field  of 
refrigeration,  makmg  tests  of  machines  and  writing  articles 
on  tlie  subject.  He  also  made  early  experiments  on  acetylene 
gas  generators  and  on  fire  sprinkler  systems. 

Since  1906,  he  has  been  actively  associated  with  tiie  Bab- 
cock  &  Wilcox  Company  at  the  head  of  its  engineering  de- 
partment in  the  position  of  advisory  engineer.  This  made 
it  necessary  for  him  to  give  up  practically  all  his  work  at 
Stevens  Institute,  although  it  was  arranged  that  he  should 
continue  on  the  faculty  under  the  title  of  special  lecturer  in 
experimental  engineering  and  should  deliver  lectures  on  steam 
engineering  subjects.  At  the  same  time,  as  an  evidence  of 
esteem,  the  Institute  conferred  upon  him  the  honorary  de- 
gi-ee  of  Doctor  of  Engineering  and  he  was  made  a  trustee. 

Dr.  Jacobus  is  an  authority  on  steam  engineering,  and  he 
has  written  numerous  scientific  papers  on  steam  engineering 


subjects,  many  of  which  have  been  included  in  tlie  transac- 
tions of  the  engmeering  societies  and  many  published  in  en- 
gineering periodicals. 

He  was  elected  to  membership  in  The  American  Society  of 
Mechanical  Engineers  in  1889;  he  was  a  Manager  of  the  So- 
ciety from  1900  to  1903  and  was  Vice-President  from  1903 
to  1905.  He  has  served  on  a  number  of  committees  of  the 
Society,  among  which  was  the  committee  which  framed  the 
|iresent  constitution.  He  was  chairman  of  the  committee 
appomted  to  standardize  a  system  for  testing  steam  engines 
wliich  presented  its  final  report  in  December,  1902.  In  1903, 
he  was  appointed  chairman  of  a  committee  to  suggest  a 
standard  tonnage  basis  for  refrigeration;  this  committee  re- 
ported in  1904,  and  was  re-appointed.  He  has  served  on  the 
Committee  on  Power  Tests  which  originally  organized  by 
electing  him  as  chairman ;  owing  to  pressure  of  business  duties 
he  resigned  the  chairmanship,  but  he  has  nevertheless  taken 
an  active  part  in  the  preparation  of  the  report.  In  1914,  he 
was  appointed  a  member  of  an  advisory  committee  which 
was  formed  to  assist  the  Boiler  Code  Committee,  and  on  the 
combining  of  the  Boiler  Code  Committee  and  advisory  com- 
mittee into  a  single  Boiler  Code  Committee  he  was  made  one 
of  the  members.  He  was  elected  President  of  the  Society  in 
December,  1915. 

He  is  a  member  of  the  American  Institute  of  Mining  En- 
gineers, American  Institute  of  Electrical  Engineers  and  the 
Society  of  Naval  Architects  and  Marine  Engineers,  and  a 
fellow  of  the  American  Association  for  the  Advancement  of 
Science.  He  was  President  of  the  American  Society  of 
Refrigerating  Engineei's  in  1906-1907.  He  is  a  member  of 
the  American  Mathematical  Society,  the  Society  for  the  Pro- 
motion of  Engineering  Education,  the  American  Society  for 
Testing  Materials,  and  The  Franklin  Institute  of  tlie  State  of 
Pennsylvania. 

J.  SELLERS  BANCROFT 
J.  Sellers  Bancroft  was  born  in  Providence,  R.  I.,  in  1843. 
He  was  educated  in  Philadelphia,  and  was  graduated  from 
the  Public  High  School  there  in  1861.  On  February  1  of  tiie 
same  year,  he  began  an  apprenticeship  with  the  successors  of 
Bancroft  and  Sellers,  William  Sellers  &  Co.,  whose  work  has 
contributed  so  much  to  the  American  machine  tool  industry. 
The  firm  of  Bancroft  &  Sellers  was  founded  by  his  father 
and  Coleman  Sellers  in  1848.  Mr.  Bancroft  became  gang 
foreman  in  1863,  shop  foreman  in  1866,  and  was  admitted 
to  the  firm  in  1873.  Finally,  when  the  business  was  incor- 
porated in  1887,  he  was  appointed  general  manager. 
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He  remained  with  this  coucem  until  January  31,  1902, 
when  his  prior  successful  activities  iu  directing  the  develop- 
ment of  the  manufacture  of  the  Lanston  type-setting  ma- 
chine induced  him  to  take  the  position  of  general  manager 
and  mechanical  engineer  of  the  Lanston  Jlonotype  Machine 
Company,  of  Philadelphia.  He  still  holds  this  position,  and, 
in  addition,  those  of  treasurer,  director  and  vice-president  of 
the  company. 

Mr.  Bancroft  has  been  a  prolific  inventor,  as  is  attested  by 
the  large  number  of  patents — more  than  one  hundred — which 
have  been  granted  him.  These  cover  improvements  m  ma- 
cliine  tools,  injectors,  shafting  appliances,  power  cranes,  and 
the  interlocking  electric  devices  for  their  control;  and  type- 
casting and  composing  machines. 

Since  1897,  he  has  been  engaged  in  the  improvement  of  the 
monotype  casting  and  composing  machine,  which  he  has 
brought  into  practical  working  shape,  and  which  is  now  being 
introduced  all  over  the  world.  The  gradual  development  by 
him  of  this  machine  can  be  traced  in  the  improvements  of  it 
he  has  from  time  to  time  patented. 

Mr.  Bancroft's  membership  in  the  Society  dates  back  to 
practically  the  time  of  its  organization,  and  his  name  appears 
in  the  second  year  book  issued  in  January  1881.  He  has  been 
a  member  of  The  Franklin  Institute  of  the  State  of  Pennsyl- 
vania since  the  early  GO's.  He  is  a  member  of  the  Society  of 
Naval  Architects  and  jMarine  Engineers. 

JULIAN  KENNEDY 

Julian  Kennedy,  expei-t  in  iron  and  steel  manufacture,  was 
born  in  Poland,  Ohio,  in  1852.  He  began  his  education  in  the 
public  school  and  in  the  Poland  Union  Seminary.  He  left  this 
institution  in  1869  to  become  a  draftsman,  under  his  father's 
supervision,  on  the  construction  of  the  Struthers  Iron  Com- 
pany's blast  furnace,  at  Struthers,  Ohio,  and  then  a  machinery 
attendant. 

In  1872,  he  entered  the  SheflBeld  Scientific  School  of  Yale 
College,  and  was  graduated  three  years  later.  He  took  a  coui-se 
in  civil  engineering  until  the  end  of  the  junior  year  and  then 
continued  in  the  course  in  chemistry.  After  graduation,  he 
was  appointed  instructor  in  physics,  and  remained  at  the 
School  in  this  capacity  for  one  year,  taking  at  the  same  time 
a  post-graduate  course  in  the  chemistry  of  iron  and  steel,  and 
also  a  special  course  m  higher  mathematics  and  astronomy. 
During  this  time,  he  had  charge  of  the  physical  laboratory, 
gave  a  course  of  illustrated  lectures  on  physics  to  the  students 
of  several  seminaries  in  New  Haven,  and  also  lectured  in  the 
mechanics  course  of  the  School. 

In  1876  Mr.  Kennedy  was  appointed  superintendent  of  blast 
furnaces  of  the  Brier  Hill  Company,  Youngstown,  Ohio.  The 
next  year,  he  became  superintendent  of  the  blast  furnace  of 
the  Struthers  Iron  Company,  and  in  the  following  years  he 
served  successively  as  superintendent  of  the  Morse  Bridge 
Works,  Youngstown,  Ohio;  superintendent  of  blast  furnaces 
at  the  Edgar  Thompson  Steel  Works,  Braddock,  Pa. ;  superin- 
tendent of  the  Lucy  Furnaces,  Pittsburgh,  Pa.;  and  general 
superintendent  for  Messrs.  Carnegie,  Phipps  and  Co.,  with 
headquarters  at  Homestead,  Pa.  In  all  these  works,  he  was 
responsible  for  both  construction  and  operation. 

In  1888,  he  was  appointed  chief  engineer  of  the  Latrobe 
Steel  Works,  Latrobe,  Pa.  He  had  charge  of  the  construction 
of  this  works,  and  in  1890,  while  continuing  as  chief  engineer 
of  the  plant,  opened  an  office  for  private  practice  in  Pitts- 
burgh. Since  that  time,  he  has  been  engaged  in  general  con- 
sulting and  contracting  engineering  business  and  has  been 
retained  as  consulting  engineer  by  practically  every  important 


steel  works  in  the  United  States.  He  has  also  performed  a 
great  deal  of  engineering  work  in  several  European  countries. 

Mr.  Kennedy  has  taken  out  a  l»i-ge  number  of  patents  in 
connection  with  the  manufacture  of  iron  and  steel,  and  has 
also  acted  as  expert  in  a  large  number  of  patent  suits.  Among 
his  own  inventions,  most  of  which  are  in  successful  use,  are 
improvements  in  blowing  engines,  reversing  engines,  blooming 
mills,  hot  blast  stoves,  blast  furnace  filling  devices  and  other 
steel  works  equipment. 

JL\  Kennedy  is  a  member  of  the  Engineers  Society  of  Penn- 
sylvania, the  American  Institute  of  Mining  Engineers,  the 
British  Iron  and  Steel  Institute,  the  New  York  Chamber  of 
Commerce,  and  the  Pittsburgh  Chamber  of  Commerce. 

He  received  the  honorary  degree  of  Master  of  Arts  from 
the  Sheffield  Scientific  School  in  1900,  and  in  1909,  Stevens 
Institute  of  Technology  confen-ed  on  him  the  honorary  degree 
of  Doctor  of  Engineering. 

He  was  elected  to  membership  in  the  Society  in  1912  and 
was  appointed  on  its  sub-committee  on  Iron  and  Steel  in  1913. 


JOHN  H.  BARE 

John  Henry  Barr,  mechanical  engineer,  was  born  at  Terre 
Haute,  Ind.,  in  1861.  He  was  educated  at  the  University  of 
Minnesota,  receiving  the  degrees  of  Bachelor  of  Mechanical 
Engineering  in  i883  and  Master  of  Science  five  years  later. 
From  Cornell  University,  he  obtained  the  degree  of  Master  of 
Mechanical  Engineering  in  1889. 

Mr.  Barr  began  his  professional  training  in  1883,  when  he 
was  appointed  assistant  to  the  resident  mechanical  engineer 
of  the  Calumet  and  Hecla  Mining  Company.  The  following 
year,  he  was  appointed  mechanical  engineer  of  the  Lake  Supe- 
rior Iron  Works.  In  1885,  he  began  his  work  as  a  teacher, 
being  appointed  instructor  in  mechanical  engineering  at  the 
University  of  IMinnesota;  four  years  later  he  was  made  as- 
sistant professor  and  in  1890  full  professor.  From  1891,  for 
four  years,  he  was  assistant  professor  of'mechanieal  engineer- 
ing at  Sibley  College,  Cornell  University.  Here  also  he  rose 
to  be  associate  professor  of  machine  design  and  later  full  pro- 
fessor of  machine  design,  which  chair  he  occupied  from  1898 
to  1903.  In  1900  he  was  mechanical  engineer  to  the  Anaconda 
Copper  Mining  Co.  From  1903  to  1908  he  was  director  and 
factorj'  manager  of  the  Smith  Premier  Typewriter  Co.  From 
1909  to  1913  he  was  consulting  engineer  of  the  Union  Type- 
writer Co.,  and  in  1913  he  was  appointed  chief  engineer  of  the 
Remington  Typewriter  Co. 

Mr.  Barr  was  elected  to  membership  in  the  Society  in  1889. 
He  was  appointed  on  the  Committee  on  Meetings  in  1913  and 
served  as  chairman  in  1915.  He  acted  on  the  Nominating 
Committee  in  1914,  and  is  chairman  of  the  Sub-Committee  on 
Protection  of  Industrial  Woikers. 

He  is  a  fellow  of  the  American  Association  for  the  Advance- 
ment of  Science  and  a  member  of  The  Franklin  Institute.  He 
was  a  trustee  of  Cornell  University  for  ten  years.  He  was 
president  of  the  Syi'acuse  Chamber  of  Commerce,  1910-11,  and 
was  a  member  of  the  SjTacuse  Intercepting  Sewerage  Board 
till  after  his  removal  from  Syracuse.  He  was  a  member  of 
the  Syracuse  Lighting  Commission  (1907).  He  was  a  mem- 
ber of  the  New  York  State  Commission  on  Votmg  Machines 
from  1903  to  1915  (chairman  1907-1915). 

He  is  the  author  of  a  number  of  textbooks  and  articles  on 
machine  design.  His  textbooks  include  Kinematics  of  Ma- 
chinery, Notes  on  Machine  Design,  and  (with  D.  S.  Kimball) 
Elements  of  Machine  Design.  He  was  the  author  of  reports 
on  Machine  Tools  at  the  Paris  Exposition,  1899. 
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JOHN  A.  STEVENS 

John  A.  Stevens,  consulting  mechanical  engineer,  was  born 
at  Galva,  Illinois,  in  1868.  He  was  graduated  from  the  East 
Saginaw  High  School  and  studied  one  year  at  the  University 
of  Michigan.  He  served  a  three  years'  apprenticeship  to  the 
machinists'  trade  with  Mitts  and  Merrill,  Saginaw,  Mich.,  after 
whicli  he  was  engineer  on  the  lake  steamers  Sappho,  Byron 
Whitaker,  W.  H.  Stevens,  Roman  and  Cambria.  At  the  age 
of  twenty-seven  he  was  granted  an  unlimited  engineer's  license 
for  ocean  steamships. 

In  1893  he  came  East  to  enter  the  employ  of  the  Interna- 
tional Navigation  Company  of  New  York,  and  he  served  as 
engineer  on  board  their  ships  Indiana,  Illinois,  New  York, 
St.  Louis  and  St.  Paul.  On  the  last  of  these  he  was  first 
assistant  engineer,  having  been  given  eight  promotions  in  two 
years  and  eight  months. 

He  resigned  from  the  company's  service  in  1896  to  take  up 
the  position  of  chief  engineer  with  the  Merrimack  Manufactur- 
ing Company,  Lowell,  Mass.  While  with  this  company,  he 
practically  rebuilt  its  entire  steam  plant  and  also  superin- 
tended the  power  work  of  the  company's  southern  mills.  He 
made  numerous  complete  tests  of  steam  plants  and  boiler  trials 
of  engines  and  auxiliaries.  Since  the  date  of  his  severing  his 
connection  with  this  company,  he  has  made  all  its  power  plant 
layouts  and  estimates. 

He  resigned  his  position  as  chief  engineer  at  the  j\Ierrimack 
Manufacturing  Company  early  in  1909,  and  in  May  of  the 
same  year  he  went  into  private  general  consulting  engineering 
practice.  Since  that  time  he  has  superintended  the  construc- 
tion of  a  great  many  power  plants,  made  complete  analyses 
of  many  large  properties,  and  dealt  with  various  engineering 
problems. 

Mr.  Stevens  has  been  granted  a  number  of  patents  for 
water  tube  steam  boilers,  and  is  also  the  patentee  of  the  Ameri- 
can steam  superheater. 

He  was  elected  to  membership  in  Tlie  American  Society  of 
Mechanical  Engineers  in  1902,  and  in  the  Society  of  Naval 
Architects  and  Marine  Engineers  in  the  same  year.  In  1907 
he  was  elected  a  member  of  the  National  Association  of  Cotton 
Manufacturers. 

He  was  appointed  by  Governor  Guild  in  1907  to  represent 
the  boiler  using  interests  of  Massachusetts  on  the  Massachu- 
setts Board  of  Boiler  Rules.  He  served  on  the  Board  for  three 
years,  at  the  expiration  of  which  time  he  was  appointed  by 
Go\ei'uor  Draper  to  serve  another  similar  term.  The  first 
three  years  of  his  service  on  this  Board  were  spent  in  formulat- 
ing the  Massachusetts  Rules,  which  were  later  used  in  many 
other  states  and  cities. 

Mr.  Stevens  was  one  of  the  seven  members  originally  se- 
lected to  serve  on  the  Society's  committee  "  to  formulate  stand- 
ard specifications  for  the  construction  of  steam  boilers  and 
other  pressure  vessels  and  for  the  care  of  same  in  service," 
now  known  as  the  Boiler  Code  Committee,  and  he  has  served 
actively  on  this  committee  continuously  since  its  organization 
in  1911. 

H.  deB.  PARSONS 
Harry  de  Berkeley  Parsons,  consulting  engineer,  was  born 
in  New  York  City  in  1862.  He  was  educated  at  Columbia 
College,  from  which  he  was  graduated  as  Bachelor  of  Science 
in  1882,  and  at  Stevens  Institute  of  Technology,  from  which 
he  received  the  degree  of  Mechanical  Engineer,  two  years  later. 
From  1892  to  1907  he  was  professor  of  steam  engineering  at 
Rensselaer  Polytechnic  Institute,  and  in  1908  he  was  appointed 
professor  emeritus  of  practical  engineering. 


Mr.  Parsons  has  been  practicing  his  profession  as  consult- 
ing engineer  in  New  Y^ork  since  1885.  He  was  a  member  of 
the  New  York  State  Voting  Machine  Commission  from  1898 
until  1915,  and  of  the  Metropolitan  Sewerage  Commission  of 
New  York  from  1908  until  1914,  when  the  work  of  designing 
a  mam  drainage  system  for  all  the  boroughs  of  the  City  was 
completed,  together  with  a  report  showing  the  need  for  such 
system.  He  has  served  as  consulting  engineer  for  many  of  the 
city  departments  and  for  the  Board  of  Estimate  and  Appor- 
tionment, as  well  as  for  many  private  firms,  banks  and  cor- 
porations, and  has  been  retained  for  making  numerous  ap- 
praisals of  industrial  establishments. 

He  is  the  author  of  "  Steam  Boilers,  Their  Theory  and  De- 
sign "  and  of  "  Disposal  of  Municipal  Refuse." 

Mr.  Parsons  was  elected  to  membership  in  The  American 
Society  of  Mechanical  Engineers  in  1885.  He  served  on  the 
Publication  Committee  from  1890  to  1902.  He  was  elected 
on  the  Meetings  Committee  in  1903,  and  also  served  on  this 
Committee  from  1909  to  1914.  He  acted  as  chairman  of  the 
representatives  of  the  Society  on  the  Joint  Committee  on  Fire 
Proofing  Tests,  whose  report  was  published  in  Volume  18  of 
The  Transactions.  He  was  chairman  of  the  Committee  on 
Standard  Cross-Sections  and  Symbols,  wliose  report  was  pub- 
lished in  Volume  36  of  The  Transactions. 

He  is  a  member  of  the  American  Society  of  Civil  Engineers, 
the  Society  of  Naval  Architects  and  Marine  Engineers,  the 
Chamber  of  Commerce  and  the  Mercliants  Association  of  New 
York. 

FELLOWSHIPS  AT  ILLINOIS 

The  University  of  Illinois  announces  fourteen  research  fel- 
lowships in  the  Engineering  Experiment  Station,  open  to 
graduates  of  American  and  foreign  universities  and  technical 
schools.  Appointments  are  made  for  two  years  and  lead  to 
a  Master's  degree.  Nominations  to  fellowships  are  made  from 
applications  received  by  the  Director  of  the  Engineei-ing  Ex- 
periment Station;  tliey  are  based  on  character,  scholastic  at- 
tainments and  promise  of  success. 

The  fellowships  afford  an  excellent  opportunity  for  the 
carrying  on  of  investigations  in  the  various  branches  of  en- 
gineering and  for  the  study  of  problems  of  importance  to  en- 
gineers and  to  manufacturing  and  industrial  interests. 

Those  desiring  additional  information  should  address  the 
Director  of  the  Station  at  the  University. 

CRIPPLED  SOLDIERS  PROBLEM 

Frank  B.  Gilbreth,  Mem.Am.Soc.M.E.,  the  author  of  the 
paper  on  Motion  Study  for  the  Crippled  Soldier,  published  in 
the  December,  1915,  issue  of  The  Journal,  writes  that  he  is 
still  open  to  receive  information  regarding  cases  in  this  coun- 
try in  which  maimed  or  otherwise  disabled  men  have  been  edu- 
cated and  assisted  to  perform  work  successfully.  Mr.  Gil- 
breth's  address  is  77  Brown  St.,  Providence,  R.  I. 

Mr.  Gilbreth  himself  has  been  taking  active  steps  to  obtain 
such  information  for  the  purpose  of  applj'ing  it  to  the  prob- 
lem of  disabled  soldiers,  and  his  efforts  have  met  with  suc- 
cess, but  he  still  needs  more  data  on  account  of  the  complex- 
ity of  the  problem. 

He  reports  valuable  assistance  from  Prof.  L.  M.  Wallace  of 
Purdue  Univereity,  who  sent  out  the  following  questionnaire 
to  members  of  the  University  staff,  with  good  results:  Would 
you  kindly  indicate  the  occupations  in  which  you  have  known 
disabled  men  to  have  found  successful  employment,  and  the 
special  devices  they  may  have  used  to  aid  them  in  their  work? 
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CONFERENCE    OF   LOCAL   SECTIONS 

The  Conference  of  delegates  from  the  Local  Sections  of 
the  Society  held  at  the  Annual  Meeting  jjroved  a  great  suc- 
cess and  the  results  thereof  promise  much  toward  the  future 
success  aud  development  of  the  Society.  The  Chairman  or 
Secretary  of  each  of  the  fourteen  Sections  was  present  and 
in  addition  there  were  delegates  from  the  Providence  Asso- 
ciation of  Mechanical  Engineers,  which  is  affiliated  with  The 
American  Society  of  Mechanical  Engineers,  and  from  several 
industrial  centers  where  the  members  of  the  Society  anticipate 
the  formation  of  Sections. 

The  delegates  and  members  of  the  Committee  on  Sections 
in  attendance  were  Elliott  H.  Whitlock,  Chairman;  W.  F.  M. 
Goss,  L.  C.  Marburg  and  Walter  Rautenstrauch,  of  the  Com- 
mittee on  Local  Sections   (D.  Robert  Yarnall,  the  fifth  mem- 


Annan,  Vice-President,  and  J.  A.  Brooks,  Secretary  of  the 
Providence  Association  of  Mechanical  Engineers. 

Others  present  during  the  Conference  were  I.  E.  Moultrop, 
Boston,  Chairman  of  the  Committee  on  Increase  of  Member- 
ship ;  Max  Toltz,  member  of  the  Council  and  of  the  Minnesota 
Section;  A.  L.  Williston,  Boston  Section,  and  A.  M.  Greene, 
Jr.,  Troy,  N.  Y.,  member  of  the  Council. 

Three  business  sessions  were  held,  each  being  preceded  by 
a  luncheon  of  the  delegates  and  the  officers  of  the  Society.  At 
these  luncheons,  the  delegates  had  opportunity  to  become  bet- 
ter acquainted  with  one  another  and  with  the  membei-s  of  the 
Council,  Past-President  James  Hartness.  President  John  A. 
Brashear,  President-Elect  D.  S.  Jacobus,  Secretary  C.  AV.  Rice, 
Vice-Presidents  H.  L.  Gantt,  New  York,  E.  E.  Keller,  De- 
troit, and  H.  G.  Reist,  Schenectady;  also  M.  E.  Cooley,  Ann 
Arbor;    W.   H.   Carrier.   Buffalo;    H.    H.    Esselstyn,   Detroit; 


Conference  Luncheon  of  DELEOAXEt 

These  luncheons  were  held  ench  diiy  of  the  Annual  Meeting  and  'ill  Loc.il  Sd 
licad  of  each  table  and  in  a  clockwise  direction,  were: 

FIRST  TABLE  SECOND  TABLE 

James  Hartness  D.  S.  Jacobus 

Edward  Flad  H.  M.  Montgomery 

E.  H.  Lockwood  C.  W.  Obert 

L.  C.  Marburg  M.  E.  Cooley 

W.  H.  Kavanaugh  W.  F.  M.  Goss 

Max  Toltz  Ernest  Hartford 

L.  G.  French  J.  A.  Brooks 

Alex.  C.  Humphreys 
Louis  E.  .Strothman 

ber  of  the  Committee,  was  absent  owing  to  serious  illness)  ; 
Park  A.  Dallis,  Secretary,  Atlanta  Section;  H.  N.  Dawes, 
Chaii-man,  and  W.  G.  Snow,  Secretary,  Boston  Section;  Da- 
vid Bell,  Chairman,  Buffalo  Section:  H.  M.  Montgomery, 
Chairman,  Chicago  Section;  J.  T.  Faig,  Secretary,  Cincin- 
nati Section ;  W.  W.  Smith,  Chairman,  Los  Angeles  Section  : 
L.  E.  Strothman,  Chairman,  Milwaukee  Section;  W.  H.  Kava- 
naugh, Chairman,  Minnesota  Section ;  E.  H.  Lockwood,  Secre- 
tary, New  Haven  Section;  Edward  Van  Winkle,  Chairman, 
and  H.  R.  Col)leigh.  Treasurer.  New  York  Section;  R.  H.  Fer- 
nald,  Cliainuan,  Philadelphia  Section;  C.  P.  Braun,  Secretary, 
San  Francisco  Section;  Edward  Flad,  Chairman,  St.  Louis 
Section ;  P.  B.  Morgan,  Chairman,  Worcester  Section ;  A.  H. 


FROM  THE  Local  Sections  of  the  Societt 

ctions  were  represented.     Those  present  at  the  first  luncheon,  reading  from  the 


THIRD  TABLE 
John  A.  Brashear 
John  T.  Faig 
J.  T.  Wliittlesey 
Park  A.  Dallis 
E.  H.  Whitlock 
W.  W,  Smith 
H.  G.  Reist 
H.  H.  Dawes 


FOURTH  TABLE 
Paul  P.   Morgan 
H.  L.  Gantt 
Carl  F.  Braun 
Calvin  W.  Rice 
Robert  H.  Fernald 
E.  E.  Keller 
I.   E.   Moultrop 
Arthur  H.  Annan 


Lee  C.  Moore,  Pittsburgh;  J.  V.  V.  Colwell,  New  Y'ork;  T.  C. 
MeBride,  Philadelphia;  L.  D.  Burlingame,  Providence;  P.  A. 
Poppenhusen,  Chicago,  and  F.  E.  Bausch,  St.  Louis. 

It  was  the  consensus  of  oiiinion  that  the  development  of 
Sections  is  one  of  the  vital  needs  of  the  Society,  and  that  reg- 
ular meetings  should  be  held  in  every  locality  where  there  are 
sufficient  membei-s  to  insure  success. 

At  future  Annual  Meetings,  it  is  planned  to  continue  this 
feature  of  a  Conference  of  Local  Sections  as  part  of  the  pro- 
gram, and  the  opportunity  given  to  members  in  all  [larts  of 
the  country  to  be  brought  into  close  contact  through  their  duly 
elected  delegates  with  the  officers  of  the  Society  and  its  activi- 
ties cannot  fail  to  promote  the  best  interests  of  the  Society. 


January 
191G 


SOCIETY  AFFAIHS 


65 


JOHN  FRITZ  :MEDAL  AWARD 

The  John  Fritz  Medal,  awarded  annually  for  notable  scien- 
tific or  industrial  achievement,  was  in  1915  awarded  to  Dr. 
James  Douglas,  eminent  mining  engineei',  for  "  notable  achieve- 
ments in  mining,  metallurgy,  education  and  industrial  wel- 
fare." 

It  was  originally  planned  to  present  the  medal  to  Dr. 
Douglas  at  the  International  Engineering  Congress  in  Septem- 
ber, 1915,  but  his  health  did  not  permit  of  his  taking  the  jour- 
ney to  San  Francisco.  Accordingly,  on  December  5,  1915,  the 
medal  was  handed  him  at  his  home  at  Spuyten  Duyvil  by  Dr. 
Albert  R.  Ledoux,  Past-President  of  the  American  Institute 
of  Mining  Engineers. 

James  Douglas  was  born  at  Quebec,  Canada,  in  1837.  He 
entered  the  University  of  Edinburgh  in  1885  and  studied  there 
for  two  years.  Returning  to  Canada  he  graduated  from 
Queens  University,  Kingston,  Ontario,  with  the  degree  of 
Bachelor  of  Arts,  having  also  studied  medicine  and  later  the- 
ology. After  his  graduation  he  traveled  extensively  in  Europe 
and  in  the  Orient,  and  then  returned  to  Edinburgh  where  he 
continued  his  coui'se  in  medicine. 

At  this  time  his  father's  gold  and  copper  mine  investments 
in  Canada  were  in  jeopardy  because,  while  the  mines  con- 
tained considerable  2  per  cent  copper  ore,  there  was  no  satis- 
factory process  for  its  economical  extraction.  He  abandoned 
his  studies  and  teaching  and  went  into  the  mining  field  to 
endeavor  to  rehabilitate  his  father's  interests;  and  in  associa- 
tion with  Dr.  Hunt  he  worked  out  the  well-luiown  Hunt  and 
Douglas  process  for  the  extraction  of  copper. 

He  came  to  the  United  .States  in  1875,  being  employed  to 


apply  this  process  to  the  product  of  the  Jones  mine  in  Berks 
County,  Pa.,  as  superintendent  of  the  Chemical  Copper  Co. 
at  Phoenixville.  The  plant  was  afterwards  destroyed  by  fire 
and  Dr.  Douglas  was  for  a  time  without  fixed  emplojTuent, 
although  he  did  some  professional  work  m  mining  and  metal- 
lurgy. He  made  several  visits  to  Butte,  Mont.,  and  it  has 
been  said  that  he  was  the  first  to  predict  the  secondary  enrich- 
ment in  this  area. 

Through  William  E.  Dodge,  he  was  brought  into  contact 
with  the  old  metal  house  of  Pheliis,  Dodge  &  Co.  When  this 
firm  took  over  the  Copper  Queen  mine,  the  management  was 
placed  in  bis  hands  and  he  was  given  an  interest  in  the  con- 
cern. Later,  upon  the  incorporation  of  the  finn,  Dr.  Douglas 
became  its  president.  Under  his  active  management  the  most 
modern  devices  have  been  adopted  in  the  company's  mills  and 
smelteries,  and  the  mines  and  railroads  controlled  by  it  have 
been  very  profitable. 

During  his  years  of  active  business  life,  busy  with  invention 
and  adaptation  of  processes,  and  with  expansion  and  con- 
solidation, Dr.  Douglas  has  found  time  to  make  numerous  con- 
tributions to  the  literature  of  mining  and  of  general  science, 
and  many  of  his  papeis  and  articles  have  appeared  in  the 
transactions  of  various  technical  and  other  societies.  In  ad- 
dition, he  has  published  four  historical  volumes,  including  the 
journal  and  reminiscences  of  the  life  of  his  father,  James 
Douglas,  M,D. 

Both  Queen's  University  and  MeGill  University  have  con- 
ferred on  him  the  honorary  degree  of  LL.D.  He  has  been 
twice  President  of  the  American  Institute  of  Mining  Engi- 
neers. He  has  been  the  recipient  of  the  gold  medal  of  the 
Institution  of  Mining  and  Metalku'gy. 


APPLICATIONS   FOR   MEMBERSHIP 

TO  BE   VOTED   FOR  ON  FEBRUARY  10,  1916 


Members  are  requested  to  scrutinize  with  care  the  following 
list  of  candidates  who  have  filed  applications  for  membership 
in  the  Society.  These  are  sub-di\-ided  according  to  the  grades 
for  wliich  their  ages  qualify  them  and  not  with  regard  to  pro- 
fessional qualifications,  i.e.,  the  ages  of  those  under  the  first 
heading  place  them  under  either  Member,  Associate  or  Asso- 
ciate-Member, those  in  the  next  class  under  Associate-Member 
or  Junior,  and  those  in  the  third  class  under  Junior  grade  only. 
Ai)plications  for  change  of  grading  are  also  posted. 

NEW  APPLICATIONS 

FOR    CONSIDERATION    AS    MEMBER,    AISS0CI.4TE    OR    ASSOCIATE- 
MEMBER 

Brown.  Benjamin  F.,  Pres.  and  J\Igr., 

The  Brown  Bag  Filling  Mch.  Co.,  Fitchburg,  Mass. 

CooKSON,  Thomas  J.,  Pres., 

Tlie  Cookson  Steam  Specialty  Co.,  Cincinnati,  Oliio 

CuMMiNGS,  Henry  H.,  Pres., 

Cummings  Mch.  Wks.,  Boston,  Mass. 

DoDSON,  Clarence  F.,  Supt.  of  AVks., 

Irving  Iron  Wks.,  Long  Is.  City,  N.  Y. 

Everett,  Charles  J.,  Treas., 

Revolute  Mch.  Co.,  New  York 

French,  David  W.,  Supt., 

Hackensack  Water  Co.,  Weehawken,  N.  J. 

Freysinger,  John  B.,  Ch.  Draftsman, 

Winchester  Repeating  Arms  Co.,  New  Haven,  Conn. 

Guthrie,  James,  Auto.  Engr., 

Briscoe  Freres,  Jackson,  Mich. 

HiLE,  Charles  H.,  Ch.  of  Maintenance, 

Boston  Elev.  Rwy.  Co.,  Boston,  Mass. 

Hill,  B.  Houston,  Pres., 

Steam  Equipment  Mfg.  Co.,  Pittsburgh,  Pa. 


The  Membership  Comrmttee,  and  in  turn  the  Council,  urge 
the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  candidates  into  Membership  by  advising  the  Sec- 
retary promptly  of  any  one  wliose  eligibility  for  membership 
is  in  any  way  questioned.  All  correspondence  in  regard  to 
sucli  matters  is  strictly  confidential,  and  is  solely  for  the  good 
of  the  Society,  which  it  is  the  duty  of  every  member  to  pro- 
mote. The  Candidates  will  be  balloted  upon  by  the  Council 
unless  objection  is  received  by  February  10,  1916. 


Boston,  Mass. 
Cedar  Rapids,  la. 
Chicago,  111. 


Jones,  William  T.,  Engr., 

Cons.  Engrg.  Co., 
Kaupert,  Richard,  Master  Mech., 

Douglas  Co., 
Kenney,  William  J.,  Ch.  Engr., 

The  Under-Feed  Stoker  Co.  of  America, 
Kihn,  Julius  J.,  Supt., 

R.  Hoe  &  Co.,  New  York 

Lanham,  Edwin  J.,  Franklin,  Pa. 

Larsen,  Charles,  Mech.  Engr., 

M.  J.  0.  Fallon  Supply  Co.,  Denver,  Colo. 

Lockwood,  J.  B.  C,  Cons.  Engr.,  Portland,  Ore. 

Lundquist,  Wilhelm  E.,  Ch.  Draftsman, 

The  Edison  Elec.  111.  Co.,  Boston,  Mass. 

McGrew,  John  A.,  Supt.,  Saratoga  &  Champlain  Div., 

Delaware  &  Hudson  Co.,  Albany,  N.  Y. 

Mahy,  Arthur  H.,  Ch.  Engr.  and  Supt., 

North  Adams  Gas  &  Elec.  Lgt.  Co.,  No.  Adams,  Mass. 

Meyer,  Julius  M.,  Partner, 

Vaughn,  Meyer  &  Sweet,  Cons.  Engrs,,       Milwaukee,  Wis. 
Moody,  V.  D.,  Cons.  Engr., 

Moody  Engrg.  Co.,  New  York 

Mulliner,  Richard  H.,  Mgr.  and  Part  Owner, 

Mulliner-Enlund  Co.,  Syracuse,  N.  Y. 
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New  York 

Hoboken,  N.  J. 

Wilmington,  Del. 

Boston,  Mass. 


Newhall,  Henry  B.,  Jr.,  Vice-Pres., 

N.  J.  Fdy.  &  Mehy.  Co.,  and 

Newball  Chain  Forge  &  Iron  Co., 
NiLSON,  Lars  G.,  Pres.  and  Ch.  Engr., 

Nilsou-MiUer  Co., 
Rhoads,  Joseph  E.,  Mem.  of  Firm, 

J.  E.  Rhoads  &  Sons, 
Roberts,  Odin, 

With  Roberts  &  Cusbman, 
Ross,  John  A.,  Jr.,  Prof,  of  Mecb.  Engrg., 

Clarkson  CoUege  of  Tech.,  Potsdam,  N.  Y. 

ScH.iPER,  W.  H.,  Mecb.  Engr., 

The  Cincinnati  Biekford  Tool  Co.,       Oakley,  Cincinnati,  0. 
Sheldon,  Arthur  N.,  Mem.  Firm, 

F.  P.  Sheldon  &  Son,  Engrs.  and  Arch.,       Providence,  R.  I. 
Sperling,  Nathaniel  J.,  Supt.  Mecb.  Dept., 

Astoria  Light,  Heat  &  Pwr.  Co.,  Astoria,  L.  I.,  N.  Y. 

Streifp,  Abraham,  Engr., 

Fargo  Engrg.  Co.,  Jackson,  Mich. 

Valentine,  Warren  R.,  Supt., 

Shop  No.  2,  Pittsburgh  Plate  Glass  Co.,  Ford  City,  Pa. 

Wallace,  John  D.,  Mfg.  Engmeer,  Chicago,  111. 

Wason,  Leonard  C,  Pres., 

Abertbaw  Constr.  Co..  Boston,  Mass. 

Welles,  Edward  R.,  In  charge  Meeh.  Engrg.  Dept., 

The  J.  G.  White  Engrg.  Corp.,  New  York 

Wintroath,  John  A.,  Mecb.  Supt., 

Layne  &  Bowler  Corp.,  Los  Angeles,  Cal. 

FOR  consideration  as  associate-member  or  junior 

Bancroft,  George  H.,  Tech.  Asst.  to  Ch.  Engr., 

Steere  Engrg.  Co.,  Detroit,  Mich. 

Baum,  I.  Albert,  Engr.-in-charge, 

Martin  Free  Bridge,  Camden,  Ark. 

Benster,  Lucien  H.,  with 

Moline  Scale  Co..  East  Moliue,  111. 

Cameron,  James  S.,  Supt.  of  Plant, 

Northern  Elec.  Co.,  Ltd.,  Montreal,  Canada 

Dempsey,  Michael  J., 

with  Chase  Metal  AVorks,  Waterbury,  Conn. 

Dixon,  Wallace  C,  Draftsman, 

Hopkins  &  Allen  Arms  Co.,  Norwich,  Conn. 

Dolan,  George  F.,  Inspector, 

Panama  Canal,  Washington,  D.  C. 

Farrington,  Thayer  B.,  Genl.  Foreman, 

Louisville  Div.,  Southwest  System,  Penn  Lines  West, 

LouisviUe,  Ky. 
Jenner.  Otto  G.,  Indus.  Engr., 

Inland  Steel  Co.,  Chicago  Heights  Wks.,  Chicago,  lU. 

LocKwooD,  Harold  R.,  Supt.  of  Eng.  Dept., 

Douglas  Robinson  Charles  S.  Brown  Co.,  New  York 

Porter,  Robert,  Engr.  and  Mgr.,  New  England  Branch, 

Diamond  Pwr.  Specialty  Co.,  Detroit,  Mich. 

Schmidt,  John  D.,  Asst.  Engr., 

The  Natl.  Sugar  Refinery,  Yonkers,  N.  Y. 

Sihra,  Nand  S.,  Touring, 

Yisitina'  manufacturing  and  engineering  plants, 

Stockton,  Cal. 
Snyder,  Frederick  W.,  Instr.  of  Mcby., 

Williamson  Free  Seb.  of  Mecb.  Trades,  Williamson  School, 

Del.  Co.,  Pa. 
Tiechman,  Henry  F.,  Engr.  Draftsman, 

Lukens  Iron  &  Steel  Co.,  CoatesviUe,  Pa. 

Tulloss,  Joseph  C,  Ch.  Engr., 

Fire  &  Accident  Prevention  Co.,  Baltimore,  Md. 

Ycasiano-Roxas,  Francisco,  Mecb.  and  Testing  Engr., 

Bureau  of  Science,  Dept.  of  Int.,  Govt,  of  Philippine  Is., 

Manila,  P.  I. 

FOR  consideration  as  junior 

AcKERMAX,  Henry  C,  Asst.  Master  Mecb., 

Hercules  Pwdr.  Co.,  Kenvil.  N.  J. 

Allen,  Clifton  H.,  Mecb.  Engr., 

The  W'alker  Mfg.  Co.,  Denver,  Colo. 

Billmyer,  Carroll  D.,  Draftsman,  Off.  of  Asst.  to  Pres., 

Norfolk  &  Western  Rwy.  Co.,  Roanoke,  Va. 

Buenger,  Albert,  Heating  &  Ventilating  Engr., 

with  W.  L.  Steele,  Sioux  City,  la. 


BfFORD,  Edwin  II.,  Engr.  of  Design  and  Erection, 

Monsanto  Chemical  Wks.,  St.  Louis,  Mo. 

Edwards,  Henry  H.,  Mecb.  Engr., 

The  Bantam  Anti-Friction  Co.,  Bantam,  Conn. 

Garrisox,  Wvckoff  L.,  with 

The  Balicock  &  Wilcox  Co.,  Bayonne,  N.  J. 

Kuxz,  William  J.,  Mecb.  Engr., 

Otis  Elev.  Co.,  Yonkers,  N.  Y. 

Mn,LER,  Ernest  P.,  Jr.,  Indus.  Management, 

Cheney  Bros.,  So.  Manchester,  Conn. 

MouL,  Harry  A.,  Asst.  to  Wlis.  Mgr., 

Amer.  Steel  Foundries,  Indiana  Harbor,  Ind. 

NoFSiNGER,  Lewis  E.,  1st  Asst.  in  Mcb.  Shop  Practice, 

Kansas  City  Poly.  Inst.,  Kansas  City,  Mo. 

ScHULTE,  Mas  J.  L.,  Engrg.  Dept., 

Combus.  Engrg.  Corp.,  New  York 

Sparkes,  John  G.,  Mecb.  Engr.,  Patent  Law  Off., 

R.  D.  Johnston,  Jr.,  Atty.,  Birmingham,  Ala. 

Taylor,  Paul  H.,  Mecb.  Engr., 

H.  French  &  A.  Hubbard,  Boston,  Mass. 

Thomas,  Winthrop  G.,  Circuit  Lab., 

Western  Elec.  Co.,  New  York 

Willson,  Hubert  E.,  Steam  Expert, 

JoHet  Wks.,  Illinois  Steel  Co.,  Joliet,  111. 

APPLICATIONS  FOR  CHANGE  OF  GRADING 


New  Haven,  Conn. 


promotion  FROM  JUNIOR 

Barnum,  Starr  H.,  2nd.,  Seev., 

The  Bigelow  Co., 
Benner,  Henry  L.,  Secy,  and  Treas., 

Amer.  Insulating  Mcby.  Co.,  Philadelphia,  Pa. 

Crute,  William  R.,  Engr.  Elec.  Pwr.  House, 

Norfolk  &  Western  Rwy.,  Pocahontas,  Va. 

Freeman,  Frederick  C,  Constr.  Dept., 

The  United  Gas  Improvement  Co.,  Philadelphia,  Pa. 

Hoffman,  Roscoe  C,  Mecb.  Engr., 

Sun  Motor  Car  Co.,  Buffalo,  N.  Y. 

Hood,  Warren  B.,  Shop  Engr.. 

Angus  Shops.  Canadian  Pacific  Rwy.  Co.,     Montreal,  Canada 
Knoop,  Theodore  M.,  N.  Y.  Mgr., 

Epping-Carpenter  Pump  Co.,  New  York 

Kremers,  Clarence  H.,  Constr.  Engi-., 

Mammoth  Copper  Mining  Co.,  Kennett,  Cal. 

Loutrel,  Cyrus  H.,  Factory  Mgr., 

Natl.  Lock  Washer  Co.  "  Newark,  N.  J. 

Peterson.  Eric  H.  A.,  Ch.  Draftsman  &  Mecb.  Engr., 

The  Hutteman  &  Cramer  Co..  Detroit,  Mich. 

TuRxo,  Walter  G.  W.,  Engr.  and  Estimator, 

Johns-Manville  Co.,  New  York 

SUMMARY 

New    Applications 71 

Api)lications  for  change  of  grading: 

Promotion  from  Junior 11 

Total 82 


NEW   MEMBERS 

Hereafter  there  will  be  published  each  month  a  summary 
giving  data  regarding  the  current  ballot  for  new  members,  as 
to  the  type  of  positions  held,  the  average  age  of  those  being 
considered  by  the  Council  for  each  grade,  and  the  number  who 
are  college  graduates. 

Beginning  -ndtb  the  Februaiy  issue  a  list  will  be  published 
of  those  new  members  who  qualify  each  month,  so  that  here- 
after it  will  not  be  necessary  for  the  members  to  wait  until  the 
new  Year  Book  is  published  to  discover  those  who  have  been 
added  to  the  Society's  rolls  during  the  year. 

This  additional  infonnation  will  undoubtedly  be  of  partic- 
ular interest  to  the  membership  and  testify  to  the  excellent 
character  and  high  standing  of  those  joining  the  Society  un- 
der the  present  strict  requirements. 
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PERSONALS 


George  L.  Clouser  has  accepted  a  position  with  the  Bahhviu  c 
Locomotive  Works,  Philadelpliia,  Pa.,  as  draftsman.     lie  was 
until  recently  associated  with  the  motive  power  department  of 
the  Philadelphia  and  Reading  Kailroad,  Reading,  Pa. 

Cornelius  J.  Allaart  has  become  aflfiliated  with  the  engineer- 
ina;  department  of  the  Curtiss  Motor  Company  of  Buffalo, 
N.^Y. 

Julius  G.  Hatman.  formerly  associated  with  the  K.  II.  Beau- 
mont Company,  Philadelphia,  Pa.,  has  accepted  tlie  jiosition 
of  elKciencv  engineer  with  the  Semet-Solvav  Company,  Enslev, 
Ala. 

George  P.  Sonn  has  resigned  his  position  with  tlie  Chase 
Metal  Works,  Waterbury,  Conn.,  to  accept  a  position  with  the 
engineering  department  of  the  Bridgeport  Brass  Company  of 
Bridgeport,  Conn. 

Charles  L.  Samson  has  become  affiliated  witii  The  Amalga- 
mated Machinery  Corporation  of  Chicago,  111. 

Clarence  J.  Harter  has  become  associated  with  the  Pratt  and 
Whitney  Company  of  Hai'tford,  Conn.,  in  the  capacity  of 
mechanical  engineer.  He  was  until  recently  in  the  employ  of 
the  Remington  Arms  Union  Metallic  Cartridge  Company, 
Bridgeport,  Conn.,  as  technical  adviser  to  the  purchasing  de- 
partment. 

Courtney  N.  Mitchell  has  severed  his  connections  with  the 
Chandler  Motor  Car  Company,  Cleveland,  0.,  and  is  now  em- 
ployed as  chief  engineer  of  The  Eclipse  Motor  Company, 
Cleveland,  0. 

Frederick  A.  Krehbiel,  president  of  tlie  Krehbiel  Comjiany, 
engineers  and  constructors,  Chicago,  111.,  announces  tiiat  he 
has  secured  as  a  [lartner  Edward  N.  Lake,  formerly  in  charge 
of  the  Chicago  ofhce  of  the  Stone  and  AVebster  Engineering 
Corjjoration.  The  business  will  be  continued  under  the  pres- 
ent firm  name,  with  Mr.  Lake  as  treasurer  and  manager  and 
Mr.  Krehbiel  continuing  as  president. 

J.  N.  Caughell,  formerly  connected  with  Dodge  Brothers  of 
Detroit,  Mich.,  as  chief  engineer  of  power  plant,  has  accepted 
the  position  of  mechanical  superintendent  of  the  LTnited  States 
Department  of  Agriculture,  AVashington,  D.  C. 

Morris  A  Hall,  until  recently  managing  editor  of  Motor 
Life,  New  Y'ork,  is  now  connected  with  the  advertising  depart- 
ment of  The  Locomobile  Company  of  America,  Bridgeport, 
Conn. 

Charles  E.  Paul,  professor  of  mechanics  at  Armour  Institute, 
Chicago,  has  been  retained  as  consulting  engineer  by  the  Na- 
tional Luml)cr  Manufacturers'  Association. 

William  A.  Cattell,  consulting  engineer  of  San  Eranciseo, 
who  filled  the  office  of  secretary-treasurer  of  the  International 
Engineering  Congress,  has  been  retained  by  the  Honolulu 
Rapid  Transit  and  Land  Company  as  a  witness  in  the  injunc- 
tion suit  bronsht  by  the  Territory  of  Hawaii  against  that  com- 
pany. He  will  investigate  the  plant  of  the  company  and  testify 
as  to  the  physical  valuation  and  cost  of  its  property. 

Elliott  H.  AVhitlock,  Manager,  Am.Soc.M.E.,  consulting  en- 
gineer, has  been  appointed  general  superintendent  of  the  San- 
dusky Portland  Cement  Company,  with  head(|uarters  ni  Cleve- 
land. Mr.  AVhitlock  was  formerly  associated  with  tiie  National 
Carbon  Company. 

H.  P.  Camp,  for  the  past  few  years  associated  with  tlie 
Union  Metallic  Cartridge  Company,  Bridgeport,  Conn.,  has 
resigned  to  accept  a  position  as  ethciency  engineer  with  the 
AA'estern  Cartridge  Company,  Alton,  111. 

A  brief  article  on  a  Novel  Combinatifm  Locomotive  by  E.  C. 
DeWolfe  appears  in  the  December  4  issue  of  Coal  Age. 

Nathan  C.  Johnson  contributed  the  first  of  three  articles 
on  the  making  of  better  concrete  to  the  December  4  issue  of 
Engineering  Record.  This  article,  entitled  Materials  vs. 
Methods — Testimony  of  Mo\ini;'  Pictures  in  tlie  Study  of  Con- 


rete,  deals  with  iniving,  suggests  nece>saiv  hnnlion  ot  a 
concrete  mi.xer  and  |)oiiits  out  tlie  e\ll  ol  the  short  mi.xmsT 
period.  The  second  article,  which  appears  in  the  Deccml)er  11 
issue,  deals  with  abuses  common  in  the  handling  of  sloppy 
wet  mixtures,  and  the  last  article,  published  December  18,  con- 
tains analytical  studies  made  in  regard  to  the  placing  of  con- 
crete by  methods  in  present  vogue  and  the  effect  such  methods 
have  up(ni  tlie  quality  and  durability  c)f  concrete. 

\'.  W.  Zileii  is  the  author  of  a  series  of  articles  on  Design 
of  Steel  Passenger  E(|uipment,  now  aiiiiearing  in  the  Mechan- 
ical Edition  of  the  Railway  Age  Gazette.  The  first  ]>art  is 
published  in  the  Sei)feml)er  issue  and  will  be  continued  after 
January  1  m  tlie  Railway  Mechanical  Engineer,  wlui-li  is  the 
new  title  for  the  Mechanical  Edition  of  the  Railway  Age 
Gazette. 

Jolin  R.  Freeman,  Past-President,  Am.Soc.M.E.,  and  Prof. 
Rolla  C.  Carpenter  are  among  the  ten  eminent  engineers,  geol- 
ogists and  .scientists  who  have  been  designated  to  go  to  the 
Isthmus  of  Panama  to  investigate  the  entire  subject  of  the 
slides  on  the  Panama  Canal  and  to  submit  a  rejjort  to  the 
President  thereon.  Mr.  Freeman  is  a  specialist  in  hydraulics 
and  was  consulting  engineer  for  the  Isthmian  Canal  dams  and 
locks  from  1907  to  1909  and  is  consulting  engineer  to  the 
Canadian  Government  on  water  power  conservation.  Pro- 
fessor Carpenter  is  an  authority  on  cement  and  cement  con- 
struction. 

AV.  AVallace  Boyd  has  been  appointed  assistant  inspector 
of  weights  and  measures  at  the  Bureau  of  Standards,  AVash- 
ington, D.  C.  He  was  until  recently  in  the  employ  of  the 
Buffalo  Scale  Company,  Buffalo,  N.  Y.,  in  the  capacity  of 
scale  engmeer. 

John  Hunter,  Manager,  Am.Soc.M.E.,  represented  the  So- 
ciety at  the  Annual  Christmas  Entertainment  of  the  St.  Louis 
Railway  Club,  Friday,  December  10,  at  Trimp's  Academy,  St. 
Louis,  Mo. 

John  AV.  Sheperdson  has  resigned  his  position  of  assistant 
general  superintendent  of  the  Central  Iron  and  Steel  Com- 
pany, Harrisburg,  Pa.,  and  has  accepted  one  with  the  Morgan 
Construction  Company  of  AA'orcester,  Mass.  Mr.  Sheperdson 
will  take  up  his  new  duties  in  the  early  part  of  January. 

Frank  L.  Glynn  has  accepted  the  invitation  of  the  State 
Board  of  Industrial  Education  of  AA'isconsin  to  become  general 
superintendent  of  the  trade  schools  of  that  state.  Mr.  Glynn 
established  the  Boardman  Trade  School  in  New  Haven  in  1913, 
and  imder  his  management  has  become  unique  in  trade  school 
history.  Previous  to  this  he  had  organized  the  Albany  Trade 
School  and  had  had  charge  of  the  Bridgeport  Trade  School. 

Thomas  F.  Fournier  has  accepted  the  position  of  general 
manager  of  The  Standard  Machinery  Company  of  Mystic, 
Conn.  He  was  formerly  associated  with  the  Becker  Milling 
Machine  Company,  Hyde  Park,  Mass.,  in  the  capacity  of  chief 
engineer. 

Richard  E.  ]\Iiller,  recently  associated  with  The  J.  AA^. 
Frazier  Company  as  mechanical  and  electrical  engineer,  has 
become  a  member  of  the  firm  of  Poland-Miller  Com|)any, 
Cleveland;  0.,  which  has  been  organized  to  conduct  a  general 
engineering  business  and  will  specialize  in  the  design  and  in- 
spection of  coal,  c<jke  and  ore  handling  machinery,  docks  and 
industrial  plants. 

Hany  R.  AA'estcott  has  opened  an  office  in  the  Chamber  of 
Commerce  Building,  New  Haven,  Conn.,  for  general  engrineer- 
ing  jiractice  and  is  prepared  to  investigate,  design  and  super- 
vise the  erection  and  operation  of  power  stations,  mills,  elec- 
trical installations,  etc.  Mr.  Westcott  was  recently  super- 
intendent of  construction  for  the  United  Illuminating  Com- 
l)any  of  New  Haven. 

A.  E.  Berggren  has  accepted  the  jjosition  of  mechanical  en- 
gineer with  the  Faultless  Rubber  Comjiany,  Ashland,  O.  He 
was  formerly  instructor  of  steam  and  gas  engineering  at  the 
Univ.Tsitv  of  AVisconsin,  Madison,  AVis. 
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Oliver  M.  Davis  has  become  affiliated  with  the  Oil  Mill  of 
Swift  and  Company  at  Augusta,  Ga.,  in  the  caisacity  of  con- 
structing mechanical  engineer.  Mr.  Davis  was  recently  con- 
nected with  The  Shelby  Company  Cotton  Oil  Mill  at  Mem- 
phis, Tenn. 

H.  C.  Beckwith,  until  recently  Chicago  manager  of  T.  L. 
Smith  Company  of  Milwaukee,  has  located  at  Ravenna,  0.,  as 
treasurer  and  general  manager  of  the  Byers  Machine  Com- 
pany, manufacturers  of  hoisting  and  excavating  machinery. 

Frederick  W.  Ballard  of  Cleveland,  0.,  has  been  engaged 
by  the  city  of  Terre  Haute,  Ind.,  to  act  as  the  municipality's 
representative  in  lighting  contract  negotiations  pending.  Mr. 
Ballard  is  commissioner  and  chief  engineer  of  the  division  of 
light  and  heat  of  the  city  of  Cleveland. 

At  the  December  17  meeting  of  the  Worcester  Polytechnic 
Institute  branch  of  the  American  Institute  of  Electrical  En- 
gineers, Edwin  B.  Katte,  chief  engineer  in  charge  of  design, 
construction  and  operation  of  the  New  York  Central  lines,  de- 
livered an  illustrated  lecture  on  The  Electrification  of  the 
Grand  Central  Terminal. 

Thomas  W.  Ransom,  consulting  mechanical  engrineer  in  the 
office  of  the  city  engineer  of  San  Francisco  for  a  number  of 
years,  has  tendered  his  resignation.  Mr.  Ransom  retires  to 
take  up  private  practice  and  has  opened  engineering  offices 
in  the  Merchants  Exchange  Building,  San  Francisco. 

Charles  S.  Gooding  has  removed  his  offices  from  28  School 
street  to  27  School  street,  Boston,  Mass.,  where  he  will  con- 
tinue his  practice  as  solicitor  of  patents,  mechanical  engineer 
and  expert  in  patent  causes. 

Frank  E.  Law,  vice-president  of  the  Fidelity  and  Casualty 
Company  of  New  York,  who  is  known  not  only  as  an  under- 
writer of  wide  experience  but  also  as  a  student  of  the  sub- 
ject of  workmen's  compensation,  in  answer  to  a  communica- 
tion from  Miss  Irene  Sylvester,  representing  the  American 
Association  of  Labor  Legislation,  gave  his  views  and  sugges- 
tions on  the  various  amendments  which  it  is  proposed  to  ask 
the  New  Jersey  Legislature  to  make  in  the  New  Jersey  Work- 
men's Compensation  Law.  Mr.  Law's  letter  to  Miss  Sylvester 
is  published  substantially  in  full  in  the  issue  of  The  Economic 
World  for  December  4,  1915. 

Bertram  W.  Burtsell  has  accepted  the  position  of  sales  man- 
ager of  the  Whitney  Manufacturing  Company  of  Hartford, 
Conn.  He  was  formerly  affiliated  with  the  Packard  Motor  Car 
Company  of  Detroit,  Mich.,  in  the  capacity  of  assistant  fac- 
tory manager. 

Bertram  G.  Welchans  has  become  associated  with  Stanley 
G.  Flagg  &  Company,  Pottstown,  Pa.,  as  mechanical  engineer, 
in  charge  of  manufacturing  and  machine  design.  He  was  re- 
cently connected  with  the  Canadian  Westinghouse  Company, 
Ltd.,  Hamilton,  Ont.,  Canada,  in  charge  of  the  rate  depart- 
ment. 

Charles  T.  Main,  Manager,  Am.Soc.M.E.,  has  been  ap- 
pointed chairman  of  a  committee  of  this  Society  to  cooperate 
with  the  Bureau  of  Standards  in  the  matter  of  making  sug- 
gestions for  the  tests  of  all  sized  columns  in  the  Underwriters' 
Laboratories  at  Chicago. 

Charles  A.  Stone,  one  of  the  two  original  members  of  the 
firm  of  Stone  and  Webster  of  Boston,  Mass.,  and  one  of  the 
most  widely  known  men  in  the  public-utility  field,  has  been 
appointed  president  of  the  American  International  Corpora- 
tion, recently  formed  to  exploit  the  foreign  trade  of  this 
country. 

Charles  P.  Steinmetz  delivered  a  lecture  on  Illuminating 
Engineering  at  the  joint  meeting  of  the  Philadelphia  section 
of  the  Illuminating  Engineering  Society  and  the  Engineers' 
Club  of  Philadelphia,  held  on  December  17. 

F.  H.  Newell,  professor  of  civil  engineering  at  the  Univer- 
sity of  Illinois,  was  one  of  the  speakers  at  the  first  convention 
of  the  American  Association  of  Engineers,  Chicago,  December 
10  and  11.  He  outlined  the  problems  of  the  engineer  from 
the  welfare  standpoint. 


NECROLOGY 


JAMES  MAPES  DODGE 


James  Mapes  Dodge,  Past-President  of  the  Society,  died 
at  his  home  in  Philadelphia,  December  4,  as  a  result  of  an 
attack  of  pneumonia  contracted  while  returning  from  a  visit 
to  the  Panama-Pacific  International  Exposition. 

He  was  born  at  Waverly,  N.  J.,  June  30,  1850.  His  father 
was  a  member  of  the  New  York  bar  and  his  mother,  Mary 
Mapes  Dodge,  was  for  many  years  the  editor  of  the  St. 
Nicholas  Magazine,  and  the  author  of  many  delightful  stories 
and  poems  for  children. 

Mr.  Dodge  was  educated  at  Cornell  University  and  at  Rut- 
gers, and  bad  mechanical  training  in  the  shops  of  the  Morgan 
Iron  Works,  New  York  City,  and  those  of  John  Roach,  the 


James  Mapes  Dodge 

shipbuilder,  at  Chester,  Pa.,  where  he  advanced  to  positions  of 
foreman  and  superintendent  of  erection. 

Shortly  after  the  Centennial  at  Philadelphia,  in  1876,  he 
left  the  shipyard  and  later  went  to  Chicago  and  joined  with 
William  D.  Ewart,  the  inventor  of  the  Ewart  link  belting,  and 
his  associates  in  the  development  of  the  chain  business.  At 
that  time,  about  35  years  ago,  the  application  of  chains  to 
power  transmission  was  exceedingly  limited  and  their  use  in 
elevating  and  conveying  machinery  was  practically  unknown. 
Mr.  Dodge  was  alive  to  the  opportunity  and  new  types  of 
chain,  new  methods  of  manufacture  and  new  conveying  and 
elevating   appliances   were   brought   out    in    rapid   succession. 

After  this  period  of  development  Mr.  Dodge  entered  into 
partnership  at  Philadelphia  with  Edward  H.  Burr,  to  repre- 
sent the  Ewart  Manufacturing  Company  of  Indianapolis,  and 
out  of  this  partnership  grew  in  1888  the  Link-Belt  Engineer- 
ing Company  in  which  Mr.  Dodge  carried  out  his  idea  of 
development  along  strictly  engineering  lines,  with  a  highly- 
specialized  engineering  staff.  Among  other  developments  was 
the  Dodge  system  of  storage  for  anthracite  coal,  by  which 
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the  coal  is  stored  in  large  conical  piles  and  bandied  entirely 
by  machinery,  both  in  and  out  of  storage.  The  Dodge  Coal 
Storage  Company  was  formed,  and  in  1892  Mr.  Dodge  was 
made  president  of  this  company,  and  of  the  Link-Belt  Engin- 
eering Company.  In  1906,  when  these  and  allied  companies 
were  merged  and  known  as  the  Link-Belt  Company,  he  was 
elected  Chairman  of  the  Board  of  Directors. 

For  many  years  Mr.  Dodge  was  a  close  friend  of  the  late 
Frederick  W.  Taylor  and  was  the  first  to  adopt  in  its  entirety, 
at  the  Philadelphia  plant  of  the  Link-Belt  Company,  the 
Taylor  system  of  Scientific  Management.  He  made  many 
contributions  to  the  literature  of  scientific  management  and 
in  these  as  well  as  in  his  spoken  words  and  in  the  practical 
application  of  the  system  in  his  own  plants,  he  held  to  the 
necessity  for  the  mutual  advancement  of  employee  and  em- 
ployer. He  showed  always  the  greater  concern  for  the  wel- 
fare, happiness  and  success  of  the  employee.  His  re- 
lations with  his  employees  were  both  cordial  and  intimate, 
and  his  influence  was  to  inspire  self  help,  initiative  and 
ambition,  as  well  as  to  aid  them  when  needed  in  every  possible 
way. 

Mr.  Dodge  was  deeply  interested  in  civic  affairs  and  was 
president  of  the  Public  Service  Committee  of  One  Hundred 
and  a  member  of  the  Committee  of  Seventy  in  Philadelphia, 
and  in  other  ways  was  closely  identified  with  the  best  interests 
of  the  city. 

He  became  a  member  of  The  American  Society  of  Mechan- 
ical Engineers  in  1884  and  served  the  Society  in  many  ways 
thereafter.  He  was  Manager  from  1891  to  1894;  Vice-Presi- 
dent, 1900  to  1902,  and  President  in  1903.  He  has  been 
Chairman  of  the  Public  Relations  Committee  and  of  the 
Sub-Committee  on  Administration  and  in  1908  was  Chairman 
of  the  Nominating  Committee.  His  interest  and  belief  in 
young  men  were  shown  by  his  presidential  address  before  the 
Society  on  Money  Value  of  Technical  Training.  At  the  meet- 
ing in  Germany,  one  of  the  two  papers  presented  by  this 
Society  was  by  Mr.  Dodge  on  Industrial  Management.  Two 
other  papers  by  him  contributed  to  other  meetings  were:  The 
History  of  the  Introduction  of  a  System  of  Shop  Management, 
and  New  Method  of  Stocking  and  Reloading  Coal. 

The  foUowing  brief  appreciation  by  Prof.  F.  R.  Hutton 
comes  as  a  result  of  his  intimate  knowledge  of  Mr.  Dodge, 
particularly  in  his  relations  with  the  Society: 

Mr.  Dodge  had  personal  qualities  of  unusual  charm.  Many 
members  of  the  Society  first  learned  of  his  capacity  for  clever 
nonsense  at  the  Atlantic  City  meeting  of  the  Society  in  1886, 
where  he  kept  his  audience  in  smiles  with  jest  and  story. 
Again  in  1910,  on  the  steamer  trip  across  the  Atlantic  Ocean, 
his  number  on  the  program  of  entertainments  was  a  delight. 
At  solemn  meetings  of  the  Council  of  the  Society,  a  quip  or  a 
jest  from  Mr.  Dodge  would  relieve  tension  and  clear  the  air. 
This  made  him  much  in  demand  for  after  dinner  speaking. 

It  is  to  Mr.  Dodge  also,  that  the  Society  owes  the  original 
concept  of  placing  the  member's  name  on  the  lapel  of  the  coat 
during  the  meetings  of  the  Society.  He  was  President  of  the 
Society  for  the  year  when  the  Carnegie  gift  to  Engineering 
was  made  in  1904  of  a  building  to  house  the  national  socie- 
ties in  New  York.  He  was  one  of  the  first  conference  ap- 
pointees, apd  later  served  on  the  building  committee  and  on 
the  Board  of  Trustees  of  the  United  Engineering  Society. 
When  the  plans  for  the  building  were  being  worked  over,  Mr. 
Dodge  had  a  wooden  model  made  of  the  two  lower  floors  from 
the  architects'  plans,  and  those  who  had  decisions  to  make 
were  greatly  helped  by  the  study  of  proportions  which  this 
model  made  possible. 

Mr.  Dodge  had  great  capacity  for  friendship.  No  man  was 
more  appreciative  of  good  work  by  others  and  he  was  gener- 
ous in  his  expressed  commendation.  He  will  be  missed  sorely 
by  many  who  came  near  to  him. 


GUSTAVUS    TYLER   LUCKETT 

Gustavus  Tyler  Luckett  was  born  at  Owensboro,  Kentucky, 
on  February  26,  1870.  He  received  his  early  education  in  the 
schools  of  Owensboro  and  then  went  to  Trinity  College  near 
Louisville,  Ky.  From  1888  to  1896,  he  held  a  position  as 
machinist  and  pattern  maker,  and  molder  superintendent, 
with  the  Novelty  Foundry  and  Machine  Company  at  Owens- 
boro, Ky.  From  1898  to  1900  he  was  assistant  superin- 
tendent in  charge  of  construction  for  the  N.  Y.  Edison  Com- 
pany. He  left  them  to  go  with  the  Best  Manufacturing  Com- 
pany as  their  New  York  representative.  From  1901  to  the 
time  of  his  death,  he  was  with  the  M.  W.  Kellogg  Company. 
He  had  active  charge  of  designing  steam  and  hydraulic  pip- 
ing, machines  for  the  manufacture  of  Van  Stone  joints  and 
improvements  thereon,  welding  flanges,  forge  welding  shells, 
piping,  piping  outlets  and  construction  and  erection  of  piping 
systems.  Mr.  Kellogg  died  at  his  home  in  New  York  City  on 
July  16,  1915. 

THOMAS   L.    RANKIN 

Thomas  L.  Rankin  was  born  at  Ripley,  Ohio,  on  June  16, 
1839.  He  received  his  education  at  Iberia  College  at  Iberia, 
Ohio,  from  which  he  graduated  in  1855.  In  1869,  he  be- 
gan to  build  isolated  refrigerating  cars  in  the  West  at  Barney 
and  Smith,  Dayton,  Ohio.  In  1873,  he  built  50  of  the  re- 
frigerator cars  at  Wasson  Works  in  Springfield,  Mass. 
Previous  to  this  date,  he  had  laid  many  iron  floors  for  re- 
frigerating breweries  and  packing  houses.  From  1873  to 
1877,  he  was  superintendent  of  the  Arctic  Ice  Machine  Com- 
pany, with  many  plants  in  Texas,  Arkansas  and  Louisiana. 
During  this  time  and  through  1891  he  continued  the  construc- 
tion of  ice  machines  at  Phoenix  Works,  Houston,  Texas,  at 
the  Atlas  Works,  Indianapolis  and  Reading  Iron  Works, 
Reading,  Pa.  He  later  had  charge  of  the  ice  machine  de- 
partment of  the  Pennsylvania  Iron  Works  Company  of  Phil- 
adelphia, Pa. 

Mr.  Rankin  became  a  member  of  the  Society  in  1892.  He- 
died  at  his  home  in  Sacketts  Harbor,  N.  Y.,  on  November  12^ 
1915. 

BAXTER   D.    WHITNEY 

Baxter  D.  Whitney  was  born  in  Winchendon,  Mass.,  in 
1817.  His  early  education  was  received  in  Winchendon,  Han- 
cock, N.  H.,  and  Fitchburg,  Mass.,  but  his  business  life  started 
in  his  father's  woolen  mill  when  he  was  very  young.  When 
he  was  ten  years  old,  he  constructed  a  saw  mill,  run  by  water, 
which,  while  merely  a  boy's  effort,  was  prophetic  of  the  line 
which  his  activities  later  followed.  When  he  was  13  years 
old,  he  went  to  Worcester  to  help  build  some  looms  for  his 
father. 

At  16  years  of  age,  he  constructed  an  18  in.  by  6  ft.  engine 
lathe,  designing  and  making  the  patterns  and  machining  the 
castings.  It  had  a  large  wormwheel  feed  and  a  V-bed  which 
he  milled  with  a  special  fixture  comprising  wooden  beams  laid 
in  the  floor. 

In  1836,  he  began  the  construction  of  machinery  for  mak- 
ing tubs  and  pails  and  had  28  men  working  for  him.  The 
next  year,  he  built  sixteen  looms  for  cashmere  and  later  hfr 
built  two  or  tlu'ee  steam  jig's.  In  1845,  he  built  for  himself 
a  foundry  and  machine  shop  and  the  next  year  the  first  Whit- 
ney wood-planing  machine,  which  took  six  weeks  to  construct, 
was  built.  This  is  still  in  existence  and  is  claimed  to  be  the 
first  cylinder  planer  ever  made  which  was  a  practical  success. 

In  1857,  he  built  a  scraping  machine  and  also  a  shaper  and 
the  famous  Whitney  gage  lathe.  During  the  Civil  War,  he; 
was  busy  making  gun-stock  machinery. 


70 


SOCIETY  AFFAIRS 


Thk  Journal 
Am.Soc.M.E. 


.\lr.  Whitney  iiMei\eil  iiieilals  lor  his  niiu-liiues  at  exliibi- 
tions  in  Paris  (lSli7).  X'ieiiiui  (1ST:!)  ami  Pliilailelphia, 
(1876). 

Mr.  Whitney  became  a  nicnilxn-  of  the  Sdciety  in  1886. 
He  died  at  liis  home  in  Wiui-hemlon  lUi  October  17,  1915. 

STEPHEN  BETTS    WHITING 

Steplien  Betts  AYhiting  was  born  at  Reading-Ridge,  Con- 
necticut, on  January  22,  1834.  After  attending  the  public 
schools  of  his  native  town  and  of  New  Haven,  Conn.,  Mr. 
Wliiting  finished  his  schooling  with  a  year  at  the  New  Haven 
Collegiate  &  Commercial  Institute. 

"When  fifteen  years  of  age,  he  was  apprenticed  to  the  ma- 
chinist trade  and,  before  he  was  sixteen,  he  designed  and  con- 
structed a  miniature  steam  engine.  When  seventeen  years  of 
age,  he  designed  and  built  an  air-pump.  At  this  time,  also, 
he  went  to  work  as  a  full-fledged  journeyman. 

In  1855,  when  Mr.  Whiting  was  only  twenty-one  years  of 
age,  he  was  sent  to  Urbana,  Ohio,  to  take  charge  of  the  shops 
of  the  Urbana  Machine  Company,  and  in  1857  he  went  to 
Alton,  111.,  as  superintendent  of  the  Illinois  Iron  Works. 

In  18C0,  he  returned  East  and  took  charge  of  the  Kaighn's 
Point  Iron  Works  at  Camden,  N.  J.  At  this  time  he  came  in 
contact  again  with  liis  old  friend  and  schoolmate,  Charles  G. 
Wilcox;  the  two  men  foi-med  a  partnership,  bought  the 
Kaighn's  Point  Iron  AVorks  and  operated  it  under  the  firm 
name  of  Wilcox  &  Whiting. 

This  tirm  built  and  erected  tlic  superstructure  of  the  Chest- 
nut Street  Bridge  over  the  Schuylkill  River  in  Philadelphia. 
The  date  of  the  contract  covering  this  work  was  July  18, 
1861,  and  the  contract  price  was  $134,577.00.  The  firm  also 
built  the  r.  S.  aionitor  Koka,  which  was  one  of  the  light- 
draft  monitors  designed  by  John  Ericsson.  The  date  of  this 
contract  was  May  18,  1863,  and  the  contract  price  was  $386,- 
000.00.  Some  of  the  principal  dimensions  of  this  vessel  were 
as  follows:  Overall  length,  225  ft.;  beam,  45  ft.;  draft,  61/2 
ft.;  diameter  of  turret,  20  ft.;  height  of  turret,  9  ft.  The 
motive  power  consisted  of  two  22  by  30  in.  single-cylinder  en- 
gines direct  connected  to  two  propeller  shafts,  each  of  which 
was  fitted  with  a  9  ft.  propeller.  The  armament  consisted  of 
one  11  in.  gun  and  one  150  lb.  rifle. 

Early  in  1865  the  Kaighn's  Point  Iron  Works  were  sold 
and  on  July  1,  I860,  Mr.  Whiting  went  to  Pottsville,  Pa., 
as  superintendent  of  the  Colliei-y  Iron  Works. 

In  this  position  his  inventive  faculty  often  came  into  useful 
play  in  connection  with  the  design  and  manufacture  of  machin- 
ery for  tlie  coal  regions.  He  designed  the  so-called  A\'hiting 
system  of  rope  driving,  hauling  and  hoisting  machinery  which 
was  fli-st  installed  at  the  Lehigh  &  Wilkesbarre  planes  at  Solo- 
mon's Gap,  ■\"\'ilkesbarre.  Pa.  At  later  dates  this  system  was 
adopted  for  the  Mahoney  planes  of  the  Philadelphia  &  Read- 
ing Coal  &  Iron  Company,  for  the  Brooklyn  Bridge,  for  the 
Red  Jacket  or  Whiting  shaft  of  the  Calumet  &  Hecla  Mining 
Company,  and  for  a  number  of  the  diamond  mines  of  South 
Africa. 

On  September  1,  1878,  Mr.  Whiting  entered  the  employ  of 
the  Philadelphia  &  Reading  Coal  &  Iron  Company  as  mechan- 
ical engineer.  On  April  1,  1880,  he  was  jiromoted  to  chief 
engmeer,  and  on  March  1,  1883,  to  general  manager,  which 
latter  position  he  held  for  five  years. 

On  May  1,  1888,  Mr.  Whiting  entered  the  employ  of  tlie 
Calumet  &  Hecla  Mining  Company  as  general  manager,  which 
position  he  held  until  April  30,  1901,  when  lie  retired  from 
active  life. 

While  with  this  company  he  recommended  and  sujiervised 


tlic  sinking  of  tlie  Red  Jacket  or  Whiting  shaft.  This  is  a 
vertical,  six-compartment  shaft  which  intersects  the  lode  at  a 
depth  of  about  3300  ft.  and  reaches  the  level  of  the  lode  at 
the  property  line  at  a  depth  of  5000  ft.  The  eross-sectiou  of 
the  shaft  measures  15^/2  by  25  ft. 

Mr.  Whiting  was  a  charter  member  of  The  American 
Society  of  Mechanical  Engineers,  manager  from  April  1880 
to  November  1882  and  \-ice-president  from  1882  to  1883.  He 
was  also  a  member  of  the  American  Society  of  Naval  Engi- 
neers, the  American  Institute  of  Mining  Engineers,  the  Eng- 
lish Institution  of  Mechanical  Engineers  and  the  Noi-fh  of  Eng- 
land Institute  of  Mining  &  Mechanical  Engineers. 

Mr.  Whiting  died  at  his  residence  in  Cambridge,  Mass.,  on 
December  23,  1915. 

MEETINGS 

CINCINNATI,    NOVEMBER    18 

The  I'egular  November  meeting  of  the  Cincmnati  Section 
of  the  Society  was  held  as  a  joint  meeting  with  the  Engi- 
neers' Club  of  Cincinnati  on  November  18.  C.  E.  Under- 
bill, cliief  electrical  engineer  of  the  Acme  Wire  Company, 
New  Haven,  Conn.,  spoke  on  Electromagnets.  Mr.  Under- 
bill in  his  talk  first  reviewed  briefly  some  of  the  steps  in  the 
historical  development  in  the  study  of  solenoids.  The  funda- 
mental i)rineiple  and  properties  of  solenoids  were  demon- 
strated experimentally  by  means  of  suitable  apparatus  and 
attention  was  called  to  changes  in  their  behavior  when  sup- 
plied with  alternating  instead  of  direct  current.  The  reasons 
for  the  less  satisfactory  operation  of  the  A.C.  solenoid  as 
regards  its  holding  power  and  noisiness  were  discussed  and 
the  remedies  employed  and  being  studied,  were  outlined. 
Attention  was  called  to  the  early  theoretical  analysis  of 
solenoids  by  Clerk  Maxwell  and  by  a  reference  to  his  funda- 
mental force  equation 

M'- 
F=  ■2r.r--\-TH+  ^^ 

it  was  shown  that  in  the  study  of  solenoids  and  magnets,  the 
design  is  greatly  facilitated  by  regarding  the  three  com- 
ponents of  the  total  force  independently,  that  is,  the  force 
reaction  between  the  solenoids  or  parts  of  solenoids,  the  force 
between  solenoids  and  plungers,  and  the  force  manifested  at 
air  gaps.  Emphasis  was  placed  upon  the  fact  that  many 
of  the  methods  of  procedure  in  the  design  of  magnets  and 
solenoids  are  cumbersome  because  of  the  attempt  to  consider 
the  force  developed  as  the  function  of  a  single  composite 
field;  some  methods  are  inadequate  because  they  fail  to 
recognize  that  it  is  the  magnetic  leakage  that  calls  for  the 
greatest  consideration. 

Lantern  slides  were  shown  exhibiting  the  correspondence 
between  theoretical  and  obser\-ed  performances  of  solenoids. 
Views  were  also  presented  showing  some  common  commercial 
applications  of  magnets  and  solenoids  such  as,  lifting  mag- 
nets, magnetic  clutches,  magnetic  chucks  or  separators,  mag- 
netic brakes,  electromagnetic  impact  tools,  etc.  At  the  con- 
clusion of  the  paper  a  discussion  occurred  which  was  followed 
by  the  usual  Dutch  lunch.  About  100  members  and  guests 
were  present. 

CHICAGO,   NOVEMBER   19 

The  firet  meeting  of  the  Chicago  Section  of  The  American 
Society  of  Mechanical  Engineers  for  the  1915-16  seaswi  was 
held  on  November  19,  with  H.  M.  Montgomery,  Chairman, 
presiding.  Dinner  was  sened  promptly  at  6 :30  p.m.  to  122 
members  and  guests. 
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The  speakers  were  Frank  B.  Oilbreth,  Mem.Am.Soi'.M.E., 
cousulting  engineer,  Providence,  E.  I.,  and  Hon.  Jacob  M. 
Dickinson,  receiver,  Chicago,  Rock  Island  &  Pacific  Ry. 

Mr.  Gilbreth  gave  an  illustrated  lecture  on  the  subject  of 
Helping  Cripjilcd  Soldiers.  He  explained  that  he  had 
been  requested  by  representatives  of  foreign  educational  de- 
jiartments  to  train  teachers  in  the  theory  and  practice  of 
motion  study  in  order  tliat  they  may  be  able  to  develop 
methods  and  means  by  which  it  will  be  possible  for  the 
maimed  and  injured  soldiers  at  the  close  of  the  war  to  become 
productive  units  in  the  industrial  development  of  their  re- 
spective countries.  By  doing  tliis,  the  cripples  can  be  made 
self-supporting,  which  will  relieve  their  country  of  a  consid- 
erable burden  and  at  the  same  time  provide  occupation  for 
the  men  with  the  accompanying  increase  in  happiness.  The 
experience  gained  by  the  study  of  motion  study  is  expected 
to  assist  in  the  determination  of  occujiations  for  the  injured 
soldiei-s,  provided  they  are  incapable  of  following  their  pre- 
vious trades,  and  the  arrangement  of  the  tools  with  which  they 
work  so  that  they  can  perform  their  work  in  an  efficient  man- 
ner and  with  minimum  fatigue.  He  explained  in  some  con- 
siderable detail,  the  methods  followed  in  making  motion 
studies  and  showed  by  means  of  lanteni  slides  many  inter- 
esting pi-oblems,  such  as  machine  tool  work,  brick  laying,  etc., 
in  which  the  fatigue  of  the  worker  had  been  materially 
lessened  by  the  placing  of  the  materials  used  in  his  work  in 
more  convenient  positions.  The  method  followed  in  such 
cases  was  to  take  photogTaphs  of  the  paths  followed  by  the 
worker's  hand  in  making  one  complete  cycle  of  operations. 
This  was  accomplished  by  fastening  a  small  electric  light  to 
the  workman's  hand,  the  path  of  this  light  being  clearly  shown 
in  the  photograph.  The  electric  current  to  the  lamp  was  in- 
terrupted at  regular  intervals  measured  to  the  thousandth  of 
a  second,  the  interruptions  being  controlled  by  tuning  forks 
of  a  predetermined  number  of  vibrations  per  second.  This 
produced  in  the  picture  an  intermittent  series  of  light  and 
dark  spots  in  the  path  of  the  lamp  which  gave  an  indication 
of  the  speed  of  the  workman's  hand  throughout  the  cycle  of 
the  operation.  From  these  photographs,  wire  diagrams  were 
made  for  the  purpose  of  more  carefully  studying  the  complete 
cycle  of  the  motion  with  the  idea  in  view  of  simplifying  them 
with  the  accompanying  reduction  in  fatigue  to  the  workman 
and  increase  in  output. 

Mr.  Gilbreth  laid  great  stress  on  the  importance  of  provid- 
ing evei-y  means  possible  for  the  occupation  of  the  injured 
soldier  after  the  war,  from  the  standpoint  of  the  soldier  him- 
self, his  coimtry  and  the  world  at  large.  He  solicited  in- 
formation from  all  who  had  any  suggestions  to  offer  regard- 
ing this  line  of  work,  and  from  those  especially  who  knew 
of  any  devices  used  by  men  who  were  physically  handicapped 
in  performing  their  work  in  the  ordinary  way. 

Mr.  Dickinson,  the  second  speaker  of  the  evening,  expressed 
much  interest  in  the  lecture  given  by  Mr.  Gilbreth,  and  spoke 
of  the  urgent  need  of  such  work  in  the  warring  countries. 
Having  been  in  the  Civil  War  he  appreciated  greatly  what 
opportunities  were  ahead  of  Mr.  Gilbreth.  He  spoke  of 
fonner  Governor  Nichols  of  the  state  of  Louisiana  who 
emerged  from  the  Confederate  army  with  one  leg  and  one  eye, 
as  illustrative  of  two  points  that  should  be  considered ; 
namely,  that  a  man  need  not  despair  on  account  of  mis- 
fortunes incurred  in  the  war  and  the  effect  of  the  pension 
system.  General  Nichols  served  in  the  Confederate  army  and 
his  country  was  unable  to  give  him  a  pension  at  the  end  of 
the  war,  so  he  went  back  to  his  profession,  the  practice  of 
law,    and   notwithstanding   his   injuries,   was   eminently   suc- 


cessful, becoming  governor  of  Louisiana.  Had  he  received  a 
pension  he  would  have  been  able  to  retire  and  the  couulry 
might  have  lost  the  civil  service  of  an  able  man.  While  .Mr. 
Dickinson  did  not  want  to  be  understood  as  opposing  a  pen- 
sion to  those  who  become  dependent  on  account  of  service  to 
their  country,  he  l)elieved  that  from  tlie  study  he  has  given 
to  the  question  that  a  great  deal  of  hanu  comes  from  in- 
discriminate pensions.  He  tolil  Jiow,  after  tiie  Civil  War, 
the  pension  system  was  dominated  by  the  claim  agents  who 
lived  on  the  percentages  of  the  pensions  obtained  for  those 
who  were  not  very  discriminating  regardmg  the  matter  of 
disability.  In  this  way  a  vast  amount  of  money  was  bestowed 
on  peojile  whose  injuries  were  far  from  making  them  non- 
supporting. 

This  indiscriminate  pensioning  was  quite  extensive  in 
eastern  Tennessee  and  its  effect  on  the  following  generation 
was  clearly  shown  at  the  close  of  the  Spanish  War.  Four 
regiments  from  that  state  were  raised  for  the  Spanish  ^Var; 
one  from  the  eastern  part,  one  from  the  middle,  one  from  the 
western  part,  and  one  called  the  "regiment  of  immunes,"  the 
idea  Ijeing  that  those  immuned  from  yellow  fever  would  be 
liable  to  be  called  for  service  more  rapidly.  After  the  war 
was  over  and  all  these  soldiers  were  mustered  out  of  service 
they  were  asked  whether  or  not  they  claimed  anything  for 
disability  on  account  of  serving  the  government  and  a  record 
was  made  of  these  claims.  Those  soldiers  from  east  Tennessee 
who  were  individually  just  as  good  men  as  the  soldiers  of  west 
Tennessee,  but  who  had  been  imbued  with  this  idea  of  the 
pension  system  and  of  the  duties  and  obligations  of  the  gov- 
ernment arriving  simply  from  the  fact  of  having  rendered 
service,  presented  claims  for  60  per  cent  of  their  number, 
whereas  the  regiments  from  the  middle  and  west  Tennessee 
put  in  claims  for  less  than  10  per  cent  of  their  number. 

In  closing,  Mr.  Dickinson  called  Mr.  Gilbreth's  attention  to 
the  big  field  for  his  motion  study  work  in  the  process  of  pick- 
ing cotton  ill  the  South,  stating  that  up  to  this  time  there  has 
not  been  invented  a  satisfactory  cotton  picking  machine  and 
all  that  work  has  to  be  done  by  hand. 

WORCESTER,    NOVEMBER    23 

At  a  meeting  of  the  Worcester  Section  of  the  Society  on 
November  23,  Frank  B.  Gilbreth  presented  his  paper  on 
Motion  Study  for  Crippled  Soldiers  in  substantially  the  same 
form  as  it  appeared  in  the  December  issue  of  The  .Journal. 

BOSTON,    NOVEMBER    30 

At  a  meeting  of  the  Boston  local  section  of  the  Society  on 
November  30,  a  paper  was  presented  by  Frank  B.  Gilbreth, 
Mem.Am.Soc.M.E.,  on  Motion  Study  for  Crippled  Soldiers. 
Mr.  Gilbreth  stated  that  there  are  today  over  two  million 
men  living  in  Euroj^e  who  have  suffered  the  loss  of  limbs, 
faculties,  or  both,  as  a  result  of  injuries  in  the  great  war. 
He  said  that  provisions  must  be  made  for  enabling  these 
millions  of  crippled  soldiers  to  become  self-supporting,  that 
they  must  be  taught  and  fitted  for  some  sort  of  productive 
work  and  the  work  must  be  specially  modified  and  adapted 
to  their  individual  physical  defects  and  shortcomings,  that 
the  problem  is  an  exaggerated  new  form  of  vocational  guid- 
ance, vocational  traming  and  systematic  placement  of  men. 
Mr.  Gilbreth  visited  many  hospitals  and  recovery  homes  and 
has  seen  first  hand  the  frightful  needs.  Having  crossed  uuu'e 
than  a  dozen  European  frontiers  since  the  war  began,  Mr. 
Gilbreth  stated  that  he  felt  justified  in  emphasizing  the  neces- 
sity of  this  great  movement  of  systematic  teaching  of  crippled 
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soldiers.  Mi-.  Gilbietb  described  a  number  of  slides  showing 
motion  study  of  vai'ious  kinds.  By  the  analysis  of  the  various 
motions  it  is  possible  to  work  out  new  sequences,  cycles,  and 
methods  of  doing  many  a  type  of  work  that  has  been  formerly 
considered  possible  only  for  the  man  who  is  in  complete  pos- 
session of  all  his  members  and  faculties.  It  is  possible  to 
take  a  maimed  soldier  or  other  worker  to  be  helped,  specially 
equip  or  fit  him  for  a  new  set  or  new  sequence  of  motions 
which  will  enable  him  to  achieve  an  output  of  production  not 
only  large  enough  to  allow  him  to  be  considered  an  active 
and  productive  member  of  society  but  also,  with  some  types 
of  work,  to  hold  his  attention  and  interest  sufBciently  to  en- 
able him  to  progress  continually  in  his  learning  and  skill. 

ST.    LOUIS,    NOVEMBER    24 

On  November  24,  a  joint  meeting  of  the  Associated  So- 
cieties of  St.  Louis  was  held  under  the  auspices  of  the  Amer- 
ican Society  of  Civil  Engineers.  H.  R.  Stanford,  U.S.N., 
Chief  of  the  Bureau  of  Yards  and  Docks,  gave  an  illustrated 
lecture  on  the  Pearl  Harbor  Dry  Dock.  He  discussed  the 
dock  from  start  to  finish,  particularly  dwelling  on  the  diffi- 
culties encountered  through  the  bursting  upward  of  the  bot- 
tom of  the  dock  through  hydraulic  pressure.  The  attendance 
was  about  125. 

ST.    LOUIS,   DECEMBER   1 

On  December  1,  a  joint  meeting  was  held  under  the 
auspices  of  the  American  Society  of  Engineering  Contractors. 
Hillis  F.  Haekedorn,  president  of  the  Hackedom  Contract- 
ing Company  of  Indianapolis,  and  also  president  of  the 
American  Society  of  Engineering  Contractors,  gave  a  paper 
on  Equitable  Specifications  and  Contracts.  The  paper  was 
presented  from  the  contractor's  point  of  view.  Mr.  Hacke- 
dom's  contention  was  that  the  average  engineer  or  inspector 
possesses  no  more  of  the  qualities  of  angels  than  does  the 
average  contractor,  and  that  a  specification  which  places  the 
tuial  decision  on  all  matters  in  the  hands  of  a  possible  faulty 
inspector  is  not  a  just  paper  before  the  law.  Such  a  con- 
tract further  lacks  many  of  the  elements  of  common  sense  in 
its  makeup.  Mr.  Hackedom  pleaded  for  a  uniform  building 
contract  which  would  be  fair  to  all  parties  concerned  and  ad- 
vised that  such  a  form  was  pretty  well  developed  and  it  is  to 
be  before  long  that  no  contractor  will  undertake  work  unless 
this  contract  fonn  is  used. 

BUFFALO,    DECEMBER   1 

At  a  meeting  of  the  Engineering  Society  of  Buffalo  on 
December  1  Fay  B.  Williams,  Mera.Am.Soc.M.E.,  engineer  of 
the  Lamson  Conveyor  Company,  of  Boston,  Mass.,  gave  a 
lecture  on  Internal  Conveyors.  The  lecture  was  very  pro- 
fuselj'  illustrated  with  slides  and  the  various  types  of  con- 
veyors consisting  of  tubes,  overhead  wires,  runways,  etc.,  were 
thoroughly  gone  into.  Mr.  Williams  described  various  sys- 
tems of  conveyors  for  carrying  packages,  parcels,  goods,  mail, 
etc.,  inside  buildings.  According  to  him,  modern  eflficiency 
methods  demand  just  as  efficient  means  of  internal  trans- 
portation as  of  road  transportation.  About  175  members 
were   present. 

BUFFALO,    DECEMBER    15 

At  a  meeting  of  the  Engineering  Society  of  Buffalo  on 
December  15,  C.  E.  Drayer,  Secretary  of  the  Cleveland 
Engineering    Society    gave    an    address    on    Engineers    in 


Politics.  On  January  1,  the  city  of  Buffalo  enters  on 
a  new  form  of  government,  a  commission  form  of  gov- 
ernment with  four  councilmen  and  one  mayor  as  the 
governing  body  of  the  city.  Mr.  Drayer  said  that  the  build- 
ing of  railroads,  canals,  water-supply  and  sewerage  systems, 
are  fundamentally  public  service  but  do  not  relieve  the  en- 
gineer of  his  other  duties  as  a  citizen.  On  the  other  hand, 
the  public  character  of  his  work  creates  new  opportunities 
for  civic  leadership  and  increases  his  responsibility  as  a  citi- 
zen. Mr.  Drayer  argued  that  the  usual  engineer  was  lax  in 
his  duties  as  a  citizen,  that  he  had  special  knowledge  and 
training  which  might  be  turned  to  the  common  welfai-e  of 
the  community.  He  said  that  the  local  society  of  engineers 
could  at  least  furnish  through  its  committees  and  open  meet- 
ings, a  forum  where  analytical  minds  can  help  solve  the 
problems  about  which  engineers  are  qualified  to  speak.  Mr. 
Drayer  told  what  had  been  accomplished  in  Cleveland  by  the 
engineers  of  the  city,  how  they  are  called  on  by  the  mayor 
and  council  in  settling  engineering  questions.  He  showed 
many  slides  and  newspaper  clippings  to  show  what  interest 
was  aroused  by  the  Engineering  Society  in  Cleveland  and  the 
great  variety  of  topics  that  might  be  suggested  for  public 
discussion.  This  meeting  was  attended  by  approximately  175 
and  the  tone  of  the  meeting  was  one  of  heartiest  cooperation 
in  all  forms  of  civic  life. 

PROVIDENCE,   DECEMBER    15 

The  last  meeting  of  the  Providence  Association  of  Me- 
chanical Engineers  for  the  j^ear  1915,  was  held  at  Brown  Uni- 
versity on  December  15.  Prof.  Charles  W.  Brown,  head  of 
the  Department  of  Geology,  addressed  the  meeting  on  Geol- 
ogy and  Engineering.  His  talk  was  very  well  illustrated  by 
the  use  of  an  epediaseope,  by  means  of  which  photographs 
and  microscopic  projections  were  thrown  on  the  screen.  At 
the  close  of  the  lecture  the  members  had  an  opportunity  to 
inspect  the  museum  of  the  University  with  particular  refer- 
ence to  the  geological  specimens. 

CINCINNATI,    DECEMBER    16 

A  joint  meeting  of  the  Engineers'  Club  of  Cincinnati  and 
the  Cincinnati  Section  of  the  Society  was  held  on  December 
16.  Instead  of  the  usual  formal  address,  the  retiring  presi- 
dent of  the  Engineers'  Club,  F.  L.  Raschig,  chose  as  his  sub- 
ject Engineering  Features  of  the  Panama  Pacific  Interna- 
tional Exposition,  foUowuig  a  paper  which  was  presented  at 
the  San  Francisco  Meeting  of  the  Society  in  September  by 
Guy  L.  Bailey,  Mem.Am.Soc.M.E.  Through  the  courtesy 
of  Mr.  Bailey,  about  90  lantern  slides  illustrating  many  of 
the  engineering  features  of  the  Exposition  were  shown. 

MINNESOTA,    DECEMBER    16 

The  regular  meeting  of  the  Minnesota  Section  was  held  in 
St.  Paul  on  December  16.  Prof.  J.  J.  Flather,  Mem.Am. 
Soc.M.E.,  gave  a  paper  on  Engineeiing  Education  in  the 
British  Isles,  and  Mr.  Brink  presented  one  on  Government 
Specifications  with  special  description  of  a  50  ton  crane 
which  the  American  Hoist  and  Derrick  Company  is  building 
for  the  Government. 

Quincy  A.  Hall,  in  the  absence  of  the  Chairman,  Mr.  Toltz. 
made  the  following  report  of  the  Nominating  Committee : 
C.  W.  Tubby,  chairman;  J.  B.  Martenis,  vice-chairman;  F. 
W.  Rose,  secretary  and  treasurer.  F.  W.  Rose  resigned  and 
placed  in  nomination  Quincy  A.  Hall,  who  was  elected. 
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STUDENT  BRANCHES 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 

The  December  Meeting  of  the  Armour  Institute  of  Technol- 
ogy Student  Branch  was  held  on  December  2.  B.  S.  Carr,  who 
is  a  senior  mechanical  and  employed  by  the  Grip  Nut  Com- 
pany of  Chicago,  gave  a  talk  and  demonstration  on  grip  nuts. 
He  explained  the  entire  process  of  their  making  and  by  means 
of  a  Riehle  Testing  Machine  demonstrated  the  locking  power 
of  the  grip  nuts.  Following  Mr.  Carr's  talk,  an  open  discus- 
sion was  held  on  the  subject  of  The  Testing  of  Glued  Wood 
Surfaces  for  Tension. 

CARNEGIE    INSTITUTE    OF    TECHNOLOGY 

A  meeting  of  the  Carnegie  Institute  of  Technology  Student 
Branch  was  held  on  November  10,  at  which  Prof.  G.  H.  Fol- 
lows, head  of  the  department  of  machine  design,  addressed  the 
Branch  on  Some  Things  that  Experience  Has  Taught  Me  up 
to  Date.  He  opened  his  talk  with  a  summary  of  the  positions 
that  he  had  held  in  his  past  Iweiitv-tour  years  of  engineering- 
experience,  which  included  almost  everything  that  a  mechanical 
engineer  could  do  and  still  retaui  his  calling. 

Professor  Follows  said  that  the  greatest  lesson  he  ever 
learned  was  that  interest  in  the  work  is  the  key  note  of  suc- 
cess. Following  this,  he  sjioke  at  some  length  on  requirements 
for  a  design  to  be  good  and  also  spoke  of  the  poor  returns 
from  working  with  patents.  He  closed  his  talk  with  a  very 
fine  discussion  of  efiftciency  in  general  and  personal  efficiency. 
Following  the  address  an  informal  discussion  was  lield  by 
Professor  Follows  and  those  present. 

At  a  meeting  of  the  Branch  on  December  8,  H.  H.  Hower, 
of  The  Willys  Overland  Company  in  Toledo,  gave  an  illustrated 
lecture  on  the  subject  of  The  Sleeve  Valve  Motor  of  the 
Silent  Knight  type.  Mr.  Hower  presented  each  man  with  a 
paste  board  working  model  of  the  sleeve  valve  motor,  and 
made  use  of  these,  in  addition  to  a  number  of  slides,  to  il- 
lustrate the  points  of  his  talk.  The  following  is  a  brief 
summary  of  the  considerations  taken  up : 

The  sleeve  valve  motor  differs  from  the  poppet  valve  motor 
only  in  the  method  of  making  passage  for  the  inlet  and  ex- 
haust gases.  The  other  essential  parts  correspond  very  closely 
with  those  of  the  usual  poppet  valve  motor.  These  passages 
are  made  by  two  concentric  sleeves  around  the  piston  recipro- 
cated by  eccentrics  on  a  counter  shaft  so  that  at  the  proper 
time  the  ports  in  the  sleeves  register  with  each  other  and  with 
the  ports  in  the  cylinder  walls  proper  allowing  a  large  clear 
passage  for  the  gases.  The  cylinder  head  fits  down  in  the 
inner  sleeve  and  has  a  junk  ring  to  hold  the  compression.  The 
sleeves  are  so  arranged  and  operated  that  no  port  is  exposed 
to  the  fire  of  the  explosion,  and  the  inner  sleeve  operates  in 
the  direction  of  the  piston  on  the  compression  and  power 
strokes. 

In  comparing  it  with  the  poppet  valve,  the  following  points 
were  brought  out  in  favor  of  the  sleeve  valve :  Positive,  quiet 
action;  spherical  combustion  chamber;  large  clear  passages; 
no  grinding;  and  better  possible  wearing  qualities. 

Contrary  to  the  general  idea,  the  lubrication  of  the  sleeves 
and  piston  assembly  is  more  than  adequate.  A  simple  splash 
system  is  used,  and  in  tests,  bearings  have  been  burnt  out 
for  want  of  oil  while  the  sleeves  were  running  well  under  the 
same  supply  as  the  bearings.  The  grooves  in  the  sleeves  have 
to  be  cut  to  prevent  too  much  oil  from  working  up  the  sides 
of  the  sleeves. 

A  discussion  followed  the  talk.  The  question  of  whether 
cam  and  spring  operated  valves  were  positive  in  action  at  high 
speeds  was  taken  up  at  some  length.  It  was  brought  out  that 
aluminum  could  not  be  used  for  pistons  or  valves  in  this  kind 
of  a  motor  because  excessive  heat  expansion  would  prevent  its 
being  used  where  there  were  a  number  of  close  running  fits. 
The  cost  of  manufacture  was  found  to  be  much  in  excess  of 
that  of  the  poppet  valve  motor. 

COLORADO   AGRICULTURAL    COLLEGE 

The  Student  Branch  of  the  Colorado  Agricultural  College 
held  a  meeting  on  October  11,  at  which  Oliver  P.  Hall, 
Mem.Am.Soc.M.E.,  gave  a  talk  on  the  testing  of  automobile 
motors.  His  discussion  was  mainly  in  regard  to  the  Standard 
Test.   In  discussing  the  apparatus  used,  he  said  that  of  prime 


importance  is  some  sort  of  a  brake  to  measure  the  horse  power 
of  the  motor,  in  some  cases  a  prony  brake  is  used,  while  in 
others  the  electrical  dynamometer  is  used.  The  latter  instru- 
ment is  the  newest  piece  of  apparatus  used  at  the  present 
time  for  the  testing  of  motors.  Mr.  Hall  gave  a  detailed  de- 
scription of  the  dynamometer,  illustrating  with  blackboard 
drawings,  and  told  of  the  methods  of  carrying  on  the  test. 

At  a  meeting  of  the  Branch  on  October  25,  Mr.  England 
gave  a  talk  on  Compressed  Air  Mining  Machinery.  In  his 
discussion  he  took  up  the  old  style  steam,  electric  and  gas 
engine  compressors,  and  also  the  new  electric  compressors. 
In  his  talk,  he  touched  upon  the  subject  of  drills  and  drill 
machines  used  at  the  present  time.  His  talk  was  based  on 
actual  experience  as  gained  in  the  metal  mines  of  the  Cripple 
Creek  district. 

Another  meeting  of  the  Branch  was  held  on  November  22. 
T.  H.  Sackett  gave  a  talk  on  the  ore-dressmg  machinery  and 
processes  of  ore-dressing  as  used  in  the  metal  mines  of  the 
Telluride  district  of  Colorado.  He  described  by  use  of  dia- 
grams on  the  board  the  following  pieces  of  apparatus  used : 
Ore  crushers,  bins,  stamps,  amalgam  plates,  amalgamator 
classifiers,  Wolfley  tables  and  other  apparatus  used  in  the 
amalgam  and  cyanide  processes  of  gold  extraction.  His  dis- 
cussion was  well  received  and  very  interesting. 

A  fourth  meeting  of  the  branch  was  held  on  December  13, 
at  which  Prof.  L.  D.  Crane  gave  a  talk  on  National  Prepared- 
ness. Prof.  Crane  made  his  remarks  on  the  subject  of  civilian 
or  voluntary  service  such  as  is  now  in  vogue  in  the  Navy  De- 
partment of  our  Government  under  Secretary  of  the  Navy, 
Josephus  Daniels. 

COLUMBIA    UNIVERSITY 

At  a  joint  meeting  of  the  electrical  and  mechanical  engineer- 
ing societies  of  Columbia  Universitv  on  November  23,  Captain 
Robinson,  C.  E.,  of  the  22nd  Regiment,  N.  Y.,  spoke  of  The 
Work  of  the  Military  Engineer.  The  speaker  was  introduced 
by  Dean  F.  A.  Goetze,  Mem.Am.Soc.M.E.,  and  of  the  Faculty 
of  the  School  of  Applied  Science.  Captain  Robinson  pointed 
out  strongly  the  great  difference  between  civilian  and  military 
engineering.  This  difference  is  so  great  that,  though  a  man  is 
an  engineer  in  everyday  life,  he  is  not  fitted  for  military  work 
without  special  training.  This  work  includes  all  the  regular 
infantry  training  in  addition  to  the  duties  as  an  engineer.  As 
Captain  Robinson  spoke  of  the  different  features  of  his  sub- 
ject, he  illustrated  the  lecture  with  slides,  motion  pictures  and 
models.  The  models  of  the  different  types  of  military  bridges, 
small  sized  pontoons,  etc.,  were  remarkable.  The  military  en- 
gineer has  to  be  destructive  as  well  as  constructive,  and,  to  il- 
lustrate this,  two  reels  of  moving  pictures  were  run  off  show- 
ing explosions  of  earth  mines  and  those  under  water  with  the 
resultant  effects.  Included  in  this  were  pictures  showing  the 
demolition  of  bridges  and  raih'oads. 

KANSAS    STATE    AGRICULTURAL    COLLEGE 

At  a  meeting  of  the  Kansas  State  AgTieultural  College 
Student  Branch  on  December  2,  Lieut.  Mathews,  Commandant 
of  Cadets  at  the  College,  gave  a  talk  on  Engineering  as  Ap- 
plied to  Field  Fortification.  He  brought  out  the  comparison 
between  the  ancient  and  modern  methods  of  fortification.  He 
spoke  of  the  part  that  the  engineer  is  expected  to  do  in  regard 
to  field  fortification,  and  also  described  the  kinds  of  field 
obstruction  and  fortifications  which  are  being  used  in  Europe 
at  the  present  time. 

Prof.  R.  A.  Seaton  of  the  Applied  Mechanics  Department 
gave  a  description  of  A  Trip  to  the  Pacific  Coast  in  an  Auto. 
He  described  especially  the  kinds  of  roads  and  bridges  in  the 
west  and  in  the  mountains. 

MASSACHUSETTS   INSTITUTE    OF   TECHNOLOGY 

The  student  Branch  of  the  Massachusetts  Institute  of 
Technology  opened  the  year  on  October  9  with  a  trip  through 
the  new  Institute  buildings  now  under  construction  in  Cam- 
bridge, at  which  one  hundred  and  sixty-two  men  were  present. 
The  party  was  split  up  into  small  groups  and  shown  about  the 
buildings  by  instructors  in  the  Mechanical  Engineering  de- 
partment. Although  no  machinery  has  as  yet  been  installed, 
the  men  were  able  to  see  the  magnitude  of  the  work  and  the 
general  arrangement  of  the  different  departments.     The  me- 
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tliaiiiiiil  la'.)!i:a'a)iiLS  were  eiiiiii)|ieJ  with  two  canals  in  tlie 
basement  wliit-li  will  furnish  all  the  water  used  in  tlie  hydraulic- 
woik  and  al^o  for  the  eimdenseis.  On  the  first  Hoor  will  be 
placed  the  teslins  units,  most  of  which  will  be  entirely  new. 
The  power  house,  which  is  connected  with  the  main  building 
by  a  tunnel,  is  rapidly  nearing  completion.  2000  h.p.  of 
Babcock  and  Wilco.x  boilers  will  be  installed  in  HOO  h.p.  units. 

The  first  smoker  of  the  year  was  held  in  the  Technology 
Union,  the  speakers  being  Professors  Miller  and  Hayward  of 
the  Institute  and  A.  B.  Carhart,  Mem.Soc.M.P]..  of  the  Crosby 
Steam  Gage  Company.  Professor  Miller  spoke  of  the  advan- 
tages of  membership  in  the  Am.Soc.M.E.,  while  Professor 
Hayward  gave  some  interesting  advice  to  the  men  in  regard 
to  promptness  and  zeal  in  the  work  they  undertake.  Mr.  Car- 
hart  outlined  the  progress  in  the  past  along  engineering  lines, 
and  also  mentioned  some  ways  along  which  advancement  may 
be  expected  in  the  future. 

On  October  :iO,  a  trip  was  made  to  the  Chestnut  Hill  Pump- 
ing Station  of  the  Boston  Water  Works  with  an  attendance 
of  sixty.  On  reaching  the  station  each  man  was  given  a  paper 
on  which  the  most  interesting  points  were  noted.  This  par- 
ticular station  was  of  much  value  to  the  men,  as  there  is  such 
a  variety  of  equipment.  The  boiler  room  has  seven  vertical 
fire  tulie  boilers,  one  of  the  locomotive  type,  and  three  hori- 
zontal boilers  running  with  stokers  and  forced  draft.  The 
pumping  engines  are  of  35,  45,  20  and,  two  of  8  million  gal- 
lons a  day  capacity.  There  is  also  an  Allis  engine  that  for  a 
number  of  years  held  the  world's  economy  record. 

On  November  11,  W.  S.  Perkins  of  the  Walker  Pratt  Foun- 
dry gave  an  illustrated  talk,  which  followed  the  progress  of 
the  metal  from  the  mine  to  the  finished  product. 

On  November  27,  there  was  a  trip  to  the  L  Street  Station 
of  the  Boston  Edison  Company,  wliere  eight  vertical  turbo- 
generators of  96,000  kw  total  rated  capacity  were  seen  in 
operation.  The  coal  handling  system  from  vessel  to  boiler 
was  one  of  the  interesting  features  that  was  noted.  Here  as 
in  the  former  trip  neostyled  sheets  were  given  out  showing 
where  to  see  the  interesting  points;  these  also  contained  con- 
siderable data  and  a  general  description  of  the  plant.  From 
the  Edison  plant,  the  men  went  to  that  of  the  Boston  Elevated 
system,  where  tliree  15,000  kw  units  were  seen  in  operation. 
A  description  of  the  condensers,  main  units,  feed  water  heat- 
ers, boilers,  etc.,  was  given  the  men,  and,  in  company  with 
several  professors  and  officers  of  the  society,  who  went  over 
the  plant  a  few  days  previous,  the  piping  system  was  traced 
out  and  different  features  of  the  equipment  noted. 

The  officers  for  the  ensuing  year  are :  K.  C.  Richmond,  '16, 
chairman ;  P.  Y.  Loo,  '16,  vice  chairman ;  H.  B.  Gray,  '16,  sec- 
retary; J.  W.  Stafford,  '16,  treasurer;  R.  M.  Snyder,  '16; 
G.  W.  Tuttle,  '16,  and  E.  W.  Rounds,  '17,  governing  board. 

PENNSYLVANIA  STATE  COLLEGE 

At  a  meeting  of  the  Pennsylvania  State  College  on  Novem- 
ber 18,  H.  L.  Mummert,  '16,  was  appointed  by  the  Advisoi-y 
Committee  as  the  representative  of  Pennsylvania  State  Col- 
lege to  the  Annual  Meeting  of  the  Society  in  New  York. 

Samuel  Clark,  '16,  gave  a  lengthy  discussion  of  the  AVillys- 
Overland  automobile  industry.  He  supplemented  his  talk 
with  stereopticon  views  of  the  Toledo  plant,  showing  views 
from  nearly  all  of  the  departments,  and  more  especially  the 
motor  assembly  department.  He  described  the  methods  used 
in  assembling  the  motors,  and  also  spoke  of  the  accuracy  de- 
manded in  making  up  the  various  jiarts.  He  illustrated  with 
lantern  slides  the  working  parts  of  the  motor,  and  especially 
the  sleeve  valve  system,  which  he  discussed  in  detail.  The 
speaker  helped  to  explain  the  sleeve  valve  by  the  use  of  a 
miniature  working  model  of  the  motor  in  ci'oss-section. 

Mr.  Clark  also  described  the  treatment  of  employees  by  the 
Willys-Overland  concern,  and  explained  several  points  in  con- 
nection with  the  handling  of  the  men. 

At  this  meeting,  G.  S.  W^est  was  chosen  as  vice-president 
to  succeed  Mr.  Dunn. 

POLYTECHNIC    INSTITUTE    OF   BROOKLYN. 

At  a  meeting  of  the  Polytechnic  Institute  of  Brooklyn 
Student  Branch  on  November  6,  George  A.  Orrok,  Mem.Am. 
Soc.M.E.  and  chief  mechanical  engineer  of  the  New  Y^ork  Edi- 
son Company,  spoke  on  Tendencies  of  Central  Power  Station 


Design.  He  traced  the  development  of  central  power  stations 
from  the  first  station  built  by  Edison  over  thirty  years  ago 
to  the  model  and  standard  stations  of  to-day  both  in  Europe 
and  in  this  counti-y.  He  showed  how  boilers  have  been  im- 
proved and  how  they  can  now  produce  a  pressure  of  350  lb. 
per  sq.  in.,  although  the  usual  working  pressure  is  175  lb. 
Likewise  the  motixe  power  for  directly  driven  dynamos  has 
passed  through  several  stages,  from  compound  engines  to 
triple  expansion,  to  quadruple  expansion  engines,  back  to 
compound  engines,  and  Anally  to  the  highly  efficient  and 
economical  turbine  now  in  vogue. 

In  power  plant  design,-  there  evolved  two  types  of  central 
power  stations,  the  European  and  American  Standard.  The 
European  design  mcludes  boiler  room,  turbine  room,  electric 
auxiliaries  and  economizers,  while  the  American  Standard  in- 
volves boiler  room,  tmbine  room,  steam  auxiliaries  and  feed 
water  heaters  without  economizers. 

The  greatest  tendency  in  central  power  station  desigii  in 
this  country  is  toward  the  extensive  adoption  of  the  econo- 
mizer. This  equipment,  which  raises  the  temperature  of  the 
water  from  the  feed  water  heater  before  injecting  it  directly 
in  the  boiler  is  claimed  to  increase  the  efficiency  4  ner  cent. 

The  December  meeting  of  the  Branch  was  held  December  10 
at  tlie  rooms  of  the  Society  in  New  Y'ork.  Fred  R.  Low,  Mem. 
Am.Soc.M.E.,  and  Editor  of  Power,  gave  an  illustrated  talk  on 
the  Panama  Pacific  Exposition.  The  Panama  Exposition  has 
been  the  only  exposition  w-ith  consistent  layout  of  buildings, 
which  can  be  explained  by  the  fact  that  the  site  of  the  expo- 
sition was  formerly  luider  water.  The  speaker  dwelt  at  length 
on  the  ]ialace  of  machinery,  which  required  ''^'2  million  board 
feet  of  lumber  and  15  tons  of  building  hardware  in  its  con- 
struction. Mr.  Low  impressed  bis  listeners  with  the  fact  that 
the  exposition  contained  very  little  to  commemorate  the  Pan- 
ama Canal  or  to  impress  the  visitor  with  the  immense  strides 
w-liich  have  been  taken  in  engineering  in  the  past  decade. 
Colored  slides  portrayed  the'  beautiful  color  scheme  used  in 
the  decorations  of  the  buildings. 

PURDUE    UNIVERSITY 

A  joint  meeting  of  the  Purdue  University  Student  Branch 
of  the  Society  and  the  A.I.E.E.  was  held  November  22.  W.  A. 
Phillis,  of  the  National  Tube  Company,  gave  a  lecture  on  the 
manufacture  of  steel  pipe  and  tubing.  He  illustrated  his 
talk  with  three  reels  of  motion  pictures.  The  first  reel  showed 
the  "  open-cut  mining  "  of  the  Great  Lakes  region  being  car- 
ried out  on  a  mammoth  scale.  The  advanced  methods  of  load- 
mg  and  transportation  w-ere  of  special  interest,  and  excellent 
pictures  of  the  charging  of  the  blast  furnace  were  shown.  The 
second  reel  portrayed  the  refining  of  the  steel  and  the  rolling 
and  forming  it  into  the  finished  product.  The  steel  is  refined 
in  the  Bessemer  and  open  hearth  furnaces,  depending  upon  the 
style  of  pipe  to  be  made  and  the  quality  of  the  iron.  Prob- 
ably the  most  interestmg  feature  was  the  great  amount  of 
automatic  machinery  for  handling  the  rolled  stock.  The  steel 
is  first  rolled  into  sheets  and  then  formed  into  the  pipe,  using 
a  butt  weld  up  to  a  certain  size  and  then  the  lap  weld  in  the 
larger  sizes.  The  third  reel  concluded  the  manufacture  of  the 
pipe,  and  in  addition  showed  the  rigid  tests  to  which  the  fin- 
ished product  is  subjected.  Every  piece  is  tested  for  compres- 
sion in  both  directions,  the  weld  is  tested,  a  water  test  and  a 
personal  inspection  complete  the  test.  A  panoramic  \iew  of 
the  immense  factories  at  Lorain,  Ohio,  concluded  the  film. 
Few  opportunities  have  been  afforded  the  engineering  societies 
for  seeing  such  an  unusual  motion  picture  of  a  big  industry  as 
that  shown  to  the  engineering  societies  of  Purdue  by  the  Na- 
tional Tube  Company. 

Another  meeting  of  the  Branch  was  held  December  7.  The 
program  consisted  of  talks  given  by  three  of  the  members.  The 
first  was  a  talk  on  ship-building,  by  Mr.  Shoemaker.  He  is  a 
native  of  Holland  and  has  had  considerable  experience  in  re- 
pair work  on  large  vessels.  He  gave  a  very  instructive  account 
of  the  method  of  re-boring  worn  steam  cylinders  by  setting  the 
mill  right  in  the  cylinder.  An  account  of  the  exchange  of  pro- 
pellers in  mid-ocean  was  given.  The  cargo  was  shifted  to  the 
forward  part  of  the  ship  until  the  propeller  was  out  of  water. 
A  scaffold  was  then  built  around  the  propeller  and  it  was 
removed.  Mr.  Shoemaker's  statement  that  the  bearing  surface 
of  the  journal  of  the  propeller  was  made  of  wood  was  received 
with  a  great  deal  of  interest  and  curiosity. 
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The  next  talk  was  gi\en  by  O.  h\  Ilamln-uck,  '16,  on  Keplac-- 
ing  of  Boiler  Tubes.  He  gave  the  various  methods  of  fastening 
the  tube  to  the  plate;  by  puttiiio;  a  bead  on  the  inside  by 
means  of  a  special  tool  (pneumatic),  and  also  a  new  theory 
proposed  by  a  foreign  experimenter,  namely,  increasing  the 
thickness  of  the  tube  at  its  entrance  to  the  plate  by  the  addi- 
tion of  a  softer  metal.  This,  it  is  claimed,  will  remedy  loosen- 
ing of  the  tubes  due  to  expansion  in  heating.  Mr.  Hambrock 
gave  his  ideas  on  the  practicability  of  the  scheme.  He  told  of 
the  probable  difhculty  in  welding,  and  also  of  the  decrease  in 
size  of  the  spaces  between  the  tubes  and  the  resultant  increased 
opportunity  for  the  lodgment  of  dirt.  He  also  discussed  the 
warping  effect  due  to  unequal  heating  of  the  pipes. 

The  third  talk  was  a  short  discussion  on  Fallacies  in  Cement 
Testing.  This  was  given  by  W.  Rhoton  '16.  Lack  of  a  more 
specific  standardization  of  the  constituents  of  cement  and  of 
the  size  of  the  mesli  used  in  screening  are  the  largest  con- 
tributants  to  fallacious  tests  on  cement.  It  was  also  brought 
out  that  tests  run  on  the  material  immediately  after  manu- 
facture are  not  a  true  indication  of  its  quality  after  it  has 
been  stored  away  in  bags  for  a  time. 

RENS.SEL.\ER    POLYTECHNIC    INSTITUTE 

The  third  regular  meeting  of  the  Rensselaer  Polytechnic  In- 
stitute Student  Branch  was  held  on  November  11.  J.  B.  Lin- 
coln, president  of  the  Branch,  gave  a  verv  interesting  descrip- 
tion of  the  "L"  Street  Station  of  the  Edison  Electric  Illum- 
inating Company  in  Boston,  Mass.  Among  the  interesting 
facts  given  by  Mr.  Lincoln  were  the  following:  The  rated 
turbine  capacity  of  this  plant  is  140,600  h.p.;  the  turbines  are 
of  the  vertical  Curtiss  type  and  are  eight  in  number;  each 
turbine  is  installed  as  an  independent  unit  and  can  be  fed 
with  steam  from  any  one  of  48  Babcock  and  Wilcox  boilers. 
These  boilers  are  placed  in  the  boiler  room  pai'allel  to  and 
separated  from  the  turbine  room  by  only  a  brick  wall,  thus 
making  short  steam  lines  and  consequently  a  small  per  cent 
condensation.  Water  is  fed  to  the  boilers  from  the  city  mains 
but  a  reserve  auxiliary  storage  tank  is  kept  tilled  as  a  reserve 
supply  in  case  of  shortage  of  city  water.  Since  the  plant  is 
located  on  Boston  Harbor,  all  coal  is  brought  to  the  plant  in 
sliips  and  is  stored  in  the  open  air  in  the  rear  of  the  Power 
House.  This  coal  is  can-ied  to  the  boiler  room  by  means  of 
belt  conveyors.  Circulating  water  is  pumped  to  the  condensers 
from  tlie  harbor. 

Prof.  A.  M.  Greene,  Jr.,  Mem.Soe.M.E.,  and  head  of  the 
mechanical  engineering  dejiartment,  then  gave  a  very  interest- 
ing discussion  of  the  ])apers  which  appeared  in  the  November 
issue  of  The  Journal.  Professor  Greene  confined  his  discus- 
sion chiefly  to  the  papers  on  The  Diesel  Engine  and  its  Appli- 
cation to  Southern  California  by  Walter  H.  Adams  and  The 
Heavy  Oil  Engine,  its  present  Status  and  Future  Develop- 
ment, by  A.  H.  Goldingham.  He  laid  special  emphasis  on  Mr. 
Adams'  comparison  of  the  Otto  and  Diesel  cycles  and  on  the 
advantages  and  disadvantages  of  two  cycle  and  four  cj'cle 
engines. 

STATE    UNIVERSITY    OF    IOWA 

The  fiist  regular  meeting  of  the  State  University  of  Iowa 
Student  Branch  was  held  on  December  1,  at  which  Harry  F. 
Helming  was  elected  chairman  to  succeed  C.  W.  Harrison ; 
H.  V.  Swanson  and  Geo.  Gartzke  were  elected  membei's  of  the 
governing  committee.  At  a  meeting  of  the  Branch  on  Decem- 
ber 14,  Mr.  William  Howe,  member  of  the  Branch,  gave  a 
short  talk  on  the  History  of  the  Association  and  the  advan- 
tages to  be  derived  by  the  students  in  becoming  affiliated  with 
the  Branch.  He  also  emphasized  the  value  of  The  Journal 
to  the  undergraduate. 

SYRACUSE    UNIVERSITY 

At  a  meeting  of  the  Syracuse  University  Student  Branch  on 
December  6,  Hiram  Percy  Maxim  gave  a  lecture  on  his  inven- 
tion, the  Maxim  Silencer.  Mr.  Maxim  told  in  a  very  interest- 
ing way  how  the  idea  of  his  invention  first  came  to  him  and  of 
the  interesting  experiences  he  has  had  with  trying  it  out.  Mr. 
Maxim  said  that  one  morning  as  he  was  stepping  out  of  the 
bathtub,  he  noticed  a  whirlpool  with  the  air  space  in  the  center 
which  kept  the  water  from  rimning  out  freely.  Immediately 
the  thought  came  to  him  that  if  he  could  make  the  gases  com- 


ing ['nim  the  barrel  of  a  gun  whirl  in  the  same  way  they  would 
be  retarded  and  hence  there  would  be  no  noise.  Immediately 
Mr.  Maxim  set  to  work  upon  this  idea  and  soon  had  a  real 
silencer. 

Mr.  Maxim  tlien  explained  why  a  gun  having  a  silencer  ui)on 
it  is  not  absolutely  quiet  when  fired.  The  noise  which  he 
cannot  quiet  is  caused  by  the  bullet  passing  through  the  air. 
Tills  noise  cannot  be  overcome  without  reducing  the  speed  of 
the  bullet. 

Mr.  Maxim  also  pointed  out  why  a  revolver  is  not  silenced 
by  his  invention.  The  reason  is  that  there  is  a  space  be- 
tween the  chamber  and  the  barrel  through  which  the  gases 
escape.  Mr.  Maxim  concluded  his  lecture  by  demonstration 
with  different  sized  rifies  and  the  revolver. 

UNIVERSITY    OF    CALIFORNIA 

At  a  meeting  of  the  University  of  California  Student 
Branch  on  November  23,  H.  Crow  gave  a  paper  on  the  Rela- 
tion of  Engine  Balance  to  Automobile  Vibration  in  which  the 
author  considered  chiefly  the  four,  six  and  eight  cylinder  en- 
gines. 

C.  Sebastian  also  gave  a  paper  on  the  Electric  Furnace  and 
the  Steel  Industry  in  which  the  author  considered  the  apidi- 
cation  of  the  electric  furnace  in  the  production  of  high  gra<le 
steels. 

UNIVERSITY    OF    CINCINNATI 

On  November  19,  Mr.  Walker  of  the  Enger  Motor  Car 
Company  addressed  the  University  of  Cincinnati  Student 
Branch  on  the  Twelve  Cylinder  Motor  Car.  He  began  by  ex- 
plaining the  conditions  leading  to  the  adoption  of  the  twin 
six  by  the  Enger  Motor  Car  Co.  He  said  that  the  public  was 
demanding  of  the  motor  car,  first,  more  range  of  adaptability; 
second,  smoothness,  and  third,  less  noise.  The  six  cylinder 
motor  is  perfectly  balanced,  and  thus  reduces  the  \ibrations 
in  the  car  considerably,  compared  with  the  four,  but  when 
the  six  cylinder  car  is  running  slowly  on  high  speed  gear  the 
explosions  of  the  motor  are  so  far  apart  that  distinct  vibra- 
tions are  set  up  in  the  car.  To  remedy  this  either  a  heavier 
crank  must  be  used,  which  means  added  weight,  or  more  cylin- 
ders, which  give  less  weight.  It  would  seem  that  the  twin 
four  would  be  the  next  logical  step  after  the  6  cylinder  motor, 
but  Mr.  Walker  pointed  out  that  the  eight  cylinder  motor  is 
not  balanced,  and  thus  does  not  do  away  with  vibrations  in 
the  car.  In  automobile  design  weight  is  a  serious  considera- 
tion. The  twelve  cylinder  motor  saves  in  weight  in  cylinder, 
piston,  connecting  rods,  crank,  crank  case,  and  fly  wheel. 

UNIVERSITY    OF    COLORADO 

At  a  meeting  of  the  Univei-sity  of  Colorado  on  November  11, 
C.  H.  McClintock,  Student  Member,  gave  a  talk  on  the  Arkan- 
sas Valley  Plant  of  the  American  Smelting  and  Refining  Com- 
pany from  his  summer  vacation  work  witli  the  com|3any. 

At  a  joint  meeting  of  the  Branch  and  the  Civil  Euiiineering 
Society,  on  December  9,  Eijnar  Posselt,  Mem.Am.Soc.M.E'., 
gave  an  illustrated  talk  on  Cement  Manufacture. 

UNIVERSITY    OF    KENTUCKY 

At  the  December  meeting  of  the  University  of  Kentucky 
Student  Branch,  the  members  assumed  the  attitude  of  sales- 
men with  the  idea  of  selling  a  300-h.p.  unit  for  a  manufactur- 
ing plant  to  three  "  buyers  "  representing  the  plant. 

To  this  end,  the  class  was  divided  into  five  sections,  repre- 
senting the  Curtis  turbine,  direct  connected  to  a  generator  with 
individual  motor  drive;  the  Parson  turbine,  direct  connected 
to  a  generator  with  individual  motor  drive;  the  Corliss  engine, 
belted  to  load;  a  cross  compound  engine,  belted  to  loail.  and 
the  Nordberg  Uniflow  engine,  belted  to  load. 

Each  side  endeavored  to  show  that  they  had  the  specific 
unit  which  would  fill  the  requirements  in  the  most  economical 
manner  rather  than  that  their  competitors'  machines  were 
defective,  and  it  was  with  ditBculty  that  the  "  buyei-s "  were 
able  to  decide,  but  finally,  they  "  let "  the  contract  to  the  sales- 
man of  the  Curtiss  turbine. 

UNIVERSITY    OF    MINNESOT.i 

The  regular  meeting  of  the  Minnesota  Student  Branch  for 
December  was  held  December  11,  1915.    The  speaker  was  Prof. 
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J.  J.  Flatber,  of  the  Mechanical  Engineering  Department,  and 
his  subject  was  "  Engineering  Education  iu  England."  The 
facts  for  his  speech  he  had  obtained,  fii-st  hand,  while  pursu- 
ing special  studies  in  engineering  in  Great  Britain  for  the  past 
year.  While  there,  he  visited  the  English  engineering  schools 
and  also  talked  with  employers  of  young  engineers. 

He  told  his  audience  that  they  should  be  thankful  that  they 
had  the  opportunity  for  studying  their  profession  here  in 
America.  The  opportunities  of  getting  a  higher  engineering 
education  in  England  are  exceedingly  limited ;  the  cost  is  high, 
the  shop  requirements  heavy  and  the  results  in  the  theoretical 
part  of  the  work  tend  to  be  superficial.  The  courses,  he  said, 
do  not  appear  to  be  developing  industrial  leaders,  but  rather 
mediocre  foremen  and  designers. 

Beside  the  regular  meeting  of  the  society,  there  were  two 
meetings  open  to  the  whole  college.  The  first  of  these  took 
place  Saturday,  November  20,  1915.  The  speaker  was  Prof. 
F.  B.  Eowley,  of  the  Drawing  Department  and  his  subject 
was  "  The  Mechanical  Equipment  of  Buildings."  With  the 
help  of  lantern  slides,  he  explained  the  mechanical  equipment 
of  the  Biology  Building,  one  of  the  newest  builduigs  on  the 
University  Campus.  The  second  was  a  steropticon  lecture  fur- 
nished by  the  S.  K.  F.  BaU  Bearing  Company.  A.  W.  Holm- 
berg,  of  the  Post-Senior  Mechanical  Class  explained  the  slides. 

UNIVERSITY   OF   MISSOURI 

A  meeting  of  the  University  of  Missouri  Student  Branch 
was  held  on  November  11.  A.  C.  Lanier,  professor  of  Elec- 
trical Engineering  gave  an  interesting  and  instructive  address 
on  Present  Requirements  and  Characteristics  of  Motors  in 
Industrial  Application.  In  his  talk,  he  discussed  fuUy  the 
main  kinds  of  drives,  and  the  work  for  which  each  is  adapted, 
pointing  out  the  advantages  of  the  electric  drive,  over  that  of 
other  drives  for  many  kinds  of  work,  where  formerly  other 
drives  have  been  used.  Also  he  discussed  the  types  of  loads, 
and  the  factors  detei-mining  the  selection  of  motors  for  these 
various  loads. 

The  largest  meeting  of  the  society  took  place  on  November 
19,  at  which  E.  B.  Morgan,  safety  engineer  for  the  Common- 
wealth Steel  Company,  gave  an  illustrated  address  on  the  Re- 
lation of  the  New  Efficiency  Problem,  Industrial  Safety,  to  the 
Engineer.  He  told  how  his  company  had  found  that  the  so- 
called  guarded  machinery,  as  usually  found  in  practice,  was 
not  only  poorly  designed  and  expensive  but  also  failed  to  fulfil 
efficiently  the  purpose  for  which  intended,  namely  that  of  re- 
ducing the  number  of  accidents.  Therefore  under  his  direction 
a  scientific  study  of  the  cause  and  remedy  for  the  large  number 
of  accidents  occurring  annually  in  the  plant  was  undertaken. 
The  result  is  that  the  number  of  accidents  has  been  materially 
decreased,  and  a  large  sum  of  money,  which  formerly  was  paid 
out  for  accident  and  death  claims,  is  now  saved  by  the  com- 
pany. Also  in  applying  the  remedies  necessary  for  safety,  it 
has  been  found  that  the  efliciency  of  the  plant  has  been  in- 
creased in  many  instances  by  these  changes.  Some  of  the  par- 
ticular safety  appliances  mentioned  and  illustrated  on  the 
screen  were  the  use  of  locks  on  all  motor  switches  to  lock  the 
switch  wliile  repairs  are  being  made  on  the  machine,  so  that 
there  wiU  be  no  danger  of  anyone  starting  the  machine  wliile 
a  repairman  is  at  work;  the  use  of  especially  designed  goggles 
by  the  workmen,  wherever  the  work  is  of  such  a  character  as 
to  endanger  their  eyes;  the  construction  of  suspended  passage 
ways  for  repair,  oiling,  etc.,  of  overhead  motors,  belt  drives, 
etc. 

VIRGINIA    POLYTECHNIC    INSTITUTE 

A  meeting  of  the  Virginia  Polytechnic  Institute  Student 
Branch  was  held  on  November  27.  A  paper  was  presented  by 
Messrs.  C.  F.  Lawson  and  C.  E.  Parker  on  the  Development 
of  the  Mechanical  Stoker.  An  enthusiastic  discussion  followed 
the  reading  of  the  paper  and  many  features  of  the  stoker  were 
commented  upon. 

It  was  annoimced  that  at  future  meetings,  papers  would 
be  read  on  Low  Water  Alanns  by  Messrs  I.  N.  Moseley  and 
R.  R.  Connelly;  Superheaters  by  Messrs  W.  R.  Ellis  and  R. 
M.  Hutchinson  and  the  Diesel  Oil  Engine  by  Messrs.  W.  L. 
Cogbill  and  H.  A.  Davenport. 


Mr.  Kavanaugh,  chairman  of  the  Branch,  announced  that 
arrangements  had  been  made  for  a  series  of  lectures  to  be 
given  in  the  near  future  by  the  following  men :  A.  Kearney, 
Asst.  Supt.  of  Motive  Power,  N.  &  W.  Ky.,  who  will  speak  on 
Train  Resistance;  C.  M.  Janelle,  associated  with  the  Baker 
PeUoid  Company,  who  wiU  speak  on  Valve  Gears;  C.  H. 
Quin,  chief  electrical  engineer  N.  &  W.  Ry.,  who  will  speak 
on  The  Development  of  Electrical  Motive  Power  on  the  N.  & 
W.  Ry. ;  and  F.  H.  Cunningham,  associated  with  the  Standard 
Stoker  Company,  who  will  speak  on  Mechanical  Stokers. 

WISCONSIN   XINIVERSITY 

At  a  meeting  of  the  University  of  Wisconsin  Student 
Branch  on  December  2,  Mr.  Bamett  gave  a  talk  on  the  substi- 
tution of  aluminum  for  cast  iron  in  automobile  engine  pis- 
tons. Mr.  Bamett  pointed  out  clearly  how  the  vibrations  of 
the  engine  would  be  decreased  by  making  the  reciprocating 
parts  of  this  lighter  metal.  He  also  stated  that  the  increase 
of  cost  of  material  would  be  reduced  partly  by  the  decrease 
in  cost  of  machining. 


WORCESTER    POLYTECHNIC    INSTITUTE 

At  a  meeting  of  the  Worcester  Polytechnic  Student  Branch 
on  November  5,  F.  L.  Fairbanks,  Mem.Am.Soe.M.E.,  Chief 
Engineer  for  the  Qunicy  Market  Cold  Storage  and  Warehouse 
Co.  of  Boston,  spoke  on  Some  Experiments  in  Lubrication. 
He  has  under  his  supervision  a  line  of  engines,  compressors 
and  pumps  giving  a  ser\'ice  of  peculiar  interest  to  engineers 
in  that  the  service  is  a  continuous  one.  He  showed  by  de- 
scription and  sketches  how,  by  means  of  especially  designed 
bearings  and  by  special  methods  of  lubrication,  the  plant 
service  had  been  improved  to  a  point  where,  for  some  of  the 
machines,  the  steam  throttle  had  not  been  closed  for  a  period 
of  many  months.  He  remarked  that  some  of  the  oilers  em- 
ployed had  never  seen  the  engines  at  rest  during  their  period 
of  sen'ice.  His  lecture  dealt  especially  with  such  bearings 
as  those  of  the  main  machining  and  design  were  illustrated. 

At  the  regular  meeting  of  the  Student  Branch  of  the 
Worcester  Polytechnic  Institute  on  December  3,  Hartley  W. 
Bartlett,  a  Patent  Attorney  in  Worcester,  presented  an  exceed- 
ingly instructive  paper  on  Inventions  and  the  Patent  System. 
To  begin  with,  the  speaker  traced  briefly  the  historical  de- 
velopment of  our  Patent  System  and  mentioned  the  essential 
features  of  its  operation.  He  then  took  up  the  subject  of 
patentable  and  non-patentable  inventions. 

The  procedure  necessary  for  obtaining  a  patent  was  then 
explained,  the  fu-st  step  being  the  filing  of  the  application, 
which  contains:  The  petition;  complete  description;  new  fea- 
tures of  invention ;  claims  for  the  invention  and  reasons  why 
the  patent  should  be  granted;  oath  of  form.  It  was  pointed 
out  how  difficult  it  is  to  frame  the  application,  making  the 
claims  as  broad  and  inclusive  as  possible  and  the  specifica- 
tions extremely  definite,  clear  and  proof  agamst  infringement. 
After  the  application  with  drawings,  etc.,  is  filed  in  one  of 
the  divisions  of  the  Patent  Office,  it  is  considered  by  the  Ex- 
aminers. 

After  this  discussion,  Mr.  Bartlett  took  up  the  matter  of 
Interference  and  explained  the  difficulty  of  proving  "  priority 
of  invention  "  and  how  some  inventors  are  "  beaten  out  "  of 
their  invention  and  patent  by  imscrupulous  men.  Infringe- 
ment and  court  procedure  in  such  cases  was  next  treated  and 
mention  was  made  of  the  discouragement  and  failure  which 
often  comes  to  inventors  without  large  means  who  are  forced 
to  fight  large  corporations  for  patent  rights  and  privileges. 
The  speaker  pointed  out  one  important  difference  in  the  Pat- 
ent Laws  of  this  and  other  countries  in  that  owners  of  Ameri- 
can patents  are  not  required  to  "  work  "  them  while  owners  of 
most  foreign  patents  may  be  comiaeUed  to  do  so. 

A  discussion  of  the  preparation  for  entering  Patent  Law 
was  then  taken  up  including:  Coui'se  in  Mechanical  Engineer- 
ing; Civil  Service  Examination  and  position  as  Examiner; 
Study  in  night  law  school  during  work  as  Examiner;  Admis- 
sion to  Bar  and  entrance  into  practice.  When  asked  about  the 
remuneration  of  inventors  in  general  Mr.  Bai'tlett  said,  "  If 
vou  want  to  become  a  millionaire,  go  into  business." 
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Lists  of  accessions  to  the  libraries  of  the  A.I.E.E.  and  A.I.M.B.  can  be 
secured  on  request  from  Calvin  W.  Rice,  Secretary  of  Am.  Soc.  M.  E. 

American  Association  of  Traveling  Passenger  Agents,  ad- 
dress to,  Howard  Elliott.  Boston,  1915.  Gift  of  Bureau  of 
Railway  Economics. 

Association  of  Railway  Claim  Agents.  Report  of  Commit- 
tee on  Trespassing  Evil,,  1914,  Gift  of  Bureau  of  Rail- 
way Economics. 

(  'arnegie  Institution  of  Washington.  Communications  to 
the  National  Academy  of  Sciences.  Nos.  1-16,  Reprinted 
from  Proceedings  of  the  National  Academy  of  Sciences, 
vol.  I,  1915.     Gift  of  C.  W.  Rice. 

Development  of  Aemoe-piercing  Shells,  Carlos  de  Zafra. 
1915.     Gift  of  author. 

Economics  of  Electeic  Cooking.  University  of  Missouri. 
Engineering  Experiment  Station  Series  16,  Bulletin  27, 
vol.  10.     Columbia,  1915.     Gift  of  University  of  Missouri. 

Electric  Power  from  the  Mississippi,  ed,  3.  Keokuk.  1913. 
Gift  of  E.  G.  Elliott. 

Die  Foederung  von  Massengutern,  Georg  von  Hauffsteugel. 
ed.  2,  Band  II.  Berlin,  1915.  Gift  of  Hunt  Memorial 
Fund. 

The  Forth  Beidge.  ed.  3.  Reprinted  from  Engineering,  Feb. 
28,  1890.     London.     Gift  of  Alfred  O.  Blaisdell. 

How  to  Secure  Foreign  Trade,  Frederic  Schreibman.  Re- 
printed from  Engineering  Magazine,  Oct,  1915.  Gift  of 
author. 

International  Railway  General  Foremen's  Associarion. 
Proceedings,  11th  annual  convention,  1915.  Gift  of  In- 
ternational   Railway   General    Foremen's  Association. 

New  Tork  (City)  Boaed  of  Water  Supply.  Information  for 
bidders,  forms  of  proposal,  contract,  bond  and  certificates, 
specifications  and  drawings  for  the  construction  of  two 
galvanized  steel  covered  .superstructures  for  drainage 
chambers  at  shafts  11  and  21  of  the  City  Tunnel  of  the 
Catskill  Aqueduct  (Contract  166)  .  .  .  for  the  con- 
struction of  two  superstructures  for  Hill  View  Uptake 
and  Dovrntake  Chambers  in  the  City  of  Yonkers,  West- 
chester County,  N.  Y.  Contract  128.  Gift  of  Board  of 
Water  Supply. 

Old  Time  Telegraphers  and  Historical  Association.  33d- 
34th  Annual  Reunions,  which  were  not  held  owing  to  war 
conditions.     Gift  of  Association. 

Relations  of  the  Railway's  and  the  Public,  L.  E.  Johnson. 
Gift  of  Bureau  of  Railway  Economics. 

Rules  and  Instructions  for  Inspection  and  Testi.ng  of 
Steam  Locomotives  and  Tenders  in  accordance  with  act 
of  March  4,  1915,  amending  act  of  February  17,  1911,  be- 
fore the  Interstate  Commerce  Commission.  Washington, 
1915,     Gift  of  Interstate  Commerce  Commission. 

Seventy-five  Years'  Progress  in  Statistics.  The  Outlook 
FOE  the  Future.  An  address  by  S.  N.  D.  North.  Concord, 
N.  H.,  19U.     Gift  of  C.  W.  Rice. 

Why  Are  Several  Large  Western  Railroad  Systems  in  Re- 
ceivers' Hands?  An  address  by  B.  F.  Bush,  October  27, 
1915.     Gift  of  Bureau  of  Railway  Economics. 

EXCHANGES 

Engineers'  Club  of  Saint  Louis.  Seventeenth  Annual  Bulle- 
tin, 1912.     St.  Louis,  1912. 

Institution  of  Automobile  Engineers.  Proceedings.  Vol. 
IX,  1914-15.     Westminster,  1915. 

Institution  of  Naval  Architects.  Transactions.  Vol.  LVII. 
London,  1915. 

Koninklijk  Institut  van  Ingenieurs.  Register  1914. 
's-Gravenhage,  1915. 

North  East  Coast  Institution  of  Engineers  and  Ship- 
builders. Report  of  the  Council  and  Statement  of  Ac- 
counts, 1914-15. 


TRADE    CATALOGUES 

American  Rolling  Mill  Co.  iliddletoum,  O.  The  Armco 
Triangle.  Novemher  1915.  Defeating  Rust.  The  story 
of  Armco  iron.     Making  of  Armco  Iron. 

Colorado  Iron  Works  Co.  Denver,  Colo.  Pamphlet  No.  24-B. 
The  Akins  classifier. 

Flannery  Bolt  Co.  Plttsbicrgh,  Pa.  Staybolts.  Novemher 
1915. 

Hindley  Gear  Co.  Philadelphia,  Pa.  Catalog  No.  5.  Hindley 
worm  gears  and  Hindley  spirals. 

Industrial  Works.  Bay  City,  Mich.  Book  No.  107.  Cata- 
log of  cranes. 

Leschen  &  Sons  Rope  Co.  St.  Louis,  Mo.  Leschen's  Hercules. 
November  1915. 

ScHERZER  Rolling  Lift  Bridge  Co.  Neiv  York,  N.  Y.  Scher- 
zer  rolling  lift  bridges.     39  pp. 

Stephens-Adamson  Mfg.  Co.  Aurora,  N.  Y.  Labor  Saver. 
Novcmbei-  1915. 

Texas  Company.  Houston,  Texas.  Comparative  test  on  a  snow 
gas  engine  and  compressor  at  a  large  gas  company's  plant 
in  Texas.     7  pp.     Lubrication.     November  1915. 

Valley  Iron  Works  Co.  Appleton,  Wis.  The  Beater.  Octo- 
ber-November 1915. 

Windsor  Machine  Co.  Windsor,  Vt.  Gridley  Automatics. 
94  pp. 

UNITED  ENGINEERING    SOCIETY 

Atlas  of  the  Metropolitan  District  and  Adjacent  County 
FROM  Original  Surveys  of  J.  R.  Bien  and  C.  C.  Vek- 
MEULE.     New  York,  1891. 

Automatic  Sprinkler  Protection  and  Handbook  of  Speinkleb 
Devices,  Gorham  Dana.  First  annual  supplement.  Bos- 
ton, 1915. 

Borough  of  Manhattan  of  the  City  of  New  Yokk.  Annual 
Report  of  the  Business  and  Transactions  of  the  President, 
1914.  New  York,  1915.  Gift  of  Secretary  of  Borough  of 
Manhattan. 

Cargo  Handling  Methods  and  Appliances,  H.  McL.  Hard- 
ing. Paper  presented  before  the  International  Engineer- 
ing Congress,  1915.     Sept.  20-25,  1915.     Gift  of  author. 

Carnegie  Steel  Company.  Steel  Sheet  Piling  Tables  and 
data  on  the  properties  and  uses  of  sections,  ed.  10. 
Pittsburgh,    1915.      Gift    of    Carnegie    Steel    Co. 

The  Chemistry  of  Colloids  and  Some  Technical  Applica- 
tions, W.  W.  Taylor.     New  York,  1915. 

City  op  New  York.  Code  of  Ordinances,  adopted  March  23, 
1915;  approved  March  30,  1915.     Neiv  York,  1915. 

Conservation  of  Water  by  Storage,  George  Fillmore.  New 
Haven,  1915. 

Current  Railway  Problems,  Samuel  O.  Dunn.  1911.  Gift  of 
Bureau  of  Railway  Economics. 

Dewey,  Decimal  Classification,  ed.  9,  1915.  N.  Y.  Lake 
Placid  Club,  1915. 

Dynamometers,  F.  J.  Jervis-Smith,  edited  by  C.  V,  Boys. 
New  York.  1915. 

Eastman  Kodak  Company'.  Abridged  Scientific  Publications 
from  the  Research  Laboratory,  1913-14.  Rochester.  Gift 
of  Eastman  Kodak  Company. 

Electric  Railway,  A-  M.  Buck.    New  York,  1915. 

Electrical  Instruments  in  Theory  and  Practice,  W.  H.  F. 
Murdoch  and  U.  A.  Oschwald.  Neio  York,  Whittaker  &■ 
Co..  1915. 

Elements  op  Highway  Engineering,  Arthur  H.  Blanehard. 
Neio  York,  J.  Wiley  &■  Sons.  1915.  Gift  of  publishers. 
Price  $3.00  net. 

Designed  for  one-semester  course  in   highway  engineering. 

W.    P.   C. 

Engineering  for  Architects,  DeWitt  Clinton  Pond.  New 
York,  1915. 

Engineers  Club  op  Boston.  By-Laws,  Officers  and  List  of 
Members,  1915.     Boston. 
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Explosives  ;  Their  Manufactuhe,  Phoperties,  Tests  and 
History,  Arthur  Marshall.     London,  1915. 

Fused  Silica,  Bibhography  of,  comiiilod  by  A.  E.  Marshall  & 
W.  W.  Winship.  New  York.  Thcnndl  Si/ndicate,  Ltd.,  1915. 
Gift  of  Publishers. 

Gages  and  Gaging  Systems,  Joseph  V.  AYoodworth.  New 
York,  IWJ.S. 

Grinding  Machinery.  James  J.  Guest.     London.  1915. 

Handbook  of  Chemistry  and  Physics.  Clcrcland,  The  Chemi- 
cal Rubber  Co.,  191.',.     Gift  of  publishers.     Price  ?2.G0. 

Contains  tables  of  cliemical  and  physical  constants,  measures  and 
units,  wire  tables  and  matliematical  tables.  Compiled  by  W.  R.  Veazy 
and  Charles  D.  liodgman  of  the  Case  School  of  Applied  Science.  .\ 
very   useful   little  handbook.  W,   P.   C. 

Hendricks'  Commercial  Register,  24th  Annual  Edition,  1915. 
N.  Y.  S.  E.  Hcndrieks  Co.,  1915.     Gift  of  Publisher. 

High  Temperatures  and  .\jiTiFiciAL  Gas,  E.  R.  Roseubaum. 
Gift  of  author. 

History  and  Present  State  of  Electricity,  with  Original 
Experiments,  Joseph  Preistley.     London,  1767. 

History  of  the  Theory  of  Elasticity  and  of  the  Strength 
OF  Materials.  Isaac  Todhunter.  edited  by  Karl  Pearson, 
vol.  1,  vol  2,  pt.   1-2  Cambridge,  1SS(3.  1S93. 

Hobs  and  Gear  Hobbing,  John  Edgar,     New  Yoi-k,  1911,. 

How  TO  Drain  a  House,  G.  E.  Waring,  ed.  3.    New  York,  1902. 

Human  Efficiency.  A  psychological  study  of  modern  prob- 
lems,   H.   W.   Dresser.     New   York-London,   1912. 

'•  HuTTE  "  1879-1885,  drawings.     Gift  of  W.  H.  Kenerson, 

Institute  of  Makers  of  Explosintss,  Rules  for  usino  and 
handling  explosives.  Gift  of  Institute  of  Makers  of 
Explosives, 

Integration  by  Trigonometric  and  Imaginary  Substitution, 
C,  O,  Gunther.  with  an  inti'oductiini  by  J,  B.  Webli.  ed. 
2.  Neic  York,  ^  an  Xo.'itrand  Co..  1915.  (iift  of  publishers. 
Price  $1.25. 

The  author  is  Professor  of  Mathematics  in  Stevens  Institute.  De- 
signed to  help  the  studcut  of  intesral  lalcuhis  to  integrate  for  him.self 
a  variety  of  expressions  by  the  use  of  trigonometric  principles. 

W.   P.   C. 

Internal  Combltstion  Engines,  Roliert  L.  Streeter.  New 
York,  1015. 

Irrigation  Practice  and  Engineering.  Vol.  I.  Use  of  Irri- 
gation Water  and  Irrigation  Practice,  B.  A.  Etcheverry. 
New  York,  1915. 

Italian  Dictionary,  Alfred  Hoare.     Cambridge,  1915. 

Los  Angeles  Public  Library.  27th  .Vnnual  Report,  1914- 
1915,  Los  Angeles,  1915.  Gift  of  Los  Angeles  Public 
Library. 

McGraw  Electrical  Directory — Lighting  and  Power  Edition, 
October,  1915.    New  York,  1915. 

Marine  Oil  Engines,  W,  D,  Martin,     Olasgow,  1915. 

Materialprufungsmethoden  im  elektromaschinen  und  ap- 
PARATEBAU,   K,   A,   Schreibcr, 

Materials  of  Construction,  their  jianufaciure,  properties, 
and  uses.  A,  P,  Mills,     New  York,  1915. 

Michigan  Gas  Association,  Proceedings.  24th  Annual  Meet- 
ing,    Detroit,  1915.     Gift  of  Michigan  Gas  Association. 

Mine  Surveying,  Edwai'd  B,   Durham.     New  York,  1913. 

Mineral  Resources  of  Minas  Geraes  (Brazil),  A.  F.  Cal- 
vert,  London-New    York,   1915. 

Mining  and  Mine  Ventilation,  J.  J.  Walsh.  New  York,  1915. 

Mining  and  Quarry  Industry  of  New  York  St.\te.  N.  T, 
State  Museum  Bulletin  178.  Albany,  1915.  Gift  of  Uni- 
versity of  State  of  New  York. 

Model  Engineer.     Vols,  3-4,  6-19,    London,  1900-1908. 

Modern  Methods  of  Sewage  Disposal,  G,  E,  Waring,  ed.  3. 
New  York,  1903. 

Municipal  Natural  Gas  Plant  Failures  in  Ohio.  Investi- 
gated by  Samuel  S.  Wyer,  Columbus,  1915.  Gift  of  S,  S, 
Wyer, 

National  Machine  Tool  Builders  Association,  Uniform  cost 
system  by  Miller  &  Franklin  Co.,  New  York.  Woreester, 
1919.. 


Nebraska  St.\te  Railway-  Commission  to  the  Govehnor.  7th 
Annual  Report.  1914.  Lineoln,  1915.  Gift  of  Nebraska 
Railway  Commission. 

New  International  Encyclop.\edia.  vols.  13-16.  Ncu-  York. 
1915. 

New  York  Subway  Ventilation.  History  and  Remedy.  James 
G.   Dudley.     Ye((-    York,  1915.     Gift   of   author. 

New  York  Times  Index,  vol.  III.  Julv-Sept.  1915.  New  York, 
1915. 

Notes  on  Military  Explosives,  E.  M.  Weaver,  ed.  3.  New 
York,  1915. 

Official  Hotel  Red  Book,  1915.    New  York.  1915. 

Oil  Paint  and  Drug  Reporter.  Green  book  for  buyers,  Sept., 
1915,  New  York,  1915.  Gift  of  Oil,  Paint  and  Drug 
Reporter, 

Paint  &  Varnish  Society',  Papers,  1909-14  (5  vols.).  Lon- 
don, 1909-11,. 

Philadelphia.  Bureau  of  Gas.  Report  1914.  Philadelphia 
Utility  Problems.  Philadelphia,  1915.  Gift  of  Public 
Works  Department. 

Philadelphia.  Department  of  Public  Works.  Report  of  the 
Director,  1914,  Philadelphia.  Gift  of  Department  of 
Public  Works, 

Philadelphi.\^  Utility  Problems,  Report  for  1914.  Bureau 
of  Gas,     Philadelphia,  191.',.     Gift  of  Bureau  of  Gas, 

Physical  Metallurgy,  introduction  to  the  study  of,  Walter 
Rosenhaiu,     New  York,  1915. 

pocketbook  for  miners  and  metallurgists,  comprising 
Rules.  Formulae,  Tables  and  Notes  for  Use  in  Field 
and  Office  Work.    ed.  3.    London.  191'i. 

Polytechnic  Engineer,  1898-1899.  Brookliin.  Gift  of  Frater- 
nity of  Psi  Sigma. 

Poor's  Manual  of  Industrials.  1915.    New  York.  i:>15. 

Principles  of  Direct  Current  Machines.  A.  S.  I.,angsdorf. 
New  York,  1915. 

Public  Utilities  Reports,  Annotated.  lOl."  I>.  ii'oehcster, 
1915. 

Purchasing   its  economic  aspects  and  proper   methods,     H. 

B.  Twyford.     New  York,  1915. 

Railroads  and  the  People.  Address  of  Mr.  Wm.  Sproule  at 
the  Annual  Convention  of  American  Bankers  Association, 
Sept.  7,  1915.     Gift  of  Bureau  of  Railway  Economics. 

Rate  Research,     vols.  2-7,     Chicago,  1912-15. 

Reconnaissance  of  the  Geology  of  the  Rabbit  Ears  Re- 
gion. Colorado.  Geological  Survey,  Bulletin  no,  5,  Den- 
ver. 1913.     Gift  of  Survey, 

Rules  fob  a  Dictionary  Catalog,  C,  A.  Cutter,  ed,  4,  "Wash  ing- 
ton.  1904. 

Die  Schiffsschraube,  Albert  Acheubaeh.  pt,  1-3,  Kiel.  IPOG, 
1909. 

Selected  National  Bibliographies.  New  York  State  Library, 
Library  School  Bulletin,  38.  Alhang.  1915..  Gift  of  N.  Y. 
State  Library, 

Single  Phase  Electric  Rah, ways,  Edwin  Austin,  Netr  York, 
1915. 

Standards  for  Graphic  Presentation,  Joint  Committee.  Pre- 
liminary report  published  for  the  purpose  of  inviting  sug- 
gestions for  the  benefit  of  the  Committee.     Gift  of  Willard 

C.  Briton. 

Submarine  Vessels,  W.  E.  Dommett.     London,  1915. 

Superheating  on  Locomoti\t:s.  J.  F.  Gairns.     Ed.  2.  London. 

Textbook  of  Advanced  Machine  Work,  R.  H,  Smith.  Ed.  3, 
Boston.  1915. 

Water  Powers  of  Canada.  The  Maritime  Provinces,  Prince 
Edward   Island,   New   Brunswick,   N.    S..   K.    H.    Smith. 

—     Prairie  Provinces,   Manitoba,   Saskatchewan, 

Alberta,  P,  H,  Mitchell, 
•     Province  of  British  Columbia,  G,  R.   C.  Con- 
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Challis. 


Province  of  Ontario,  H.  G.  Acres, 

PRO\^NCE  OF  Quebec,  F,  F,  Kaelin,     Gift  of  Mr, 
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Elektro-technische  Bibliothek,  vol.  4,  11,  14. 
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English  vocabulary  of  about  8,000  words.     London,  1S90. 

I.ABOUCHE,  Alex.   Les  arts  et  metiers  ou  les  curieux  secrets. 
186S. 

M.\Y',  G.  Ballouninir ;  a  concise  sketch  of  its  history  and  priu- 
eiples.     Lonilon,  188.'i. 

JNlETAL  Turning,  1891. 

MONTUFAR.   M.    DE.      MANUAL  DE   TeLEGRAEI.V   ELECTRICA.   ISll. 

Parker,  J.  H.     Concise  Glossary-  of  Terms  Used  in  Grecian, 
Roman,  Italian  and  Gothic  Architecture,  ed.  6,  188.i. 

Pettit,  J.  S.     Modern  Reproducti\e  Graphic  Processes,  188'i. 

Photographers*  Book  of  Practical  Formulae,  1888. 

Pritchard,  H.  B.     About  Photography  and   Photographers, 
1883. 

Root,  M.  A.    Camera  and  the  Pencil,  iSO'}. 

Russell,  T.  H.  &  Jackman,  W.  ,I.     Bookkeeping  Accounting 
and  Auditing,  1910. 

Schwartze,  T.     Le  Teli;phone,   le  microphone  et  le  radio- 
phone, JSSJ. 

Sheppard,   S.  E.   &  Mees,   C.   E.   K.     Investigations  on   the 
Theory  of  the  Photographic  Process,  1901. 

Sokoloff,   N.    Nouveau-dictionnaire   Russe-Fran(;ais,    Franrais- 
Russe.     2  vol.  Paris. 

Svilikossitch,  Michel.     A'oeabulaire  techniiiue  en  trois  lan.ijues 
(Francjaos,   Anglais,   Allemaud).     I'ari.s.  1898. 

Tanner,   A.   E.     Tobacco  from   the  (;ro\ver  to  the   Sjioker, 
1912. 

Technisches    Worterbuch    III — Deutsch-franzosisch,    1909. 

Types  de  c.^lculs  kautiques  Ecole  navale,  1892. 

A'o(;el.  H.     Chemistry'  of  Light  .\nd  Photography',  187o. 


von    Urranitzky,    a.      Die   elektrischen    beleuchtungs    an- 
lagen,  1SS3. 

vox  Zittel,  K.  a.     Text  Book  of  PALAEONTOLociY.     \(.)l.  I,  pt. 
II.,  translated  and  edited  by  C.  R.  Eastman,  1900. 

Wilson,  E.  L.     Quarter  Century  in  Photography',  1887. 

Woodbury,    W,    E.     Aristotypes    and   How    to   Make   Them, 
1893. 

TRADE    CATALOGUES 

Carnegie  Steel  Co.    nttghuryh.  I'd.     Bulb  sections,     ini.'i. 

Goiieen  Mfg.  Co.     Canton,  Ohio.     Engineers'  Handbook  on  I'ro- 
tective  Coatings. 

Ixternational    High     Speed     Steel    Co.       /'ocAinroi/,     .Y.    ./. 
Descriptive  booklet  of  manufactures. 

Stark  Rolling  Mill  Co.     Cunton,  0.     Corrosion — the  cause — 
the  elfect — the  remedy.    191-'}. 

SUPPLEE  Biddle  Hardware  Co.     I'liilinh  Ipliia.  I'd.    .Alonel  Metal. 
Oct.  1915. 

Supplee  Biddle  Hardware  Co.     I'liHudclphUi.  Pn.    Monel  .Metal. 
^^ov.     1915. 


EMPLOYMENT   BULLETIN 

Hi^Kinning  with  tins  issue  of  tlie  .Tournal  the  notices  appearing  In 
the  Emplo.vmeut  liulletin  are  published  in  a  form  which  indicates  at  a 
glance  the  classitieation. 

The  Secretary  considei-s  it  .i  special  ol)lij;ation  and  pleasant  iluty 
to  be  the  medium  of  assisting  members  to  secure  positions,  and  is 
pleased  to  receive  retiuests  both  for  positions  and  tor  men.  Copy  lor 
the  Bulletin  must  be  in  hand  before  the  18th  of  the  month. 

POSITIONS  AVAILABLE 

The  Society  acts  only  as  a  "  clear  in  (j  Jinusr"  in  these  matlrr.s  und 
I.S  not  reftponsihle  irhcrf  firms  do  not  ansirrr.  stamps  shonhl  be 
enclosed   Inr   jorn'ordinij   iipplii  otions. 

399  SalesjiajST  on  electric  clock  system,  with  aeciuaintance 
among  New  York  ai'chiteets  and  contractors.  Salary  commis- 
sion basis.     Name  confidential. 

401  Sales  Engineer  of  highest  merit.  Must  show  excel- 
lent past  record  and  be  personally  and  closely  acquainted 
with  the  engineering  profession  from  the  operating  and  con- 
sulting end  in  Greater  New  York:  must  be  familiar  with 
boiler  plant  practice  and  be  a  niaii  of  good  personality  and  a 
high  grade  salesman. 

402  Assistant  Eoundrt  Foreman  for  manufacturers  of 
farm  implements  and  heavy  machinery.  Must  be  man  of  tact 
and  ability.     Location  Pennsylvania. 

405  Instructor  in  machine  design;  desire  young  engineer 
having-  had  some  teaching  and  practical  experience.  Send 
references,  recent  photograph,  full  statement  of  training  and 
experience.     Location  Middle  West. 

406  Instructor  in  mechanical  engineering  laboratory 
practice  and  steam  engineering.  Prefer  young  engineer  with 
some  teaching  and  practical  experience.  Send  references,  re- 
cent photograph,  full  statement  of  training  and  experience. 
Location,  Middle  West. 

407  S.4LES  Engineer  for  New  York  concern  manufactur- 
ing fans,  blowers  and  power  house  eciuipment. 

408  Salesman,  experienced,  competent  to  sell  refrigerat- 
ing machines  in  Philadelphia  and  within  a  radius  of  100 
miles  of  Philadelphia. 

409  Vaia'e  and  Fitting  Designer  axp  ChecivER  witli 
large  firm ;  good  future  to  man  with  experience  who  is  willing 
to  hustle  and  work  hard;  others  need  not  ai)])ly.  State  ex- 
jierience  in  full,  salary  expected  and  references.  All  corre- 
spondence will  be  strictly  confidential. 

413  Drafts.max  on  box  machinery  to  work  under  instruc- 
tions.    Maximum  salary,  $25.     Location,  New  York. 

417  Draftsman  on  jigs  and  fixtures.  Salary,  $20 — $25. 
Location,  New  Ndrk. 
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418  Detail  Draftsman  at  salary  of  about  $18.  Location, 
New  York. 

419  All  around  Draftsman  on  reinforced  concrete  struc- 
tures. Possibility  of  having  to  go  into  field  to  complete  work. 
Salary,  $25  to  $35.    Location,  New  Jei-sey. 

422  Inspector  on  installation  of  machinery;  young  tech- 
nical graduate  familiar  with  construction  work,  mill  wright 
work  and  general  factorj-  maintenance. 

425  Draftsmak  on  automatic  machinery.  Salary  depends 
on  man.    Location,  New  York. 

426  Assistant  in  Research  Work.  Recent  graduate  as 
assistant  in  work  of  assembling  figures  and  results.  Location, 
New  York. 

427  Draftsman  experienced  in  evaporator  and  drying 
work;  not  necessary  that  he  be  a  designer.  Apply  by  letter 
stating  experience  and  salary  expected.    Location,  New  York. 

431  Assistant  Manager  of  phosphate  mining  company; 
both  electrical  and  mining  engineer;  must  be  familiar  with 
power  house  practice  and  thoroughly  experienced  in  both  gas 
and  Diesel  engines.  Salary  $200  per  month.  Position  carries 
with  it  house  to  live  in,  electric  light  and  water  free.  Location, 
Florida. 

432  Engineer  and  Draftsman  for  work  in  the  engineer- 
ing department  of  paper  manufacturing  company  operating 
four  fijie  writing  and  cover  mills;  work  includes  design  of 
buildings  and  machinery,  layout  of  mill  equipment,  testing  of 
power  equipment  and  machinery,  investigations,  etc.  Salary 
between  $1200  and  $1800  per  year,  depending  upon  capability 
of  man.    Opportunity  for  advancement. 

433  Engineer  capable  of  taking  hold  of  design  of  new 
foundry  under  direction  of  engineer  of  company  manufactur- 
ing cast  iron  and  water  pipe.    Location,  New  Jersey. 

436  Junior  Engineer  with  some  shop  experience,  capable 
of  designing  tools  and  doing  ordinary  mechanical  drawing. 
Salary  $100  to  $125  a  month.    Location,  New  England. 

437  High  Grade  Draptsman  familiar  with  machine  de- 
sign.    Location,  New  York. 

438  Assistant  Superintendent  for  plant  consisting  of 
foundry  employing  about  90  men  and  factory  with  about  700 
men  and  60  women.  Want  primarily  a  shop  engineer,  first- 
class  mechanic  with  experience  in  designing  machine  tools,  jigs, 
fixtures,  etc.,  and  manufacturing  small  parts  on  an  absolutely 
interchangeable  basis.  Prefer  man  with  experience  similar 
to  manufacture  of  sewing  machines  and  cream  separators. 
Salary  depends  on  earning  capacity  of  man.  Location,  New 
York  State. 

442  Chief  Draftsman  on  design  and  installation  of  ma- 
chinery.   Location  Jersey  City,  N.  J. 

443  Dbaptsman  for  same  companv  as  442.  Salary  $20  to 
$25. 

446  Draftsman,  experienced  and  thoroughly  reliable,  with 
practical  shop  experience  for  designing  automatic  machines 
for  paper  products.  Salary  $1,200  to  $1,500.  Location,  New 
York. 

447  Detailer  for  automatic  machines,  quick  and  reliable, 
with  practical  shop  experience.    Location,  New  York. 

449  Designer  and  Superintendent  of  installation  on 
power  work,  electrical  and  steam.  Salary  about  $1,800  a  year. 
Location,  New  Jersey. 

450  Machine  Tool  Draftsman.  Salary  $150.  Location, 
New  York  State. 

451  Draftsjian  on  steam  power  plant  piping  layout  and 
heating  system.  Man  experienced  in  the  piping  work.  Salary 
$25.    Location,  New  York  City. 

452  Purchasing  Agent  for  Connecticut  concern  manufac- 
turing recording  instruments.    Location,  Connecticut. 

453  Expert  Accountant  for  company  listed  under  452. 


454  Building  Estimator,  capable  and  experienced  in  the 
purchase  of  building  material.  Young  college  man  preferred. 
Excellent  opportunity.  Location  Middle  West.  State  experi- 
ence in  full,  salary  received,  age  and  references  in  first  letter. 

455  Manager  for  creosoting  plant  in  Florida;  one  expe- 
rienced in  this  line  of  work.  Salary  $100  to  $125  a  month,  in- 
eluding  house,  light,  water,  etc. 

456  Assistant  to  Superintendent  of  Employment; 
young  university  graduate  to  develop  a  systematic  plan  for 
engaging,  training  and  record  of  progress  of  employees;  one 
who  has  made  a  study  of  psychology  or  at  least  with  clear  con- 
ception of  the  requirements  of  such  a  position.  Location,  New 
York. 

457  Inspector  of  Materials  and  Supplies  to  work  under 
the  supervision  of  the  head  of  bureau  of  tests  of  New  York 
concern  manufacturing  paper  products;  to  accumulate  data 
which  will  fonn  basis  for  research  work  leading  to  standardi- 
zation of  grades  of  paper  and  other  materials  used  in  manu- 
facturing processes.  One  or  two  years  experience  in  paper  in- 
dustry would  be  especially  helpful.     Location,  New  York. 

458  Young  Technical  Graduates,  preferably  in  mechan- 
ical engineering,  to  enter  manufacturing  department  under  di- 
rection of  betterment  department  and  be  trained  for  positions 
of  responsibihtj'  in  factorj-  and  planning  room  of  paper  prod- 
ucts companj'.    Location,  New  York. 

MEN  A\'AILABLE 

The  puhlished  notices  of  "  men  avallaile "  are  made  up  only  from 
members  of  the  Society.  Notices  are  not  repeated  in  consecutive 
issues  of  the  Bulletin.  Names  and  records  are  kept  on  the  office  list 
three  months,  and  at  the  end  of  such  period  if  desired  must  be  reneiced. 

Members  sending  in  notices  for  the  Men  Available  section  are  par- 
tieularly  requested  in  the  future  to  indicate  the  classification  under 
which  they  desire  their  notices  to  appear, 

A-1  Superintendent,  age  33,  first-class  toolmaker  and 
machinist,  experienced  in  builders'  hardware,  small  machines, 
instruments,  speedometers,  etc.,  six  years  with  present  concern, 
and  who  has  held  positions  from  toolmaker  to  superintendent 
desires  to  make  a  change.    Location  Eastern  States,  preferred. 

A-2  Professor  of  Mechanical  Engineering  in  a  Cana- 
dian University,  technical  graduate  of  A-1  U.  S.  Institution, 
both  M.  E.  and  E.  E.  training,  has  held  responsible  position 
in  large  manufacturing  plant  as  well  as  important  U.  S.  gov- 
ernment post  as  engineering  expert,  also  has  had  four  and 
one-half  years  successful  teaching  experience,  and  is  author 
of  engineering  text  books  and  numerous  technical  articles, 
desires  teaching  position  in  U.  S.  college. 

A-3  Translator.  Professor  of  appUed  mechanics  in  the 
University  of  Liege,  Belgium,  Mem.Am.Soc.M.E.,  Inst,  of 
Mech.  Engrs.  and  Iron  and  Steel  Institute,  is  available  for 
work  in  translation  into  French,  catalogues  or' technical  publi- 
cations of  American  fii'ms. 

A-4  Works  Manager,  age  40,  with  large  and  long  estab- 
lished company  manufacturing  power  equipment,  twenty-two 
years  general  shop  experience,  having  handled  men  for  fifteen 
years,  experienced  in  large  production,  having  supervised  from 
fifteen  hundred  to  eighteen  hundred  men,  desires  to  make  a 
change. 

A-5  Position  Wanted  by  student  member,  Columbia  Uni- 
versity 1915  M.E.,  in  or  around  New  York,  which  oflfers  op- 
portunity for  advancement  and  good  engineering  experience, 
also  fair  salary  to  start.     At  present  employed. 

A-6  Executive.  Member  with  wide  experience  in  machine 
shop,  grey  and  malleable  iron  work,  desires  business  connec- 
tion in  an  executive  capacity  with  an  established  manufactur- 
ing concern. 

A-7  Assistant  to  Consulting  Engineer.  Technical 
graduate.  Junior  member,  age  26,  five  years  assistant  to  con- 
sulting engineer,  has  been  in  responsible  charge  of  general 
engineering  work,  tests,  investigations  and  reports,  desires 
position  along  similar  lines  or  with  public  service  company 
offering  attractive  opportunity. 
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A-8  Executive.  Graduate  M.E.,  Cornell  1906,  age  32, 
married,  four  years  experience  testing  and  determining  unit 
costs  of  steam,  air,  water,  electricity  and  refrigeration,  ad- 
vancing to  chief  of  tests.  Four  years  as  chief  engineer  of 
lime  manufacturing  plants,  specializing  in  combustion  en- 
gineering and  design  of  elevating  and  conveying  machinery; 
one  year  as  purchasing  engineer  of  same  company,  has  reached 
the  limit  of  present  position  and  desires  to  make  a  change, 
following  same  lines  of  purchasing,  engineering  and  efficiency 
study  work.     Salary  $4000,  with  promise  of  advancement. 

A-9  Advertising  Manager.  Graduate  mechanical  engi- 
neer, age  31,  thoroughly  experienced  in  modern  publicity  work 
as  applied  to  products  of  a  mechanical  nature,  is  open  for 
position  as  advertising  manager.  Replies  are  solicited  only 
from  high  grade  firms  that  believe  in  clean  cut,  dignified 
methods,  and  are  willing  to  pay  a  suitable  salary  for  capable 
services. 

A-10  Executive.  Member,  age  35,  technical  graduate 
M.E.,  twelve  years  experience  in  general  engineering  work, 
civil,  mining,  and  mechanical,  steel  plant  and  general  construc- 
tion, estimating,  office  and  field  work,  wishes  to  locate  a  posi- 
tion in  which  broad  engineering  experience  together  with 
ability  to  handle  men  will  be  required.    At  present  employed. 

A-11  Production  Engineer.  Member,  age  34,  fourteen 
years  experience,  seven  in  charge  of  drafting  room,  and  suc- 
cessful in  working  out  original  problems  of  design  from  a  man- 
ufacturing standpoint  with  a  view  of  interchajigeability  and 
low  cost  of  production,  desires  similar  position.  At  present 
employed  as  mechanical  engineer  with_  large  corporation. 

A-12  Executive  for  Smelter  oe  Mine  Plant.  Mechan- 
ical engineer,  age  35,  specialist  in  the  design  and  construction 
of  smelters,  mine  plants  and  mills  with  machinery  and  appli- 
ances, also  conveying  machinery,  experienced  in  acid  plant 
construction.  Fourteen  years  with  mining-smelter  companies 
and  manufacturers,  wishes  responsible  executive  or  engineering 
position  with  a  mine  or  smelter  company.  Has  had  executive 
and  sales  exjierience.  Now  engaged  in  New  York  and  would 
like  to  locate  there  or  in  vicinity. 

A-13  Engineer  on  Oil  Engines.  Member,  University 
training  with  extensive  experience  in  the  design  and  construc- 
tion of  marine  and  stationary  four  and  two-cycle  engines; 
has  held  positions  with  a  leading  German  firm  as  co-worker 
in  the  development  of  the  marine  type  into  a  commercial  form; 
prepared  to  turn  out  simple  and  economical  engines  with  ex- 
perimental stage  eliminated.  Desires  position  as  executive, 
chief  engineer,  manufacturing  superintendent,  or  assistant  en- 
gineer of  tests  with  a  first-class  manufacturing-  concern  pro- 
ducing oil  engines. 

A-14  Sales  Engineer.  Technical  graduate,  twelve  years 
selling  experience,  especially  Government  work,  at  present  in 
charge  of  Washington,  D  .C.  office  of  large  machinery  manu- 
facturer and  desires  similar  position  in  New  York. 

A-15  Production  Engineer.  Associate-member,  M.E., 
age  38,  expert  in  interchangeable  manufacturing,  sheet  metal 
stamping  and  evolution  of  shapes;  economic  production  of 
duplicate  parts,  light  mechanical  devices  and  machinery. 
National  reputation  as  mechanical  expert  and  consulting  en- 
gineer, author  of  numerous  standard  mechanical  test  books; 
developer  and  perfector  of  machines  and  de\ices  for  commer- 
cial efficiency  and  success,  desires  position  as  production  en- 
gineer where  ability  to  eliminate  costs,  operations  and  intri- 
cate mechanisms  and  effect  maximum  efficiency  and  output  at 
minimum  cost  will  earn  .$4000  per  year,  and  more  when  results 
justify  increase. 

A-16  Sales  Engineer.  Graduate  M.E.,  age  31,  well 
posted  on  pumps  and  pumping  machinery  of  all  types,  oil, 
gas  and  steam  engines,  drawing  room  and  shop  practice,  sugar 
house  work  in  Mexico  and  sales  engineer  in  Brazil,  desires 
permanent  employment  with  reliable  firm  either  in  sales,  office 
or  shop.  At  present  employed  as  salesman  and  expert  on 
farm  machinery. 

A-17  Chief  Engineer.  Member,  Cornell  M.E.  graduate, 
with  several  years  successful  experience  as  chief  engineer  and 


manager,  and  thoroughly  trained  and  successful  in  shop,  office 
and  development  work,  desires  a  responsible  position. 

A-18  Works  Manager.  Member,  age  37,  technical  educa- 
tion, wide  experience  in  power  plant  design,  construction  and 
operation,  power  plant  economy,  piping,  building  construc- 
tion and  factory  engineering,  desires  position  as  works  engi- 
neer or  mechanical  superintendent. 

A-19  Chief  Draftsman,  Mechanical  Engineer  and 
Superintendent.  Member,  technical  education  and  fourteen 
years  general  engineering  experience,  perfectly  familiar  with 
design,  construction  and  operation  of  plants  manufacturing 
cement,  coal  mining  and  cooking  plants;  has  made  an  especial 
study  of  elevating  and  conve3dng  machinery  in  connection 
with  cement  making  and  coal  handling.  Has  held  positions  as 
chief  draftsman,  mechanical  engineer  and  superintendent. 
Now  employed  but  to  avoid  traveling  desires  to  get  in  touch 
with  large  company  where  experience  and  ability  may  gain 
him  a  permanent  position. 

A-20  Assistant  to  Superintendent.  Associate-member, 
B.M.E.,  age  29,  three  j'ears  experience  inventorying  power 
plants,  factory  equipment,  and  buildings  of  two  large  plants 
in  the  South,  past  four  years  employed  as  mechanical  engi- 
neer at  an  Eastern  plant,  has  made  ail  machinery  layouts  and 
superintended  the  installation  of  all  of  the  machinery  in  plant, 
looked  after  up-keep,  installed  a  modern  cost-keeping  system, 
and  acted  as  general  assistant  to  superintendent.  Salarv, 
$2400.    At  present  employed. 

A-21  Superintendent.  Member,  Stevens  graduate,  age 
38,  married,  desires  to  make  a  change.  Has  had  two  and  one- 
half  years  experience  in  shop  and  drafting  room,  steam  and 
electric  machinery  and  air  compressors;  three  and  one-half 
years  designing  and  building  electrical  apparatus  for  naval 
vessels;  nine  years  as  assistant  superintendent  and  superin- 
tendent of  inspection  department  of  two  large  casualty  com- 
panies. 

A-22  Manager,  Superintendent  or  Sales  Engineer. 
Member,  graduate  M.E.,  Lehigh  University,  several  years  in 
management  of  mechanical  and  purchasing  departments  of 
railroad,  coal  mining,  and  industrial  corporations.  Also  exten- 
sive experience  as  sales  engineer  in  railroad  equipment.  Good 
organizer  and  executive,  qualified  to  fill  position  of  manager  of 
an  industrial  plant  or  coal  mining  company,  or  superintendent 
of  motive  power  of  a  railroad.  Can  successfully  represent 
manufacturers  of  machinei-y,  power  plant  equipment,  iron  and 
steel. 

A-23  Superintendent  and  Works  Manager.  Associate 
member,  age  45,  Scotch,  with  long  experience  as  foreman, 
superintendent  and  works  manager  in  large  jobbing  shop  do- 
ing machine,  smith  and  sheet  ii-on  work  and  also  well  versed 
in  motor  vehicle  construction,  desires  to  change  position. 

A-24  Executive.  Mechanical  engineer,  technical  graduate 
and  member  *ith  broad  shop,  mill  and  power  plant  experience, 
desires  important  executive  position  with  large  progressive 
concern. 

A-25  Shipbuilding  Engineer.  Member,  technical  grad- 
uate, age  36,  experienced  in  design  and  construction  of  struc- 
tural steel  work,  machine  tool,  shop  layout  and  arrangement  of 
machinery,  efficiency  management,  accounting  and  costs,  works 
management,  planning  and  routing,  orders  and  stores,  also 
experience  as  sales  engineer,  desires  to  become  associated  with 
a  shipbuilding  concern  or  an  allied  industry.  Location  pre- 
ferred New  York  or  Philadelphia. 

A-26  Power  Plant  Engineer.  Student  member,  1915 
graduate  in  M.  E.,  wishes  position  along  lines  of  power  plant 
engineering.  At  present  employed  with  manufacturing  con- 
cern . 

A-27  Superintendent.  Member,  over  twenty  years  ex- 
perience along  engineering  lines;  twelve  years  sliop  practice 
and  eight  years  office.  Experienced  in  locomotiv'es,  ears, 
boilers,  engines,  special  machinery,  shop  layouts  and  struc- 
tural work.  Has  held  positions  from  machinist  to  superin- 
tendent of  construction.    At  pre.sent  employed. 
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A-28  SuPERiNTK.vuEXT.  Member,  yrailuate  engineer,  age 
32,  possessing  exceptional  exeeutive  ability,  ten  years  exper- 
ience in  shop  work,  drafting-,  erecting,  operating,  purchasing 
and  selling;  familiar  with  steam,  gas  and  oil  engines,  and 
refrigerating  machinery,  desires  a  permanent  position  as 
superintendent,  or  engineer  with  reliable  company  near  Phila- 
delphia. Salary  $3000.  Temporarily  employed,  but  avail- 
able January  first. 

A-29  SuPERlXTEXDEXT.  Member,  technical  graduate,  age 
37,  fifteen  years  olliee  and  shop  experience  as  designer,  en- 
gineer and  superintendent  in  United  States  and  abroad,  is 
open  for  engagement.  Broad  experience  in  designing,  manu- 
facturing and  testing  special  machinery,  turbines,  automatic 
railway  air  connectors,  etc.  Thorough  knowledge  of  German. 
At  present  employed. 

A-30  A^'OEK.s  ;Max.\ger.  Member,  j\I.E.  and  E.E.,  analyti- 
cal mind,  initiative,  originality,  balanced  by  coinmonsense, 
knows  how  to  get  larger  output,  lower  costs,  better  infonna- 
tion,  greater  profits,  broad  experience  in  machinery,  metal  and 
wood  manufacturing,  designing,  production,  efficiency,  costs, 
accounting,  auditing,  management,  desires  position  as  works 
manager. 

A-31  Sales  Engineer.  Mechanical  engineer,  graduate 
Columbia  1912,  experienced  in  design  and  construction  work, 
desires  permanent  position,  preferably  in  sales  or  where  there 
is  a  chance  to  work  into  sales  or  commercial  end  of  business. 
Location  immaterial. 

A-32  Sales  Engineer  with  Patext.  Member,  recently 
granted  U.  S.  jiatent  (not  yet  issued)  on  improved  shop  ap- 
pliance for  which  there  is  a  wide  and  profitable  market,  wishes 
to  arrange  for  manufacture  and  exploiting  with  established 
concern  possessing  ample  facilities  and  resources  for  handling 
the  business.  Is  thoroughly  conversant  with  advertising  and 
sales  methods  in  this  particular  line,  and  capable  of  organiz- 
ing and  managing  dejiartment  which  should  be  tuiancially  sat- 
isfactory to  all  Concerned. 

A-33  Research  Exgineer,  Engineer  of  Tests.  Mechan- 
ical and  electrical  engineer  with  scientific  training,  experienced 
in  the  organization  of  testing  and  research  departments,  and 
the  construction  of  scientific  laboratories,  desires  position,  tem- 
porary or  permanent,  which  requires  the  exercise  of  business 
judgment  and  executive  ability,  in  addition  to  a  knowledge  of 
tlie  fundamental  sciences  entering  into  work  of  this  character. 
Has  built  and  organized  chemical,  jihysical,  electrical,  metal- 
lurgical, metallographic  and  strength  of  materials  laboratories, 
as  well  as  lal)oratories  for  siiecial  research. 


A-34  Chief  Inspector.  Mechanical  engineer,  age  27,  wide 
experience  in  factory  inspection,  rating  of  plants,  compensa- 
tion work  and  guarding  of  machinery,  desires  position  as  chief 
inspector  of  mutual  company.     Salarj-,  |1800. 

A-35  Manager.  Member,  teclmical  education,  twenty- 
seven  years  jiractical  experience  on  pumping  machinery,  com- 
pressoi-s,  pneumatic  machinery,  both  desigii  and  construction, 
conducting  power  and  efficiency  tests,  handling  engineering 
correspondence,  will  accept  position  of  engineer  or  manager, 
or  other  executive  position  with  manufacturing  firm  or  con- 
sulting engineer. 

A-36  Junior  Member,  technical  graduate,  age  27,  four 
years  shop  and  about  one  year's  drafting  room  exjierience, 
also  special  organizing  work  and  in  production  department  of 
company  making  centrifugal  pumps  and  jiower  plant  auxil- 
iaries.    Salary,  .$1,500. 

A-37  ASSLSTANT  TO  CONSULTING  ENGINEER  OR  CONTRACT- 
ING FiRii.  Mechanical  engineer  with  thorough  technical  train- 
ing desires  connection  with  consulting  or  contracting  firm. 
Has  had  splendid  experience  in  planning  work  for  machine 
shops  and  in  testing. 

A-38  Inventor  and  Executive.  Mechanical  engineer, 
member,  age  39,  university  graduate,  twenty  years  experience 
in  various  engineering  fields,  inventive  and  executive  ability, 
desires  ))osition,  preferably  in  or  around  New  York.  English, 
French  and  Gei-man  correspondent. 

A-39  Metallurgical  ?Cn(;ineer.  Member  has  had  exten- 
sive experience  in  design  and  operation  of  ga.s  producere,  foun- 
dry ])ractice,  manufacturefof  steel  for  ordnance,  and  exitert  in 
the  projierties  of  materials. 

A-tO  Manufacturers  Representative.  Member  with  of- 
fice and  wide  acquaintance  with  manufacturers.  pul)lic  utility 
officers,  consulting  engineers  and  architects,  desires  to  add  to 
representation  in  Ohio,  Buffalo,  Pittsburgh  and  Detroit  dis- 
tricts. 

A-41  "Works  Manager  or  Assistant.  .Junior  member, 
technical  graduate,  shop,  selling  and  shop  management  expe- 
rience, desires  position  as  works  manager  or  assistant  works 
manager.  At  present  in  charge  of  manufacturing  de])artment 
of  large  plant  building  special  machinery.  Has  reduced  op- 
erating expense  and  cost  of  production. 

A-42  Mejider,  Stevens  graduate,  me(4ianical  engineer, 
thirteen  yeare  experience  design  and  construction  steam  elec- 
tric plants,  ]iumping  stations,  industrial  works,  heavy  foun- 
dations involving  pneumatic  caisson  method,  reports  and  ap- 
praisal, also  business  exjierience,  is  open  for  engagement. 
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la  1912  was  established  a  section  of  The  Journal  called  at 
that  time  the  Foreign  Review.  It  included  abstracts,  at  first 
quite  brief  and  then  somewhat  longer,  of  articles  in  engineer- 
ing periodicals  printed  in  foreign  languages  only.  In  1914 
this  activity  of  the  Society,  which  from  the  start,  if  one  may 
judge  from  letters  received,  met  with  the  approval  of  the 
membership,  was  extended  by  the  addition  of  a  review  of  the 
proceedings  of  engineering  societies.  Finally,  at  a  meeting 
of  the  Council  on  Octobe'r  8,  1915,  it  was  voted  to  approve  the 
recommendation  of  the  Publication  Committee  to  include  in 
The  Journal  a  review  of  the  world's  technical  press.  In  ac- 
cordance with  this  resolution,  the  Engineering  Survey  will  con- 
tain, in  addition  to  the  material  as  hitherto  published,  ab- 
stracts from  engineering  publications  in  the  English  language. 
This  feature  will  be  developed  gradually,  beginning  with  the 
publieation  of  a  few  abstracts  in  each  issue  selected  with  a 
view  to  placing  on  record  the  more  important  developments 
in  mechanical  engineering.  It  is  the  desire  to  arrive  fuially  at 
a  publication  which  would  cover  the  field  of  mechanical  engi- 
neering as  completely  as  may  be  desirable  for  all  practical 
purposes.  A  new  feature  to  which  attention  is  called  is  a  list 
of  the  more  important  engineering  articles  published  at  the 
end  of  the  Engineering  Survey.  The  Library  receives  now 
close  to  1000  publications  in  more  than  a  dozen  languages,  and 
an  attempt  will  be  made  to  keep  this  list  as  up-to-date  as  pos- 
sible and  as  complete  as  the  space  available  will  permit. 

THIS    month's   articles 

In  the  section.  Aeronautics,  is  described  the  Wadkin  Pro- 
peller Shaping  Machine,  really  a  copying  machine  having 
some  peculiar  features  of  its  own. 

In  the  next  section.  Air  Engineering,  is  given  an  abstract 
of  a  discussion  of  Phenomena  Accompanying  the  Flow  of  Air 
in  Round  Ducts,  containing  among  other  things  some  data  of 
interest  in  connection  with  test  of  fans  by  means  of  Pitot 
tubes. 

The  section  on  Internal  Combustion  Engineering  is  of  par- 
ticular interest.  It  contains  a  reference  to  a  Swedish  type 
Diesel  engine  built  in  this  country;  a  description  of  the  pro- 
pelling machinery  for  the  U.  S.  S.  Maumee,  and  of  the  South- 
wark-Harris  valveless  engine,  the  latter  a  very  interesting  type 
in  many  respects.  A  discussion  of  the  Determination  of  the 
Exponent  in  the  Equation  for  the  Expansion  Line  of  Internal 
Combustion  Motors  is  abstracted  from  a  German  periodical. 
In  the  same  section  is  abstracted  an  article  on  the  maintenance 
of  exact  proportions  between  draft  and  steam  admitted  un- 
der a  producer  grate,  as  well  as  losses  from  incorrect  driv- 
ing. 

In  the  section  on  Materials  on  Construction  will  be  found 
an  abstract  from  an  advance  publication  of  a  paper  by  Prof. 


J.  0.  Arnold  on  The  Cause  and  Effect  of  Ghost  Lines  in 
Large  Steel  Forgings,  of  particular  interest  because  the  author 
has  had  a  somewhat  unusual  opportunity  to  ascertain  the  exact 
nature  of  unforged  ghosts.  Another  paper  on  the  Segrega- 
tion and  Sponginess  in  Ladle  Test  Ingots  abstracted  from  the 
Bulletin  of  the  American  Railway  Engineering  Association  is 
of  interest  in  that  it  shows  why  test  ingots  taken  from  the 
same  batch  may  give  entirely  misleading  results,  and  next  in 
that  it  recommends  additions  to  rail  specifications  covering 
shape  and  size  for  ladle  test  ingots  as  well  as  standardizing 
the  methods  of  taking  them.  The  Influence  of  Temperature 
and  Mechanical  Work  in  Hydraulic  Forging  on  the  Physical 
Properties  of  Wrought  Iron  and  Steel  is  discussed  in  a  paper 
by  Dr.  Fuchs  abstracted  from  a  German  publication.  A  rather 
unexpected  fact  found  during  the  tests  described  in  that  paper 
is  that  the  force  and  work  required  for  forging,  instead  of 
gradually  decreasing  with  the  increase  of  temperature  of  forg- 
ing, increases  at  first  and  does  not  begin  to  decrease  until 
about  850  deg.  cent.  A  development  of  high  grade  alloy 
steel  at  low  cost,  the  chemical  and  mechanical  relations  of  the 
carbides  of  iron  and  molybdenum  and  gunite  coated  piles  for 
use  in  tropical  waters,  are  some  of  the  other  articles  abstracted 
in  the  same  section. 

In  the  section  on  Measuring  Aj^paratus  is  continued  from 
the  December  issue  an  abstract  on  apparatus  for  measuring 
the  velocity  and  pressure  of  gases.  There  is  also  given  an 
abstract  of  a  description  of  a  Plate  Fulcrum  Track  Scale,  a 
type  representing  in  several  respects  a  radical  departure  from 
the  usual  design  of  track  scales. 

In  the  section  Mechanics  attention  is  called  to  the  article  by 
Prof.  J.  von  Rohonyi  concerning  the  measurements  of  the 
coefficients  of  cyclic  variation  in  the  motion  of  prime  movers. 
Other  articles  m  the  same  section  are  a  critical  consideration 
of  the  factors  affecting  power  requirement  to  be  met  in 
the  manufacture  of  wire  in  drawing  rods;  a  mathematical 
discussion  of  the  apparent  vagaries  of  performances  of  screw 
propellers  on  ships  in  actual  service,  and  a  reference  to  tlie 
Horseless  Age  engineering  charts.  The  beginning  of  the  ab- 
stract of  a  paper  by  P.  M.  Heldt  on  the  Design  of  Crank 
Shafts  for  High  Speed  Engines  is  also  given. 

In  the  section  on  Refrigeration  are  abstracted  from  the 
Journal  of  the  American  Society  of  Refrigerating  Engineers 
two  articles,  one  on  the  Flow  of  Superheated  Ammonia 
Through  Orifices,  giving  among  other  things  two  plots  from 
which,  knowing  the  head  pressure  and  the  degree  of  super- 
heat, the  volume  of  a  pound  of  superheated  ammonia  at  the 
condition  in  the  orifice  can  be  read.  The  other  article  de- 
scribes-an  improved  ammonia  safety  valve. 

The  Loss  of  Heat  from  Steam  Heated  Orifices,  and  the 
Reverse  Heat  Engine  as  a  Drying  Machine  are  discussed  in 
the  section  on  Thennodynamics. 
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Aeronautics 

The  Wadkin  Propeller  Shaping  Machine. 

It  is  a  curious  fact  that  the  particular  part  of  the  mechan- 
ism of  an  aeroplane  in  which  the  very  highest  finish  and  the 
utmost  possible  delicacy  are  required,  should  have  been  carried 
out  purely  by  hand  and  left  to  the  touch  of  individtial  work- 
men as  has  hitherto  been  the  case  in  regard  to  aeroplane  pro- 
pellers. Tliis  anomaly  may  have  been  due  to  the  varying 
nature  in  grain,  hardness  and  specific  gravity  of  the  timber 
employed  for  this  pui-pose.  Still,  where  quickness  of  output 
is  essential  and  the  article  is  strictly  standardized,  great  ad- 
vantage might  be  derived  from  the  use  of  mechanical  propeller 
shaping  machinery.  Such  a  tool  has  been  placed  on  the 
market  in  England  by  WadMn  &  Co.  (Fig.  1). 

The  machine  will  handle  propellers  up  to  12  ft.  diameter 
and  will  produce  an  e.xact  fac-simile  of  the  original  placed  into 
the  machine.  This  "  original  "  consists  of  a  single  blade  only, 
together  with  the  hub,  which  is  mounted  on  a  mandrel  in  a 
horizontal  plane  opposite  to  a  carriage  arranged  to  slide  longi- 


inal  to  pei-mit  of  screwing  to  it  a  wooden  guide  shaped  to 
enable  the  roller  to  run  down  a  slight  incline.  When  one  side 
of  the  blade  has  been  cut,  it  is  only  necessary  to  reverse  the 
work  and  also  the  original  in  its  supports. 

The  feature  of  the  machine  is  that  an  old  broken  propeller 
may  be  used  as  the  "  original "  and  an  exact  duplicate  made 
from  it.  {Aeronautics,  vol.  9,  no.  108  (new  series),  p.  315, 
November  10,  1915,  2  pp.,  2  figs.     d). 

Air  Engineering 

Some  Peculiarities  of  Air  Flowing  in  Round  Ducts 
Prof.  J.  E.  Emswiler 

Discussion  of  phenomena  accompanying  the  flow  of  air  in 
round  duets. 

The  author  begins  by  a  discussion  of  the  distribution  of 
velocity  across  the  section  of  pipe.  The  assumption  that  the 
air  is  moving  fastest  near  the  center  and  slowest  at  the  peri- 
meter is  true  only  for  a  section  of  the  pipe  located  at  a  con- 
siderable  distance   from  the  fan,  or  from  an   elbow,  or  any 


Fig.  1     Wadkin  Propeller-Shaping  Machine 


tudinaUy  on  a  bedplate.  This  carriage  is  adapted  to  support 
two  pivoted  arms,  the  lower  of  which  carries  the  original 
roller,  and  the  top  one,  the  cutterblock  mounted  on  a  recipro- 
cating headstock.  At  their  opposite  ends,  the  two  pivoted 
arms  are  connected  by  a  link  which  is  adjustable  to  enable 
the  size  of  reproduction  to  be  varied  if  desired.  The  head- 
stock  supporting  the  two  arms  is  reciprocated  across  the  bed 
by  means  of  a  crank  motion  so  that  the  cuttere  will  traverse 
across  the  work.  As  each  end  of  the  stroke  is  reached,  the 
carriage  is  moved  longitudinally  %  in.  so  that  cutting  takes 
place  both  on  the  forward  and  backward  stroke  across  the 
work,  thus  saving  considerable  time.  The  cutterblock  is  fitted 
with  12  cutters,  six  on  the  front  and  six  on  the  back.  The 
drive  is  by  means  of  a  flat  endless  belt  running  over  a  two- 
step  pulley  mounted  on  ball-bearings  and  carried  by  a  bracket 
fixed  to  the  sliding  headstock. 

The  "  original "  consists  of  one  blade  and  the  hub  portion 
and  is  made  preferably  of  cast  iron,  identical  in  shape  with 
the  blade  to  be  formed,  thus  enabling  existing  gages  and  tem- 
plates to  be  used  to  insure  accuracy  of  the  original.  It  is 
essential  that  the  shape  of  the  blade  should  be  kept  accurately 
along  its  longitudinal  edges,  so  that  means  must  be  provided 
to  prevent  the  original  roller  from  falling  abruptly.  A  few 
holes  should  be  drilled  and  tapped  along  the  edges  of  the  orig- 


source  of  disturbance  of  the  stream  line  flow.  In  other  words, 
the  condition  of  high  center  velocity  prevails  when  the  flow  is 
relatively  quiet,  but  at  the  section  very  near  the  fan,  it  is 
found  that  the  velocity  at  the  center  is  nearly  equal  to  that 
along  the  walls,  while  the  maximum  velocity  occurs  between 
the  center  and  walls.  Tests  made  in  the  mechanical  labora- 
tories of  the  University  of  Michigan  with  a  very  long  pipe 
(100  feet  long)  showed  that  maximum  divergence  between  the 
center  and  wall  velocity  occurred  at  the  greatest  distance  from 
the  fan. 

Connected  with  this  difference  in  velocity  distribution  across 
the  pipe  at  different  distances  from  the  fan  is  the  effect  on 
the  frictional  resistance.  Tests  in  the  University  laboratories 
have  shown  that  if  observations  are  made  at  three  points 
along  the  length  of  a  long  straight  pipe,  one  near  the  fan, 
one  near  the  end  of  the  pipe,  and  the  third  midway  between 
the  first  two,  the  frictional  resistance  of  the  first  section  is 
appreciably  higher  than  it  is  in  the  second  section.  The  reason 
for  this  difference  most  likely  lies  in  the  velocity  distribution 
in  the  tube  sections,  as  the  frictional  resistance  of  air  moving 
in  a  pipe  is  due  to  two  causes;  first,  the  friction  of  the  air 
against  the  walls  of  the  passageway,  and,  second,  the  friction 
of  the  particles  of  air  sliding  or  rolling  upon  each  other, 
which  latter  is  due  to  the  fact  that  all  the  particles  do  not 
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move  at  one  speed.  Of  the  two  causes  of  loss  the  first  is  the 
greater.  The  average  velocity  of  the  air  is  the  same  at  all 
points  along  the  pipe  but  the  average  velocity  of  the  air 
which  comes  in  contact  with  the  perimeter  of  the  pipe  is 
greater  near  the  fan  because  of  cross  currents;  hence,  the 
pipe  friction  proper  is  greater  in  that  part  of  the  pipe  near 
the  fan. 

The  flow  of  air  in  a  duct  is  not  symmetrical,  as  the  maximum 
velocity  may  be  considerably  greater  on  one  side  of  the  pipe 
than  on  the  other;  in  fact,  the  place  of  maximum  velocity  in  a 
pipe  may  travel  in  a  screw  path  along  its  length.  Ultimately 
this  corkscrew  motion  will  die  down,  but  within  the  limits  of 
the  length  of  the  customary  test  pipe  which  is  about  twenty  dia- 
meters, such  a  movement  of  the  air  is  nearly  always  present; 
hence  to  obtain  accurate  data  for  the  calculation  of  average 
velocity,  it  is  necessary  to  traverse  the  pipe  on  two  diameters 
at  right  angles. 

Wiien  a  fan  is  tested  by  means  of  a  Pitot  tube  placed  in  a 
test  pipe  the  tube  should  be  located  about  five-eighths  of  the 
distance  from  the  fan  to  the  end  of  the  test  pipe.  The  static 
pressure  is  then  a  measure  of  the  friction  in  the  test  pipe 
lying  beyond,  and  it  might  be  thought  that  this  would  furnish 
a  comparatively  easy  means  of  determining  the  friction  co- 
efficient of  pipes.  Actually  this  is  not  quite  so.  The  total 
friction  effect  of  a  section  of  pipe  discharging  freely  into  the 
air  is  made  up  of  two  parts :  first,  the  normal  friction  of  flow 
within  the  pipe,  and  second,  the  exit  loss  at  the  point  of  escape. 
The  latter  may  be  small  for  a  pipe  whose  discharge  end  is 
perfectly  smooth,  but  the  least  little  obstruction  around  the 
edge  seems  to  cause  an  abnormal  increase  in  loss  (a  similar 
or  much  larger  obstruction  i:)laeed  much  further  back  in  the 
pipe  has  far  less  influence  on  the  friction  loss). 

The  following  tests  were  made  to  illustrate  the  foregoing 
statements:  Air  was  delivered  through  a  7  in.  test  pipe  by  a 
small  Buffalo  blower  operated  at  constant  speed.  The  Pitot 
tube  was  located  above  five-eighths  the  length  of  the  pipe  from 
the  fan.  With  no  obstruction  at  the  end  of  the  pipe  a  certain 
static  pressure  was  observed.  Then  a  screw-driver  with  a 
wooden  handle  about  1^  in.  in  diameter  was  laid  in  the  pipe 
18  in.  from  the  end.  This  obstruction  increased  the  static 
pressure  at  the  Pitot  tube  15  per  cent.  Then  a  ruler  %  in. 
wide  was  placed  diametrically  across  the  pipe,  fii'st  entirely 
across,  and  then  extending  partially  across  by  varying 
amounts;  the  effect  was  to  increase  the  static  pressure  above 
that  when  the  exit  was  unobstructed,  to  the  extent  of  from  10 
per  cent,  when  the  percentage  of  obstruction  was  0.4  per 
cent,  to  200  per  cent,  when  the  percentage  of  obstruction  rose 
to  11.3  per  cent,  which  shows  that  an  obstruction  at  the  end 
produces  a  vastly  greater  loss  than  one  placed  in  the  pipe 
some  distance  from  the  end.  {The  Michigan  Technic,  vol.  28, 
no.  3,  p.  204,  October  1915,  3  pp.,  et.) 

Internal  Combustion  Engines 

Swedish  Type  Diesel  Engine. 

The  article  briefly  describes  and  illustrates  the  Diesel  en- 
gine manufactured  by  the  Mcintosh  &  Seymour  Corporation 
of  Auburn,  N.  Y.  This  Diesel  engine  is  essentially  that  of  the 
Aktiebolaget  Diesels  Motorer,  Stockholm,  Sweden  {The  Iron 
Trade  Review,  vol.  57,  no.  21,  p.  988,  November  18,  1915,  1  p., 
2  figs.    d). 

Description    op    Main    Propelling    Machinery    for    the 
U.  S.  S.  Maumee,  Lieutenant  C.  W.  Nimitz,  U.S.N. 
The  article  describes  the  main  propelling  machinery  for  the 
U.  S.  S.  Maumee  (which  was  inspected  on  one  of  the  excur- 


sions of  the  members  of  The  American  Society  of  Mechanical 
Engineers  at  the  Annual  Meeting,  December,  1915).  The 
U.  S.  S.  Maumee  is  one  of  the  twin-screw  fuel  ships  authorized 
by  the  Naval  Appropriation  Act  of  August  22,  1915  (her 
sister  ship  is  the  Kanawha). 

Tiie  Maumee  has  as  propelling  machinery  two  Diesel  en- 
gines of  2500  b.h.p.  each.  Each  main  engine,  which  is  built 
to  turn  outboard  when  going  ahead,  drives  the  following  at- 
tached auxiliaries  (described  in  the  paper)  :  Three  high  pres- 
sure air  compressors  for  fuel  injection  and  for  charging  air- 
starting  bottles;  three  scavenger  compressors  for  cylinder 
scavenging;  two  salt-water  pumps  for  cooling  all  water 
jacketed  parts  of  engine  except  pistons;  one  fresh-water 
pump  for  piston  cooling;  one  lubricating  oil  pump  for  thrust 
block,  main,  crank  pin  and  cross-head  bearing  lubrication; 
two  general  service  water  pumps  for  fire,  bilge  or  sanitary 
purposes;  twelve  mechanical  lubricators  for  cylinders  and  for 
minor  beai'ing  lubrication;  one  fuel  oil  supply  pump  for 
pumping  fuel  from  ship's  bunker  tank  to  engine  supply  tanks; 
six  fuel  oil  measuring  pumps  for  supplying  fuel  to  cylinders 
from  engine  room  tanks;  one  speed  governor;  one  tachometer; 
and  one  revolution  counter. 

For  purposes  of  starting,  compressed  air  at  about  650  lb. 
per  sq.  in.  from  the  air-starting  bottles  is  led  to  those  cylinders 
whose  cranks  are  in  the  proper  position  for  running  in  the 
desired  direction.  After  the  engine  starts  to  run,  starting  air 
is  admitted  to  each  cylinder  from  10  deg.  past  top  center  to 
85  deg.  past  top  center,  until  the  engme  has  obtained  sufficient 
speed  for  fuel  admission.  This  speed  is  usually  obtained  in 
a  vei-y  few  revolutions.  The  operation  of  the  reversal  con- 
sists merely  in  cutting  off  all  fuel  from  the  engine,  which 
causes  it  to  stop  very  quickly  and  then  to  start  in  the  reverse 
direction  by  compressed  air  as  described  above.  {Journal  of 
the  American  Society  of  Naval  Engineers,  vol.  27,  no.  4, 
p.  794,  November  1915,  27  pp.,  5  figs.   d). 

Southwaek-Habbis  Valveless  Engine 

One  of  the  weak  points  in  existing  Diesel  engines  is  that 
ice  cold  air  is  admitted  at  high  pressure  into  the  hot  working 
cylinders  to  reverse  or  start  up.  Air  stored  in  bottles  or  tanks 
at  600  to  1000  lb.  per  sq.  in.,  when  expanded  through  a  valve, 
drops  in  temperature  below  the  freezing  point  and  its  entering 
a  cylinder  heated  to  a  high  degree  may  be  the  cause  of  cracked 
cylinders,  cylinder  heads,  and  pistons.  This  is  especially  true 
iu  the  case  of  marine  engines  when  a  vessel  is  coming  into  port 
after  perhaps  several  hours  or  even  days  of  continuous  run- 
ning in  one  direction  with  its  cylinders  and  pistons  heated  to 
a  high  degree.  To  berth  this  vessel  at  the  wharf  possibly  ten 
or  fifteen  orders  may  be  rung  down  to  the  engine  room  in  as 
many  minutes.  To  carry  out  each  of  these  orders,  the  engine 
is  turned  for  a  few  seconds  with  this  ice  cold  air  and  the  next 
second  after  it  is  cut  off,  the  contents  of  the  cylinders  are 
expected  to  be  heated  up  over  1000  deg.  This  sets  up  very 
severe  expansions  and  contractions,  and  may  easily  cause 
trouble. 

The  Southwark-Harris  valveless  engine  is  so  designed  as  to 
never  admit  cold  high  pressure  air  into  the  working  cylinders. 
It  has  a  scavenging  pump  or  low  pressure  compressor  of  the 
step  piston  type,  that  is,  the  piston  of  the  scavenging  pump  is 
an  enlarged  extension  of  the  main  piston  working  in  its  own 
cylinder  below  the  working  cylinder.  The  scavenging  cylinders 
are  utilized  for  starting  purposes,  becoming  immediately  con- 
verted into  air  motors  on  movement  of  the  starting  lever  cither 
ahead  or  astern  by  the  automatic  cutting  out  of  the  suction 
and  delivery  valves.     The  air  starting  valves  come  automatic- 
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ally  into  play  with  the  camshaft  and  keep  the  engine  running 
by  the  action  of  the  compressed  air  on  the  step  pistons  instead 
of  on  the  main  pistons.  By  continued  movement  of  the 
handling  lever  the  atomizer  begins  to  open  and  the  fuel  com- 
mences to  be  supplied  to  the  working  cylinders,  the  engine 
still  running,  however,  on  compressed  air  in  the  scavenging 
cylinder  without  affecting  the  working  conditions  in  the  main 
cylinder,  and  thereby  avoiding  admission  of  the  usual  high 
pressure  air  into  the  working  cylinder  just  at  the  time  when  it 
is  necessary  to  build  up  the  temperature. 

Another  peculiarity  of  the  Southwark-Harris  engine  is  that 
it  has  no  valves  in  its  cylinder  heads.  Each  cylinder  has  only 
one  cam  working  (the  atomizer  cam)  when  the  engine  is  run- 
ning in  either  direction.  The  use  of  the  step  piston  for  air 
starting  does  away  with  the  necessity  of  air  starting  valves 
in  the  cylinder  heads.  The  scavenging  air  is  admitted  to  the 
working  cylinder  through  ports  in  its  circumference.  The 
exhaust  gases  pass  out  through  ports  located  opposite  the 
scavenging  ports  and  are  so  arranged  that  the  piston  opens  and 
shuts  them  at  the  correct  time  during  its  travel.  There  re- 
mains, therefore,  only  one  small  opening  to  be  provided  for 
in  the  cylinder  head  for  the  admission  of  oil  from  the  atomizer. 

One  of  the  disadvantages  of  the  ordinary  trunk  piston  type 
of  Diesel  engine  is  that  it  is  necessary  to  give  the  pistons  con- 
siderable clearance  between  the  piston  and  the  walls  of  the 
cylinder  on  account  of  the  expansion  of  the  pistons  which  is 
especially  true  in  the  case  of  a  two-stroke  cycle  engine.  This 
excessive  clearance  causes  the  piston  in  a  trunk  type  of  engine 
to  take  the  side  thrust  of  the  connecting  rod,  which  sets  up  a 
side  flogging  with  its  consequent  noise.  In  the  Southwark- 
Harris  engine,  this  difficulty  is  avoided  by  the  use  of  the  step 
piston,  the  wrist  pin  being  comparatively  cool  in  the  step  or 
lower  piston  which  practically  does  not  expand;  therefore,  it 
can  be  made  a  nice  fit  in  the  lower  cylinder  and  acts  as  a 
circular  crosshead  guide  for  the  main  piston.  The  main  pis- 
tons can  have  ample  clearance  between  themselves  and  the 
walls  of  the  cylinder  and  let  the  rings  do  the  work  they  are 
there  for. 

Another  advantage  of  these  step  pistons  when  acting  as 
scavenging  pumps  is  that  they  draw  in  upon  themselves  and 
around  the  working  piston  on  its  outgoing  stroke,  a  charge  of 
atmospheric  air  for  scavenging  purposes.  This  air  helps  to 
cool  the  working  pistons,  and  being  in  itself  thus  slightly 
heated,  when  the  scavenging  air  enters  the  working  cylinders, 
it  is  never  as  cold  as  is  the  case  with  four  cycle  engines.  In 
the  Southwark-Harris  engine,  it  is  possible  to  take  off  the  inlet 
valves  of  the  scavenging  jjump  entirely,  and  owing  to  the  pecu- 
liar design  of  the  engine,  it  will  still  continue  to  run.  Thus, 
if  the  inlet  valves  were  to  break  down  at  sea  it  would  not 
prevent  the  ship  from  working  into  port. 

The  Southwark-Harris  valveless  engine  governs  on  a  special 
and  variable  stroke  principle  controlled  by  the  governor. 
Once  the  line  is  clear  of  air,  there  is  always  a  solid  stream  of 
oil  from  the  service  tanks  to  the  atomizers  and  the  slightest 
movement  of  the  pump  plunger  produces  a  corresponding 
movement  of  the  column  of  oil  so  that  if  the  stroke  is  increased 
by  the  governor,  a  corresponding  additional  amount  of  oil  will 
be  supplied.  The  oil  is  delivered  from  the  service  tank  to  the 
pumps  under  pressure  supplied  by  the  engine,  making  it  im- 
material where  the  service  tank  is  located.  As  a  result  of  such 
an  arrangement  the  engine  can  be  started  in  five  seconds  after 
having  stood  idle  for  a  week  or  more.  In  fact,  it  will  start 
under  load  like  a  steam  engine. 

The  air  under  pressure,  when  allowed  to  act  on  the  step 
pistons  will  turn  the  engine  over  even  with  its  load  on,  so  long 


as  the  engineer  desires  to  do  so,  and  after  the  momentum  of 
the  engine  is  built  up,  the  oil  can  be  given  to  the  main  cylinders, 
still,  however,  allowing  the  air  to  act  on  the  step  pistons.  This 
in  no  way  affects  the  working  oondition  in  the  main  cylinder 
which  is  of  importance  for  locomotives  of  interurban  car 
service  and  especially  in  vessels,  as  it  causes  the  ship  to  re- 
spond more  quickly  and  with  more  certainty  in  a  case  of  revers- 
ing from  full  speed  ahead  to  full  speed  astern  or  vice  versa. 

The  reversal  of  the  Diesel  engine  by  movement  of  the  cam 
shaft  on  end  requires  considerable  power  to  compress  all  the 
valve  springs;  in  the  new  engine  reversing  is  done  by  moving 
one  rod  on  each  cylinder  so  that  however  large  the  engine  might 
be,  practically  no  power  is  required.  In  fact,  the  Southwark- 
Harris  engine  is  only  of  the  Diesel  type  in  its  principle,  the 
details  of  the  engine  being  of  an  apparently  novel  design. 
[Steamship,  vol.  27,  no.  317,  p.  109,  November  1915,  5  pp., 
1  fig.    d). 

Concerning  the  Exponent  m  in  the  Equation  for  the 
Expansion  Line  op  Internal  Combustion  Engines 

Dr.-Eng.  Miinzinger. 
The  experimental  determination  of  the  exponent  m  of  the 
expansion  line  of  internal  combustion  motors  can  be  carried 
out  best  on  a  Diesel  engine,  because,  due  to  the  fact  that  the 
pressure  variations  occur  in  it  in  a  more  uniform  manner 
than  in  other  gas  engines,  observations  suffer  less  from  inter- 
ference due  to  oscillations  of  the  indicator.  In  the  present 
investigation,  which  has  been  carried  out  in  the  Machine 
Design  Laboratory  of  the  Technical  High  School  in  Berlin, 
Dr.  Miinzinger  used  a  15  h.p.  Diesel  engine  built  by  the  Augs- 
burg-Nurnberg  Machine  Works,  and  the  Maihak  indicator 
which  is  only  slightly  affected  by  frictional  and  mass  forces, 
the  purpose  of  the  investigation  being  to  determine  the  law  of 
functional  dependence  of  the  exponent  m  on  temperature. 

Prom  the  usual  equation   of  the  expansion  line,  p^v^  = 

PjVj"  where  p,  and  p.,  are  specific  pressures  and  r,  and  v.j 

specific  volumes,  by  the  use  of  logarithms,  the  following  ex- 

.      L.  •     J  f                      logp,  —  logp, 
pression  is  obtamed  tor  m:   m  =  

log  V,  —  log  !■, 

If,  therefore,  at  a  point  of  an  expansion  curve  plotted  on  the 
logarithmic  scale,  a  tangent  is  drawn,  m  can  be  determined 
by  the  tangent  of  the  angle  between  the  volume-axis  and  the 
tangent  drawn.  The  magnitude  of  m  is  affected  by  the  chem- 
ical composition  and  temperature  of  the  mixture.  The  ex- 
ponent of  the  adiabatic  line  is  known  to  be  k  =  c,jc^,  where 
c,  is  the  specific  heat  at  equal  volume.  For  all  gases, 
Cp  =  Cv  -f-  1.985/ot  and  hence  k  =  1  +  1.985/Ha\  where  m  is 
the  molecular  w-eight.  According  to  Langen,  the  following 
equation  holds  for  carbon  dioxide:  (mc^) m  =  6.7 -|- 0.0026J 
where  t  is  the  temperature  of  the  gas.     Likewise,  Pier  found 

0-2   . 
for    steam    ()»cOm  =  6.065  +  0.0005< -f—,  ('    while    for    bi- 

atomic  gases  holds  the  equation  ?ncv  =  4.88  -|-  O.OOlOGf. 

The  value  of  the  exponent  is  therefore  affected  by  the  con- 
ditions of  carbon  dioxide  and  steam,  as  well  as  by  increase  in 
temperature.  Hence,  the  exponent  m  is  smaller  at  the  begm- 
ning  of  the  expansion  than  at  the  end  of  the  stroke.  The  cool- 
ing action  of  the  cylinder  walls  has,  as  a  result,  the  effect 
that  the  expansion  line  goes  down  more  rapidly  than  the  adia- 
batic line.  It  may  be  taken  as  established  that  the  amount  of 
heat  conducted  away  per  unit  of  time  is  proportional  to  the 
active  area  and  is  a  function  of  the  temperature  difference 
between  the  walls  of  the  cylinder  and  the  gas.  The  coefficient 
of  heat  transmission,  in  its  turn,  depends  on  the  density,  the 
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state  of  motion,  the  teun>erature  aiul  the  space  distribution 
of  the  gas  with  respect  to  the  surfaces  of  the  walls.  A  good 
intermixture  of  the  charge  is,  for  example,  very  desirable  from 
the  point  of  view  of  perfect  combustion,  but  comparatively 
poor  when  it  comes  to  the  carrying  off  of  the  heat.  The  piston 
velocity  likewise  affects  the  cooling  action  of  the  cylinder  walls. 
since  upon  it  depends  the  amount  of  time  available  for  pur- 
poses of  heat  exchange.  Finally,  the  expansion  curve  is  made 
flat  through  after-burning  of  the  charge.  In  Fig.  2A  there 
are  plotted  over  the  pv  diagram  the  values  of  m,  as  functions 
of  the  various  positions  of  the  piston.  The  gas  temperatures 
are  then  determined  for  the  various  points  of  the  diagram  and 
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Fig.  2     Determination  of  the  Exponent  m  in  the  Equation 
FOR  THE  Expansion  Line  op  Internal  Combustion  Engines 

are  calculated  for  these  points  under  the  assumption  that  no 
exchange  of  heat  takes  place.  The  values  obtained  are  like- 
wise placed  on  the  diagram  so  that  the  influence  of  the  walls 
and  the  after-burning  can  be  seen  from  the  difference  between 
the  exponents  calculated  and  those  obtained  from  the  diagram. 
One  can  see  that  the  curves  thus  obtained  intersect  at  low 
load;  then  form  a  flatter  angle  so  that  they  run  nearly  parallel 
to  each  other,  and  finally  when  the  load  increases  still  more, 
intersect  again.  With  average  loads,  the  mv  cuive  is  nearlj- 
a  straight  line.  In  the  extreme  cases,  it  cun-es  at  the  begin- 
ning of  expansion  and  approaches  the  shape  of  a  parabola. 
As  the  piston  moves  on  and  the  cooling  surfaces  increase,  the 
difference  between  m  and  k  increases.  In  Fig.  B  are  collected 
values  of  m  from  tests  in  M'hich  the  m  and  k  curves  did  not  in- 
tersect. At  high  indicated  pressures  the  curves  thus  obtained 
lie  lower  than  at  low  pressures.  The  curves  of  equal  tempera- 
tures, plotted  in  the  same  figure,  run,  for  average  tempera- 
tures, nearly  parallel  to  the  abscissae.  If  now  the  k  curves  be 
plotted  for  900  deg.  cent,  and  1300  deg.  cent.   (10,52  and  2372 


deg.  falir. )  it  will  be  seen  that  at  the  lower  temperatures  the 
difference  between  m  and  k  increases  with  the  increase  of  the 
cooling  surface  and  attains  its  maximum  at  45  per  cent  of  the 
piston  stroke.  On  the  other  hand,  at  1300  deg.  cent,  the  m 
and  k  curves  approach  each  other  with  the  progress  of  the  pis- 
ton stroke  because  of  the  after-burning.  In  tests  in  which  the 
efficiency  approached  the  maximum,  the  curve  for  m  was 
nearly  a  straight  line.  If  at  the  beginning  of  the  expansion, 
the  curve  of  exponents  approaches  the  shape  of  the  parabola, 
the  efficiency  goes  down,  especially  if  at  the  same  time  there 
was  a  continuation  of  combustion  during  the  expansion  period. 
{Die  Ermittlung  des  Exponenten  m  der  Expansionslinie  von 
\' erbrennungsmotoren,  Dr.-Ing.  Miinzinger,  Furscfiungsarbeilen 
auf  dem  Gebiete  des  Ingenieurwesens,  no,  174,  and  Dinglers 
polytechnisches  Journal,  vol.  330,  no.  22,  p.  433,  October  30, 
1915.    e). 

Maintaining  Gas-Producer  Air-Steam  Ratio,  Franz  Denk 

The  article  discusses  the  importance  of  maintaining  exact 
proportions  between  draft  and  steam  admitted  under  a  pro- 
ducer grate  as  well  as  losses  from  incorrect  driving. 

In  particular,  it  discusses  the  methods  applied  for  blowing 
air  and  steam  into  the  producer.  The  main  objection  to  using 
jet  blowers  is  to  be  found  in  the  irregular  working  of  this 
apparatus  because  steam  and  air  often  cannot  be  blown  in 
the  fixed  proportion  required  for  the  economical  work  of  tlie 
producer,  as  sometimes,  if  enough  steam  is  blown,  the  air  is 
deficient  and  if  enough  air  is  forced  in,  it  can  be  done  only 
by  blowing  too  much  steam. 

The  author  gives  two  curves  (Fig.  3),  showing  the  con-- 
nection  between  the  amount  of  air  and  steam  blown,  from 
tests  made  on  the  Koerting  blower  and  the  Eynon  Evance 
blower.  These  curves  show  that  if  the  necessary  amount  of 
steam  is  blown,  the  deficiency  of  air  amounts  to  25  per  cent. 
At  a  steam  pressure  of  25.5  lb.  there  is  enough  steam,  but  an 
air  deficiency  of  19.5  per  cent,  while  at  a  steam  pressure  of 
40.5  lb.  there  is  enough  air  but  a  steam  excess  of  28.8  per  cent. 
These  conditions  are  due  partly  to  the  variation  of  the  back 
pressure  and  also  to  the  fact  that  not  enough  attention  is 
paid  to  the  quality  of  the  steam,  notwithstanding  the  fact  that 
the  blower  is  an  apparatus  designed  for  dry  saturated  steam. 
There  is  a  gi-eat  difl'erenee  in  the  velocity  of  steam  and  water 
flowing  from  nozzles  under  equal  pressure,  and  the  more  water 
the  mixture  of  both  contams  the  less  will  be  its  velocity. 
When  steam  leaves  the  nozzle  with  25  per  cent  moisture,  the 
loss  in  velocity  amounts  to  13.6  per  cent. 

Superheated  steam  is  blown  partly  to  insure  the  proper 
quality  of  the  steam  and  also  to  prevent  the  loss  in  coal  due 
to  having  to  convert  the  moisture  in  the  wet  steam  into  dry 
steam.  The  possible  objection  that  the  cost  of  installing  a 
superheater  may  counterbalance  the  advantages  in  savings  due 
to  the  use  of  the  superheated  steam  is  hardly  valid,  as  steam 
can  be  superheated  by  the  gas  leaving  the  producer  by  pass- 
ing the  steam  through  one  or  two  pipe  coils  hung  in  the 
downcomer.  The  steam  takes  up  heat  from  the  gas  and  be- 
comes superheated  without  a  material  cooling  of  the  gas 
proper.  As  the  author  shows,  for  a  plant  with  60  producers 
such  an  installation  would  cost  only  about  $90.00  against 
which  there  is  a  saving  of  $1740. 

The  author  comes  to  the  conclusion  that  as  ordinary  steam 
blowers  are  not  particularly  suitable  for  gas  producers  to 
make  a  good  gas  in  an  economical  way,  the  best  solution  of 
the  problem  is  to  blow  the  steam  and  air  in  separately.  (The 
Blast  Furnace  and  Steel  Plant,  p.  1039,  December  1,  1915, 
3  pp.,  1  fig.     p.) 
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Materials  of  Construction 

Heat  Treatment  of  Modern  Steels,  Robert  R.  Abbott. 

The  article  discusses  the  heat  treatment  of  modern  steels, 
defining  heat  treatment  in  its  broadest  sense  as  the  trans- 
formation of  an  alloy  from  a  mechanical  mixture  of  two  sub- 
stances into  a  homogeneous  solution  of  a  single  substance. 
The  article  is  illustrated  by  several  micro-photographs  show- 
ing the  constituent  parts  of  steel  such  as  troostite,  martensite, 
etc.  {The  Iron  Trade  Review,  vol.  57,  no.  21,  p.  981,  Novem- 
ber 18,  1915,  6  pp.,  21  figs.  Cp.  also  The  Journal,  May  1915, 
p.  267.    g). 

The  Cause  and  Effect  op  Ghost  Lines  in  Large  Steel 
FoRGiNGS,  Prof.  J.  0.  Arnold. 

The  paper  gives  an  account  of  various  investigations  con- 
ducted during  the  past  20  years  by  the  author,  on  the 
phenomena  of  ghosts  in  forgings  of  very  large  steel  ingots 
ranging  from  40  to  80  tons  in  weight.  By  ghosts  or  ghost 
lines  are  meant  in  this  connection,  parts  of  the  ingot  having 
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Fia.  3    Curves  Showing  the  CoNNEcmoN  between  the  Amounts 
OF  Air  and  Steam  Blown  into  Gas  Producers 

a  slightly  different  color  from  the  rest  of  the  metal.  During 
the  turning  operations,  these  ghost  lines  usually  show  up  quite 
plainly  and  in  slight  relief  against  the  steel  gray  color  of  the 
mass,  and  by  the  means  of  a  fine,  sharp  engraver's  tool,  they 
may  be  dug  out  and  analyzed  along  with  portions  free  from 
ghost  lines.     Analysis  of  the  two  give  the  following: 

Portions  of  forgings     Portions  of  forgings 

showing  ghosts.  ghost-free. 

Per  cent  Per  cent 

Carbon  0.380  0.320 

SiUcon   0.310  0.080 

Manganese  0.920  0.680 

Sulphur 0.045  0.020 

Phosphorus   0.050  0.035 

This  shows  an  apparent  segregation  of  all  the  five  elements, 
although  it  is  known  now  that  the  elements  showing  true  segre- 
gation are  carbon,  sulphur  and  phosphorus,  many  large 
ghosts  being  almost  free  of  silicates.  From  carefully  carried 
out  mechanical  tests  of  stresses,  tensile,  torsional  and  alter- 
nating, the  conclusion  is  drawn  that  ghost  lines  are  little 
detrimental  to  the  mechanical  properties  of  structural  steel 
so  long  as  the  plane  of  stress  is  at  right  angles  to  the  direction 
of  the  ghost  lines ;  in  other  words,  when  the  material  is  in  ten- 
sion, torsion  or  under  alternating  stresses. 

Comparatively  recently,  the  author  had  the  opportunity  to 
ascertain  the  exact  nature  of  unforged  ghosts,  some  of  which 
were  %  in.  in  diameter  and  9  in.  long,  there  being  about  fifty 


in  the  casting  head.  The  casting  of  a  mild  steel  chrome-nickel 
ingot,  about  57  tons  in  weight,  was  just  completed  when  a 
burst-out  occurred  at  the  bottom.  This  was  stopped  in  about 
two  minutes,  but  in  that  time  the  ingot  was  hollow  for  about 
21  in.  down,  having  "  bled  "  about  17  tons  of  steel.  On  cutting 
off  the  hollow  portion  of  the  ingot  and  then  cutting  this 
longitudinaDy  into  four  pieces,  an  extraordinary  discovery  was 
made,  viz.,  in  each  octagonal  angle  was  found  a  series  of  pro- 
truding frozen  ghosts.  With  so  much  material  available,  it 
was  easy  to  make  an  extensive  chemical  and  microscopic  exam- 
ination, as  some  of  the  ghosts  were  protruding  to  an  extent 
of  %  in.  The  surfaces  of  the  steel  free  from  ghosts  showed 
decisive  projecting  ingots  of  octahedral  crystals.  The  ghosts 
seem  to  have  caught  on  the  angle  where  the  body  of  the  ingot 
turns  upward  to  the  feeding  head,  seeming  to  have  been 
mechanically  trapped  on  what  may  be  termed  a  series  of 
metallurgical  futtock  shrouds. 

While  it  has  been  the  generally  accepted  dogma  that  ghosts, 
being  higher  in  carbon,  sulphur  and  phosphorus  than  the  main 
mass  of  steel,  necessarily  freeze  last,  the  present  research 
shows  that  the  ghosts  freeze  first  at  many  degrees  above  the 
main  mass  freezing  point. 

The  author  and  G.  R.  Bolsover  have  previously  shown  the 
existence  of  a  definite  solution  or  compound  of  iron  and  sul- 
phide of  manganese,  which  appeared  to  freeze  before  the  main 
mass  of  the  ingot,  and  on  cooling,  broke  up  into  a  mixture  of 
iron  and  dots  of  sulphide  of  manganese.  The  composition  of 
this  mixture  was  tentatively  suggested  as  88  per  cent  iron 
and  12  per  cent  sulphide  of  manganese.  Such  a  composition 
would  be  possessed  of  a  relatively  low  specific  gravity  and 
would  tend  to  rise  through  the  stiU  unfrozen  main  mass  of 
steel.  The  author  suggests  that  as  this  definite  substance 
rises  in  a  thick  pasty  or  semi-frozen  state,  it  forms  in  dif- 
ferent parts  of  the  ingot  nuclei  which  gather  to  themselves 
the  migratory  particles  of  steel,  viz.,  the  carbon,  phosphorus 
and  in  Bisjiel  steels,  the  nickelide  of  iron.  (Paper  read  before 
the  Institution  of  Meclianica.1  Engineers,  November  19,  1915, 
abstracted  from  preliminary  publication)  C).  .i 

Segregation  and  Sponginess  in  Ladle  Test  Ingots,  Robert 
W.  Hunt  &  Co. 

In  a  recent  case,  where  it  was  desired  tci  have  a  check  for 
the  manufacturer's  chemical  analysis  of  each  heat  represented 
by  a  batch  of  open  hearth  steel  rails,  the  result  of  the  an- 
alyses of  the  inspectors  differed  so  widely  from  those  reported 
by  the  mills  that  it  was  finally  deemed  advisable  to  make 
some  investigation  of  matters  pertaining  to  ladle  test  ingots, 
and  principally  to  the  possibility  of  their  segregation  and 
soundness.  From  the  outset,  it  has  become  clear  that  ladle 
test  ingots  were  subject  to  unsoundness  and  segregation  ex- 
actly as  are  all  large  ingots,  the  only  difference  being  one 
of  degree.  Of  particular  importance  is  the  fact  that  when 
the  ladle  test  ingot  is  segregated  and  unsound,  the  drillings 
taken  from  it  may  not  be  representative  of  the  steel  or  heat 
as  a  whole  and  the  reported  results  will  be  misleading  and 
untrue. 

At  the  mill  at  which  the  tests  were  made,  the  ladle  test 
ingot  mold  was  about  21/9  in.  square  at  the  top,  2  in.  square 
at  the  bottom  and  5  in.  high.  When  the  ingots  were  drilled, 
many  cavities  were  encountered.  The  analysis  of  the  drillings 
taken  from  the  various  parts  of  the  ingot  showed  that  the 
outside  portions  of  the  ingots  differed  from  those  near  the 
inside,  and  different  locations  of  the  drillings  with  respect 
to  the  height  practically  always  gave  different  results.  The 
degree   of   porosity   is   apparently   somewhat   greater   in    the 
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ingot  from  the  first  part  of  the  heat  than  that  from  the  last 
and  further  addition  of  the  dioxidizing  agent,  ferro-silica, 
experimented  with  in  one  case,  made  that  ingot  absolutely 
sound  for  the  greater  part  of  its  height.  In  this  connection, 
the  article  shows  an  interesting  collection  of  diagrams  of 
various  ladle  test  ingots  adopted;  by  prominent  rail  manufac- 
turers in  this  country. 

Soundness  or  freedom  from  blowholes,  etc.,  is  a  very  im- 
portant feature  for  ladle  test  ingots  to  possess,  as  the  more 
unsound  one  is,  the  more  it  is  inclined  to  be  segregated  and 
also  in  drilling  steel  that  is  full  of  blowholes,  minute  particles 
break  off  from  the  sides  of  the  holes  and  render  a  chemical 
determination  for  carbon  by  combustion  methods  more  diffi- 
cult of  accuracy  than  one  for  which  flake-like  drillings  are 
furnished.  The  authors  arrive  at  the  following  general  con- 
clusion :  That  while  the  soundness  of  the  test  ingot  is  not 
predicted  by  its  shape,  this  slab-like  shape  is  preferable  be- 
cause of  its  tendency  to  chill  quickly  and  thus  solidify  with 
the  minimum  amount  of  segi'egation ;  the  disadvantage  of 
this  shape  of  test  ingot  lays  principally  in  the  difficulty  of 
obtaining  sufficient  drillings  for  the  requisite  number  of 
analyses. 

The  writers  recommend,  therefore,  as  additions  to  rail  speci- 
fications, the  following:  First,  a  standard  shape  and  size 
for  ladle  test  ingots  with  directions  as  to  the  size  of  drilling 
and  location  of  the  borings  on  which  the  analysis  is  made ; 
second,  the  addition  of  aluminum,  preferably  in  the  dipper, 
when  necessary,  to  insure  a  sound  setting  steel  in  the  ladle 
test  ingots  with  freedom  from  blowholes.  {Bulletin  of  the 
American  Railway  Engineering  Association,  vol.  17,  no.  179, 
p.  27,  September  1915,  8  pp.,  9  figs,    e.) 

Influence  op  Temperature  and  Mechanical  Working  in 

Hydraulic  Torging  on  the  Physical  Properties  op 

Wrought  Iron  and  Steel,  Dr.  Otto  Fuchs 

The  tests  referred  to  in  this  article  were  made  by  Committee 
V  of  the  Austrian  Association  for  the  Testing  of  Engineering 
Materials,  and  had  for  their  purpose  to  establish  what  influ- 
ence temperature  and  mechanical  work  in  forging,  drawing 
and  rolling  of  wrought  iron  and  steel  had  on  the  mechanical 
properties  of  the  latter.  The  article  describes  in  a  general 
manner  the  method  of  testing  adopted  in  this  connection  and 
gives  data  obtained  in  the  form  of  curves. 

In  the  first  place,  it  was  desired  to  investigate  how  the  force 
applied  and  the  work  necessary  to  change  the  shape  of  the 
material  vary  with  the  temperature  at  which  it  is  forged. 
Prom  previous  experience,  it  was  expected  that  with  increase 
of  temperature,  the  force  and  work  required  would  gradually 
decrease,  but  the  curves  obtained  showed  that  such  lowering 
of  the  curve  of  power  consumption  begins  only  at  about  850 
deg.  cent.  (1562  deg.  fahr.),  but  previous  to  that  it  increases 
with  the  increase  of  temperature  of  forging.  The  author 
ascribes  this  phenomenon  to  allotropic  transfoi-mations  in  the 
iron. 

In  order  to  obtain  an  insight  into  the  relation  between  the 
pressure  temperature  curves  (Fig.  1)  and  the  points  of  trans- 
formation Ar^  and  Ar^,  the  latter  have  been  determined  by  the 
differential  process  of  Roberts-Austen,  and  it  was  found  that 
«ach  rise  of  the  line  is  located  within  the  region  of  trans- 
formation of  the  iron.  Through  the  segregation  of  the  crys- 
tals of  the  p  iron  from  the  solid  solution  (that  is  at  point  Ar^) 
the  alloy  becomes  softer,  which  lasts  until  the  j8  iron  is  trans- 
formed into  a  iron.  In  the  case  of  iron-carbon  alloys,  where 
Ar^  and  Ar^  coincide  and  in  general  in  alloys  containing  more 
than  0.5  per  cent  of  carbon,  there  is  observable  a  certain  un- 


steadiness in  the  consumption  of  jjower.  It  must  be  observed, 
however,  that  with  the  apparatus  available,  it  was  generally 
difficult  to  obtain  a  reUable  work  (or  pressure) -temperature 
curve,  since  it  was  hardly  possible  to  carry  out  the  jumping 
of  the  metal  at  the  instant  of  transformation.  Therefore  the 
curves  c  and  d,  corresponding  to  a  material  in  which,  not- 
withstanding the  presence  of  only  0.2  per  cent  of  carbon,  the 
formation  of  the  /?  iron  in  the  cooling  test  could  not  be  clearly 
established,  showed  a  considerable  uncertainty  in  shape. 
Hence  no  attempt  was  made  for  the  region  of  critical  tem- 
peratures to  connect  the  exjjerimental  values  denoted  by  a 
smooth  curve.  It  apjjears  to  be  likely  that,  as  with  the  in- 
crease in  carbon  content  the  pomts  ^ir,  and  Ar.,  approach  each 
other,  the  temperature  periods  within  which  the  above  de- 
scribed softening  occurs  will  also  become  smaller,  with  the 
result  that  within  that  region  the  consumption  of  power  will 
undergo  a  sudden  alteration. 

Since  in  the  material  treated  in  the  tests  we  have  a  case  of 
constrained  state,  it  appeared  in  the  light  of  previous  experi- 
ence with  constituents  either  unstable  or  metastable  at  room 
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Fig.  4     Pressure-Temperature    Curves   for  Wrought  Iron 
AND  Steel 

a.  Jumping  of  iron,  10  per  cent;  i,  same,  20  per  cent;  c,  same  for 
steel,  10  per  cent ;  d,  same  for  steel,  20  per  cent,  ct,  lines  for  the 
critical  points.  Abscissae,  temperatures ;  ordinates,  differences  of 
thermo-electric  forces. 

temperature  (martensite,  osmondite,  troostite  and  sorbite), 
to  be  important  to  determine  whether  the  usual  constitution  of 
the  metal  would  appear  through  heating  to  a  temperature  be- 
yond the  critical  range.  It  appeared  that  this  did  not  happen 
in  the  case  of  a  short  heating  to  a  temperature  of  1000  deg. 
cent.  (1832  deg.  fahr.),  but  after  a  two  hours'  heating,  up  to 
1200  deg.  cent.  (2192  deg.  fahr.),  and  then  a  slow  cooling,  the 
grained  structure  reappeared  with  perfect  clearness,  the 
grains  of  ferrite  being  considerably  larger  than  before. 

The  influence  of  the  temperature  of  forging  on  the  grain 
structure,  which  was  observed  with  soft  and  hard  material, 
led  to  the  expectation  that  there  would  also  be  observed  a  dif- 
ference in  the  physical  and  mechanical  properties.  Hence  the 
materials  were  also  tested  for  hardness  and  it  was  found  that 
material  upset  within  a  critical  range  of  temperatures  was 
softer  than  that  worked  at  temperatures  either  above  or  below 
the  critical  range.  This  might  have  been  expected  since  within 
that  range  the  material  is  more  plastic  and  therefore  a  special 
softness  was  likely  to  appear  in  worked  material,  even  after 
cooling. 

The  dependence  of  the  structure  of  the  material  on  the  tem- 
perature of  forging  might  be  explained  in  the  following  man- 
ner: The  test  pieces  were  heated  in  a  similar  manner  up  to 
the  maximum  temperature  obtainable  in  the  muffle  oven,  which 
is  somewhere  around  1200  deg.  cent.  (2192  deg.  fahr).     The 
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size  of  grain,  wliieh  tends  to  grow  in  all  specimens,  must,  ac- 
cording to  Heyn,  be  the  same  for  all  of  them  at  the  time  when 
they  are  taken  from  the  furnace;  then  all  the  test  pieces  were 
also  cooled  in  a  similar  manner  with  that  single  essential  dif- 
ference that  at  various  temperatures  during  the  period  of 
cooling  they  underwent  a  certain  amount  of  mechanical  work. 
The  structure  which  can  be  seen  in  the  iron  under  a  microscope 
is  that  due  to  the  transformations  which  occur  in  the  region  of 
temperatures  between  900  and  780  deg.  cent.  (1652  and  1436 
deg.  fahr.)  and  is  not  at  all  the  structure  of  solidification 
since  the  latter  is  covered  over  by  the  new  grain  formation 
produced  by  recrystallization.  The  small  grain  structure  is, 
therefore,  determined  by  the  fact  of  how  far  the  recrystalliza- 
tion has  been  allowed  to  occur  without  outside  interference. 
Provided  the  process  of  transformation  occurred  without  out- 
side interference  the  size  of  the  grains  will  depend  on  the 
velocity  with  which  this  range  of  temjierature  has  been  gone 
tlirough,  the  lower  the  velocity  the  larger  the  size  of  the  crys- 
tals. The  segregation  or  crystallization  is  possible  only  if 
the  smallest  parts  of  the  alloy  affected  by  the  transformation 
have  a  sufficient  mobility,  and  if  the  mobility  in  the  region  of 
temperatures  between  900  and  780  deg.  cent,  was  interfered 
with  by  the  high  pressure  applied  to  the  test  piece  the  forma- 
tion of  the  grains  will  be  likewise  more  or  less  interfered  with, 
and  it  is  well  worth  attention  that  the  structure  formed  when 
the  grain  growth  was  interfered  with  is  noticeably  lower  in 
hardness.  (Der  Einfluss  von  Temperatur  unci  mechanisch er 
Arbeit  beim  Pressschmieden  von  Flusseisen  und  Stahl,  Dr. 
tech.  Otto  Fuehs,  Zeits.  des  Vereines  deiitscher  Ingenieure, 
vol.  59,  No.  45,  p.  915,  November  6,  1915,  4  pp.,  3  figs,    e.) 

A  Development  op  a  High   Grade  Alloy  Steel  at  Low 
Cost,  Lieutenant  J.  B.  Rhodes,  U.S.N. 

Description  of  the  manufacture  and  qualities  of  an  alloy 
steel  which  has  been  found  to  furnish  high  grade  castings 
and  forgings  at  a  comparatively  low  cost.  No  originality  is 
claimed  for  this  alloy  hut  the  writer  believes  that  it  has  been 
regularly  manufactured  for  use  for  the  first  time.  It  is  also 
of  interest  because  its  production  is  largely  based  on  the  utiliza- 
tion of  metal  scraps  which  would  otherwise  be  sold  at  a  low 
price. 

The  problem  was  to  find  a  steel  which  could  be  used  for 
forgings  when  the  latter  are  required  to  show  the  following 
minimum  physical  values  in  a  transverse  direction. 

Torsional  strengih,  95,000  lb.  per  sq.  in. 

Proportional  limit,  65,000  lb.  per  sq.  in. 

Elongation.  18  per  cent. 

Reduction  of  area  30  per  cent. 
The  development  of  the  present  steel  was  based  on  the  fol- 
lowing considerations :  First,  it  was  believed  that  in  order  to 
obtain  a  steel  of  high  physical  properties  with  considerable 
ductility  and  good  machining  qualities,  it  is  necessary  to  pro- 
duce a  pearlitic  steel.  Hence  it  was  decided  to  limit  the  per- 
centages of  each  hardening  or  toughening  element  and  to  in- 
crease the  pearlite  by  the  use  of  additional  elements;  namely, 
by  adding  copper  and  manganese  to  the  usual  nickel-steel 
alloy.  It  was  further  decided  to  limit  the  carbon  to  0.35  per 
cent  and  manganese  to  1.20  per  cent  or  about  0.60  per  cent 
higher  than  normal.  It  was  found  that  nickel  could  be  ob- 
tained in  turnings  from  3  per  cent  nickel-steel  in  sufficient 
quantity  to  give  1  per  cent  to  1.5  per  cent  in  the  steel,  and 
nickel  with  copper  could  be  obtained  in  the  form  of  monel- 
metal  scrap  in  tuniings  containing  approximately  65  per  cent 
nickel  and  30  per  cent  copper. 

The   increase  in  manganese  by  0.6   per  cent  or  6  lb.   per 


1,000  can  be  made  by  addmg  not  more  than  10  lb.  per  1,000 
of  material,  which  in  the  form  of  80  per  cent  ferro-man- 
ganese,  costs  about  $0.06  per  lb.  for  manganese,  an  increase 
of  60  cents  per  1,000  lb.  or  $0,006  per  lb.  Nickel-steel  turn- 
ings are  worth  about  $10.00  a  ton  more  than  ordinary  scrap 
(as  based  on  sale  of  own  scrap),  which  means  that  nickel 
in  this  form  is  obtained  for  $0.05  per  lb.  instead  of  $0.35  or 
$0.40  per  lb.  To  obtain  1.0  per  cent  to  1.5  per  cent  nickel, 
15  lb.  per  ton  are  added,  at  a  cost  of  75  cents  per  1,000  lb., 
or  $0.00075  per  lb.  To  obtain  0.50-0.75  per  cent  copper, 
monel-mctal  scrap  at  $0.12  per  lb.  is  added.  Two  per  cent 
of  monel-metal  gives  0.70  per  cent  copper  and  1.20  per  cent 
nickel,  at  a  cost  of  $2.40  per  1.000  lb.,  or  $0.0024  per  lb.  The 
cost  of  these  additions  are  as  follows : 

Manganese    $0.0006 

Nickel    0.00075 

Monel    0.0024 

Total    $0.00375 

So  that  for  an  increase  of  less  than  $0,004  per  lb.  we  ob- 
tain a  steel  equal  in  properties  to  a  3  per  cent  nickel-steel. 
The  composition  of  the  steel  may  be  taken  to  be  as  follows : 

Carbon   0.30  per  cent  to  0.35  per  cent 

Silicon    0.25  per  cent  to  0.35  per  cent 

Phosphorus  and  sulphur.  not  over  0.05  per  cent 

Manganese    1.00  to  1.20  per  cent 

Nickel    1.50  to  1.80  per  cent 

Copper 0.50  per  cent  to  0.80  per  cent 

which  steel  will  show  properties  equal  to  those  specified. 

It  is  believed  that  the  excess  manganese  prevents  red  short- 
ness due  to  copper  oxide  by  combining  with  any  oxygen 
present  in  the  bath.  Castings  are  remarkably  free  from 
checks,  cracks,  blowholes  and  shrinks,  and  ingots  are  normal. 
(Journal  of  the  American  Society  of  Naval  Engineers,  vol. 
27,  no.  4,  p.  911,  November  1915,  5  pp.,  dp). 

The  Effect  of  Carbon  on  the  Physical  Properties  of 
Heat-Treated  Carbon  Steel,  J.  H.  Nead 

Description  of  experiments  undertaken  with  a  view  to  in- 
vestigating thoroughly  the  influence  of  carbon  on  the  tensile 
and  impact  physical  properties  of  carbon  steel. 

In  the  steels  investigated  the  carbon  content  varied  grad- 
ually from  0.14  to  .46  per  cent  and  the  manganese  content 
from  0.20  to  0.67  per  cent.  (It  was  thought  that  the  varia- 
tions in  manganese  content  were  not  sufficiently  great  to  dis- 
turb seriously  the  conclusions  to  be  drawn  as  to  the  effect  of 
the  carbon). 

The  paper  describes  in  detail  the  layout  of  heat  treatment, 
and  gives  annealing  and  hardening  temperatures  used  for 
each  steel,  the  results  of  the  tests  being  summarized  in  the 
form  of  tables  and  curves.  Under  the  annealed  condition, 
the  maximum  unit  of  strength  reaches  a  maximum  value  at 
eutectoid  composition,  that  is,  0.80  per  cent  carbon,  and  then 
decreases  slightly  with  increasing  carbon.  With  the  heat 
treated  steel,  however,  the  falling  off  of  the  maximum 
strength  does  not  begin  until  a  composition  of  .20  per  cent 
carbon  is  reached.  The  curves  obtained  show  a  rapid  rise  of 
tensile  strength  with  increasing  carbon  to  eutectoid  composi- 
tion;  then  a  less  rapid  increase  to  1.20  per  cent  carbon,  fol- 
lowed generally  by  a  slight  falling  off.  The  curves  represent- 
ing elongation  and  contraction  generally  show  decreasing 
values  with  increasing  carbon.  (Bulletin  of  the  American 
Institute  of  Mining  Engineers,  No.  108,  p.  2341,  December, 
1915,  18  pp.,  29  figs.     eA.) 
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Carbides  of  Molybdenum,  J.  0.  Arnold. 

Paper  on  the  chemical  and  mechanical  relations  of  iron, 
molybdenum  and  carbon,  representing  an  investigation  of  the 
method  of  manufacture,  heat  treatment  and  mechanical  prop- 
erties of  molybdenum  steels.  It  appears  that  at  about  18.25 
per  cent  molybdenum,  free  carbide  of  iron  disappears  and 
double  carbide  of  iron  and  molybdenum  is  obtained,  corre- 
sponding to  the  formula,  Fe^  MOj  C.  (Constitutionally,  the 
foi-mula  is  Fe^  Mo„  C,.). 

The  conclusion  from  the  paper  is  that  one  atom  of  carbon 
is  about  2.28  times  as  powerful  in  producing  hardenite  in  true 
ferro-molybdenum  steel  as  it  is  in  forming  the  hardenite  in 
true  tung-sten  steel,  which  roughly  agrees  with  the  estimation 
of  practical  Sheffield  steel  metallurgists  to  the  effect  that  the 
steel  hardening  power  of  molybdenum  is  from  two  to  three 
times  as  great  as  that  of  tungsten.  Unfortunately,  however, 
molybdenum  is  much  more  erratic  in  its  behavior  than 
tungsten,  and  the  author  calls  attention  to  the  very  poor 
mechanical  properties  of  molybdenum  steels  as  compared  with 
corresponding  steels  containing  tungsten.  High  molybdenum 
steel,  cjuenciied  at  the  proper  hardening  temperature,  is  very 
brittle  and  only  a  low  percentage  of  molybdenum  should  be 
used,  either  alone  or  to  replace  about  two  and  a  half  times 
its  percentage  of  tungsten.  Tungsten  completely  replaces 
carbide  of  iron  when  about  11.28  per  cent  is  present; 
molybdenum  when  about  18.25  per  cent,  but  molybdenum 
combines  with  a  large  proportion  of  the  carbide  of  iron  form- 
ing a  very  stable  double  carbide.  Very  high  molybdenum 
seenjT  Ic  cause  ferro-cementite  to  segregate  more  readily  in 
annealed  steel.  Ferro-molybdenum  hardenite  also  resembles 
that  of  vanadium  in  brittleness  when  quenched  above  its  com- 
plete transformation  temperature.  (From  abstract  in  the 
Journal  of  the  Institution  of  Mechanical  Engineers  (London), 
No.  8,  1915.    Complete  paper  not  yet  published). 

Experience   with    Protected    Timber    Piles    in    Tropical 
Waters,  at  San  Juan,  Porto  Rico,  J.  P.  Carlin 

The  paper  discusses  the  use  of  so-called  "  gunite  "  coated 
piles  in  tropical  waters. 

The  gunite  coating  consists  of  wrapping  an  ordinary  wooden 
pile  for  a  distance  to  be  exposed  to  the  water,  with  wire  mesh 
secured  by  staples.  Upon  this  mesh  reinforcement  is  placed  a 
coating  of  cement  mortar  applied  under  air  pressure  and  by 
means  of  a  cement  gun.  In  the  experiments  made  by  Lilley 
and  Thurston,  of  San  Francisco,  the  thickness  of  this  coating, 
including  the  reinforcements,  was  about  1  in.  to  1^8  in-;  ^nd 
it  appeared  that  satisfactory  results  were  obtained.  The  same 
type  was  used  in  the  construction  of  the  San  .Juan  bulkhead 
in  Porto  Rico,  but  in  that,  two  thicknesses  of  metal  fabric  were 
spirally  wound  about  eight-i/i  in.  rods,  held  by  a  staple  and 
running  the  length  of  the  coated  pile.  The  thickness  of  the 
gunite  material  was  increased  from  21/2  to  3  in.  A  number 
of  these  coated  piles  were  prepared,  kept  wet  for  several  days 
and  allowed  to  set  for  at  least  30  days  before  driving.  The 
condition  of  the  ground  was  such  that  very  severe  driving  was 
necessary  and  many  of  the  piles  were  damaged,  which  finally 
made  the  method  prohibitive  and  forced  recourse  to  solid  con- 
crete piles.  Among  other  things,  the  article  describes  a  method 
of  repairing  damaged  cement  coated  piles  under  water.  The 
author  believes  that  if  some  method  can  be  devised  of  rotating 
the  pile  without  sagging  during  the  application  of  the  gunite 
and  also  of  handling  the  piles  from  the  rollers  to  the  season- 
ing yard,  this  method  can  be  satisfactorily  and  economically 
employed.  {The  Cornell  Civil  Engineer,  vol.  24,  no.  2,  p.  50, 
November  1915,  5  pp.,  2  figs.    dp). 


Measuring  Apparatus 

Plate  Fulcrum  Track  Scale,  A.  W.  Epright 

Description  of  a  track  scale  of  a  new  type  installed  in  the 
gravity  yard  at  East  Tyrone,  Pa.,  by  the  Pennsylvania  Rail- 
road, in  several  respects  a  radical  departure  from  the  usual 
design  of  track  scales.  In  the  present  ease,  no  pivots,  knife 
edges,  bearing  steels,  loops  or  links,  are  employed  in  connec- 
tion with  the  vibratory  system  to  transmit  the  load  from  the 
platform  to  the  indicating  poise  beam.  Instead,  a  "  plate 
fulcrum "  has  been  substituted  and  a  series  of  tests  under 
both  concentrated  and  distributed  loads  are  claimed  to  have 
demonstrated  that  the  plate  fulcrum  construction  possesses 
certain  advantages  over  the  "  knife  edge  and  pivot "  construc- 
tion, the  principal  among  which  is  the  fact  that  the  sensibility 
does  not  materially  change  under  varying  increments  of  load 
but  is  almost  the  same  under  maximum  load  as  with  an  empty 
balance.  There  is  no  motion  whatever,  either  transverse  or 
longitudinal,  to  the  bridge  or  fulcrum  suppoi'ting  the  weigh- 
ing rail,  and  as  a  result  the  action  of  the  lever  system  is  not 
affected  by  change  in  repose  of  the  weigliing  jjlatform  as  the 
latter  does  not  oscillate  under  moving  loads. 

The  checking  of  the  bridge  is  accomplished  through  massive 
stay-plates  instead  of  check-rods.  A  wide  departure  from  the 
previous  construction  lies  in  the  fact  that  no  parts  of  the 
scale  are  permanently  bolted  to  the  scale  bridge  proper,  the 
bridge  being  supported  by  rollers  which  rest  on  hardened 
plates,  the  rollers  being  placed  intermediate  between  the 
bridge  and  the  lever  system,  so  that  the  load  is  centrally  dis- 
tributed on  the  plate  fulcrums  in  the  main  levers. 

The  scale  installed  at  East  Tyrone  is  54  ft.  long  being  built 
on  a  0.8  per  cent  grade  and  equipped  with  mechanical  hump. 
It  still  remains  to  be  seen  what  will  be  the  effect  on  the  action 
of  the  scale  of  continued  hard  usage,  but  its  operations  to 
date  are  claimed  to  have  been  entirely  satisfactory.  A  fea- 
ture worth  noticing  is  the  elimination  of  many  levers  and 
fulcrums.  In  this  case,  there  are  four  sections  in  the  scale, 
the  primary  system  or  main  levers  being  arranged  transverse 
to  the  direction  of  the  traffic,  while  the  secondary  system  is 
arranged  longitudinally.  There  are  no  compound  levers  which 
perform  the  function  similarly  to  what  is  known  as  the  middle 
extension  lever,  which  greatly  simplifies  the  adjustment  when 
calibrating  the  scale  leverage.  {Scale  Journal,  vol.  2,  no.  2, 
p.  5,  November  25,  1915,  3  pp.,  8  figs,    d.) 

Apparatus  for  Measuring  the  Velocity  and  Pressure  of 
Gases,  E.  Stach 

Apparatus  for  measuring  the  velocity  of  gases.  Continua- 
tion of  the  article  abstracted  in  Tlie  Journal  for  December, 
1915,  p.  715. 

Among  the  apparatus  described  here  are  of  particular  in- 
terest those  intended  for  measuring  very  low  velocities,  say 
under  0.5  m  per  second,  for  which  purpose  wing  anemometers 
are  not  dependable,  as  their  internal  friction  is  too  high.  For 
such  purposes  R.  Fuess  has  developed  the  highly  sensitive 
anemometer  shown  in  Fig.  5A,  in  which  the  wing  is  set  into 
motion  by  a  little  fan  driven  by  a  spring  at  a  velocity  which 
may  be  adjusted  by  means  of  the  screw  r.  The  screw  s  ap- 
plies the  brake  to  the  driving  spring  when  the  measurement 
has  been  ended. 

If,  now,  this  fan  be  located  in  an  air  current,  the  direction 
of  which  is  opposed  to  the  flow  of  air  from  the  fan  driving 
the  anemometer  wing  and  the  velocity  of  which  is  lower  than 
that  of  the  stream  coming  from  the  fan,  the  motion  of  the 
wing  will  be  retarded,  and  on  the  scale  z  a  lower  value  will 
appear  than   that  in  stationary  air.     The  difference  between 
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the  two  readings  indicates  the  velocity  to  be  determined. 
By  means  of  this  anemometer,  velocities  as  low  as  0.03  m 
per  second  can  be  read. 

For  continuous  measurements  in  pipes  carrying  high  pres- 
sures, or  at  the  end  of  such  pipes,  e.g.,  in  compressed  air 
piping,  Rosenmiiller  builds  an  automatic  anemometer  (Fig. 
B)  in  which  the  entire  gas  stream  must  pass  through  the 
anemometer  wing.  These  anemometei-s  are  built  with  wing 
diameters  up  to  145  mm,  and  when  built  into  the  piping, 
join  the  pipe  by  means  of  smooth-walled  nozzles,  whenever 
the  diameter  of  the  piping  and  wing  do  not  coincide.  At- 
tention is  here  called  to  the  middle  section  of  the  apparatus. 


ing  it  botli  dust  and  water  tight,  which  is  of  advantage  for 
use  in  dusty  places  and  for  meteorological  purposes.  The 
chronograph  used  in  connection  with  the  Staeh-Fuess  anemom- 
eter is  shown  in  Fig.  F. 

The  recording  is  done  in  the  following  manner.  After 
200,  500  and  1000  revolutions  of  the  cup  device,  (in  accord- 
ance with  the  sensitiveness  of  the  anemometer)  a  mark  is 
drawn  on  the  paper  roll  of  the  chronogTaph  by  a  stylus  at- 
tracted through  an  electric  contact  of  the  magnet  screw. 
This  magnet,  with  its  stylus,  is  deflected  upward  by  the 
spindle  s,  rotating  at  the  same  speed  as  the  drum  u,  so  that 
the  stylus  marks  on  the  paper  spirals  which  are  interrupted 


Fig.  5  Apparatus  fob  Measuring  the  Velocity  and  Pressure  of  Gases;  A  Schultz-Fdess  Anemoketer  for  Low  Air  Velocities; 
B  Rosenmuller  Built-in  Anemometer  for  Measuring  Air  Velocities  in  Compressed  Air  Piping;  C  Robinson  Cup^Ane- 
mometer;    D    Rosenmuller  Cup  Anemometer;    E    Stach-Fuess  Cup  Anemometer;    F    Chronograph 


wMch  adapts  itself  to  the  direction  of  the  stream  lines,  pro- 
tects the  arms  of  the  wing  device  and  automatically  leads 
the  entire  flow  of  gas  through  the  area  of  the  wings.  The 
scale,  which  can  be  seen  through  the  glass  cover,  is  divided 
into  cubic  meters.  To  this  anemometer  can  also  be  adapted 
a  chronograph  for  distant  readings. 

Wing  anemometers,  because  of  their  delicate  construction, 
are  only  good  for  velocities  up  to  about  10  mm  per  second, 
since  at  the  higher  velocities  there  begins  to  occur  excessive 
bending  of  the  wings  and  excessive  axial  pressures.  There- 
fore, for  higher  velocities,  such  as  in  compressed  air  piping, 
ventilation  passages  of  mines  and  meteorology,  cup  anemom- 
eters, such  as  that  of  Robinson,  (Fig.  C)  are  considered  pref- 
erable. 

Figs.  D  and  E  show  two  devices  of  cup  anemometers,  the 
first  built  by  Rosenmiiller  and  the  second  by  Stach-Fuess, 
respectively,  with  electric  attachments  for  distant  reading. 
The  anemometer  shown  in  Fig.  E  in  particular  is  provided 
with  caps  over  the  axial  bearings  and  electric  contacts,  mak- 


by  the  vertical  contact  records.  As  the  drum  u  makes  one 
full  revolution  per  hour,  the  distance  between  the  contact  and 
vertical  marks  is  therefore  a  function  of  the  measuring  gas 
velocity,  the  magnitude  of  which  is  determined  experimentally 
and  expressed  in  a  proper  equation. 

The  article  proceeds  to  describe  methods  of  testing 
anemometers  and  among  other  things  describes  and  illus- 
trates the  special  apparatus  for  callibration  of  anemometers 
used  at  the  Bochum  School  of  Mines.  {Messgerdte  fiir  Druck 
und  Oeschwindigkeit  von  Gasen,  E.  Stach,  Zeits.  des  Vereines 
deutcher  Ingeniewre,  vol.  59.  no.  43,  p.  878,  October  23,  191?, 
article  not  finished). 

Mechanics 

Concerning  Measurements  of  the  Coefficient  of  Cyclic 
Variation,  Prof.  J.  von  Rohonjd 

The  article  discusses  methods  of  measuring  the  coefficient 
of  degree  of  uniformity  in  the  motion  of  prime  movers. 

The  first  impetus  toward  precise  determination  of  the  de- 
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gree  of  iiiuiorimty  iu  the  motion  of  prime  movers  was  given 
by  Radiuger,  in  his  work  "  Steam  Engine  With  High  Piston 
Velocity "  (Third  edition  1892,  p.  338,  in  German).  Since 
then,  a  number  of  other  investigations  have  been  published  and 
the  author  of  the  present  article,  among  others,  has  carried 
out  a  series  of  independent  tests  on  the  subject  in  1911  for 
which  he  describes  the  experimental  arrangement. 

A  disc  o  (Fig.  6A)  with  a  large  moment  of  inertia,  is  con- 
nected to  another  disc  h  by  an  elastic  coupling  c,  which  in  its 
turn  rigidly  is  connected  with  the  axis  of  the  engine.  In  the 
case  of  radial  motion  with  varying  velocities,  the  relative 
positions  of  the  two  discs  change  with  respect  to  one  another 
and  in  particular  when  the  axis  of  the  engine,  together  with 
the  disc  b  are  under  an  acceleration,  the  disc  a,  because  of  its 
inertia  tends  to  lag,  while  in  the  case  of  the  retardation  of  the 
disc  b,  the  disc  o  tends  to  lead  it. 

The  relative  displacement  of  discs  a  and  6  denoted  here  as 
"  pendular  motions  "  can  be  recorded  by  means  of  a  lever  ar- 
rangement or  spring  device  (Fig.  B)  or  by  means  of  a  mirror 
in  such  a  wav  that  thev  would  give  a  diagi-am  from  which 


represents  nothing  but  the  positive  and  negative  variations  in 
velocities  with  respect  to  the  average  velocity.  Since,  how- 
ever, it  follows  from  the  velocity  diagram  that 

hence  the  coefficient  of  cyclic  variation  in  the  motion  of  a 
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prime  mover  is  6 

The  average  velocity  v  may  be  precisely  determined  by  means 
of  a  tachometer  or  speed  counter. 

The  diagram  of  pendular  motions  is,  however,  affected  by  a 
source  of  errors.  The  motion  of  the  disc  b  undergoes  a  damp- 
ing because  of  friction  and  air  resistance,  and  since,  through 
its  drive,  by  an  elastic  coupling,  is  not  uniform  in  itself,  the 
disc  will  rotate  with  a  similar  degree  of  cyclic  variation. 
This  eiTor  is,  however,  apparent  only  in  the  peaks  of  the  dia- 
gram of  pendular  motions,  and  since,  for  practical  purposes, 
this  part  of  the  curve  need  not  be  considered,  the  error  is  of 
no  importance.  The  author  further  considers  it  advisable  to 
make  the  records  in  such  a  manner  that   the  displacements 
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the  oscillations  in  velocity  could  be  seen.  If  it  be  assumed 
that  the  forces  acting  on  the  crank  of  the  engine  vary  in  ac- 
cordance with  a  sine  function  (Fig.  C),  the  velocity  diagram 
will  give  a  similar  curve,  lagging  by  n/2,  which  means  a 
cosine  curve.  The  tangential  forces  can  here  be  denoted  as 
"pendular"  forces,  as  they  give  the  greatest  relative  dis- 
placement of  the  two  discs  (or  "pendular"  motions  of  the 
discs),  provided  one  considers  as  an  axis  of  abscissae  not  the 
o  —  o  line,  but  the  axis  of  symmetry  of  the  curve. 

The  paths  which  are  travelled  over  because  of  the  displace- 
ments of  the  discs  a  and  b,  due  to  their  relative  rotations  or 
pendular  motions,  may  be  plotted  as  ordinates  of  a  sine  curve, 
but  with  a  displacement  equal  to  x/2.  The  points  of  inflec- 
tion of  the  pendular  curves  are  called  by  the  author  "meet- 
ing points"  (denoted  by  B.  P),  since  the  points  on  the  discs 
a  and  b  which  are  equivalent  while  the  discs  are  at  rest,  meet 
at  these  points  during  the  pendular  motions  of  the  discs  and 
in  the  moments  of  time  corresponding  to  these  points  there 
is  neither  lead  nor  lag  in  their  relative  motions.  This  permits 
the  determining  of  the  coefBcient  of  cyclic  variation  with  a 
precision  sufficient  for  practical  purposes,  by  drawing  through 
the  point  of  inflection  a  tangent  line,  whereupon  the  angle 
formed  by  the  line  with  the  horizontal  (Fig.  C)  or  tg  a  =  u   a 


should  be  magnitied  to  such  a  degree  that  the  peaks  of  the 
curves  are  beyond  the  field  of  vision.  As  an  example  of  his 
method,  he  gives  two  diagi'ams  which  are  not  reproduced  here. 
He  also  describes  an  apparatus  designed  by  him  for  the 
measurement  of  the  degree  of  uniformity  in  accordance  with 
the  above  established  general  principles.  (Uber  das  Messen 
des  Ungleichformigkeitsgrades,  Prof.  Ing.  Julius  von  Rohonyi, 
Dinglers  polytechnisches  Journal,  vol.  330,  no.  23,  p.  441, 
November  13,  1915,  3  pp.,  5  figs.   ed). 

Power  Requirements  for  Wire  Drawing,  Kenneth  B.  Lewis 

The  paper  presents  a  critical  consideration  of  the  factors 
to  be  met  in  the  manufacture  of  wire  and  in  drawing  rods. 

The  calculation  of  the  power  required  in  wire  drawing  oper- 
ations is  constantly  becoming  a  problem  that  calls  for  more 
accurate  solution.  Wire  mills  working  on  a  general  line  of 
production  drawn  from  the  No.  5  rod  do  not  feel  the  need  of 
such  a  solution,  but  a  master  mechanic  of  wire  drawing  equip- 
ment must  be  also  prepared  to  figure  the  power  for  a  single 
unit  under  a  very  definite  set  of  operating  conditions.  With 
motor  drive,  it  is  advisable  to  know  not  only  the  average,  but 
also  the  power  demanded  under  the  most  adverse  conditions, 
in  other  words,  the  peak  load.     This  is  particularly  true  ot 
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rod  benches  with  blocks  engaged  in  heavy  work.  Then  some- 
times definite  assurances  must  be  given  to  users  of  cold  drawn 
products  that  the  motor  furnished  will  carry  their  peak  load. 
FinaUj-,  motor  driven  heavy  bull  frames  with  one  or  two 
blocks  are  replacing  the  straight  draw  benches  for  products 
between  1  in.  and  Yo  in.  in  diameter;  they  handle  much  longer 
lengths  than  the  straight  benches,  and  as  they  generally  carry 
two  independently  operated  blocks  their  cycle  is  very  different, 
and  the  motors  must  be  in  reserve  for  peak  load  if  both 
blocks  happen  to  start  simultaneously. 

The  writer  has  checked  up  the  existing  rule  of  thumb 
method  for  figuring  wire  drawing  power  with  about  60  actual 
motor  readings  made  under  known  conditions  and  covering  a 
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very  wide  range  as  to  size  and  material.  The  power  called 
for  by  the  formula  averages  about  one-half  that  shown  by  the 
motor  readings.  The  most  serious  difficulty  with  the  formula 
is  that  in  its  present  form,  even  when  its  value  is  doubled, 
many  observed  motor  readings  vary  from  it  by  as  much  as 
60  per  cent  or  70  per  cent,  over  and  under.  The  reason  seems 
to  be  that  the  figure  representing  the  material  displaced  is  the 
only  factor  in  the  equation  which  carries  a  suggestion  as  to 
the  size  of  wire.  The  author  proposes,  therefore,  an  amended 
formula  as  follows: 

HP  =  TS  X  i-i  —  a)  X  S  X  F/33000 
where 

TS  =  tensile  strength  per  sq.  in.  of  stock  before  the  draft 

S  =  speed  in  feet  per  minute 

A  =  area  of  wire  before  drawing 
a  =  area  of  wire  after  drawing 

F  =  factor  chosen  from  a  chart  which  is  given  in  the  article 


This  formula  which  the  writer  has  found  fairly  satisfactory 
does  not  take  into  account  certain  factors  which  cannot  be 
determined  in  practical  working,  such  as  shape  of  the  bearing 
in  the  die,  efficiency  of  lubricant,  amoimt  of  friction  in  the 
machine,  etc. 

The  foraiula  as  developed  is  not  what  might  he  called  a 
logical  equation  as  its  derivation  is  not  strictly  consistent. 
There  is  another  formula  which  not  only  gives  as  satisfactory 
results  in  practical  work  as  the  above,  but  also  gives  con- 
sistent values  at  both  ends  of  the  scale  of  reduction.  It  is  the 
formula  of  Victor  E.  Edwards  for  rolling  mill  operations  as 
follows : 

HP  =  r5XTXlog-X.F 
a 

where  TS  =  tensile  strength  in  lb.  per  sq.  in.  of  stock  before 

the  draft 

T  =  tons  per  minute  delivered 

A  =  area  of  section  before  the  draft 

a  =  area  of  section  after  the  draft 

F  =  variable  factor 
The  author  has  analyzed  results  obtained  by  this  formula 
in  connection  with  motor  readings  and  finds  that  the  value  F 
varies  inversely  with  the  percentage  of  reduction,  its  variation 
in  the  usual  range  of  draft  being  from  0.12  to  0.08,  and  is 
apparently  perfectly  regular.  This  formula  may  be  also 
applied  without  change  to  continuous  wire  drawing  opera- 
tions in  which  many  reductions  are  performed  simultaneouslj' 
upon  the  same  wire.  In  such  cases  T  is  figured  for  the 
product  of  one  die  only  while  the  values  for  TS  and  F  are 
averages.  All  these  formulae  are  good  for  round  wires  only. 
Hexagons  and  squares  conform  to  these  figures  more  or  less, 
but  other  shapes  do  not.  (The  Blast  Furnace  and  Steel  Plant, 
December  1915,  p.  1031,  4  pp.,  3  figs.    pe). 

The  Horseless  Age  Engineering  Charts 

The  article  refers  to  a  series  of  handy  computing  charts,  the 
purpose  of  which  is  to  provide  short-cuts  in  the  making  of 
calculations.  One  of  the  charts  is  for  computing  the  valve 
springs  for  mushroom  cams  by  means  of  which  it  is  possible 
to  determine  exactly  the  spring  pressure  required  for  a  motor 
of  any  maximum  speed  using  muehroom  cam  followers  having 
reciprocating  parts  of  any  weight  and  employing  any  size  of 
cam.  Otlier  charts  give  the  capacity  of  cone  clutches,  capac- 
ity of  dry  disc  clutches,  critical  speed  of  solid  and  hollow 
shafts  and  brake  mean  effective  pressures.  {Horseless  Age, 
vol.  36,  no.  13,  p.  497,  December  1,  1915,  2  pp.,  2  figs,    p.) 

Design  of  Crankshafts  for  High-Speed  Engines,  P.  M. 

Heldt 

The  paper  discusses  the  design  of  crank  shafts  for  high 
speed  engines  and  gives  equations  for  the  proportions  of  some 
of  the  various  types  of  crank  shafts  for  engines  of  different 
numbers  of  cylinders. 

The  author  calls  attention  to  the  fact  that  crank  shafts 
have  become  more  substantial  and  more  rigid  from  year  to 
year  largely  on  account  of  the  demand  for  high  engine  speed 
combined  with  quiet  vibrationless  operation.  The  crank 
shaft  must  be  made  rigid  in  order  to  obviate  excessive  tor- 
sional vibration  at  so-called  critical  speeds.  Formerly,  the 
crank  pin  diameter  was  made  directly  proportional  to  the 
cylinder  bore  and  independent  of  the  stroke,  but  in  recent 
years  piston  speeds  have  been  so  greatly  increased  that  it 
is  the  inertia  of  the  reciprocating  parts  rather  than  the  ex- 
plosion pressure  that  is  now  the  chief  factor  in  determining 
the  load  on  the  piston  pin.     At  high  engine  speeds  there  is 
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very  little  pressure  on  tlie  crank  pin  during  the  first  part  of 
the  explosion  stroke,  as  the  force  of  the  explosion  is  nearly 
balanced  by  the  opposite  stroke  force  of  inertia  on  the  piston 
on  the  upper  end  of  the  connecting  rod.  Initial  forces,  due 
to  reciprocating  jDarts,  are  acting  during  all  four  strokes, 
and  therefore  it  may  safely  be  said  that  at  high  speeds  the 
greater  part  of  the  bearing  load  on  the  crank  pin  is  due  to 
initial  forces. 

The  author  gives  empirical  rules  for  dimensioning  crank 
shafts  in  automobile  motors,  based  on  carefully  selected  data 
of  recent  motors.  These  cover  three  bearing  4-cylinder  crank 
shafts,  three  bearing  6-cylinder  crank  shafts  and  four  bearing 
6-cylinder  crank  shafts. 

The  article  is  to  be  continued.  {Horseless  Atje,  vol.  36,  no. 
13,  p.  498,  December  1,  1915.     pt.) 

The  Mystery  of  the  Screw  Propeller,  C.  W.  Dyson. 

The  paper  discusses  in  a  mathematical  manner  the  seeming 
vagaries  of  performances  of  screw  propellers  on  ships  in 
actual  service.  Some  of  these  vagaries  are  attributed  to  the 
effect  of  variations  in  hull  form  as  interfering  vcith  the  proper 
flow  of  water  to  the  propeller  or  producing  more  or  less  wake 
and  so  adding  to  the  propulsive  efficiency,  or  the  vagaries  in 
propeller  efficiency  may  be  due  to  incorrect  estimates  of  ef- 
fective horsepower  required  for  a  given  speed  because  of 
neglecting  the  resistance  due  to  appendages  such  as  struts, 
bilge  keels,  etc.  The  remaining  portion  of  the  mystery  may  be 
due  to  variations  in  blade  form  and  sections  of  the  propeller 
itself,  and  to  incomplete  understanding  of  propeller  perform- 
ances proper. 

The  author  comes  to  the  conclusion  that  the  efficiency  of 
performance  of  a  propeller  is  seriously  affected  by  its  position 
in  relation  to  the  hull  of  the  vessel  which  it  is  driving,  and  by 
the  fullness  of  the  hull  lines  at  the  afterbody.  For  any  given 
propeller  working  under  constant  hull  conditions  of  form, 
the  effective  horsepower  for  any  given  engine  power  remains 
constant  and  thus  is  independent  of  the  speed  of  the  vessel. 
For  any  given  propeller  working  under  constant  hull  condi- 
tions of  form  the  revolutions  necessary  to  deliver  any  given 
effective  horsepower  vary  with  the  speed  of  ship,  the  engine 
power  remaining  constant.  Model  tank  effective  horsepower 
curves  are  correct,  but  results  obtained  from  model  tank  ex- 
pei-iments  with  model  propellers  are  correct  only  when  the 
model  is  properly  proportioned  to  the  full  size  propeller  wliich 
does  not  mean  that  the  pitch  ratio  of  the  propeller  and  of  the 
model  shall  be  the  same.  {Journal  of  the  American  Society  of 
Naval  Engineers,  vol.  27,  no.  1,  p.  743,  November  1915,  50 
pp.,  5  figs.,  dm.) 

Refrigeration 

Flow  of  Superheated  Aiimoxlv  TiiRoL'cal  Orifices.  Edward 
F.  Miller 

At  the  instigation  of  the  Massachusetts  State  Board  of 
Boiler  Rules,  F.  L.  Fairbanks,  L.  Williams  and  E.  F.  Miller, 
as  members  of  a  committee  appointed  by  the  American  Society 
of  Refrigerating  Engineers,  together  with  Prof.  C.  A.  Read, 
of  Worcester  Polytechnic  Institute,  and  G.  H.  Clark,  of  the 
Massachusetts  Institute  of  Technology,  have  carried  out  a 
series  of  tests  at  the  plant  of  the  Quiney  Market  Storage  and 
Warehouse  Company,  on  the  flow  of  superheated  ammonia 
through  orifices  and  several  other  cognate  matters. 

Among  other  things,  orifices  of  different  diameters,  of  dif- 
ferent lengths  and  with  different  radii  of  entrance  curves  were 
tested.  The  diameter  of  the  discharge  outlet  and  of  a  dis- 
charge pipe  100  ft.  in  length  which  would  be  required  to  take 


care  of  the  amounts  of  gas  discharged  with  5  lb.  accumulation 
pressure  at  the  entrance  end,  and  atmospheric  at  the  exit  end, 
was  figured  by  the  Babcock  formula.  It  was  found  that  it 
would  have  been  impossible  to  use  discharge  pipes  of  the 
large  diameters  called  for  and  the  committee  decided  to  ar- 
range a  safety  valve  to  discharge  into  a  pipe  where  the  pres- 
sure might  accumulate  at  time  of  maximum  discharge,  to 
0.585  the  entrance  pressure,  or  with  275  lb.  gage  entrance 
pressure  to  154  lb.  gage.  In  such  a  valve  the  back  pressure 
must  be  kept  from  acting  on  the  back  of  the  valve.  Such  a 
valve  has  been  made  by  Mr.  Fairbanks.  (Description  of  this 
valve  will  be  found  on  page  97.)  The  same  idea  has  been 
embodied  in  a  new  steam  safety  valve  which,  on  test,  was 
found  to  work  peifectly. 

The  Committee  found  no  data  available  from  which  to  cal- 
culate the  diameter  of  a  pipe  of  a  given  length  which  is  to 
discharge  the  given  weight  of  gas  per  minute  entering  at  154 
lb.  gage  and  leaving  at  atmospheric  pressure.  Therefore  a 
run  of  pipe  was  erected  and  some  data  obtained.  Further,  a 
straight  run  of  2  in.  pipe,  260  ft.  long,  was  also  installed 
and  a  known  weight  of  saturated  steam  at  high  pressure  sent 
into  one  end  of  the  pipe,  the  other  end  being  open.  From 
the  data  thus  obtained,  the  committee  felt  warranted  in  fixing 
the  sizes  of  the  discharge  pipes  as  shown  in  Table  1.  For  the 
second  100  ft.,  the  pipe  should  increase  one  pipe  size  and 
so  on  for  each  additional  100  ft.  Pipe  bent  to  a  radius  at 
least  as  great  as  five  pipe  diameters  has  to  be  used  when  it  is 
necessary  to  turn  a  corner. 

A  number  of  tests  were  made  on  flow  of  superheated  am- 
monia gas  through  an  orifice,  of  which  data  are  reported  in 
three  tables  in  the  original  article.  It  appears  from  these 
tests  that  the  radius  of  the  curve  at  entrance  should  be  at 
least  one-half  the  diameter  of  the  orifice  and  that  the  straight 
part  of  the  orifice  should  be  1%  diameters  long.  In  such 
orifices,  the  absolute  pressure  in  the  orifices  may  be  assumed 
to  be  0.585  of  the  absolute  head  pressure  and  the  throat  back 
pressure  is  not  greater  than  0.585  times  the  head  pressure. 
If  the  back  pressure  is  greater  than  0.585  the  head  pressure, 
then  the  pressure  in  the  orifice  may  be  assumed  to  be  a  slight 
amount,  perhaps  1  lb.,  above  the  back  pressure.  If  an  adia- 
batic  expansion  be  assumed  from  head  pressure  and  condi- 
tions to  throat  pressure,  then  the  weight  going  through  the 
orifice  per  second  may  be  calculated  from  the  following 
formula : 

■rXa 


V  =  224    iHe- 


Hor 


-=  weight 


where  T'  =  velocity  in  feet  per  second;  a  =  area  of  orifices  in 


T.-VBLE  1     SIZES  OF  DISCHARGE  PIPES 


Piston  Displacement 
Cubic  Feet  Per  Min. 

Diameter 
of  Valve 

Diameter  of  Discharge 
Pii;e  f..r  First  100  Feet 

120 
280 
510 
830 
1200 
2120 

H    •■ 
1 

2 

1 

m 

2 

2^ 

3 

square  inches  divided  by  144  or  the  area  of  the  orifices  in 
square  feet;  2  =  volume  of  1  lb.  of  ammonia  gas  at  the  throat 
pressure  and  condition  in  the  orifice;  H,  =  heat  content  of 
1  lb.  of  ammonia  at  head  pressure  and  condition ;  H,  =  heat 
content  of  1  lb.  of  ammonia  at  throat  pressure  condition. 
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To  save  interpolation  in  the  Goodenough  and  Mosher's 
tables,  the  authors  offer  two  plots  from  which,  knowing  the 
head  pressure  and  the  degrees  of  superheat,  the  volume  of  a 
pound  at  the  condition  in  the  orifice  can  be  read.  (A.S.R.E. 
Journal,  vol.  2,  no.  3,  p.  5,  November  1915,  10  pp.,  6  figs,  ep.) 

The   Quincy   Market   Safety   Valve  for  Ammonia   Com- 
pressors, F.  L.  Fairbanks 

While  assisting  the  Massachusetts  Board  of  Boiler  Rules  in 
its  endeavor  to  find  a  reliable  safety  valve  for  ammonia  com- 
pressors, the  writer  had  occasion  to  perfect  a  valve  pre- 
viously in  use  at  the  plant  of  the  Quincy  Market  Cold  Stor- 
age and  Warehouse  Company  in  Boston,  Mass.  During  the 
above  referred  to  tests,  six  different  makes  of  ammonia  safety 
valves  were  investigated  under  various  conditions  and  pres- 
sures. The  general  conclusions  drawn  from  six  tests  were 
as  follows: 

a  That  valves  with  iron  and  steel  seats  were  not  safe  for 
the  reason  that  the  disc  is  readily  corroded  to  its  seat  by  a 
small  amount  of  moisture.  Two  of  the  six  valves  tested  tailed 
to  open  at  350  to  375  lb.,  although  they  were  set  at  250  lb. 
On  being  dissembled,  these  valves  were  found  to  be  rusted 
solidly  to  the  seat  and  to  the  wnnged  guide  in  the  port. 

b  That  the  cast  iron  valve  discs  with  winged  guides  in  the 
port,  would  not  stand  the  excessive  chattering  and  hammering 
on  the  seats,  to  which  most  of  the  valves  may  be  subjected 
when  opening  and  closing.  One  of  the  valves  broke  off  its 
winged  guide  in  the  port  and  wedged  the  disc  so  that  the  line 
had  to  be  shut  off.  Examination  showed  that  the  cast  iron  in 
both  seat  and  guide  was  good  and  sound,  the  fracture  being 
caused  by  the  heavy  chatter  and  pounds  as  it  opened  and  re- 
turned to  its  seat. 

c  That  the  capacity  of  all  the  valves  except  the  pop  valve 
was  very  low. 

d  That  the  pop  valve  gave  practically  no  warning  when  it 
was  about  to  blow,  and  for  this  reason  it  would  be  dangerous 
to  anyone  who  might  be  in  the  path  of  the  discharge  when  it 
opened.  Also,  that  the  seat  of  the  pop  valve  could  not  stand 
the  blow  of  the  valve  when  closed  and  remain  tight. 

e  That  none  of  the  valves,  notwithstanding  their  low  ca- 
pacity, could  discliarge  through  a  pipe  line  no  larger  than 
their  discharge  outlet,  and  still  maintain  their  setting  and  char- 
acter. 

The  Quincy  Market  safetj'  valve  is  shown  in  Fig.  8.  It 
has  no  guide  in  the  port,  being  guided  by  a  bushing  pressed 
into  the  valve  port  and  by  a  cylindrical  piston  which  has  a 
port  of  what  would  be  called  the  valve  disc. 

The  face  bushing  is  bored  and  reamed  after  being  pressed 
in  and  the  alignment  of  the  valve  depends  upon  this  bushing, 
the  seat  being  reamed  through  it  as  a  guide,  thereby  making  all 
parts  of  valve  body  and  bonnet  self  centering  and  self  align- 
ing. The  valve  is  cone  pointed  to  present  the  least  possible 
resistance  to  the  flow  of  gas  and  is  turned  to  an  angle  of  60 
deg.,  the  seat  being  reamed  1/32  in.  wide  and  the  angle  being 
57  deg.,  thus  allowing  the  valve  to  seat  on  an  edge  and  not  on 
a  flat  surface.  The  piston  guide  is  of  sufficient  excess  area  to 
secure  the  characteristics  called  for  in  the  regulations  and  to 
cause  the  valve  to  open  wide  as  the  gas  discharge  increases 
and  the  back  pressure  builds  up,  the  construction  being  such 
that  the  valve  has  the  same  features  whether  it  is  discharged 
through  500  ft.  of  pipe  or  directly  from  the  valve  outlet. 

Like  an  old  fashioned  lever  safety  valve  it  opens  at  any 
predetermined  point  giving  the  operator  sufiScient  warning 
to  enable  him  to  remedy  the  trouble  in  many  cases.  When 
this  point  is  reached  the  valve  continues  to  open  as  the  pres- 
sure of  the  discharge  side  backs  up  on  the  increased  area  of 
the  piston  guide,  the  entire  range  being  gradual  and  continu- 
ous until  the  back  pressure  reaches  0.585  of  the  initial  pres- 
sure, thus  giving  in  a  valve  practically  the  capacity  and  char- 


acter of  a  Napier  orifice.  In  tests  the  valve  easily  handled  a 
displacement  of  1700  cu.  ft.  per  minute  with  30  lb.  to  spare 
on  the  outlet  side  of  the  valve  without  chatter,  shock  or  any 
other  sign  of  distress.  {A.S.B.E.  Journal,  vol.  2,  no.  3,  p.  45, 
November  1915,  5  pp.,  2  figs,    d.) 

Thermodynamies 

TuE  Reversed  Heat  Engine  as  a  Drying  Machine,  Paul  J. 

Fox 

The  article  represents  an  attempt  at  establishing  prin- 
ciples and  at  designing  an  apparatus  for  air  drying,  based 
on  the  Kelvin  principle  of  a  multiple  heat  engine.  This  prin- 
ciple has  been  applied  before  in  the  design  of  a  heating  in- 
stallation which  would  produce  ice  as  a  by-product. 

In  this  case,  the  author  states  that  the  drying  machine 
consists  of  three  essential  parts:  First,  a  large  metal  expan- 
sion cylinder  with  a  piston ;  second,  a  vessel  in  which  the  air 
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Fig.  8    Fairbanks  Safety  Valve  for  Ammonia  Compressors 

in  the  machine  is  allowed  to  come  to  atmospheric  temperature 
and  which  may  be  eaUed  the  atmospheric  heater;  and  third, 
a  large  metal  compression  cylinder,  also  with  a  piston.  The 
two  pistons  are  connected  to  one  piston  rod.  The  cycle  would 
be  as  follows :  The  gas  would  be  allowed  to  come  up  to  at- 
mospheric temperature  at  the  reduced  pressure  by  retention 
in  a  suitable  vessel,  and  finally  compressed  again  to  atmos- 
pheric pressure,  the  compression  resulting  in  an  increase  of 
temperature.  A  single  half  stroke  or  single  complete  move- 
ment of  the  piston  in  one  direction,  completes  a  set  of  opera- 
tions and  delivers  to  the  drying  chamber  the  weight  of  the 
air  taken  in,  which  in  the  following  is  assumed  to  be  1  lb.  in 
all  cases.  The  atmospheric  heater  is  merely  a  vessel  for 
allowing  the  cooling  and  expanding  air  to  come  to  atmos- 
pheric temperature.  It  may  be  a  long  tube  or  block  or  coil 
of  tubes  formed  of  thin  metal  to  conduct  heat  to  the  enclosed 
air  as  rapidly  as  possible  and  to  avoid  mixing  the  warm  and 
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cold  gases.  The  tube  would  be  of  larger  bore  where  the 
temperature  difference  between  the  atmosphere  and  the  at- 
mospheric heat  was  greatest.  Because  of  the  slowness  with 
which  the  heat  is  communicated  to  a  gas,  the  operation  would 
be  substantially  adiabatic,  although  in  the  house  warming 
engine,  as  proposed  by  Lord  Kelvin,  it  is  implied  that  the 
expansion  of  air  in  the  cylinder  should  be  isothermal ;  at  least 
it  is  assumed  adiabatic  in  the  following:  The  atmospheric 
heater  is  then  essential  to  bring  the  cold  and  expanded  air 
up  to  the  atmospheric  temperature,  and  as  the  reduction  of 
pressure  amounts  to  only  a  few  pounds,  the  walls  of  the 
heater  would  not  have  to  be  very  heavy.  In  the  heater  the 
air  expands  from  specific  volume  v,  to  v.^  and  passes  from 
temperature  t^  to  t.  The  author  makes  the  thermodynamic 
calculations  for  the  engine  as  a  drying  engine,  and  finds 
formulae  for  all  the  magnitudes  as  well  as  for  the  constants. 
By  applying  the  calculations  to  a  concrete  ease,  it  takes  the 
atmospheric  temperature  t  =  519  absolute,  or  nearly  60  deg. 
fahr.,  and  assumes  that  it  is  desired  to  dry  at  100  deg.  fahr., 
or  559  deg.  absolute;  then  p  of  outside  atmosphere  and  of 
drying  chamber  is  equal  to  14.7,  v  (specific  volume  of  outside 
atmosphere  in  cu.  ft.  per  lb.)  =  13.085,  t  (temperature  of 
outside  atmosphere  in  deg.  absolute  fahr.)  =  519,  and 
*3  (temperature  of  air  on  leaving  compressor  and  in  drying 
chamber    in     deg.     absolute    fahr.)    =  559.       The     fonuula 

p,  =  b(~\        gives  p,  =  11.40,  and  i-,  =  |  ^  V""  i; 

i\  =  15.68.  The  characteristic  equation  P]'  =  BTm  gives 
y,  =  14.093,  v.,  =  16.87  (on  leaving  atmospheric  heater),  and 
t,  =  482.2  deg.  fahr,  absolute. 

In  discussing  quantitatively  the  thermodynamic  operation 
of  the  engine,  the  author  summarizes  the  operations  as  fol- 
lows :  Each  pair  being  a  correlative  process,  he  gives  a  plus 
or  minus  sign  to  each  process,  the  plus  sign  being  given 
when  the  process  tends  to  turn  the  machine  in  the  same  direc- 
tion as  the  power  applied,  and  the  minus  sign  when  it  opposes 
the  power. 

1  +  is  the  taking  of  air  from  the  atmosphere  by  the  expan- 
sion cylinder. 

1  —  is  the  delivery  of  air  by  the  compression  cylinder  to  tlie 

drying  chamber. 

2  -|-  is  the  expansion  of  the  air  in  the  expansion  cylinder. 

2  —  is  the  compression  of  the  air  in  the  compression  cylinder. 

3  —  is  the  discharge  from  the  expansion  cylinder  to  the  at- 

mospheric heater.  • 
3  -|-  is  the  discharge  from  the  atmospheric  heater  to  the  com- 
pression cj'linder. 
The  author  discusses  each  pair  of  operations  mathemati- 
cally and  derives  the  proper  formula  for  their  expression.  All 
the  calculations  are  of  strictly  thermodynamic  character  and 
do  not  consider  the  losses  by  friction  or  actual  losses  in  en- 
gines. But  it  may  be  said  that  the  common  objections  to  air 
as  a  working  substance  do  not  apply  here.  Air  has  a  low 
specific  heat  which  causes  the  cylinders  to  be  bulky  but  if 
drying  is  to  be  effected,  the  dry  air  must  be  pumped  or  in- 
troduced in  one  way  or  another  into  the  drying  chamber 
even  if  only  by  inefficient  diffusion,  and  the  machine  sug- 
gested acts  also  as  a  pump.  The  difficulty  of  communicating 
heat  to  air  unless  the  direct  products  of  combustion  are 
brought  in  contact  with  the  substances  to  be  dried,  is  a  strong 
argument  in  favor  of  the  engine,  for  in  it  the  air  is  heated 
evenly  and  to  the  temperature  desired.  Again,  the  heat  loss 
can  be  minimized.  So  far  as  the  compression  cylinder  is 
concerned  there  is  no  reason  why  it  should  not  be  placed  in- 
side the  drying  chamber  which  would  permit  of  utilizing  the 


various   heat  losses   by  friction,   etc.,   occasioned   by   heating 
the  air  for  drying. 

The  most  serious  objection  to  the  plan  is  found  in  the 
variation  of  temperature  in  the  external  atmosphere,  since 
the  machine  heats  the  air  through  a  fixed  temperature  dif- 
ference for  a  given  valve  setting.  This  may  be  obviated 
either  by  adjusting  the  valves  and  varying  the  speed  of  the 
operation  at  different  temperature  ranges  or  by  setting  a 
number  of  machmes  in  series  with  each  machine  lifting  the 
air  through  a  certain  temperature  difference  and  a  varying 
number  of  them  used  as  the  atmospheric  temperature  changes. 
Finally  the  dry  air  would  be  heated  higher  than  necessary 
and  adjustment  made  from  time  to  time  by  means  of  adding 
xarying  quantities  of  cool  atmospheric  air.  ( The  Journal  of 
Industrial  and  Engineering  Chemistry,  vol.  7,  no.  12,  p.  1065, 
December  1915,  5  pp.,  1  fig.,  td.) 

Loss  OF  Heat  froji  Steam-Heated  Surfaces 

This  paper  was  presented  by  Prof,  Petavel,  of  the  Man- 
chester University,  at  a  meeting  of  the  Manchester  Associa- 
tion of  Engineers,  October  30,  1915,  and  is  based  on  the  re- 
searches by  the  engineering  staff  of  the  Manchester  University 
imder  the  control  of  C.  H.  Lander. 

The  fii'st  part  of  the  paper  deals  with  problems  of  heat 
transmission  and  their  particular  bearing  on  heat  losses  sus- 
tained by  steam  heated  surfaces.  The  second  part  deals  with 
the  efficiency  of  gas  engines,  the  facts  presented  being  based 
on  experimental  work  carried  out  at  the  University  of  Man- 
chester, by  Prof.  Asakawa,  of  Tokio,  with  the  object  of  ascer- 
taining by  direct  experiment,  how  near  the  efficiency  of  the 
cemmereial  gas  engine  has  approached  the  ideal.  Finally  is 
described  a  series  of  investigations  undertaken  to  compare 
the  strength  of  various  structures  as  estimated  by  accepted 
methods  of  calculation  with  the  actual  strength  determined  by 
direct  test.  Within  its  purview  is  included  a  discussion  of  the 
strength  of  thick  cylinders  when  subjected  to  internal  pres- 
sures, and  the  complementai-y  problem  of  the  resistance  of 
cylindere  to  collapse.  The  paper  is  quite  voluminous  and  can 
be  only  briefly  abstracted. 

The  author  gives  formulae  for  the  radiation,  conduction  and 
convection  in  the  flow  of  heat  through  a  layer  of  gas  separat- 
ing two  surfaces  at  different  temperatures.  The  object  of  the 
research  was  to  determine  experimentally  the  heat  flow  under 
certain  definite  conditions  and  to  estimate  the  relative  im- 
portance of  the  above  three  modes  of  heat  transmission.  He 
describes  the  apparatus  used  for  these  tests  and  in  several 
curves  and  tables  gives  a  summary  of  the  results  obtained ; 
viz.,  for  experiments  in  air  at  atmospheric  pressure;  heat  loss 
for  steam  pipes  at  various  temperatures;  change  of  loss  with 
temperature  (at  habitual  steam  temperatures  and  at  the  en- 
tire temperature  range,  namely,  from  zero  to  1500  deg.  fahr,). 

On  the  whole,  the  results  point  to  the  fact  that  the  heat  loss 
from  steam  heated  surfaces  is  due  mainly  to  convection.  The 
loss  by  radiation  in  the  case  of  a  pipe  of  1  in.  external  diam- 
eter is  only  about  15  per  cent ;  the  loss  by  conduction  varies 
around  4  per  cent,  while  convection  accounts  for  about  81 
per  cent.  The  object  attained  by  surrounding  pipe  with  in- 
sulating material  is  to  check  convection  currents  and  also 
reduce  radiation.  At  the  same  time,  all  solid  materials  used 
as  insulators  are  better  conductors  than  air,  so  that  the  use  of 
an  insulating  material  really  increases  the  loss  due  to  con- 
duction. Taking  the  case  of  a  1  in.  pipe,  a  material  such  as 
slag  wool  or  asbestos,  if  applied  in  a  solid  compressed  block, 
would  increase  the  total  loss.  The  insulating  effect  obtained 
depends  upon  so  arranging  the  substance  that  the  least  quan- 
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tity  of  material  will  sub-divide  the  space  around  the  pipe  into 
separate  air  cells  as  perfectly  as  possible.  Thus  the  efficiency 
of  slag  wool  is  at  maximum  when  the  solid  material  occupies 
about  one-fourteenth  of  the  space.     (Fig.  9  C.) 

In  a  table  are  given  values  of  heat  lost  from  metal  surfaces, 
such  as  bare  steam  pipes  of  various  diameters  under  different 
temperature  conditions,  which  did  not,  however,  very  mate- 
rially differ  from  figures  given  by  Fowler  and  Hiller.  An- 
other table  given  in  the  paper  shows  the  saving  of  heat 
obtained  by  insulating  coverings  of  various  materials.  It  ap- 
pears that  magnesia  filled  rope  and  asbestos  filled  rope  give 
the  best  results. 

The  paper  proceeds  then  to  the  discussion  of  the  effective 
pressure  on  the  transmission  of  heat.  The  results  of  a  num- 
ber of  experiments  carried  out  in  air  at  pressures  up  to  2500 
lb.  per  sq.  in.  are  given  in  Figs.  9A  and  B.  It  will  be  seen 
from  Fig.  A  that  as  the  pressure  rises  from  atmospheric  to 


logical  order  and  an  attempt  is  made  to  indicate  the  purport 
of  each  and  to  explain  the  allusions  in  them.  They  are  of 
considerable  interest  as  an  indication  of  the  conditions  under 
which  engineers  had  to  work  in  the  latter  part  of  the  eigh- 
teenth century.  Among  other  things,  Watt  discussed  such 
matters  as  metallic  piston  packing,  engine  and  pump  troubles, 
duties  performed  by  the  atmospheric  engine,  boiler  gages, 
iron  cement,  testing  of  materials,  etc.  Of  especial  interest 
is  Watt's  letter  on  tlie  steam  turbine,  written  in  connection 
with  the  project  introducing  what  was  then  known  as  Kem- 
pelen's  engine.  Watt  pointed  out  that  the  engine  was  capable 
of  improvements  and  in  fact  suggested  some  of  them.  He 
calculated  the  power  developed  by  the  turbine  and  found 
that  with  a  velocity  of  430  ft.  per  sec,  the  machine  would 
develop  2%  h.p.  and  require  a  boiler  evaporating  26  cu.  ft. 
per  hr.,  but  with  a  velocity  of  600  ft.  per  sec,  the  same  en- 
gine might  develop  11  h.p.,  and  Watt  summed  up  the  situa- 
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Fig.  9     Loss  of  Heat  from  Steam  Heated  Surfaces 


150  atmospheres,  the  loss  per  degree  increases  to  nine  times 
its  original  value,  for  a  temperature  of  152  deg.  fahr.  At 
high  temperatures,  say  2000  deg.  fahr.,  radiation  forms  a 
large  proportion  of  the  total  loss  and  hence  the  increase  is 
relatively  less.  At  all  pressures  the  heat  loss  is  very  large 
for  small  diameters.  It  decreases  rapidly  as  the  diameter 
increases  up  to  Va  in.  and  then  becomes  relatively  constant  for 
diameters  above  3  in.  It  has  further  been  found  that  conduc- 
tion is  important  when  the  diameter  of  the  hot  body  is  small 
or  the  pressure  of  the  air  is  low.  Convection  becomes  the 
main  factor  when  the  air  isressure  is  high  or  diameter  large, 
and  loss  is  principally  due  to  radiation  at  very  high  tempera- 
tures and  very  low  pressures.  {Proceedings,  Manchester  As- 
sociation of  Engineers,  through  The  Mechanical  Engineer, 
vol.  36,  no.  928,  p.  357,  November  5,  1915,  5  pp.,  8  figs,     e.) 

Miscellanea 

Some  Unpublished  Letters  of  James  Watt 
H.  W.  Dickinson 

Small  collection  of  letters  representative  of  as  many  aspoci«: 
as  possible  of  Watt's  activities.     The  letters  are  in   chrono- 


tion  as  follows :  "  So  that  you  see  the  whole  success  of  the 
machine  depends  on  the  possibility  of  prodigious  velocities. 
.  .  .  In  short  without  god  makes  it  possible  for  things  to 
move  1000  feet  p' "  it  can  not  do  much  harm,  and  by  "  much 
liarm  "  Watt  means  of  course,  possible  competition  with  his 
own  machine.  {The  Journal  of  the  Institution  of  Mechanical 
Engineers,  No.  8,  1915,  November  1915,  47  pp.,  h). 

Artificial  Arm,  Kesten 

Description  of  an  artificial  arm  developed  lately,  for  the 
use  of  victims  of  war  in  Germany,  at  the  works  of  Siemens- 
Schuckert  Company,  in  Nurnberg. 

It  has  hitherto  been  the  practice  when  replacing  a  part 
or  the  whole  of  a  lost  arm,  to  attempt  to  reproduce  the  lost 
member  artificially.  This  has  some  times  been  done  with 
great  mechanical  ingenuity.  In  fewer  cases  an  attempt  has 
been  made  to  replace  the  lost  hand  by  means  for  holding 
special  tools  which  would  help  the  injured  man,  more  or  less, 
to  carry  on  some  kind  of  work.  In  this  case,  however,  like 
in  the  preceding  one,  the  attempt  is  usually  made  to  attach 
the    new   apparatus   to   what   remained    of   the    lost   member. 
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wliicli  materially  reduces  the  amount  of  powei-  which  could 
be  exerted  through  the  substitute  ann  because  of  the  reduced 
power  of  the  arm  trunk. 

The  Siemens-Schukert  Company,  acting  at  the  suggestion 
of  Dr.  Silberstein,  adopted  an  entirely  new  method,  viz.,  to 
use  what  remained  of  the  arm  only  as  an  auxiliary  means  of 


can  pcrniit  of  connnunicating  to  the  tool  attaclied  to  it  both 
a  circular  and  a  joint  motion,  or  practically  a  complete  freedom 
of  motion  in  any  direction  desired.  (Annersatg  fur  Kriegs- 
beschddigte  Handwerker  und  Arbeiter,  Kesten,  Zeits.  des 
Vereines  deutscher  Ingenieure,  vol.  59,  no.  43,  p.  870,  October 
23,  1915,3  pp.,  5  figs,  d). 


Fig.  10    SiEMENS-ScHUCKERT  ARTinriAL  Arm 


guiding  the  tool  holder,  which  is  however  suspended  from 
the  shoulder  and  held  by  a  strap,  shown  in  Fig.  10,  against 
the  body  of  the  man  in  such  a  manner  that  the  strap  passes 
under  the  other  arm  pit.  The  shoulder  carries  two  ball- 
bearings b  and  c,  of  large  diameter,  and  to  the  outer  ring  c 
are  attached  by  joints,  rods  e,  made  of  light  steel  tubing,  (d 
shows  the  journals  on  which  these  rods  are  connected  by  a 
cup-shaped  piece  /,  which  takes  up  the  double  joint  to  which 
the  tool  proper  is  attached).  The  ball-bearings  6  and  c, 
together  with  the  movable  joint  in  connection  with  the  rods 
€ — e,  permit  of  moving  the  artificial  arm  in  the  shoulder 
joint  just  as  one  would  a  natural  arm.  The  shoulder  joint 
is  perfectly  free,  and  in  order  that  the  stump  of  the  arm  may 
be  able  to  give  the  desired  direction  to  the  artificial  arm, 
there  is  provided  in  the  rods  e — e  and  slide  g  which  encloses 
the  stump  of  the  arm.  The  double  joint  which  is  carried  on 
the  cup-shaped  piece  /,  is  arranged  in  such  a  manner  that  it 
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ANNUAL  MEETING   PAPERS 

<n~'HE  36th  Annual  Meeting  of  the  Society  held  in  New  York,  December  7-10,  1915,  like  the  previous  Annual 
Meeting,  was  characterized  by  professional  sessions,  of  ivhich  there  were  seven,  devoted  to  Power  Plants, 
Machine  Shops,  Railroads,  Textiles,  Industrial  Safety,  and  Miscellaneous.  In  the  January  issue  were 
published  the  Presidential  Address  and  eight  papers  including  those  given  at  the  Power  Plant  Session. 
In  this  issue  are  presented  in  abstract  the  three  papers  contributed  by  the  Sub-Committee  on  Machine  Shop 
Practice,  one  of  the  papers  contributed  by  the  Sub-Committee  on  Railroads,  the  paper  contributed  by  the  Sub- 
Committee  on  Industrial  Building,  together  with  the  discussion  which  followed.  There  is  also  published  the 
discussion  which  was  brought  out  by  the  professional  papers  appearing  in  the  January  number. 


AUTOMATIC    MECHANICAL    CONTROL 
OF  LATHES  AND  SCREW  MACHINES 

BY    L.    D.    BURLINGAME,    PROVIDENCE,    R.    I. 
Member  of  the  Society 

IN  a  general  way  the  term  "  automatic  control "  ajiplies  to 
the  organization  of  a  machine  so  that  all  opei'ations  re- 
quired to  complete  the  work  are  automatically  performed,  and 
the  object  is  to  have  these  operations  so  performed  as  not  only 
to  secure  in  large  measure  the  advantages  of  hand  work  guided 
by  human  intelligence,  but  also  to   insure  a  uniformity  and 


The  fact  that  in  operating  automatically  controlled  ma- 
chines the  human  factor  is  less  in  evidence  than  is  the  case  in 
hand  operated  machines,  makes  it  possible  generally  to  employ 
less  skilful  workmen  without  lowering  the  quality  of  the  work. 
On  the  other  hand,  the  use  of  automatically  controlled  ma- 
chines increases  the  need  of  skilful  supervision  and  of  skilled 
men  for  their  construction  and  repair. 

The  features  most  prominent  and  essential  in  the  automatic 
control  of  machine  tools  can  be  classified  as  follows: 

I  Si^indle  drives 

II  Means  for  inserting  and  removing  the  work 


Fig.  1    AtiTOMATic  Lathe  with  Variable  Speeds  and  Feeds  Controlled  by  Dogs  on  Drums.    Gisholt  Machine  Co. 


quantity  of  product  beyond  that  which  can  be  commercially 
obtained  by  hand  work. 

In  determining  whether  the  employment  of  automatically 
controlled  machines  is  wan-anted,  the  vital  question  is  whether 
the  product  is  wanted  in  sufficiently  large  quantities  and 
whether  the  design  is  sufficiently  well  established  to  justify  the 
investment  in  such  special  machines. 

It  must  be  determined  whether  the  added  original  cost  and 
greater  cost  for  repairs  are  justified  when  to  this  must  also  be 
added  the  more  expensive  tool  equipment  and  longer  time  re- 
quired for  setting  up.  In  considering  the  cost  for  repairs,  the 
conditions  to  be  borne  in  mind  are  the  greater  danger  of  a 
breakdown  and  the  greater  skill  required  to  keep  the  machine 
in  running  condition. 


Presented  at  the  Annual  Meeting  of  The  Amehican  Society  of 
Mechanical  Engineers,  New  York,  December  1915.  Pamphlet  copies 
without  discussion  may  be  obtained  ;  price  15  cents  to  members.  30 
ceuts  to  non-members. 
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III  Feeding  mechanisms 

IV  Indexing  mechanisms 

V  Controlling  means  for  the  various  mechanisms 

I     spindle   drives 

Features  of  automatically  controlled  spindle  drives  may  be 
classified  as:  a  Speed  change;  b  Reversal;  c  Stopping. 

Siieed  Change.  In  automatic  turret  machine  work  it  is 
often  important  to  have  more  than  one  spindle  speed  available 
during  the  operation  on  a  given  piece  of  work,  in  order  that 
time  may  be  most  fully  economized. 

The  automatic  change  of  spindle  speeds  on  machines  having 
a  constant  speed  motor  drive  is  usually  provided  for  by  gear- 
ing controlled  by  the  mechanism  of  the  machine.  Fig.  1  shows 
the  front  view  of  an  automatic  turret  lathe  embodying  this 
feature.     In  this  construction  any  one  of  eight  changes  of 
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spindle  speed  eau  be  automatically  obtained,  the  changes  being 
made  by  means  of  an  intermittently  revolving  drum  carrying 
dogs  which  shift  levers  1,  2  and  3  as  desired.  Levers  1  and  3 
control  clutches  to  engage  gears  giving  four  speeds,  and  the 
number  of  speeds  so  obtained  can  be  doubled  by  the  operation 
of  lever  2  which  either  clutches  direct  to  the  spindle  for  the 
fast  range  of  speeds  or  connects  through  differential  gearing 
for  a  slower  range  of  speeds.  The  dogs  on  the  dram  may  be 
so  set  as  to  bring  the  levers  into  idle  positions,  thus  discon- 
necting the  gearing. 

In  types  of  machines  such  as  eutting-off  machines  or  those  on 
which  squaring-up  operations  are  largely  performed,  a  grad- 


change  gears  4.  The  reverse  is  obtained  by  shifting  thimble  5, 
engaging  respectively  friction  clutches  6  connected  by  chain 
and  sprocket  with  the  oppositely  revolving  shafts  1  and  3. 
The  shifting  of  the  thimble  is  by  means  of  a  lever  operated 
by  a  cam  on  an  intermittently  revolving  shaft.  The  inter- 
mittently revolving  shaft  is  in  turn  set  in  motion  by  a  trip 
lever  operated  by  dogs  on  a  continuously  revolving  disk.  The 
automatic  change  of  spindle  speed  is  by  means  of  thimble  7 
engaging  respectively  clutches  8  also  operated  by  lever  con- 
nection to  a  cam  on  an  intermittently  revolving  shaft. 

Automatic  Stopping  of  the  Spindle  is  required  for  various 
kinds  of  work.     Some  screw  machines  are  so  designed  as  to 


Fig.  2 


Countershaft  for  Cutting-opf  Machine  to  Give 
Constant  Cutting   Speed 


6  6 

Fig.  3    Constant  Speed  Drive  for  Screw  Machine  Provided 

■with  Adtoiiatic  Reverse  and  Speed  Change. 

Brown  &  Sharpe  Mfg.   Co. 


Fig.  4 


Multiple  Spindle  Screw  Machine  Having  Means  for  Automatically  Stopping  the  Spindle. 
National  Acme  MANUFACTtTsiNO  Company 


ual  and  continuous  change  of  spindle  speed  is  desired.  A 
means  for  automatically  accomplishing  this  is  shown  in  Fig.  2. 
The  automatic  shifting  of  the  belt  on  the  tapering  cones  gives 
the  desired  change  of  spindle  speed.  Cam  1  is  connected  by 
gearing  to  the  tool  carriage  of  the  machine  and  controls  the 
traverse  of  the  belt  shifter  2,  so  that  by  providing  the  required 
accelerating  lead  to  the  cam,  a  constant  cutting  speed  is  ob- 
tained. 

Reversal  of  Spindle.  In  designs  of  machines  where  the 
threading  or  other  operations  require  a  reversal  of  the  spindle, 
this  is  automatically  accomplished  in  various  ways,  an  exam- 
ple being  shown  in  Fig.  3.  From  the  constant  speed  shaft  1. 
the  spindle  2  is  driven  in  either  direction  and  at  various 
speeds,  the  control  being  automatic  for  direction  and  for  one 
change  of  speed.     Other  changes  of  speed  are  by  means  of 


unthread  the  die  or  tap  by  stopping  the  work  spindle  to  run 
the  die  or  tap  off  after  the  threading  operation.  Sometimes 
the  spindle  is  stopped  to  perform  a  milling,  cross  drilling  or 
similar  operation,  and  sometimes  to  save  time  in  removing  and 
replacing  work  when  this  is  a  hand  operation. 

An  automatic  screw  machine  having  the  feature  of  stopping 
the  spindle  for  the  purpose  of  threading  is  illustrated  in  Fig. 
4.  The  revolving  tap  or  die  spindle  is  shown  at  1,  and  when 
each  successive  work  spindle  is  brought  in  line  with  it,  a  clutch 
on  the  constantly  revolving  gear  2  is  disengaged  by  the  lever  3 
operated  by  a  cam  through  a  series  of  levers.  This  lever  3 
engages  a  sleeve  4  which  is  normally  in  spring  pressed  engage- 
ment with  gear  2,  disengaging  same  from  gear  2  and  engaging 
it  with  collar  5  which  is  fast  to  the  spindle  and  which  con- 
stitutes a  brake  to  stop  the  spindle  from  revolving.    For  heavy 
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work,  where  a  positive  stop  is  desired,  a  pin  in  collar  5  en- 
gages projections  6  on  sleeve  4. 

A  modification  of  spindle-stopping  means  is  to  revolve  in- 
termittently or  index  the  work  spindle  for  various  operations. 

II      MEANS  FOR  INSERTING  AND  REMOVING  THE  WORK 

Means  for  Feeding  and  Holding  Bar  Stock.  Bar  feeding 
devices  have  in  a  general  way  followed  the  lines  of  the  hand 
operated  Parkhurst  feed,  brought  out  in  the  shops  of  the 
Pratt  &  Whitney  Co.  about  1871.  The  use  of  feeding  fingers 
and  roller  feeds,  in  the  latter  case  necessarily  feeding  against 
a  positive  stop,  are  forms  of  development  which  have  since 
followed.  In  the  former  case  graduated  levers  or  scales  de- 
termine the  distance  the  stock  is  fed. 

An  illustration  is  shown  in  Fig.  5  of  an  automatic  feeding 
device  which  can  be  adjusted  so  as  to  feed  any  required  dis- 
tance from  zero  to  the  full  traverse  of  the  machine.  By  means 
of  the  crank  1,  the  screw  2  adjusts  a  nut  carrying  a  block  3, 
so  that  the  motion  of  the  lever  4  opei'ated  by  a  cam  may  give 


operated  on  when  that  is  finished,  the  automatic  feature  in  this 
case  being  the  stopping  of  the  spindle  as  already  described. 

Magazines  for  handling  work  to  be  chucked  automatically 
have  developed  along  many  lines.  Fig.  7  shows  a  tilting  maga- 
zine attachment  with  the  magazine  1  in  position  so  that  the  con- 
veyor 2  can  advance  to  take  a  piece  of  work.  After  the  piece 
of  work  is  taken  by  the  conveyor  the  magazine  tilts  up  out  of 
the  way  of  the  turret  tools.  The  conveyor  2  then  brings  the 
j)iece  in  line  with  chuck  3  and  deposits  it  in  same.  The  con- 
veyor is  free  to  revolve  so  as  to  facilitate  the  pressing  of  the 
work  into  the  revolving  ehuek.  An  ejector  inside  the  spindle 
removes  the  work  when  completed. 

A  form  of  hopper  for  feeding  studs  into  the  rear  end  of  the 
spindle  is  shown  in  Fig.  8.  This  might  be  called  a  reservoir 
magazine,  as  it  has  a  widened  upper  portion  to  carry  a  large 
number  of  pieces.  An  agitator  1,  operated  by  a  lever  2,  makes 
the  feeding  sure.  The  frame  3  is  adjustable  for  different 
lengths  of  studs.  The  studs  are  fed  positively  into  the  back 
end  of  the  spindle  by  the  rod  4. 

Large  or  irregular  work  presents  many  difficulties  in  auto- 
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Fig.  5    Automatic  Screw  Machine  Showing  Feeding  and   Indexing  Devices,  also  Use  op  Controlling  Shaft. 
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any  desired  feed  to  the  slide  6  and  thus  to  the  feed  tube,  the 
setting  being  to  a  graduated  scale.  At  the  forward  end  of  this 
feeding  tube  are  feeding  fingers  to  engage  the  bar  of  stock  to 
feed  it  fonvard.  After  the  stock  ii5  gripped  by  the  chuck  by 
means  of  chuck  levers  operated  by  a  cam,  the  feeding  fingers 
are  retracted  ready  for  the  next  operation. 

By  means  of  a  special  device,  the  machine  can  be  stopped 
when  the  bar  of  stock  becomes  exhausted. 

A  well-known  design  of  the  roller  principle  for  feeding  the 
stock  is  shown  in  Fig.  6,  where  the  rollers  1  engage  the  bar  of 
stock  and  feed  it  forwai-d  against  a  stop.  The  driving  means 
for  the  rollers  consists  of  the  circular  rack  3,  on  the  inter- 
mittently revolving  ring  2,  which,  when  held  stationary,  re- 
volves the  gear  4,  which  in  turn  revolves  the  worms  5  and  the 
worm  wheels  6,  the  latter  being  fast  on  the  shafts  carrying 
the  feed  rollers. 

Means  for  Inserting  and  Removing  Chucked  Work.  This 
may  be  considered  through  successive  stages  from  the  hand- 
operated  method  of  the  Fay  automatic  lathe,  where  the  work, 
when  it  is  to  be  finished  on  an  arbor,  is  driven  on  one  arbor 
by  the  workman  so  as  to  be  ready  to  replace  the  piece  being 


matic  chucking,  and  hand  methods  are  usually  resorted  to  for 
such  work.  In  some  cases,  however,  automatic  means  have 
been  devised  for  the  chucking  operation. 

Even  when  placing  the  work  in  the  chuck  by  hand,  auto- 
matic devices  can  be  made  to  assist  in  many  ways.  Fluid  or 
pneumatic  means  can  be  employed  for  gripping  the  work,  and 
this  can  be  so  applied  as  to  reduce  the  pressure  for  the  finish- 
ing cut,  still  maintaining  sufficient  to  hold  the  work  securely 
but  without  risk  of  distortion.  Means  for  automatically  eject- 
ing the  work  can  also  be  applied. 

Means  for  Transferring  Work  for  Secondary  Operations. 
It  is  a  common  practice  to  transfer  work  from  the  main 
spindle  to  an  auxiliary  spindle  or  holder,  after  part  of  the 
operations  have  been  performed,  for  additional  operations 
such  as  milling,  cross  drilling,  etc. 

Fig.  9  shows  a  transfer  holder  in  use  for  slotting  the  heads 
of  screws.  The  transfer  arm  1  is  swung  by  the  rock  shaft  2 
so  that  the  hole  3  is  in  line  with  the  work  4  in  the  main  spindle 
and  engages  same  before  the  work  is  severed  from  the  rod. 
After  the  work  is  severed  the  arm  1  is  swung  to  the  position 
shown  in  the  illustration.    The  rock  shaft  2  is  then  fed  longi- 
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tudinally  toward  the  saw  5,  both  this  motion  and  the  rocking 
motion  being  imparted  by  earn  action. 

The  transfer  holder  can  be  made  to  turn  the  work  end  for 
end  if  desired. 

Ill      FEEDING  MECHANISMS 

Feeding  mechanisms  may  be  classified  by  the  methods  of 
controlling  the  movements  by  removable  strap  cams;  by  per- 
manent cams,  and  adjustable  cams  and  dogs;  by  adjustable 
dogs  on  drums ;  by  cams  specially  formed  for  each  job,  and  by 
permanently  set  dogs  in  combination  with  adjustable  stops. 
The  object  to  be  attained  by  all  these  means  is  to  save  time  by 
speeding  up  during  the  idle  movements,  and  to  provide  the 
most  efficient  feed  for  each  operation  of  cutting  by  providing 
a  change  of  feed  which  can  automatically  be  made  efiEective 
during  the  operation  of  cutting. 

Controlled  by  Removable  Strap  Cams.  This  type  had  its 
origin  in  the  Spencer  machines,  first  brought  out  in  the  early 


Fig.  6    Roller  Feed.    Jones  &  Lamson  Machine  Co. 

70's.  A  recent  development  of  this  type  of  machine  and  one 
also  designed  by  Mr.  Spencer  is  shown  in  Fig.  10.  In  this 
machine  the  stock  feeding  mechanism,  the  tool  feeding  mechan- 
ism and  the  cross  feeding  mechanism  are  all  operated  by  ad- 
justable strap  cams.  In  the  case  of  the  two  former,  the  straps 
are  on  the  periphery  of  drums  shown  at  1  for  the  stock  feed 
and  at  2  for  the  tool  feeding  mechanism;  in  the  case  of  the 
last,  as  well  as  for  indexing  and  locking  the  turret,  they  are 
on  the  faces  of  disks  (shown  at  3  for  the  cross  slide  and  at  4 
for  the  indexing). 

The  machines  of  the  Hartford  Automatic  Screw  Machine 
Co.  in  this  country,  and  of  the  Alfred  Herbert  Co.,  abroad, 
are  among  the  best  known  examples  of  the  use  of  this  method 
of  camming. 

Controlled  by  Permanent  Cams  and  Adjustable  Cams  and 
Dogs.  An  example  of  the  combined  use  of  permanent  cams 
with  adjustable  cams  and  dogs  is  shown  in  Fig.  11,  where  the 
feed  of  the  individual  tool  holders  1  is  controlled  by  the  per- 
manent cam  2.  The  rate  of  revolution  of  this  cam  2  is  con- 
trolled for  varjing  the  feeding  movements  by  an  adjustable 
cam  3  which  through  roll  4  governs  the  position  of  friction 


Fig.  7    Tilting  Magazine  Attachment.     Cleveland  Auto- 
matic Machine  Company 

wheels  5  between  the  disks  6.  Besides  this  variable  feeding 
movement,  a  quick  movement  of  the  cam  2  is  obtained  by  ac- 
tion of  the  cam  7  which  operates  a  double  clutch  8  to  con- 
nect either  direct,  giving  a  quick  movement,  or  through  the  re- 
duction gears  9  for  the  feeding  movement. 

The  straii  cam  10  regulates  the  cross  feed,  and  this  cam  also 
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Vertical  Hoppeb  Magazine.    Cleveland  Automatic 
Machine  Company 
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partakes  of  the  quick  aud  slow  movements  controlled  by  eluteli 
8 ;  it  thus  provides  for  moving  the  cross  slide  forward  quickly 
to  the  point  of  cutting  and  then  reducing  to  the  required  cut- 
ting feed,  after  which  it  may  be  quickly  returned  so  as  to  bring 
the  rear  tool  into  cutting  position  following  which  the  feeding 
movement  is  again  engaged. 

Controlled  Entirely  by  Adjustable  Dorjs  on 
Brums.  The  machine  shown  in  Tig.  1  has  its  move- 
ments controlled  entirely  by  dogs  on  intermittently 
revolving  drums,  the  only  exception  being  the  back 
facing  device  which  is  controlled  by  a  permanent 
cam  8.  For  the  tun-et  the  feeding  is  controlled  by 
means  of  dogs  11  on  the  hinged  carriage  12  engag- 
ing adjustable  tripping  blocks  13  on  the  tuiTet, 
providing  an  independent  tripping  point  for  each 
tool  of  the  turret. 

Controlled  by  Cams  Specially  Formed  for  Each 
Job.  The  advantages  aimed  at  by  this  method  are 
the  securing  of  the  ideal  conditions  as  to  rate  of 


machines  each  tool  carrier  is  connected  successively  with  a 
reciprocating  feed  slide,  and  only  the  feed  slide  with  one  of 
the  tool  carriers  connected  therewith  requires  to  be  recipro- 
cated for  the  feed  and  return  movements.  Fig.  11  shows  a 
machine  of  this  type.     In  nidcr  to  "  speed  up  "  still  further 
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Transfer  Arm  fob  Secondary  Operations. 
Brown  &  Sharpe  Mfg.  Co. 


Fig.  10     Spencer  Type  Multiple  Spindle  Machine  Showing  Use  of  Strap  Drum  Cams.    New  Britain  Machine  Co. 


feed,  etc.,  for  each  operation,  and  the  minimum  time  for  idle 
movements,  and  being  able  to  duplicate  readily  these  results 
for  the  same  job  at  any  future  time,  the  cams  being  marked 
and  preserved  for  this  purpose. 

The  cam  operated  turret  feed  mechanism  of  such  a  machine 
is  shown  in  Fig.  12.  The  advance  feed  is  obtained  by  the  cam 
1  operating  through  the  segment  lever  2  to  feed  the  turret 
slide  3.  The  return  motion  is  accelerated  by  the  revolution  of 
the  crank  4  bringing  the  tuiret  back  quickly  an  amount  equal 
to  the  throw  of  the  crank. 

The  cross  feed  slides,  which  are  independent  of  each  other, 
are  also  operated  by  special  cams  adapted  to  each  particular 
job. 

In  a  machine  for  high  speed  work  it  becomes  important, 
both  in  securing  the  desired  speed  and  in  avoiding  objection- 
able shock,  to  move  and  reverse  the  lightest  possible  jjarts. 
For  this  reason  machines  having  turrets  of  the  "  revolver  "  or 
"  barrel "  type,  in  which  each  spindle  can  be  fed  indepen- 
dently, are  specially  adapted  to  high  speed  work.     In  such 


this  type  of  machine,  the  use  of  an  auxiliary  slide  has  been  re- 
sorted to,  this  auxiliary  slide  alone  being  moved  during  that 
part  of  the  quick  return  movements  required  to  retract  each 
tool  and  even  this  being  disconnected  for  the  remainder  of  the 
return  movement,  thus  avoiding  the  shock  which  would  result 
from  the  rapid  movement  of  these  slides. 

Mechanism  Controlled  by  Permanently  Set  Dogs  in  Com- 
bination with  Adjustable  Stops.  This  is  a  feature  of  the  Bul- 
lard  Mult-au-Matic  vertical  lathe.  Fig.  13.  This  lathe  has  been 
classed  by  the  American  Machinist  as  a  "  station  type  ma- 
chine "  because  the  workman  inserts  and  removes  the  work  at 
one  station  or  indexed  position  of  the  machine,  while  tools  in 
the  remaining  positions  are  perfonning  successive  operations 
on  other  pieces.' 

In  this  machine  the  rods  1  and  2  carry  dogs  which  engage 
stops  on  the  frame  of  the  machine  and  trip  respectively  the 
advance  and  return  feed  movements.     The  quick  traverse  mo- 


'  For   description   of   this   m.-iclune,    see    American   Machinist,   vol 
40,   no.   5,   p.    177. 
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tion,  which,  in  addition  to  retracting  the  tools  quickly,  can  also 
bring  them  quickly  forward  to  the  point  of  cutting,  is  operated 
through  gears  3  and  4  controlled  by  clutches.  The  advance 
feed  for  cutting  is  thi-ough  bevel  gears  5  and  change  gears  con- 
necting shafts  6  and  7,  the  worm  8  on  the  shaft  7  driving 
worm-wheel  9.  These  two  trains  of  mechanism  give  the  de- 
sired advancing  and  retracting  movements  through  connection 
with  screw  10. 

IV      INDEXING  ilECHANISMS 

Under  indexing  mechanisms  will  be  treated:  a,  method  of 
revoh-ing  turret,  h,  method  of  locking  and  clamping  turret, 
and  c,  rectifying  the  indexing. 

Method  of  Revolving  Turret.  A  well-known  method  of  in- 
dexing automatic  turret  machines  is  by  the  use  of  the  prin- 
ciple of  the  geneva  stop.     This  has  the  advantage  of  giving 


acting  at  the  desii'ed  point  of  the  return  motion  of  the  turret 
slide.  The  locking  pin  for  the  turret  is  also  operated  from  this 
same  rack,  and  thus  is  timed  with  the  clamping  device. 

Means  for  Bectifying  the  Indexing.  In  multiple  spindle 
machines  it  is  more  difficult  to  secure  accurate  indexing  and 
thus  produce  accurate  work  than  in  single  spindle  machines, 
because  of  the  mechanical  difficulties  of  constructing  the  ma- 
chine. It  is  difficult  to  bore  the  spindle  carrying  head  and 
mount  the  spindles  in  it  so  that  they  will  be  equally  spaced  and 
equidistant  from  the  centre.  To  overcome  such  inaccuracies 
as  are  due  to  this  cause,  rectifying  stops  have  been  employed 
as  shown  in  Fig.  15,  one  for  each  cross  tool  carrier.  These 
consist  of  a  series  of  pins  1  projecting  from  the  disk  2,  which 
disk  is  secured  to  the  front  end  of  the  spindle  head.  These 
pins  are  engaged  by  cooperating  stops  3  on  the  tool  carriers 
4  and  are  made  so  that  the  cutting  edges  of  the  tools  carried 


Fig.  11     Showing  Control  Br  Permanent  Cams  and  Adjd  stable  Cams  and  Dogs.     Cleveland  Automatic  Machine  Co. 


a  slow  starting  movement  gradually,  accelerating  and  slowing 
down  before  reaching  the  stopping  point,  thus  securing  rapid 
indexing  and  at  the  same  time  avoiding  shock.  An  illustra- 
tion is  shown  in  Fig.  5  where  the  turret  10  is  indexed  by  the 
engagement  of  a  pin  11  in  the  slots  12,  the  disk  13  carrying 
the  pin  being  intermitently  revolved  on  the  shaft  14. 

Methods  of  Locking  and  Clamping  the  Turret.  It  has  been 
the  general  practice  in  turret  machines  to  have  a  locking  pin 
to  automatically  engage  to  insure  the  accurate  alignment  of  the 
turret  with  the  spindle  and  to  hold  the  turret  firmly  in  position 
while  the  tools  are  operating.  Such  locking  pins  are  shown  at 
5,  Fig.  10,  and  at  5,  Fig.  12.  In  addition  to  the  use  of  a  lock- 
ing pin,  a  further  clamping  device  is  often  used  which  auto- 
matieaUy  clamps  the  revolving  turret  securely  to  the  slide  or 
bed  and  unclamps  it  before  the  next  indexing. 

An  example  is  shown  in  Fig.  14  where  the  turret  1  is 
clamped  to  the  turret  slide  2  by  the  central  stud  3  which  is 
forced  downward  by  a  camming  action  on  the  projecting  lugs 

4.  This  camming  action  is  produced  by  the  revolving  of  gear 

5,  this  gear  in  turn  being  acted  on  bj'  a  rack  controlled  by  dogs 


by  the  tool  caniers  4  will  be  exactly  the  same  distance  from 
the  centre  of  each  spindle  when  the  pins  and  their  cooperating 
stops  are  engaged,  thus  tending  to  counteract  the  inaccuracy 
above  referred  to,  or  any  which  may  result  from  wear  in  the 
machine. 

V      CONTROLLING   MEANS  FOR  THE  VARIOUS   MECHANISMS 

Aside  from  the  ordinary  practice  in  directly  controlling  the 
various  movements  of  an  automatic  turret  machine,  Mr. 
Flanders  in  his  paper'  has  pointed  out  that  the  use  of  a  con- 
troUing  shaft  or,  as  he  terms  it,  a  "  lay  shaft,"  constitutes  a 
separate  type  of  control. 

A  machine  with  this  type  of  control  is  shown  in  Fig.  5, 
where  the  shaft  15  drives  the  various  mechanisms  of  the  ma- 
chine, except  the  spindle,  and  by  means  of  clutches  controls 
their  operations. 

The  shaft  7  in  Fig.  1  may  also  be  said  to  be  another  type  of 
controlling  shaft,  as  through  the  interposition  of  dogs  and 
levers  it  controls  the  various  operations  of  the  machine  al- 


'■  International  Engineering  Congress,  1915. 
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though  it  does  not  drive  them.  It  is  au  application  to  what 
Mr.  Fhmders  terms  the  screw  feed  type  of  machine.  The  Bul- 
lard  machine,  Fig.  13,  is  also  of  this  type. 
author's  note 
It  will  be  understood  that  in  the  limits  of  such  a  paper  as 
this  it  is  not  possible  to  describe  all  machines  and  mechanisms 
devised  for  performing  the  various  functions  discussed.  It 
has  been  necessary  to  select  a  few  only  and  as  far  as  possible 
the  selections  have  been  made  of  those  which  are  typical  and 
in  the  main  of  such  as  are  in  actual  use. 

DISCUSSION 

C.  M.  Coxradson'  contributed  a  written  discussion  in  which 
he  reviewed  the  subject  of  hydraulic  and  pneumatic  control 
for  machine  tools,  citing  the  following  as  examples  of  the  ap- 
plication of  such  control: 

A  device  for  feeding  a  gang  drill  by  a  direct  acting  hydrau- 
lic cylinder  by  Jesse  Walrath,  Supt.  of  the  J.  I.  Case  Thresh- 
ing Machine  Co.,  was  in  operation  in  1889.  It  consisted  of  a 
multiple  driU  in  which  the  table  was  fed  up  against  the  drills 
by  a  cylinder  and  piston.     Pressure  liquid  was  supplied  by 


the  backlash  of  the  forming  slide  used  to  form  steel  tires  in 
the  boring  mill  or  lathe.  This  device  merits  the  closest  study, 
as  it  strikes  at  the  root  of  the  most  serious  trouble  encount- 


FiG.  12    Feeding  of  Turret  Slide  by  Cam  Specially  Formed 

FOR  THE  Job — Additional  Quick  Return  Device. 

Brown  &  Sharpe  Mfg.  Co. 
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Fig.  13    Tool  Device  Having  the  Feature  of  Tripping  the  Feed  if  Pressure  on  Tool  Becomes  Excessive. 

Bullard  Machine  Tool  Company 


means  of  a  constant  discharge  piston  pump,  the  speed  and 
stroke  of  the  pump  being  such  as  to  feed  the  drills  correctly. 
A  simple  hand  controlled  valve  regulated  the  flow  of  the  pres- 
sure liquid  to  the  cylinder  and  its  escape.  This  machine  was 
operated  for  many  years  and  was  perfectly  satisfactory. 

About  the  same  time  the  pneumatic  chuck  was  brought  out 
and  patented  by  a  Chicago  inventor.  This  patent  disclosed 
all  the  essentials  of  the  pneumatic  chuck,  consisting  of  a  col- 
let, closing  tube,  axial  pressure  cylinder  with  piston,  retracting 
means,  and  three-way  actuating  valve. 

F.  W.  Taylor,  while  superintendent  of  the  Midvale  Steel 
Co.,  designed  and  patented  a  hydraulic  device  for  taking  up 


^  Phoenix  Mfg.  Co.,  Eau  Claire,  Wis. 


ered  in  the  use  of  broad  cutting  tools  in  machines.  Taylor  ini- 
tially strained  the  tool  holder  in  the  same  direction  as  it  w/is 
strained  by  the  cut,  and  thereby  overcame  chatter  and  "  hog- 
ging in." 

Taylor  also  invented  and  jiatented  an  extremely  ingenious 
feed  motion  for  boring  machines,  consisting  of  an  axial  cylin- 
der and  piston  acting  directly  on  the  boring  tool  and  restrained 
by  means  of  a  mechanical  let-off  device  consisting  of  a  threaded 
bar,  a  rotary  nut,  and  suitable  actuating  mechanism,  which  ro- 
tated the  nut  at  the  proper  i-ate  to  secure  the  desired  feed. 
The  hydraulic  piston  supplied  the  necessary  pressure  to  feed 
the  tool  to  the  cut.  By  this  means  all  backlash  was  eliminated, 
as  well  as  the  tendency  to  dig  in. 

Probably   the   first   example   of   an   hydraulically   actuated 
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automatic  machine  tool  is  afforded  by  the  writer's  automatic 
lathe  patented  in  1893.  In  this  machine  a  differential  cylinder 
made  integral  or  attached  to  the  frame  of  the  lathe  actuated  a 
piston  attached  to  the  turret  slide.  Pressure  liquid  was  sup- 
plied to  the  large  end  of  the  cylinder  by  means  of  an  auto- 
matically actuated  valve  controlled  by  an  adjustable  stop  bar 
geared  to  rotate  in  unison  with  the  turret.  This  stop  bar  was 
arranged  with  its  axis  parallel  to  the  axis  of  the  lathe  and  was 
eaiTied  by  the  turret-slide.  The  bar  was  hexagonal  in  general 
outline,  and  on  each  of  its  faces  were  arranged  cam  blocks  for 
controlling  the  valve ;  as  the  cams  came  into  action  successively, 
it  was  possible  to  begin  feeding  at  any  desired  point  for  each 
tool,  and  also  to  stop  feeding  at  any  point.  The  rapid  traverse 
of  the  turret  was  likewise  controlled  by  the  stop  bar,  and  was 
very  rapid. 

In  a  machine  built  in  1892,  the  traverse  of  the  turret  was 
75  ft.  per  min.  While  this  machine  worked  perfectly  in  all 
shop  tests,  further  experience  showed  the  desirability  of  chang- 
ing the  throttling  control  to  a  positive  feed  obtained  from  a 
variable  delivery  pump. 
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troUed  machine  tool  is  found  in  the  writer's  multiple  spindle 
automatic  lathe.  This  was  described  in  detail  in  the  American 
Machinist,  June  25,  1914.  The  power  and  precision  of  hy- 
draulic control  is  strikingly  examplified  in  these  machines.  In 
the  large  size,  the  spindle  carrier  weighing  more  than  10  tons 
is  handled  with  perfect  ease  and  is  locked  with  perfect  accu- 
racy. 

An  illustration  showing  the  exceedingly  close  limits  attain- 
able by  the  use  of  fluid  control  is  the  pneumatically  actuated 
plate  drilling  machines  employed  by  the  Waltham  Watch  Com- 
pany. In  these  machines,  the  watch  plate  is  mounted  on  a 
platen  arranged  to  move  in  two  directions  at  right  angles  to 
each  other.  These  motions  are  obtained  by  pneumatic  cylin- 
ders and  pistons,  and  are  limited  by  rotating  stop  bars.  The 
machine  is  automatic,  and  the  work  jiroduced  has  necessarily 
to  be  practically  perfect. 


Tig.  14    Clamping  Device  for  Turret.    Potter  &  Johnston 
Machine  Company 


Fig.  15    Means  for  Rectifying  the  Indexing  of  Multiple 
Spindle  Machine.    Davenport  Machine  Co. 


James  Hartness  developed  a  hydraulic  feed  turret  lathe  in 
which  the  turret  was  actuated  by  a  cylinder  and  piston;  the 
chief  novelty  of  this  machine  was  in  the  method  of  obtaining 
the  pressure  liquid  by  means  of  compressed  air  acting  on  the 
surface  of  the  liquid  contained  in  a  tank. 

Pneumatic  clamping  of  work  in  jigs  was  developed  largely 
by  B.  M.  W.  Hanson,  Supt.  of  the  Pratt  &  Whitney  Co.  Such 
jigs  are  now  in  general  use  in  automobile  factories  for  holding 
cylinder,  pistons,  etc.,  while  being  operated  on.  Pneumatic 
clamps  are  used  on  plate  planers  to  great  advantage.  Pneu- 
matic vises  have  been  in  use  for  several  years  for  assembling 
valves,  fittings,  etc. 

Pneumatic  chucks  are  generally  used  for  rapidly  chucking 
work  on  lathes,  screw  machines,  etc.  Thej-  are  made  in  the 
original  form,  using  collets,  and  also  are  made  with  radially 
moving  jaws.  This  type  of  pneumatic  chuck  is  especially  valu- 
able, as  false  jaws  can  be  readily  fitted.  It  can  also  be  made 
to  any  size  desired,  and  is  in  use  for  holding  car  wheels. 

The  writer  has  recently  patented  the  application  of  the  pneu- 
matic chuck  to  multiple  spindle  lathes,  each  spindle  being  pro- 
vided with  a  cylinder  and  piston,  communicating  piping,  and 
individual  valves  by  which  the  chucks  can  be  opened  and  closed 
when  the  spindle  is  in  chucking  position. 

B.  M.  W.  Hanson  patented  in  1909  an  automatic  lathe  oper- 
ated by  fluid  pressure.  The  claims  were  especially  directed  to 
the  indexing  mechanism,  all  of  the  motions  being  controlled 
by  a  number  of  pistons. 

Perhaps  the  most  complete  example  of  a  fluid  pressure  con- 


In  the  hydraulically  actuated  shaping  machine  designed  by 
the  writer,  the  cylinder  is  cast  integral  with  the  frame  and 
the  piston  rod  is  attached  at  the  ends  to  the  ram.  The  pis- 
ton is  in  the  central  part  of  the  rod,  and  pressure  liquid  is 
alternately  admitted  to  the  ends  of  the  cylinder  through  suit- 
able ducts.  A  multi-cylinder  valveless  pump  is  employed,  hav- 
ing a  shifting  crank  pin.  The  crank  pin  is  shifted  from  side 
to  side  bj'  means  of  an  escapement  tripped  by  tappets  on  the 
ram;  the  effect  is  to  reverse  the  flow  of  the  liquid  and  thereby 
cause  reversal  of  stroke.  In  one  particular  size  of  this  ma- 
chine, the  relief  valves  are  set  at  400  lb.  per  sq.  in.,  giving  an 
available  pressure  at  the  tool  point  of  5  tons.  The  ram  travels 
up  to  100  ft.  per  min.  in  either  direction  and  without  change, 
other  than  that  the  tool  holder  can  be  used  for  either  push  or 
draw  out.  The  pressure  in  the  cylinder  rises  in  accordance 
with  resistance  due  to  cut. 

A  recent  development  in  hydraulic  control  is  the  grinding 
lathe  built  by  the  Greenfield  Machine  Company;  in  this  a  sta- 
tionary cylinder  is  employed,  the  piston  being  attached  to  the 
platen  of  the  machine.  A  valve  actuated  by  tappets  operates 
to  admit  and  exhaust  pressure  liquid  to  the  cylinder. 

A  verj'  important  use  of  hydraulic  or  pneumatic  pressure 
is  for  operating  friction  clutches  for  starting,  stopping,  or  re- 
versing moving  parts.  These  clutches  are  very  similar  in  many 
features  to  the  air  chuck,  and  are  used  with  great  success  in 
planers,  slotters,  lathes,  etc.  Such  clutches  have  been  designed 
by  Wm.  Sellers  &  Co.  and  by  John  Riddell.  The  pneumatic 
clutch  is  easily  ojierated,  is  very  durable,  and  possesses  the 
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great  advantage  that  it  is  self-compensating  for  wear.  Weston 
hydraulic  clutches  have  been  built  transmitting  up  to  1000  h.p. 
At  the  present  time,  when  the  use  of  compressed  air  is  nearly 
universal  in  machine  shops,  it  is  actually  cheaper  in  many 
cases  to  use  pneumatic  clutches  than  mechanically  actuated 
clutches. 

There  are  many  minor  uses  for  compressed  air  in  machine 
tool  practice,  such  as  lifting  clapper  boxes  of  planer,  lifting 
planer  tools  diz-ectly  out  of  the  cut,  actuating  tools  on  auto- 
matic machines,  etc. 

Ralph  E.  Flander.s.  One  of  the  things  in  favor  of  the  hand 
machine  for  large  work  is  that  with  it  higher  speeds  and  feeds 
can  be  used  in  many  eases  than  in  an  automatic  machine.  On 
an  automatic  machine  the  speeds  and  feeds  have  to  be  kept 
down  to  such  a  point  that  nothing  sei'ious  will  happen  while 
the  operator  is  away,  attendmg  to  one  of  his  other  machhies. 
The  operator  running  the  hand  machine  has  his  eye  on  the  work 
constantly,  and  it  is  safe  to  run  at  speeds  and  feeds  which  are 
not  safe  for  an  unattended  machine. 

Furthermore,  at  times  the  automatic  machine  has  to  be  so 
set  that  the  slow  feeding  movements  will  start  at  a  reasonable 
length  of  time  before  the  tool  actually  strikes  the  work,  losing 
a  little  time  there.  This  does  not  mean  that  the  automatic 
machine  will  not  occupy  a  larger  field  every  year  in  certain 
kinds  of  work. 

One  further  type  of  mechanism  should  be  added  to  the 
classification  of  spindle  drives.  This  is  the  type  where  a 
change  is  made  in  the  relative  movement  of  work  spindle  and 
tool  carrier.  Each  one  of  the  author's  speed  classifications 
comes  under  this  head  of  change  in  the  relative  movement, 
strictly  speaking;  but  the  particular  application  I  have  in 
mind  is  used,  if  I  remember  correctly,  on  the  Gridley  multiple 
spindle.  In  that  machine  the  tap  or  die  may  be  run  at  a 
slower  rate  of  speed  than  the  work  for  threading  on,  and  then 
at  a  faster  rate  of  speed  than  the  work  for  threading  off,  with- 
out changmg  the  rate  of  speed  of  the  spindle.  Perhaps,  there- 
fore, this  feature  does  not  come  in  the  classification  of  spindle 
drive  at  all,  though  it  has  the  effect  of  some  of  the  other 
methods  Mr.  Burlingame  has  mentioned  under  this  classifica- 
tion. 

Elmer  H.  Neff.  Mr.  Burlingame's  paper  would  appear  to 
use  the  word  "  control "  with  a  different  interpretation  from 
tlie  paper  presented  by  Mr.  Brooks.  The  latter  has  used  the 
word  "  control "  in  the  ordinary  sense  relating  to  the  method 
of  conveying  to  the  machine  tool  its  power  for  operation,  while 
this  paper  covers  the  field  of  devices  applied  to  screw  machines 
and  lathes  for  automatically  performing  the  work  for  which 
they  are  designed.  In  other  words  it  relates  to  the  details 
of  design  of  the  tools.  A  great  deal  of  interesting  information 
has  been  collected  to  cover  the  elements  of  the  machmes  as 
listed  in  the  paper. 

I  should  question  the  elements,  Means  for  Inserting  and 
Bemoving  the  Work,  and  Feeding  Mechanisms  in  the  analysis. 
The  term  feeding  mechanism  in  connection  with  screw  machines 
has  come  in  actual  practice  to  be  confined  to  the  operation 
of  feeding  out  the  bar  by  a  wire  feed  mechanism  preparatory 
to  performing  the  cutting  operations.  Mr.  Burlingame  realizes 
this  as  is  evident  from  the  use  of  the  term  "  is  fed  "  later  in 
the  ]iaper.  I  think,  however,  that  the  second  element  above 
should  read,  "  Mechanism  for  control  of  operation  of  cutting 
tools.''  The  first  element  above  would  be  more  properly- 
labeled,  "  Feeding  mechanism  "  or  some  similar  title. 

Referring  to  the  paragraphs  on  speed  change,  I  would  sug- 
gest as  a  still  stronger  reason  for  having  incorporated  in  an 


automatic  screw  niaclune  the  possibility  of  changing  its  spindle 
speeds  automatically  during  the  series  of  operations  going  to 
make  up  a  finished  piece,  that  the  presence  of  tliis  possibility 
enables  the  designer  of  the  tools  to  secure  a  larger  output  from 
the  machine.  The  reason  for  this  larger  output  is  that  some 
pieces  of  work,  especially  in  castings,  will  have  cutting  oper- 
ations on  diameters  quite  different  in  size  from  each  other, 
so  that  if  the  small  diameter  has  to  be  machined  at  the  same 
rate  of  rotation  as  is  demanded  by  the  limitations  of  cutting 
speeds  on  the  large  diameter,  the  product  of  the  machine  is  cut 
down  to  a  low  ebb.  A  further  illustration  is  in  the  fact  that 
threading  must  be  done  at  a  relatively  slow  speed  as  compared 
with  turning  operations. 

In  former  years  it  was  a  common  idea  among  those  who 
were  prospective  purchasers  of  automatic  screw  machines, 
particularly  among  those  who  had  not  used  such  machines,  that 
a  cheaper  class  of  labor  could  operate  them.  Experience  has 
shown  this  idea  to  be  a  fallacy.  As  a  matter  of  fact,  if  there 
is  any  difference  at  all,  it  requires  a  higher  degree  of  skill  to 
operate  an  automatic  screw  machine  than  it  does  a  hand  screw 
machine.  The  skilled  operator  attending  from  four  to  seven  or 
more  machines  is  sometimes  assisted  by  a  helper  who  can  slip 
a  bar  of  stock  through  the  feeding  finger,  and  throw  the  start- 
ing lever,  but  that  is  not  operating  the  machine.  These  screw 
maehuie  operators  are  not  necessarily  machinists  by  trade, 
but  they  should  be  highly  skilled  specialists  in  this  particular 
work.  The  statement  in  the  paper  with  regard  to  greater  skill 
required  to  keep  the  machine  in  running  condition  is  correct, 
and  evidently  is  contrary  to  the  statement  that  less  skilled  labor 
can  be  applied. 

Automatic  screw  machines  are  successfully  performing  the 
work  indicated  by  the  following  classification  : 

a  Producing  pieces  from  bar  stock  (bar  brass,  machinery  steel, 
drill  rod,  etc.) 

6  Second  end  operations  on  pieces  produced  bj'  classification  a. 
In  this  section  the  work  is  fed  into  the  chuck  automatically 
from  a  magazine  or  hopper. 

c  Machining  operations  on  blanks  such  as  punehings  and  small 
castings.  The  work  is  automatically  fed  into  the  chuck 
in  such  cases  usually  from  a  chute,  the  only  requisite  being 
that  if  they  are  castings  they  shall  not  vary  in  roiuidness 
or  size  more  than  the  elasticity  of  the  chuck  will  allow. 

d  Performing  the  machining  operations  on  pieces  inserted  by 
hand  in  the  chuck.  These  are  usually  castings  of  such 
irregular  shape  or  size  that  they  cannot  be  handled  or  in- 
serted from  a  chute  automatically. 

I  liave  recommended  and  installed  a  multitude  of  automatic 
machines  during  the  past  18  years,  covering  operations  along 
the  classifications  suggested.  I  cannot  agree  with  Mr.  Flanders 
in  his  discussion  of  this  paper  that  automatic  machines  must 
run  at  a  slower  speed  than  hand  machines  unless  his  statement 
should  be  limited  in  its  application  to  castings.  The  machin- 
ing operations  on  castings  are  liable  to  be  considerably  cur- 
tailed in  speed  on  account  of  the  variations  in  their  hardness, 
and  also  on  account  of  the  liability  that  they  may  have  incor- 
porated in  them  slag  or  other  hard  substances  that  will  destroy 
the  cutting  tools,  and  spoil  considerable  work,  before  the 
operator  discovers  the  injury  to  the  tools. 

There  is  no  direction  in  which  the  general  machine  tool  in- 
dustry is  growing  more  rapidly  than  in  the  field  to  which  auto- 
matic screw  machines  as  analj'zed  above  can  be  applied.  The 
reason  for  this  growth  is  readily  understood  by  those  who  have 
used  automatic  screw  machines  because  their  installation,  al- 
most without  exception,  has  shown  very  large  savings  in  cases 
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of  producing  raanufaetured  goods.  At  the  same  time  it  sliould 
be  noted,  in  passing,  that  praetieally  all  the  gears  used  in  this 
country  are  pi-odueed  on  automatic  gear  cutting  machines. 
Also  that  the  cylindrical  grinding  machine,  which  has  developed 
very  rapidly,  is  a  semi-automatic  machine,  that  is,  one  which 
produces  automatically  in  many  cases  the  finished  operation 
after  the  piece  has  been  inserted  in  the  machine  by  hand. 
Furthermore,  some  progi'ess  has  been  made  in  the  development 
of  completely  automatic  grinding  machines,  which  insert  their 
work  automatically  from  a  chute. 

Norman  Marshall  inquired  whether  it  was  necessary  to  in- 
stall automatic  stopping  devices  on  these  machines  to  take  care 
of  accidents,  and  what  was  the  state  of  their  development. 

H.  K.  Hathaway  said  that  the  contrast  between  what  has 
been  done  in  the  way  of  automatic  control  in  machine  shops 
and  in  other  lines  of  industry,  had  struck  him  very  forcibly  in 
the  last  few  years. 

In  the  textile  and  other  allied  industries,  particularly,  there 
has  been  much  done  in  the  way  of  the  automatic  stopping  of 
machines  when  anything  goes  wrong,  as  well  as  other  features 
of  automatic  control.  In  machine  shops,  however,  the  use  of 
automatic  control  has,  comparatively,  been  verj'  limited. 

The  Author.  As  to  the  differential  rate  of  speed  of  spindle 
and  work,  which  Mr.  Flanders  mentions,  it  is  interesting  to 
note  that  the  patent  records  show  that  practically  every  im- 
aginable combination  of  running  forward  and  backward,  start- 
ing and  stopi)ing,  has  been  patented  at  some  time,  probably 
without  the  claims  being  of  any  great  value.  All  combinations 
for  control  of  spindle  speeds  might  be  classed  under  one  head- 
ing, whether  they  are  for  stopping  the  spindle  entirely  or  for 
slowing  it  down  thus  giving  a  differential  speed. 

There  are  some  factors  of  automatic  control  to  which  study 
has  been  given  but  which  are  not  included  in  this  paper.  One 
is  the  supplying  of  oil  to  the  point  of  the  drill,  in  a  turret 
machine,  so  that  the  oil  is  shut  off  as  soon  as  the  turret  is  in- 
dexed to  another  position,  and  restarted  whenever  the  drill  is 
in  Hne. 

I  agree  with  Mr.  Neff  that  the  use  of  automatically  con- 
trolled machines  increases  the  need  of  skilful  supervision.  In 
fact  this  statement  is  made  in  the  paper.  It  is  simply  that  less 
skilled  men  can  be  used  as  helpers  on  automatic  machines ;  but 
there  must  be  somewhere  up  and  down  the  line  someone  with  a 
high  degree  of  skill  for  the  purposes  of  supervision. 

Men  who  are  not  fully  trained  mechanics  can  sometimes  be 
instructed  so  as  to  become  skilful  in  operating  automatic  ma- 
chines. These  are  men  adapted  to  this  work,  who  become 
skilled  in  a  sense,  although  not  classed  as  skilled  "'  all  around 
mechanics."  I  do  not  wish  to  convey  in  the  paper,  however, 
any  thought  but  that  skilled  supen'ision  and  skilled  men  are 
needed  to  operate  these  machines. 

In  reply  to  Mr.  Marshall,  it  is  a  plan  in  many  types  of  ma- 
chines to  have  a  breaking  or  friction  point  which  will  break  or 
yield  first  and  thus  jirevent  breaking  any  of  the  important 
parts.  The  machine  so  constructed  can  be  readily  started  up 
again  without  waiting  for  expensive  repairs.  This  feature 
might  be  very  aptly  classed  as  one  of  automatic  control,  but 
not  in  the  usual  sense  in  which  the  mechanism  for  operating 
the  machine  is  meant. 

On  the  Bullard  machine  (Fig.  13)  is  a  thrust  for  the  worm 
which  will  allow  it  to  give  if  the  pressure  is  exceeded,  and 
will  trip  the  machine  so  as  to  stop  its  feeding.  This  illus- 
trates in  another  way  the  point  made  by  Mr.  Marshall. 


ELECTRIC  OPERATION  AND  AUTO- 
MATIC ELECTRIC  CONTROL  FOR 
MACHINE  TOOLS 
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THE  application  of  electric  control  to  individual  machine 
tools  is  considered  to  be  one  of  the  most  important  for- 
ward steps  in  the  improvement  of  machine  shop  efficiency.  The 
economies  resulting  from  substituting  electric  drive  (either  in- 
dividual or  group  drive)  for  the  steam  engine  and  long  line 
shaft  drive  were  very  effectively  outlined  before  this  Society 
six  years  ago.'  Prof.  W.  F.  M.  Goss  too  has  stated :  "  I  am 
convinced  that  the  machine  tool  of  the  future  is  to  be  an  indi- 
vidual motor  driven  machine,  a  machine  in  which  we  shall  not 
see  pulleys,  belts  or  gears." 

In  the  early  application  of  electric  motors  to  machine  tools, 
the  motors  were  started  by  hand  starters,  either  of  the  dial, 
or  drum  type,  the  dial  type  usually  being  unprotected.  How- 
ever, these  conditions  are  now  entirely  reversed  by  use  of 
Safety  First  requirements  and  remote  controlled  automatic 
controllers. 
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Fig.  1    Connections  of  C.  E.  M.  F.  Automatic  Starter 
Fig.  2    Connections  op  Series  Type  Starter 

During  the  past  year,  the  A.  I.  E.  E.  has  held  a  series  of 
meetings  under  the  auspices  of  the  Industrial  Power  Commit- 
tee. The  subjects  treated  included  the  characteristics  of  elec- 
tric motors;  factors  involved  in  motor  applications;  fields  of 
motor  application  and  controllers.  These  articles  contained  a 
vast  amount  of  valuable  data  and  information  relative  to  their 
subjects  and  to  present  practice,  and  it  is  understood  that 
they  will  be  published  in  a  special  volume.  All  who  are  inter- 
ested are  referred  thereto,  as  any  attempt  to  give  an  abstract 
here  would  be  unsatisfactory. 

coxtrol  apparatus 

While  there  are  a  number  of  instances  and  special  locations 
where  dial  or  drum  type  hand  starters  are  more  applicable, 
we  have  reached  the  time  when  automatic  starters,  remote  con- 
trolled (with  the  possible  occasional  exceptions  of  the  revers- 
ing switch),  are  the  most  suitable.  The  principal  advantages 
of  automatic  control  are: 

a  The  use  of  manually-operated  controllers  may  cause  undue 
stresses  on  the  motor,  especially  on  rapid  reversing  equip- 
ments 
b  The  operating  switch,  or  push  button,  is  easily  attached  to 
the  machine  and  the  main  panel  may  be  located  at  a 
distant  point,  out  of  the  way 


1  Trans.  Am.  Soc.  M.  E..  vol.  32,  p.  219  ;  also,  Proc.  A.  I.  E.  E.,  vol. 
29,    p.    621. 
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well 


c  The    inaiuitiiitme    ut   automatic   appliances    is    now    a 
founded  art  and  is  no  longer  an  experiment 

d  A  considerable  increase  in  tlie  capacity  of  the  machines  is 
obtained 

e  The  starting-  time  is  automatically  regulated  to  suit  the  load 
conditions  on  the  motor 

/  Accurate  stopping  points  are  obtained  by  the  application  of 
dynamic  braking,  which  consists  in  connecting  a  resistance 
across  the  armature  circuit  in  the  off  position  of  tlie  starter, 
the  stored  energy  of  the  armature  being  dissipated  as  heat 
in  the  resistance 


Fig.  3     Staetixg  Panel  fok  Small  Motor 

g  It  permits  the  use  of  operators  not  specially  trained.  It  en- 
tirely removes  the  element  of  thought  from  the  mind  of 
the  operator  who  has  simply  to  operate  the  master  switch 
or  push  button  in  the  desired  direction  and  does  not  need 
to  think  about  drift  points,  safety  features,  etc. 

TYPES   OP   STARTERS 

The  three  general  tyjies  of  automatic  starters  are  time  ele- 
ment, counter  e.m.f.  and  cun-ent  limit.  Fig.  1  shows  a  con- 
nection of  a  counter  e.m.f.  starter  with  one  step  of  starting 
resistance,  and  line  switch  in  motor  circuit.  A  simplified 
wiring  scheme  of  a  series  type  of  starter  is  shown  in  Fig.  2. 

All  panels,  whether  for  general  starting  duty,  or  for  con- 
trol of  special  machines,  should  be  provided  with  a  suitable 
enclosing  case,  for  the  protection  of  the  appliances  on  the 
panel  against  injury,  also  for  the  protection  of  the  operator 
against  accidental  contact  with  cuiTent  carrying  parts.  With 
starters  for  motors  of  small  capacity  the  enclosing  case  should 
be  fool-i^roof  and  meet  all  the  applicable  Safety  First  require- 
ments. Under  ordinary  conditions,  the  control  panels  for 
motors  of  large  capacity  should  be  provided  with  small  open- 
ings to  allow  for  the  radiation  of  heat  from  the  current  carry- 
ing parts.     In  many  cases,  it  will  be  found  very  desirable  to 


make  the  enclosing  ease  as  a  part  of  the  casting  of  the  machine 
frames. 

STARTER  FOR   CONSTANT   SPEED    MOTORS 

A  starter  for  small  adjustable  speed  motors  of  %  h.p.  and 
less,  where  starting  resistance  is  not  necessary,  is  shown  in 


Fig.  4    Woodworking  Lathe  with  Starter  in  Headstock 

Fig.  ;!.  It  consists  of  a  line  contactor,  an  overload  relay,  a 
field  rheostat  and  connection  board,  mounted  on  the  insulating 
base  and  enclosed  in  a  Safety  First  case,  which  is  adapted  for 
conduit  wiring.  This  starter  is  arranged  to  always  start  with 
full  field  on  the  motor  by  simply  turning  the  field  rheostat 
handle  to  the  extreme  left,  thus  closing  the  line  contactor,  after 
which  the  rheostat  handle  may  be  turned  to  the  point  for  the 
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D.  C.  Starting  Panel.    Max.  Rating  3  H.P.  at  230 
Volts 


desired  motor  speed.  If  desired,  an  "  emergency  stop  "  push 
button  may  be  located  at  any  convenient  ]ioint  on  the  machine. 
This  starter  is  especially  adapted  for  headstock  motors,  wood- 
working machines,  etc.  Fig.  4  shows  a  wood-turning  lathe 
with  the  starter  self-contained  in  the  lathe  frame. 

A  starter  for  motors  of  %  to  3  h.p.,  where  one  step  of  start- 
ing resistance  is  necessary,  is  shown  in  Figs.  5  and  6.  The  ap- 
pliances on  the  front  of  the  panel  consist  of  line  switch  and 
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fuses,  (1)  contactor,  (1)  counter  e.m.f.  accelerating  contactor, 
and  connection  board.     The  starting  resistance  is  mounted  on 
the  back  of  the  panel.     The  complete  panel  is  enclosed  in  a 
Safety  First  ease,  the  chief  features  of  -which  are: 
a  The  switch  operating  handle  may  be  locked  in  position,  thus 

preventing  unauthorized  operation 
b  A  hinged  door  is  provided  for  the  examination  of  the  panel 

and  renewing  the  fuses 
c  There  is  an  interlock  between  the  operating  handle  and  the 
cover  of  the  enclosing  case,  so  that  the  cover  cannot  be 
opened  until  the  switch  is  open  and  the  switch  cannot  be 
closed  until  the  cover  is  closed,  thus  preventing  any  injury 
to  the  operator  as  a  result  of  accidental  short  circuits.  This 
starter  is  arranged  for  push  button  operation  and  the  en- 
closing case  may  be  fitted  for  conduit  connection. 
For  starters  of  larger  horsepower,  arrangement  c  would  be 


Fig.  6     D.  C.  Starting  Panel.    Max.  Rating  3  H.P.  at  230 

Volts 

somewhat  modified  to  accommodate  the  additional  accelerating 
contactors.  A  double  pole  line  contactor  should  also  be  sup- 
plied. The  questions  of  type  of  overload  appliance  and 
whether  or  not  a  dynamic  braking  contactor  is  necessary  de- 
pend upon  the  application.  The  enclosing  case  should  be  of 
sheet  steel,  for  appearance  and  light  weight,  and  the  inter- 
locking features  described  above  are  not  necessary. 

STARTERS    FOR  ADJUSTABLE   SPEED   MOTORS 

For  general  service,  the  starters  for  adjustable  speed  motors 
should  be  of  the  same  general  design  as  described  above  for 
constant  speed  service. 

The  starting  resistance  should  be  mounted  back  of  the  panel, 
except  in  the  case  of  large  sizes  of  motors  when  it  should  be 
separately  mounted.  The  field  rheostat  should  be  mounted 
separate  from  the  panel,  with  the  possible  exception  of  small 
sizes  of  motors.  The  method  of  control  should  be  at  the  panel 
or  remote,  as  operating  conditions  require. 

REVERSING    SERVICE 

For  general  reversing  service,  the  starters  should  be  of  the 
same  general  design  and  requirements  as  given  above  for  non- 
reversing,  with  the  following  modifications: 
a  Dynamic  braking  at  the  "  off  "  position  should  be  supplied 

to  protect  the  motor 
b  Two  double  line  contactors  are  necessary  to  give  the  re- 
versing.   In  small  equipments,  a  double  pole,  double  tlu-ow 
switch  may  be  used  for  reversing. 

GENERAL    SERVICE 

The  types  of  starters  described  above  are  applicable  for  all 
general  service,  as  pumps,  fans,  drill  presses,  grinders,  milling 


machines,  and  boring  mills,  except  in  cases  where  special  fea- 
tures are  desired. 

PROTECTIVE   FEATURES 

All  automatic  starters  and  control  apparatus  should  be  pro- 
vided with  protection  from  low  voltage  on  the  line,  also  from 
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excessive  overload.  In  all  cases,  except  possibly  pumps  and 
fans  and  similar  machines,  these  protections  should  be  of  such 
a  nature  as  to  disconnect  the  motor  from  the  line,  and  not  to 
be  restarted  except  by  the  operator  at  starting  station.  For 
motors  of  over  25  h.p.,  the  overload  protection  should  be  pre- 
ferably an  overload  relay,  either  hand  or  electrically  reset,  as 
operating  conditions  require.  For  motors  below  25  h.p.,  the 
overload  protection  should  be  fuses,  chiefly  for  economic  rea- 
sons. The  fuse  capacity  should  conform  to  the  requirements 
of  the  National  Board  of  Fire  Underwriters.  In  many  eases 
it  wiU  be  preferable  to  have  the  line  switch  and  fuses  a  part 
of  the  distribution  system,  separate  from  the  control  panel. 
With  adjustable  speed  motors,  it  is  desirable  to  set  the  field 


Fig.  8     Wheel  Lathe  Controlling  Panel 

rheostat  so  that  the  motor  will  always  operate  at  a  predeter- 
mined speed.  To  accomplish  this,  connections  should  be  such 
that  the  field  resistance  is  short-circuited  during  the  accelerat- 
ing period,  thus  permitting  the  motor  to  start  under  maximum 
torque.  (This  connection  to  be  reestablished  when  the  motor 
is  stopped,  thereby  giving  maximum  torque  for  the  dynamic 
brake  cycle).  After  the  armature  resistance  is  cut  out,  the 
field  is  then  automatieallj'  weakened  to  the  predetermined 
point.  In  order  to  prevent  the  motor  from  accelerating  too 
fast,  thereby  drawing  excessive  current  from  the  line,  the  field 
accelerating  relay  should  be  supjilied.  This  relay  is  connected 
in  the  armature  circuit  with  auxiliary  contacts  which,  when 
closed,  short-circuit  the  field  rheostat  and  as  the  relay  operates 


February 
1916 


ELECTRIC  CONTROL  OF  MACHINE  TOOLS,  L.  C.  BROOKS 


115 


alternately  cut  the  field  rheostats  iu  and  out  as  the  motor  in- 
creases from  full  field  speed  to  the  desired  fast  speed,  thereby 
preventing  the  high  cun-ent  inrushes  on  the  motor.  This 
method  also  permits  of  quickly  obtaining  full  speed  and  pre- 
vents severe  field  distortion  due  to  high  armature  cun-ents. 
These  relays  are  unnecessary  on  motors  below  5  h-ij.,  and  on 
motors  of  less  than  50  h.p.,  with  a  speed  range  of  2:1,  except 
in  special  cases  where  the  time  of  bringing  acceleration  up  to 
speed,  with  150  per  cent  load,  is  many  times  that  of  the  field 
constant. 

Fig.  7  is  a  current  curve  when  starting  a  5  h.p.  motor, 
500/1500  r.p.m.,  flywheel  load,  showing  the  starting  peaks, 
also  how  the  field  relay  regulates  the  current. 

With  adjustable  speed  motors  of  a  range  of  greater  than 
2  to  1,  provision  should  also  be  made  so  that  the  field  resist- 
ance is  not  cut  in  until  the  last  accelerating  contactor  has 
closed,  thereby  cutting  out  the  last  step  of  starting  resistance. 
Provision  should  be  made  so  that  the  motor  fields 
are  not  energized  when  the  machine  is  not  in  use. 

With  adustable  speed  motors,  too,  especially 
with  a  range  of  4  to  1,  arrangements  should  be 
such  as  to  prevent  a  "  pump  back  "  when  stopping 
the  motor. 

On  work  requiring  quick  reversing,  dynamic 
braking  should  be  provided  at  the  "  off"  position 
of  the  starting  switch.  In  many  cases,  as  on 
planers  and  boring  mills,  a  graduated  dynamic 
braking  of  two  or  more  points  is  necessary. 

RESISTANCES 

In  connection  with  starting  apparatus,  one  of 
the  most  important  items  for  consideration  is  the 
starting  resistance.  Except  in  cases  of  small 
motors,  cast  iron  grids  are  very  satisfactory  for 
this  service.  Cast  iron  has  a  temperature  coeffi- 
cient of  about  0.0007  and  by  adding  a  small  per 
cent  of  certain  alloys,  a  very  high  resistance  grid 
is  obtained  which  is  suitable  for  rather  small 
size  of  motors.  For  small  motors,  a  high  re- 
sistance wire,  or  ribbon,  is  suitable,  which  may  be  in  the 
form  of  enclosed  coils,  flat  plates  or  other  special  forms  as 
the  various  manufacturers  develop  the  material.  A  motor 
starting  a  load  which  is  subject  to  infrequent  overloads  of 
short  .duration  should  have  a  resistance  unit  of  large  thermal 
capacity,  while  a  motor  subject  to  frequent  overloads  should 
have  a  resistance  unit  of  small  thermal  capacity  in  order  to 
give  more  rapid  cooling.  In  all  cases,  the  resistance  units  and 
their  mounting  should  be  of  rugged  construction  and  jiroperly 
supported  to  be  conveniently  accessible. 

The  N.E.L.A.  has  proposed  the  foUowing  requirements  for 
direct-current  motors,  as  to  maximum  starting  current,  for 
230  volts,  which  is  the  average  factory  voltage : 

3  h.p.,  and  below 12  amperes  per  h.p. 

Above  3  h.p 9  amperes  per  h.p. 

No  motor  may  be  connected  without  a  starting  resist- 
ance where  the  starting  current  exceeds  30  amperes. 

Table  I  gives  the  number  of  steps  of  starting  resistance 
which  should  be  required  for  general  service.    Of  course,  there 


will  be  instances  where  it  will  be  desirable  to  depart  from  this 
schedule,  to  meet  iieculiar  operating  ciiM<litions. 

APPLICATIONS  OF  AUTOMATIC  CONTROL 

With  the  foregoing  general  requirements  for  appliances, 
and  with  the  following  typical  special  examples  described,  it 
is  not  hoped  to  have  universal  agreement.  In  fact,  it  is  hoped 
that  the  criticisms  will  be  wholesome  and  that  other  sugges- 
tions will  be  numerous  with  the  result  that  the  Sub-committee 
on  Machine  Shop  Practice  may  undertake  the  task  of  formu- 
lating specifications  for  standard  electrical  equipments  for 
machines  of  the  various  services. 

The  importance  of  standardizing  cannot  be  too  strongly 
emphasized.  By  this  is  not  meant  that  the  detail  appliances 
should  all  be  of  the  same  design — the  various  electrical  manu- 
facturers can  work  that  part  out  for  themselves — but  that  the 
control  equipment  for  a  certain  type  of  machine  should  con- 


TABLE  1 

NUMBER  OF  STEPS  OF 

STARTING  RESISTANCE 

Below  1  h.p. 

1-3 

5-25 

30-50 

60-100 

110-200 

No.  of  Steps 

1 

2 

3 

4 

5 

I"'iG.  fl     Boring  Mill  with  7I2  ^^^  50  H.P.  Motors 

tain  a  uniform  set  of  appliances.  The  space  required  by  every 
electrical  manufacturer  would  thus  be  practically  the  same  and 
the  machine  could  be  so  designed  to  accommodate  the  elec- 
trical equipment,  with  the  result  that  the  complete  inst.iUation 
would  be  much  neater  in  appearance  and  more  satisfactory  in 
every  way. 

Lathes.  At  the  present  time  the  problem  of  purely  auto- 
matic control  for  general  lathes  has  not  been  entirely  solved. 
For  many  uses,  the  drum  controller  has  been  found  to  fill  the 
requirements  quite  satisfactorily.  An  automatic  starting  panel 
with  a  drum  switch  for  reversing  has  given  good  results  for 
certain  applications.  Lathes  for  a  special  class  of  work  have 
been  controlled  with  safety  and  efficiency,  so  that  it  is  be- 
lieved the  day  is  not  far  distant  when  the  goal  for  general 
lathes  will  have  been  reached. 

Car  Wheel  Lathes.  The  functions  of  a  car  wheel  lathe  re- 
quire that  electrical  equipment  be  designed  for  especially  heavy 
service  and  that  the  control  be  reliable  and  as  simjale  as  pos- 
sible. The  equipment  should  consist  of  the  panel  and  resist- 
ances, a  push  button  station  with  "  start,"  "  stop  "  and  ''  slow 
down,"  and  a  pendant  or  foot  switch  for  "  slow  down,"  the 
"  slow  down "  feature  being  necessary  when  a  hard  spot  is 
reached  in  the  cut.  and  "  slow  down  "  being  to  approximately 
50  per  cent  of  basic  speed  at  100  per  cent  load.  After  the 
"  slow  "  button  is  pressed,  it  should  always  be  necessary  for 
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the  motor  to  come  to  apiiroximately  full  field  sjieed  before  it  is 
possible  for  slow  down  coutactors  to  be  closed  aguin,  to  limit 
the  '■  pump  back." 

The  starting,  brake,  and  slow  down  resistance  should  be 
mounted  on  the  back  of  the  panel,  when  the  size  will  permit, 
the  field  rheostat  being  mounted  separately.  The  enclosing 
case  should  be  of  sheet  steel  and  provided  for  either  wall  or 
floor  mounting.    A  panel  for  50  h.p.  is  shown  in  Fig.  8. 

Boring  Mills.  The  control  equipment  for  a  boring  mill  pre- 
sents many  interesting  problems,  among  which  are: 

a  Where  the  mill  is  operating  upou  heavy  castings,  it  should 
be  accelerated  slowly  on  starting 

h  Dynamic  braking  should  always  be  supplied  when  stopping 
to  insure  efficient  stops,  also  to  prevent  damage  to  the 
motor  by  improper  manipulation  of  the  starter 

c  The  control  scheme  must  be  such  that  no  possible  combination 
of  operating  buttons  will  permit  the  motor  to  run  on 
starting  resistance  when  the  load  is  decreased,  or  produce 


Fig.  10    Control  Panel  for  71/2  and  50  H.P.  Boring  Mill 

Motor 

a  "  pump  back  "  with  consequent  heavy  sparking  at  the 
motor  when  stopping. 

Fig.  9  shows  a  William  Sellei-s  18-ft.  boring  mill  operated 
with  7%  and  50  h.p.  motors  controlled  by  panel.  A  is  the 
rapid  transverse  and  feet  control  station,  B  the  motor  panel 
and  C  the  main  motor  control  station.  Fig.  10  shows  a  con- 
trol panel  for  a  50  h.p.  and  7i'2  li-P-  combination  boring  mill 
motor. 

Planers.  The  applications  of  electric  motors  and  their  con- 
trol to  planei-s,  slotters,  etc.,  is  probably  the  most  interesting, 
from  an  engineering  point  of  view  as  well  as  that  of  economy 
in  production,  of  all  machine  tool  applications.  The  relative 
advantages  and  economies  of  the  reversing  motor  drive  for 
this  purpose  are  now  fully  realized  and  have  been  set  forth  in 
bulletins  issued  by  the  various  electrical  manufacturers.  They 
are  also  thoroughly  appreciated  by  all  machine  tool  men,  so 
that  a  summation  of  them  will  be  unnecessary.  However,  the 
main  electrical  points  to  be  kept  in  mind  are: 
a  Sparkless  commutation  of  the  motor 
h  Stability  of  the  motor  at  all  speeds 


c  Gradual  dynamic  braking   (to  prevent  undue  shock  on  the 

machine)    in  the  shortest  possible  time 
d  Quick  reversing 
e  Independent  cutting  and  return  speeds  with  maximum  range 

of  4  to  1 
/  Pi'ovision  for  minimum  drift  when  the  motor  is  stopped  or 
reversed,  also  when  the  power  fails  as  a  result  of  over- 
load or  low  voltage  on  the  line 
g  Auxiliary  contacts  on  the  contactors  reduced  to  a  minimum 
h  Provision  for  position  operation  of  the  main  contacts 
i "  Time  efficiencj' "  for  the  complete  cycle  as  high  as  possible 
j  All  the  appliances  of  the  control  equipment  designed  so  as 
not  to  be  influenced  by  reasonable  vibration. 


Fig.  11    Planer  Control  Panel 

Fig.  11  shows  a  25  h.p.  planer  control  panel.  Fig.  12  shows 
a  General  Electric  Co.  500  h.p.,  250/1000  r.p.m.,  230  volt  re- 
versing motor  direct-connected  to  a  Pond  36-in.  by  20-ft. 
lieavy  pattern  frog  and  switch  planer. 

Fig.  13  shows  a  diagram  of  connections  of  a  planer  control 
equipment,  10  to  25  h.p.  Contactor  No.  6  is  the  accelerating 
contactor.  Contactor  No.  8  is  2nd  point  dynamic  brake,  oper- 
ated by  the  field  current.  When  contactor  No.  6  is  open,  field 
current  is  made  through  an  auxiliary  contact  which  short  cir- 
cuits the  field  rheostats  and  half  of  coil  on  No.  8  contactor. 
When  field  current  approaches  full  field  value.  No.  8  contactor 
is  so  adjusted  as  to  close. 

At  full  field  on  the  motor,  which  is  the  slowest  speed.  No.  8 
contactor  will  close  almost  instantly,  while  on  weak  field  (high 
speed)  the  contactor  does  not  operate  until  such  time  as  the 
field  current  has  reached  a  predetermined  value.  This  gives  a 
definite  time  lag  between  closing  of  1st  point  dyuamic  con- 
tactor (No.  4)  and  2nd  point  (No.  8),  which  allows  the  motor 
field  to  be  strengthened  before  increasing  the  dynamic  brake 
load.  When  motor  is  accelerating  contactor  No.  6  closes,  thus 
opening  the  auxiliary  contact  and  allowing  the  field  current 
to  pass  through  the  field  rheostats  and  both  sections  of  coil  on 
contactor  No.  8.  The  two  sections  of  this  coil  are  wound  in 
opposite  directions  and  the  field  current  passing  through  both 
sections  de-energizes  the  contactor  and  it  opens. 

For  emergency  stopping,  when  the  circuit  breaker  opens, 
an  auxiliary  contact  on  the  circuit  breaker  connects  the  motor 
field  to  the  armature,  and  the  armature  is  connected  across  the 
resistance  for  dynamic  braking. 
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To  meet  conditions  of  load  where  the  full  load  cut  is  neces- 
sary up  to  the  end  of  the  stroke,  a  definite  brake  value  on  cut- 
ting speed  is  maintained  independent  of  return  speed.  This 
is  accomplished  by  contactor  No.  7,  which  has  two  half  coils, 
one  being  connected  across  the  line  and  one  across  the  arma- 
ture and  either  coil  being  powerful  enough  to  operate  the  con- 
tactor. When  the  motor  is  running  in  the  cutting  direction, 
the  coil  across  the  line  is  in  the  same  direction  as  the  coil 
across  the  armature,  so  that  the  contactor  operates  and  short 
circuits  a  part  of  the  dynamic  brake  resistance,  which  can  be 
adjusted  to  give  a  definite  dynamic  brake  value  on  the  cutting 
stroke.  When  the  motor  is  running  in  the  return  direction,  the 
coil  across  the  armature  is  opposed  to  the  coil  across  the  line, 
and  the  contactor  is  inoperative  until  such  time  as  the  arma- 
ture voltage  has  dropped  to  a  predetermined  value 
and  the  armature  has  decelerated  to  a  definite 
speed  on  dynamic  braking;  the  coil  across  the  line 
then  overpowers  the  coil  across  the  armature  and 
the  contactor  closes,  giving  a  3d  point  dynamic 
braking  on  return  stroke. 

With  the  above  arrangement,  the  maximum  va- 
riation of  cutting  stroke  between  no-load  and  full 
load  at  high  speed  is  about  1  in.  and  is  practically 
zero  at  the  slow  speed. 

The  complete  electrical  equipment  for  planer 
drive  consists  of  a  reversing  adjustable  sjieed  mo- 
tor; a  contactor  panel  and  enclosing  case  with  the 
field  rheostats  mounted  inside  of  the  cover,  with 
external  operating  handles;  the  starting  and  dy- 
namic braking  resistance;  a  master  controller  of 
the  drum  type;  a  pendant  switch  for  emergency 
operation,  a  snap  switch  and  a  special  circuit 
breaker.  A  drum  controller  is  used  for  con- 
trolling the  cross  rail  motor.  It  is  proposed 
to  make  the  control  equipment  of  the  smaller  horse- 
power sizes  self-contained  to  economize  space  and 
reduce  the  external  wiring  to  be  supplied  by  the 
user.  An  average  time  efficiency  of  90  per  cent  (depending 
upon  the  speeds  and  cuts  employed)  is  obtained  with  these 
equipments. 

MOTORS 

Not  the  least  important  factor  for  a  successfully  operating 
electrically  controlled  machine  is  the  motor. 

In  a  shunt  motor  which  starts  under  constant  field  excita- 
tion, the  torque  is  directly  proportional  to  the  armature  cur- 
rent. This  type  of  motor  is  applicable  for  machinery  wliere 
constant  speed  is  desired,  as  small  printing  presses,  ventilating 
fans,  small  machine  tools,  woodworking  machines,  etc.  For 
adjustable  speed  work  it  is  applicable  to  planers,  boring  mills, 
heavy  lathes,  etc. 

In  a  series  motor,  the  field  excitation  will  vary  with  the  load, 
which  results  in  a  varying  speed  and  a  very  powerful  torque  at 
slow  speed.  This  type  of  motor  should  always  have  a  certain 
friction  load  and  be  geared  or  direct  connected  to  the  load  in 
order  to  avoid  the  possibility  of  tlie  latter  being  thrown  off  and 
the  motor  accelerating  to  a  dangerous  speed.  The  type  is  ap- 
plicable to  centrifugal  pumps,  cranes  and  hoists. 

In  a  compound  motor,  the  combination  of  the  shunt  and 
series  field  produces  the  heavy  Starting  torque  with  small  vari- 
ation in  speed.  The  working  speed  can  also  be  increased  by 
means  of  the  shunt  field.  This  type  of  motor  is  applicable  to 
machinery  requiring  large  overload  capacity  for  short  periods 
of  time,  as  rock  crushers,  air  compressors,  shears,  large  print- 
ing presses,  etc. 


While  the  control  apjjaratus  for  general  use  must  be  de- 
signed to  operate  with  a  standard  motor,  it  is  necessary  that 
the  designers  of  both  the  motor  and  control  appliances  be  in 
thorough  cooperation — especially  if  the  customer  is  to  obtain 
satisfactory  results.  One  of  the  main  points  to  bear  in  mind 
in  the  application  of  electric  control  to  shop  tools  is  simplicity, 
not  only  in  the  design  of  appliances  but  in  the  control  schemes 
as  well.  This  is  especially  true  in  the  ajjplication  to  special 
and  heavy  duty  machines.  This  will  mean  that  in  many  in- 
stances the  motor  will  need  to  be  designed  for  the  purpose  and 
have  the  desired  characteristics  as  to  stability,  overload,  com- 
mutation, etc.  The  control  problem  will  then  be  very  much 
simplified.  Indeed,  many  of  the  troubles  and  probable  fail- 
ures of  electric  control  in  the  past  may  have  been  due  to  the 


Fig.  12    Planer  with  Reversing  Motor 

complicated  control  applied  in  an  attempt  to  have  the  motor 
perform  functions  of  which  its  design  would  not  permit. 

DISCUSSION 

H.  I).  .James'  (written).  For  starters  for  adjustable  speed 
motors,  the  author  specifies  a  field  accelerating  relay.  The 
function  of  this  relay  is  to  prevent  the  operator  from  weaken- 
ing the  shunt  field  of  the  motor  too  rapidly  during  accelera- 
tion. The  weakening  of  the  shunt  field  causes  the  motor  to 
take  an  increased  current,  and  the  relay  operates  in  the  same 
manner  as  an  ammeter.  When  the  current  increases  to  a  fixed 
value  the  relay  closes  the  contact  and  increases  the  field 
strength  of  the  motor  momentarily.  When  the  current  drops 
the  relay  opens  again,  and  this  alternating  closing  and  open- 
ing holds  the  field  strength  of  the  motor  at  the  proper  value 
during  acceleration.  The  operation  in  this  respect  is  ideal, 
and  the  relay  has  filled  a  long-felt  want  in  many  types  of  con- 
trollers. It  has  been  found,  however,  that  when  the  motor  is 
operating  at  a  high  speed  and  the  field  rheostat  is  turned  in 
the  direction  of  reducing  the  motor  speed,  this  increase  in  field 
strength  causes  the  motor  to  act  as  a  generator  and  return  cur- 
rent to  the  line.  This  regenerative  action  may  be  very  severe 
if  the  change  in  field  strength  is  gi-eat.  Under  these  circum- 
stances the  heavy  current  which  flows  causes  the  field  relay  to 
close  the  cun-ent,  and  still  further  strengthen  the  shunt  field 
of  the  motor,  causing  an  increased  current  flow.     The  opera- 

■  Box  3,  East  Pittsburgb,  Pa. 
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tion  of  the  relay  in  this  respect  is  the  opposite  to  what  would 
be  required  for  holding  the  cun-ent  at  its  proper  value. 

The  detrimental  action  of  the  field  relay  causes  sufficient 
harm  to  more  than  counterbalance  its  good  effects  during  ac- 
celeration, and  better  results  can  be  obtained  by  omitting 
this  field  relay  and  using  another  device  for  strengthening  the 
motor  field  during  acceleration. 

The  author  states  that  motors  below  25  h.p.  should  have 
fuses  for  overload  protection.  The  company  with  which  I 
am  connected  is  in  favor  of  using  overload  relays  on  all  sizes 


Sac/r  V/eir  afCB 


A  A  ft?be  shsrt  crrcuifed  except 
t  where  push-button  control  is  used 


tiechamcol tnferhck bef>veenno4ond No5:  tio4and tioi:No  Zand  tiol  Insulated mechontcal 
interlock  between  No  2  and  No  3. 

tdtarting: No  2.No5,No.7and Nod  closed 
Cutting  Strok^  Running:  Mo  Z.MoSand  No  7  remain  closed  Iio6closesond  NoS  opens. 

^  Brake  Ci/clerNo  ^ closes.follor^ed btjNoS. 

I  Starting :  Nol.  No  3,  Mo  land  tioSclosed. 
Return  Stroke     Running :  No  I  and  Nol  remain  closed.  No  6  closes.  No  7  and  NoBopen 

^  Brake  Cities:  No4closes.  followed  bijNod.folhwed  b<^  No  7 

Fig.  13    Planer  Coxtrol  Contactor  Connection.s 


of  motors,  even  down  to  5  h.p.,  where  such  a  relay  can  be 
adapted  to  the  controller  specified.  The  first  cost  of  the  relay 
is  more  than  the  fuse,  but  the  continual  replacing  of  fuses  is 
a  running  expense  and  may  often  amount  to  more  than  the 
cost  of  the  relay  during  the  first  year  of  operation.  If  fuses 
continue  to  open,  there  is  a  tendency  to  put  in  heavier  ones, 
which  is  a  further  objection.  Where  an  overload  relay  is  used, 
it  is  so  easy  to  reset  the  relay  that  very  little  annoyance  is 
caused,  and  usually  the  calibration  of  the  relay  is  left  at  a 
reasonable  value. 

The  author  states  that  a  graduated  dynamic  breaking  of  two 
or  more  points  is  necessary  on  planers  and  boring  mills. 
Tests  made  with  the  G.  E.  graphic  recording  ammeter  on 
planer  equipments  at  the  William  Wharton  Shops,  Jenkin- 
town.  Pa.,  showed  that  the  retardation  of  the  planer  bed  was 
so  rapid  during  djiiamic  breaking  that  the  ammeter  recorded 
little  or  no  difference  between  a  single  step  dynamic  braking 
and  a  graduated  dynamic  braking.  These  tests  were  made  on 
Westinghouse,  General  Electric  and  AlUs-Chalmers  equip- 
ments; the  G.  E.  equipment  was  of  50  h.p.  size,  and  the  others 
were  35  h.p.  size. 


In  order  to  further  analyze  this  condition  we  made  oscil- 
lograph tests  on  71/2,  15  and  25  h.p.  motors,  both  variable  and 
constant  speed,  and  with  different  maximum  speeds  and  volt- 
ages. It  was  found  that  the  graduated  dynamic  braking  made 
practically  no  difference  at  the  time  of  stopping,  and  merely 
added  to  the  complication,  the  cost  and  the  size  of  the  control 
equipments.  It  is  further  found  that  a  considerable  variation 
can  be  made  in  the  amount  of  resistance  used  in  the  dynamic 
braking  circuit  without  affecting  materially  the  time  of  stop- 
ping the  motor.  This  investigation,  which  covers  a  period  of 
over  two  years,  has  led  us  to  abandon  the  graduated  dynamic 
braking  except  in  special  cases  where  a  considerable  inertia 
load  is  stopped  and  the  time  of  stopping  is  extended  over  a 
considerable  period.  The  writer  would  be  very  glad  to  know 
of  other  tests  made  in  this  direction  and  what  results  they 
show.  It  is  important  to  reduce  controllers  to  a  minimum 
number  of  parts,  and  no  refinements  which  do  not  pay  for 
themselves  in  actual  results  obtained  should  be  introduced. 

The  safe  temperature  rise  for  anj'  apparatus  should  be  fixed 
by  the  materials  entering  into  its  design.  The  author  states 
that  the  temperature  rise  on  contacts  and  coils  should  not  ex- 
ceed 65  deg.  under  continuous  operating  conditions.  This  is 
high  for  some  classes  of  apparatus  and  low  for  others.  Re- 
cent improvements  in  insulation  show  that  magnet  windings 
can  be  operated  at  125  deg.  cent,  actual  temperature  measured 
by  resistance,  and  give  good  service  over  a  long  period  of  time. 
This  comes  under  Class  B  insulation  in  the  A.I.E.E.  rules. 
The  temperature  of  contacts  is  fixed  by  the  fusing  point  of 
the  material  used ;  if  a  spring,  by  the  temperature  which  draws 
the  temper  of  the  spring.  The  contacts  subject  to  arcing, 
such  as  a  line  switch  contactor,  should  be  made  of  very  re- 
fractory material,  as  the  temperature  set  up  in  the  contact  on 
repeated  operations  is  far  in  excess  of  anj'  temperature  which 
the  contact  may  be  subjected  to  by  the  passage  of  the  current 
itself. 

In  criticism  of  Table  1,  drum  controllers  we  have  had  on  the 
market  for  about  ten  years,  having  one  step  of  starting  re- 
sistance up  to  and  including  15  h.p.,  and  two  steps  of 
starting  resistance  above  15  h.p.,  and  including  35  h.p., 
have  proven  very  satisfactory.  Further,  we  conducted  a  series 
of  oscillograph  tests  extending  over  a  period  of  six  months  on 
several  hundred  different  motors,  and  we  have  adopted  as  our 
standard  one  step  of  starting  resistance  for  motors  up  to  and 
including  15  h.p.  and  two  steps  of  resistance  above  15  h.p.  and 
including  25  h.p.  Above  that,  we  determine  the  number  of 
steps  by  the  motor  used  and  the  service  conditions.  Most  ma- 
chine tool  motors  start  up  light,  as  it  is  not  the  practice  to 
start  a  machine  tool  with  the  tool  cutting  material.  The  re- 
sistance, however,  is  sufficient  to  start  the  motor  under  full  load 
if  the  occasion  should  arise.  In  the  above  statement,  by  the 
resistance  is  meant  that  determined  bj'  dividing  the  volts  by 
the  amperes  and  adding  sufficient  external  resistance  to  make 
the  theoretical  starting  current  of  the  proper  value.  As  a 
matter  of  fact  the  self  induction  of  the  motor  reduces  the  cur- 
rent at  starting  considerably  below  this  value,  particularly 
when  the  motor  starts  up  at  less  than  full  load.  This  reduc- 
tion in  the  number  of  starting  notches  reduces  the  size  and 
cost  of  the  controller,  and  if  the  control  is  rugged  enough  to 
stand  the  service  it  does  not  materially  increase  the  wear  on 
the  resistance  contactors.  There  are  some  types  of  control 
in  which  the  switches  used  for  short  cii-cuiting  the  starting 
resistance  are  light,  and  a  larger  number  may  be  required  in 
order  to  protect  the  switches. 

In  conclusion,  it  may  be  stated  that  the  electrical  equipment 
for  both  motor  and  controller  is  being  reduced  in  complication 
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and  gives  increased  durability.  For  the  best  conditions  to  ob- 
tain, the  controller  should  be  selected  with  respect  to  the  motor 
used,  as  some  designs  and  t\i)es  of  motor  require  more  refine- 
ment in  control  apparatus  than  otiiers.  It  is  the  business  of 
the  electrical  manufacturer  to  offer  to  the  machine  tool  builder 
a  complete  electrical  equipment  having  a  maximum  durability 
and  a  minimum  complication. 

The  writer  heartily  agrees  with  the  general  statements  made 
by  the  author  with  reference  to  the  advisability  of  using  elec- 
tric drive  for  machine  tools.  A  great  deal  of  engineering  work 
has  been  done  and  investigations  made  in  connection  with 
drives  of  this  kind,  and  it  is  now  universally  recognized  that 
the  individual  motor  represents  the  best  practice  in  this 
respect. 

A  difficulty  now  encountered  in  motor  application  is  the 
mechanical  one  of  attaching  tlie  motor  and  controller  to  the 
machine  tool  so  that  it  makes  a  presentable  appearance.  This 
diflSculty  is  being  overcome  by  the  manufacturers  of  electrical 
apparatus  adapting  their  designs  to  this  service  and  by  the 
machine  tool  designers  obtaining  a  better  conception  of  the 
electric  drive  requirements.  A  great  deal  can  be  done  by  still 
closer  coojieration  between  the  designers  of  both  classes  of  ma- 
chinery. 

The  writer  believes  in  standardizing  the  requirements  as 
much  as  possible.  There  is  always  danger  that  a  rigid  speci- 
fication made  may  hamper  development  in  the  art.  It  is  bet- 
ter to  standardize  first  on  general  requirements  only,  and  allow 
the  manufacturers  of  electrical  apparatus  as  much  leeway  as 
possible  in  working  out  the  details  of  their  part  of  the  equip- 
ment. The  apparatus  described  in  this  paper  is  a  good  rep- 
resentation of  controllers  manufactured  by  one  of  the  leading 
companies,  and  in  the  main  is  representative  of  the  art. 

H.  F.  Strattox  presented  a  written  discussion  in  which  he 
analyzed  in  some  detail  the  electrical  features  of  the  paper, 
and  in  which  was  included  the  following  paragraphs : 

Some  six  or  seven  years  ago  the  series  accelerating  switch 
was  discovered,  and  its  obvious  cheapness  and  simplicity  at 
once  suggested  that  the  time  had  arrived  for  applying,  in  a 
broad  way,  automatic  control  to  motor-driven  machine  tools. 
Accordingly,  about  five  years  ago,  a  controller  was  designed 
and  built  which  included  a  train  of  series  accelerating  switches, 
and  an  operator's  switch,  by  means  of  which  the  motor  could 
automatically  be  started,  reversed,  or  stopped  by  dynamic 
braking.  This  controller,  in  substantially  its  original  form, 
has  come  into  extensive  use,  and  to-day  there  are  thousands  of 
them  operating  successfully  on  a  large  variety  of  machine 
tools. 

The  purpose  of  the  automatic  machine  tool  controller  is 
simple  and  important — it  is  to  increase  production.  In  this 
paper  the  author  paints  a  word  picture  of  a  man  manipulating 
a  drum  type  or  a  dial  type  hand  starter,  and  from  this  picture 
as  a  base,  he  passes  on  to  the  advantages  of  automatic  con- 
trol. I  agree  that  the  automatic  controller  possesses  the  ad- 
vantages mentioned  but  am  eager  to  put  more  emphasis  on  the 
main  issue.  What  we  are  after  is  to  keep  the  machine  going 
the  maximum  amount  of  time  and  at  maximum  speed.  Other 
seeming  advantages  are  so  in  reality  only  when  they  yield 
tribute  to  this  principle  of  increased  capacity.  It  is  true  that 
automatic  control  protects  the  motor,  but  that  is  important 
chiefly  because  it  saves  delays;  automatic  control  provides 
stopping  by  dynamic  braking,  but  that  too  is  important  chiefly 
because  unproductive  time  is  transmuted  into  productive  ef- 
fort; it  is  true  that  the  workman  is  relieved  of  much  mental 
and  physical  effort,  but  that  is  important  chiefly  because  he 


does  more  work.  The  problem  is  a  matter  of  manufacturing 
economics  rather  than  engineering  technique. 

Mr.  Brooks  intimates  that  the  automatic  controller  is  not 
satisfactory  for  lathes  and  he  states  that  for  many  uses  the 
drum  controller  has  been  found  to  fill  the  requirements  quite 
satisfactorily.  I  think  there  are  more  automatic  controllers  on 
lathes  than  on  all  other  machine  tools  combined.  Several  of 
the  fastest  working  machine  shops  in  this  country  are  using 
several  hundred  such  controllers.  As  long  ago  as  1913,  the 
R.  K.  LeBlonde  Machine  Tool  Co.  wrote  a  letter  containing 
this  statement :  "  From  recent  tests  made  in  our  shop  on  one 
of  our  heavy  duty  lathes,  equipped  with  your  controlling  de- 
vices, we  find  that  we  are  able  to  produce  20  per  cent  more 
work  than  can  be  done  on  an  ordinary  motor  driven  lathe. 
These  results  are  directly  due  to  the  automatic  stopping,  start- 
ing, and  drift  positions,  and  dynamic  braking  obtained  by  the 
use  of  your  controlling  devices." 

I  tliink  the  old  style  drum  controller  for  lathes  is  unsatis- 
factory. In  a  recent  paper  by  D.  M.  Petty,  Electrical  Engi- 
neer of  the  Bethlehem  Steel  Company,  are  described  compara- 
tive tests  made  on  duplicate  engine  lathes  doing  the  same 
work  and  driven  by  duplicate  controllers,  the  difference  being 
an  automatic  controller  in  one  case  and  a  drum  type  controller 
in  the  other.  Among  other  features  is  mentioned  that  the 
stopping  time  with  the  automatic  controller  using  djmamic 
braking  in  the  off  point,  was  8  sec.  as  against  40  sec.  with  the 
drum  type  controller.  Mr.  Petty  draws  the  following  con- 
clusions : 

First.  The  automatic  controller  protects  the  motor  from  not 
only  excessive  currents  in  starting,  but  excessive  voltages 
in  stopping. 

Second.  It  decreases  the  starting  and  stopping  time,  which 
would  amount  to  a  considerable  item  when  the  operation 
requires  frequent  stopping. 

Note.  The  possible  exceistions  to  this  conclusion  would  be 
that  a  drum  type  controller  might  equal  the  automatic  on 
applications  using  speed  adjustments  of  1  to  1%  or  under. 

To  Mr.  Petty's  conclusion  I  would  add  the  following  points : 
First,  the  dram  type  controller  has  the  damaging  "  pump 
back "  characteristic  which  Mr.  Brooks  condemns,  and  sec- 
ond, with  the  drum  type  controller  it  is  necessary  to  hunt  for 
the  desired  speed  each  time  the  motor  is  stopped  and  started, 
whereas  with  an  automatic  controller  this  best  cutting  speed  is 
maintained  regardless  of  stopping  and  starting,  until  it  is 
purposely  changed  to  suit  the  changing  requirements  of  the 
work.  The  only  advantage  which  the  drum  controller  enjoys 
over  the  automatic  controller  as  applied  to  lathes,  is  that  it 
requires  but  one  spline  shaft  for  apron  control,  whereas  two 
are  required  for  automatic  control  on  very  long  bed  lathes. 

Under  the  subject  of  car  wheel  lathes  it  is  stated  that  the 
controller  panel  should  include  in  addition  to  accelerating  con- 
tactors, two  dynamic  braking  contactors.  Why  not  use  the 
same  contactors  for  acceleration  and  dynamic  braking,  as  this 
is  easily  accomplished? 

Mr.  Brooks  says  a  reversing  planer  controller  should  incor- 
porate dynamic  braking.  It  is  my  belief  that  the  planer  motor 
should  be  reversed  by  the  reverse  power  method  instead  of 
being  first  stopped  by  dynamic  braking  and  then  reversed. 
The  point  is  to  reverse  the  motor  in  the  quickest  safe  time. 
The  quickest  reversal  is  accomplished  by  having  field  strength 
at  its  maximum,  annature  current  of  its  highest  safe  value, 
and  a  minimum  number  of  movements  of  magnetically  op- 
erated switches.    To  first  stop  the  motor  by  dynamic  braking, 
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means  that  dynamic  braking  switches  must  close  and  open, 
and  in  addition  the  reversing  switches  must  function. 

C.  D.  Knight.  The  trend  of  the  discussion  seems  to  be  re- 
garding the  relative  merits  of  the  drum  controller  vs.  the  auto- 
matic, and  also  the  use  of  automatic  control  on  lathes. 

The  drum  controller  has  been  in  successful  use  for  a  great 
many  years,  and  by  many  is  considered  an  exceedingly  efficient 
piece  of  apparatus.  Mr.  Brooks  in  specifying  the  advantage 
of  automatic  control  states  that  a  considerable  increase  in  the 
output  of  the  machine  is  obtained,  and  there  is  no  doubt  but 
what  in  a  great  number  of  cases  this  is  so.  It  stands  to  rea- 
son that  a  man  cannot  operate  the  drum  controller  throughout 
the  whole  day  as  rapidly  as  he  can  the  automatic. 

rurthermore,  with  automatic  control  the  motor  comes  up 
to  the  same  predetermined  speed  each  time.  With  the  drum 
controller,  especially  with  adjustable  speed  motors,  the  opera- 
tor is  liable  to  obtain  various  speeds  at  different  times  on  the 
same  class  of  work,  due  to  his  not  bringing  the  drum  con- 
troller handle  to  the  same  point  on  each  cycle  of  operation. 
With  automatic  control,  including  field  relays,  once  the  field 
rheostat  is  set  for  a  certain  speed  it  is  absolutely  certain  that 
the  motor  will  accelerate  to  that  speed  each  time. 

Another  great  advantage  of  automatic  control  is  the  ques- 
tion of  insuring  safety  to  the  operator.  By  placing  push  but- 
tons or  small  enclosed  master  switches  on  the  machine,  the  main 
part  of  the  controller  can  be  mounted  away  from  the  machine, 
and  whether  open  or  enclosed,  it  will  be  out  of  the  reach  of 
the  operator.  I  certainly  believe  that  in  following  the  lines 
of  Safety  First,  we  will  in  time  have  totally  enclosed  motor 
controlling  apparatus. 

Eegarding  the  question  of  lathe  control,  there  is  no  doubt 
but  what  a  great  many  machines  have  been  successfully 
equipped  with  automatic  devices.  Where  the  lathe  is  small 
and  the  speed  regulating  device  can  be  placed  on  the  head- 
stock  of  the  lathe  within  the  reach  of  the  operator,  it  is  safe 
to  say  the  problem  can  and  has  been  fairly  well  solved.  The 
problems  I  have  in  mind  are  on  big  lathes  where  the  operator 
may  be  10  or  15  feet  away  from  the  headstoek  of  the  lathe. 
In  this  case  it  is  necessary  to  have  the  speed  regulating  device 
controlled  from  the  apron  of  the  lathe.  There  have  been  many 
proposed  methods  of  doing  this,  but  I  have  yet  to  see  an\-thing 
which  looks  like  a  successful  solution  of  the  problem. 

H.  K.  Hath.4Wat.  The  discussion  of  the  possibilities  of 
electrical  control  on  milling  machines,  drill  presses  and  ma- 
chines of  that  character,  which  are  not  in  the  class  of  auto- 
matic machines  in  the  same  sense  that  automatic  screw  ma- 
chines are,  should  open  up  a  very  fertile  field.  There  is  much 
to  be  done  in  the  way  of  developing  mechanism  for  the  start- 
ing and  reversing  of  milling  machines  after  the  cutting  has 
been  done,  for  the  releasing  of  clamping  devices,  etc.  This  is 
a  subject  which  our  Local  Sections  might  very  well  discuss 
further. 

H.  J.  Eberhardt.  a  few  years  ago,  at  the  Newark  Gear 
Cutting  Machine  Company,  we  adapted  a  standard  motor  and 
starting  device  to  one  of  our  standard  machines.  The  prob- 
lem came  up  of  how  to  stoj)  the  motor  when  the  function  of 
the  machine  had  reached  its  limit.  One  way  was  to  put  a 
switch  breaking  mechanism,  operated  by  a  heavy  spring, 
against  the  main  switch  and  throw  it  out  bodily,  with  the  dan- 
ger of  an  arc  f oitning ;  but  what  we  did  was  to  utilize  the  over- 
load switch,  by  putting  a  small  bell  crank  up  against  the  over- 
load armature,  and  the  pressure  exerted  by  a  fibre  button,  on 
the  end  of  the  bell  crank,  threw  the  overload  switch  and 
stopped  the  motor. 


Ralph  E.  Flanders.  Regarding  the  statement  of  Profes- 
sor Goss,  included  in  the  paper,  that  in  the  machine  tool  of 
the  future  we  shall  not  see  belts,  I  am  aware  that  up-to-date 
electrical  controlling  apparatus  is  provided  with  current  over- 
load, coils  and  switches;  but  there  is  nothing  like  a  slipping 
belt  for  telling  a  shop  man  that  there  is  something  wrong  with 
the  machine.  The  very  best  safety  device  that  I  know  of  be- 
tween the  lineshaft  or  motor  and  the  machine  is  a  properly 
proportioned  belt,  and  I  wish  to  put  in  a  word  for  the  belt  as 
a  prominent  feature  of  modem  design. 

Elmer  H.  Nepp.  My  attention  has  been  attracted  to  the 
quotation  from  Professor  Goss'  address.  I  fear  the  interpre- 
tation placed  on  the  quotation  is  hardly  correct  because  a  ma- 
chine in  which  there  should  be  no  puUeys,  belts  or  gears 
would  surely  be  something  of  a  problem  for  a  machine  de- 
signer to  produce.  Mr.  Flanders  has  spoken  a  word  for  the 
pulleys  and  belts,  and  I  wish  to  put  in  a  word  for  the  gears. 
I  am  in  favor  of  all  machine  tool  transmission  having  abso- 
lutely positive  connections  for  the  main  drive  and  for  the  feed, 
and  of  t^Tiig  up  the  feed  drive  with  the  main  drive  so  that  it 
cannot  work  unless  the  main  drive  is  in  satisfactory  operation. 

At  the  Milwaukee  meeting  of  this  Society  in  1901,  one  ses- 
sion was  devoted  to  the  subject  of  electrically  driven  machine 
tools.  At  that  time  an  enthusiastic  electrical  advocate  stated 
that  in  a  short  time  practically  all  machine  tools  would  be 
driven  by  electric  motors.  Nearly  fifteen  years  have  passed 
and  yet  today  the  proportion  of  machine  tools  sold  fitted  up 
with  motors  is  relatively  small.  I  am  inclined  to  think  that 
such  extravagant  statements  as  the  above,  and  other  similar 
statements  which  have  been  made  by  the  advocates  of  electric 
drive,  have  done  as  much  as  anji;hing  else  to  hinder  progress 
in  that  direction. 

When  electrically  driven  machine  tools  were  first  sold,  the 
application  of  motors  was  made  on  machines  that  had  not 
been  designed  with  their  use  in  view,  consequently  the  arrange- 
ments were  clumsy  and  cumbersome.  The  variations  in  speed 
had  to  be  obtained  by  varying  the  speed  of  the  motor  or  by 
adding  to  the  machines  themselves,  between  the  work  spindle 
and  the  motor,  additional  apparatus  for  obtaining  the  speed 
variations.  This  made  the  motor  drive  a  verj-  expensive  one 
to  obtain  for  two  reasons.  If  the  variable  speed  was  obtained 
by  varj-ing  the  speed  of  the  motor,  the  motor  had  to  be  much 
too  large  for  ordinary  purposes  because  at  the  slowest  speed 
the  maximum  power  was  required.  If  mechanical  means  for 
changing  the  speed  were  supplied,  a  relatively  large  expense 
was  involved. 

A  very  fine  thing  has  come  out  of  this  agitation  for  motor 
driven  machines  in  that  machine  tools  have  been  redesigned 
so  that  it  is  relatively  easy  to  substitute  a  motor  with  sprockets 
and  chains  for  the  belt  connection,  all  the  speed  changes  being 
regularly  incorporated  in  the  machines  themselves.  These 
machines  which  are  called  single  belt  drive  machines,  or  con- 
stant speed  drive  machines,  furnish  the  best  solution  of  the 
motor  drive  problem.  A  constant  speed  motor  should  be  used, 
and  by  varying  the  speed  mechanically  within  the  machines 
you  have  the  maximum  rotative  effect  at  the  slow  spindle  speed 
which  is  the  time  at  which  you  want  it  most.  A  further  ad- 
vantage has  been  that,  by  driving  the  feed  works  of  the  ma- 
chine from  the  constant  speed  main  drive  shaft,  it  is  possible 
to  vary  the  spindle  speed  without  changing  the  rate  of  feed, 
consequently  any  feed  can  be  obtained  with  any  spindle  speed, 
and  the  most  advantageous  spindle  speeds  and  the  most  ad- 
vantageous feeds  can  be  used  on  the  work  in  hand.  The  ma- 
chine thus  designed,  which  as  I  have  stated  especially  lends 
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itself  to  the  application  of  a  motor,  has  equally  great  advan- 
tage when  it  is  used  as  regularly  intended,  with  a  belt  drive  from 
the  overhead  works.  With  a  friction  pulley  on  the  machine 
for  the  application  of  power,  and  when  the  machines  are  de- 
signed, as  they  are  in  many  cases,  with  the  possibility  of  re- 
versing the  direction  of  rotation  of  the  spindle  by  the  mech- 
anism in  the  machine  itself,  it  is  possible  to  drive  these  ma- 
chines without  the  use  of  a  countershaft,  by  belting  directly 
from  the  line  shaft  to  the  machine. 

For  light  machine  tools  I  am  an  advocate  of  the  group  drive 
system  rather  than  the  individual  drive.  By  light  machine 
tools  I  refer  to  those  requiring  a  3  h.p.  motor  or  smaller.  A 
great  multiplicity  of  motors  such  as  involved  by  the  indi- 
vidual motor  drive  involves  too  much  expense  for  installa- 
tion; too  much  expense  for  up-keep  and  attention;  too  much 
lost  jjower.  The  group  drive  system  in  which  a  motor  can  be 
applied  to  a  line  shaft  or  to  the  machines  in  a  particular  room 
furnishes,  I  believe,  the  ideal  electrical  arrangement  for  light 
machine  tools.  In  such  cases  the  motors  can  be  of  sufficient 
size  to  run  economically  and  all  of  tlie  objections  which  I  have 
stated  with  regard  to  the  individual  drive  are  eliminated.  For 
large  machines,  or  for  isolated  machines  whether  large  or 
small,  the  individual  motor  drive  furnishes  a  neat  and  de- 
sirable arrangement. 

The  Author.  It  will  be  noted  that  the  paper  contemplates 
the  permanent  short  circuit  of  the  field  rheostat  during  acceler- 
ation, and,  as  Mr.  James  states,  the  operation  of  the  field  ac- 
celerating relay,  with  proper  rheostat  connections,  is  ideal  for 
adjustable  speed  motors. 

Referring  to  the  use  of  overload  relay  vs.  fuses,  there  are, 
of  course,  personal  opinions  as  to  where  the  dividing  line 
should  be.  This  point,  of  course,  comes  up  in  connection  with 
the  operation  of  a  single  step  starting  resistance  which  was 
advocated  up  to  15  h.p.,  as  the  peak  current  during  accelera- 
tion under  these  conditions  would  be  considerably  over  200 
per  cent  normal  current,  and  unless  the  overload  relay  were 
fitted  with  a  time  limit  device,  there  would  not  be  sufficient 
protection  to  the  motor  during  normal  working  conditions.  It 
wiU  also  be  noted  that  the  oscillograph  tests  which  our  com- 
pany have  made  indicate  that  there  is  no  difference  in  the  peak 
current,  whether  the  motor  starts  with  a  no-load  or  full-load, 
the  main  question  being  whether  or  not  the  motor  will  stand 
the  service. 

In  connection  with  the  question  of  dynamic  braking,  the 
opinion  seems  to  be  universal  as  to  the  necessity  for  this,  the 
difference  being  in  the  method  in  which  it  is  applied,  and  it 
would  appear  that  planers  and  boring  mills  especially,  where 
graduated  dynamic  braking  is  recommended,  would  come  under 
Mr.  James'  elassiflcation  of  heavy  inertia  loads.  The  ques- 
tion also  arises  that  if  graduated  braking  is  required  on  heavy 
inertia  loads,  why  is  it  not  also  desirable  in  other  cases?  It 
is  very  easily  proven  mathematically  that  increased  torque  ob- 
tained by  dyiiamic  braking  of  necessity  gives  decreased  stop- 
ping time,  assuming  that  the  dynamic  brake  resistance  is  prop- 
erly adjusted  to  the  operating  conditions  of  load. 

The  65  deg.  temperature  rise  recommended  on  contactor 
coils  is  in  accordance  with  A.I.E.E.  rules  and  U.  S.  Govern- 
ment standards  for  this  t^ije  of  appliance.  At  the  present 
time  the  use  of  Class  B  insulation  for  contactor  coils  is  not 
general  practice,  although  it  is  a  probability  for  the  near 
future. 

In  the  paper  and  by  various  members  in  the  discussion,  the 
necessity  for  cooperation  between  the  machine  tool  builders 
and  the  electrical  manufacturers  is  very  forcibly  emphasized. 


SAFETY  CODE  FOR  THE  USE  AND  CARE 
OF  ABRASIVE  WHEELS 

rlllS  Code  was  originally  prepared  by  the  Abrasive 
Wheel  Manufacturers.  It  was  presented  to  the  So- 
ciety, who  referred  it  to  the  Committee  on  Machine  Shop 
Practice.  This  committee  carefully  reviewed  it,  made  some 
siifjfjestions  involving  slight  modifications  and  approved  it. 

SAFETY    DEVICES 

Three  general  types  of  safety  devices  to  be  used  for  grind- 
ing wheels,  namely :  protection  flanges,  protection  hoods  and 
protection  chucks,  are  recommended. 

ARTICLE    a:      protection    FLANGES 

Al  Protection  flanges  of  the  double  or  single  concave 
type,  used  in  conjunction  with  wheels  having  double  or 
single  convex  tapered  sides  or  side,  are  recommended. 

A2  Flanges  of  the  sizes  shown  opposite  wheel  diameters 
in  column  C,  article  A9,  shall  be  used.  As  wheels  wear,  size 
of  flanges,  as  indicated  in  column  C,  article  A9,  shall  be 
maintained. 

A3  New  installations  of  protection  flanges  for  double 
tapered  wheels  shall  have  a  taper  of  not  less  than  three- 
(juarters  (%)  of  an  inch  to  the  foot  for  each  flange,  and  the 
center  of  flange  shall  conform  with  the  dimensions  shown  in 
column  B,  article  A9.  Such  flanges  shall  be  of  a  thickness 
not  less  than  is  shown  in  column  D,  article  A9. 

A4  New  installations  of  protection  flanges  for  single 
tapered  wheels  shall  have  a  taper  of  not  less  than  three- 
quarters  (%)  of  an  inch  to  the  foot,  and  the  center  of  flange 
shall  conform  with  dimensions  shown  in  column  B,  article 
A9.  Thickness  of  such  flanges  shall  be  as  shown  in  column  P, 
article  A9. 

A5  Each  flange,  whether  straight  or  tapered,  shall  be  re- 
lieved or  recessed  at  the  center  at  least  one-sixteenth  (Vu) 
of  an  inch  on  the  side  next  to  the  wheel  for  a  distance  as 
specified  in  column  E,  article  A9. 

A6  All  tapered  flanges  over  six  (6)  inches  in  diameter 
shall  be  of  steel,  or  other  material  of  equal  strength.  Tapered 
flanges  six  (6)  inches  and  smaller  in  diameter  may  be  made 
of  cast  iron. 

A7  All  flanges  shall  be  accuratelj'  turned,  correct  to 
dimensions  and  in  balance,  except  flanges  which  are  pur- 
posely made  out  of  balance.  Two  such  are  known  as  bal- 
ancing flanges  and  are  sometimes  used  to  counteract  out-of- 
balance  condition  in  an  abrasive  wheel. 

A8  Both  flanges  in  contact  with  the  wheels  shall  be  of  the 
same  diameter. 

A9  Dimensions  in  inches  of  tajiered  flanges  and  tapered 
wheels  where  hoods  are  not  used  in  conjunction  therewith, 
are  given  in  Table  1. 

ARTICLE    B:      protection    HOODS 

Bl  Protection  hoods  shall  always  be  used  where  practical 
with  wheels  not  provided  with  protection  flanges.  Hoods 
shall  be  designed  and  constructed  of  a  material  sufficiently 
strong  to  retain  all  pieces  of  a  broken  grinding  wheel. 

B2  Hoods  shall  conform  as  nearly  as  possible  to  the 
periphery  of  the  wheel,  and  shall  be  so  designed  as  to  leave 
exposed  the  least  portion  of  the  wheel  compatible  with  the 
work,  and  shall  be  of  the  adjustable  type  or  provided  with 
a  sliding  tongue  or  similar  device,  or  a  method  of  contract- 
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ing  the  rim,  for  the  jiurpose  of  closing  the  opening  in  the 
hood  as  the  wheel  is  reduced  in  diameter,  to  afford  maximum 
protection  at  all  times. 

B3  Protection  hoods  must  be  securely  fastened  to  the 
grinding  machine.  If  advisable,  hoods  may  also  be  fastened 
to  the  floor. 


ARTICLE    C:      CUPS, 


CYLINDERS    AND    SECTIONAL    RING 
WHEELS 


CI  Cups,  cylinders  and  sectional  ring  wheels  shall  be 
either  protected  with  hoods,  or  enclosed  in  protection  chucks, 
or  surrounded  with  protection  bands.  Not  more  than  one- 
quarter  (14)  of  the  height  of  such  grinding  wheels  shall  pvo- 
trude  beyond  the  provided  protection. 

ARTICLE    D:      general     SAFETY    REQUIREMENTS 

Dl  Competent  men  shall  be  assigned  to  the  mounting,  care 
and  inspection  of  grinding  wheels  and  machines. 

D2  Before  mounting,  all  wheels  shall  be  closely  inspected 
to  make  sure  that  they  have  not  been  injured  in  transit, 

TABLE   1     DIMENSIONS  OF  TAPERED  FLANGES  AND  WHEELS 

a  Maximum  flat  spot  at  center  of  flange,  e  Minimum  diameter  of  recess  in  taper 
b  Flat  spot  at  center  of  wheel.  flanges. 

c  Minimum  diameter  of  flange.  f  Minimum  thickness  of  each  flange  for 
d  Minimum  thickness  of  flange  at  bore.         single  taper  at  bore. 
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Note: — Where  hoods  are  used  in  conjunction  with  tapered  wheels  and 
tapered  flanges  the  specifications  given  in  article  D  12  may  be  followed. 

storage  or  otherwise.  For  added  precaution,  wheels  other 
than  of  the  elastic  and  vulcanite  type  should  be  tapped 
lightly  with  a  hammer;  if  they  do  not  ring  with  a  clear  tone 
they  should  not  be  used.  Damp  wheels  when  tapped  with  a 
hammer  may  not  give  a  clear  tone.  Wheels  must  be  dry  and 
free  from  sawdust  when  applying  this  test. 

D3  Grinding  wheels  shall  fit  freely  on  the  spindles;  they 
shall  not  be  forced  on,  nor  shall  they  be  ton  loose. 

D4  Wheel  arbor  holes  shall  be  made  0.005  inches  larger 
than  the  machine  arbor. 

D5  The  soft  metal  bushing  shall  not  extend  beyond  the 
sides  of  the  wheel  at  tlie  center. 

D6  Minimum  sizes  of  machine  sjjindles  in  inches  for  vari- 
ous diameters  and  thicknesses  of  grinding  wheels  are  given 
in  Table  2. 

D7  Ends  of  spindles  shall  be  threaded  left  and  right,  so 
that  the  nuts  on  both  ends  will  tend  to  tighten  as  the  spindles 
revolve.  Care  should  be  taken  in  setting  up  machines  that 
the  spindles  are  arranged  to  revolve  in  the  proper  direction, 
else  the  nuts  on  the  ends  will  loosen. 

D8  Wheel  spindles  shall  be  of  sufficient  length  to  permit 
of  the  nut  being  drawn  up  at  least  flush  with  the  end  of  the 
spindle,  thus  providing  a  bearing  for  the  entire  length  of  nut. 

D8a  Protruding  ends  of  the  wheel  arbors  and  their  nuts 
shall  be  guarded. 


D9  The  surfaces  of  wheels  in  contact  with  straight  or 
tapered  flanges,  the  surfaces  of  the  flanges  in  contact  with 
the  wheels  and  the  wheel  washers  between  the  flanges  and 
wheel  shall  be  clean,  smooth  and  free  from  foreign  material. 

DIO  Size  of  straight  flanges  for  straight  wheels  shall  not 
be  less  than  shown  by  column  B,  section  D12. 

Dll  All  straight  flanges  shall  be  relieved  or  recessed  at 
the  center  at  least  one-sixteenth  (Vu)  of  an  inch  on  the 
inside  surface  of  flange  for  a  diameter  as  specified  in  column 
C,  article  D12. 

D12  Dimensions  of  straight  flanges  and  straight  wheels 
used  with  protection  hoods  are  given  in  Table  3. 

D13     Wheels  shall  never  be  run  without  flanges. 

D14  Both  flanges  in  contact  with  the  wheels  shall  be  of 
the  same  diameter  whether  straight  or  tapered. 

D15  Wheel  washers  of  compressible  material,  such  as 
blotting  paper,  rubber  or  leather,  not  thicker  than  approxi- 
mately 0.025  inches,  shall  be  fitted  between  the  wheel  and 
its  flanges.  It  is  recommended  that  the  wheel  washers  be 
slightly  larger  than  the  diameter  of  the  flanges  used. 

D16  When  tightening  clamping  nuts,  care  shall  be  taken 
to  tighten  same  only  enough  to  hold  the  wheel  firmly,  other- 
wise the  clamping  strain  is  apt  to  crack  the  wheels. 
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D17  Flanges,  whether  straight  or  tapered,  must  be  fre- 
quently inspected  to  guard  against  the  use  of  flanges  which 
have  become  bent  or  sprung  out  of  true,  or  out  of  balance. 
If  a  tapered  wheel  has  broken,  the  tapered  flanges  must  be 
carefuOy  inspected  for  truth  before  using  with  a  new  wheel. 
Clamping  nuts  shall  also  be  inspected. 

D18  The  work  rest  must  be  kept  adjusted  close  to  the 
wheel  to  prevent  the  work  from  being  caught.  Work  rests 
must  be  rigid  and  always  securely  clamped  after  each  ad- 
justment. 

D19  (1)  A  speed  of  5000  peripheral  feet  per  minute  is 
recommended  as  the  standard  operating  speed  for  vitrified 
and  silicate  straight  wheels,  tapered  wheels  and  shapes  other 
than  those  known  as  cup  and  cylinder  wheels,  which  are 
used  on  bench,  floor,  swing  frame  and  other  machines  for 
rough  grinding.  Speeds  exceeding  5000  feet  may  be  used 
upon  recommendation  of  the  wheel  manufacturer  but  in  no 
case  shall  a  speed  of  6500  peripheral  feet  per  minute  be 
exceeded.  (2)  A  speed  of  4500  peripheral  feet  per  minute 
is  recommended  as  standard  operating  speed  for  vitrified 
and  silicate  wheels  of  the  cup  and  cylinder  shape,  used  on 
bench,  floor,  swing  frame  and  other  machines  for  rough  grind- 
ing. Speeds  exceeding  4500  peripheral  feet  per  minute  may 
be  used  upon  recommendation  of  the  wheel  manufacturer, 
but  in  no  case  shall  5500  peripheral  feet  per  minute  be  ex- 
ceeded. 
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D20  Foi-  elastic,  vulcanite  aiul  wheels  of  other  organic 
bonds,  the  recommeudation  of  individual  wheel  manufac- 
turers shall  be  followed. 

D21  For  precision  grinding  an  operating  speed  of  6500 
peripheral  feet  per  minute  may  be  recommended.  Speeds 
higher  than  6500  peripheral  feet  per  minute  can  be  used  only 
upon  recommendation  of  the  wheel  manufacturer. 

D22  Table  4  gives  revolutions  per  minute  for  various 
sizes  of  wheels  for  the  peripheral  velocities  in  feet  per  minute 
at  the  head  of  each  column. 

D23  Machine  spindle  speeds  shall  be  tested  and  deter- 
mined correct  for  size  of  wheel  to  be  operated  before  wheel 
is  mounted,  and  shall  never  be  changed  as  a  wheel  is  reduced 
in  diameter,  except  by  men  assigned  for  such  duties. 

D24  If  a  wheel  spindle  is  driven  by  a  variable  speed 
motor,  speed  control  of  the  motor  shall  be  enclosed  in 
a  locked  case,  or  some  device  shall  be  used  which  prevents 
motor  from  being  run  at  too  high  speeds. 

D25  Grinding  machines  shall  be  sufficiently  heavy  and 
rigid  to  prevent  vibration,  and  they  should  be  securely 
mounted  on  substantial  foundations. 

TABLE  3     DIMENSIONS  OF  STRAIGHT  FLANGES  AND  WHEELS 
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D26  No  user  of  wheels  shall  use  on  any  given  machine  a 
wheel  of  larger  diameter  or  greater  thickness  than  specified 
by  the  machine  builder. 

D27  Wheels  which  wear  out  of  round  shall  be  trued  b.y 
a  man  assigned  to  that  duty.  If  wheels,  not  jn-ovided  with 
balancing  ilanges,  become  out  of  balance  through  wear  and 
cannot  be  balanced  by  tilling  or  dressing,  they  should  be  re- 
moved from  the  machine. 

D28  A  wheel  used  in  wet  grinding  shall  not  be  allowed 
to  stand  partly  immersed  in  the  water.  Water-soaked  por- 
tion may  throw  the  wheel  dangerously  out  of  balance. 

D29  Wheel  dressers  should  be  equipped  with  rigid  sheet 
metal  or  other  guards  over  the  tops  of  the  cutters  to  protect 
operator  from  flying  jiieces  of  broken  cutters. 

D30  Goggles  shall  be  provided  for  use  of  grinding  wheel 
operators  where  there  is  danger  of  eye  injury.  They  should 
be  readily  accessible,  or  better,  should  be  the  individual  prop- 
erty of  the  operator. 

D31  The  space  about  the  machine  shall  be  kept  dr^-,  clean 
and  as  free  as  possible  from  castings  or  other  obstructions. 

D32  Grinding  rooms  shall  not  only  be  well  ventilated  and 
well  lighted,  but  kept  warm  and  dry.  Machines  used  con- 
tinuously for  dry  grinding  shall  be  attached  to  a  dust-exhaust- 
ing system.  Besides  protection  to  the  workmen,  the  dust- 
exhausting  sj'stem  prevents  wear  and  tear  on  machinery  and 
belts. 


D33  Care  shall  be  exercised  in  the  storage  of  wheels. 
They  shaU  be  stored  in  dry  places  and  should  be  well  sup- 
jjorted  on  edge  in  racks.  Work  shall  not  be  forced  against 
a  cold  wheel,  but  the  work  applied  gradually,  giving  the 
wheel  an  opportunity  to  warm  and  thereby  eliminate  pos- 
sible breakage.  This  ajjplies  to  starting  work  in  the  morn- 
ing in  grinding  rooms  which  are  not  heated  in  winter,  and 
new  wheels  whicli  have  been  stored  in  a  cold  place. 

ARTICLE    E:      PRECAUTIONARY     SUGGESTIONS 

El  Cone  pulleys  determining  the  speed  of  a  wheel  should 
never  be  used  unless  belt  locking  devices  are  provided. 

E2  The  maximum  size  of  wheel  which  should  be  used  with 
given  operating  speeds  should  be  indicated  on  each  machine. 

TABLE  4     R.P.M.  FOR  VARIOUS  SIZES  OF  GRINDING  WHEELS 


Diam.  of 
Wheel  in 

Peripheral  Speed 

In. 

4,000 

4,500 

5,000 

5,500 

6,000 

6,500 

1 

15.279 

17,200 

19,099 

21,000 

22,918 

24,850 

2 

7,639 

8,.590 

9,549 

10,500 

11,459 

12,420 

3 

3,093 

5,725 

.     6,366 

7.000 

7,639 

8,270 

4 

3.820 

4,295 

4,775 

5,250 

5,730 

6,205 

5 

3,056 

3,440 

3,820 

4,200 

4,584 

4,970 

6 

2,546 

2,856 

3,183 

3,500 

3,820 

4,140 

7 

2,183 

2,455 

2,728 

3,000 

3,274 

3,550 

S 

1,910 

2,150 

2,387 

2,635 

2,865 

3,100 

10 

1,528 

1,720 

1,910 

2,100 

2,292 

2,485 

12 

1,273 

1,453 

1,592 

1,750 

1,910 

2,070 

14 

1,091 

1,228 

1,364 

1,500 

1,637 

1,773 

16 

955 

1,075 

1,194 

1,314 

1,432 

1,552 

18 

849 

957 

1,061 

1,167 

1,273 

1,380 

20 

764 

860 

955 

1,05a 

1,146 

1,241 

22 

694 

782 

868 

932 

1,042 

1,128 

24 

637 

716 

796 

876 

955 

1,035 

26 

586 

661 

733 

809 

879 

935 

28 

346 

614 

683 

749 

819 

887 

30 

509 

373 

637 

700 

764 

827 

32 

477 

537 

.596 

657 

716 

776 

34 

449 

306 

561 

618 

674 

730 

36 

424 

477 

331 

534 

637 

689 

•38 

402 

453 

503 

553 

603 

653 

40 

382 

430 

478 

525 

573 

621 

42 

364 

409 

455 

500 

546 

591 

44 

347 

391 

434 

477 

521 

564 

46 

332 

374 

415 

456 

498 

539 

48 

318 

358 

397 

438 

477 

517 

50 

306 

344 

383 

420 

459 

497 

52 

294 

331 

369 

404 

441 

487 

54 

283 

318 

334 

389 

425 

439 

56 

273 

307 

341 

366 

410 

443 

58 

264 

296 

330 

354 

396 

428 

60 

235 

277 

319 

350 

383 

414 

E3  Grinding  machines  should  be  provided  with  a  stop  or 
some  method  of  fixing  the  maximum  size  of  wheel  which 
may  be  used,  at  the  speed  at  which  the  wheel  spindle  is  run- 
ning. 

E4  Boxes  must  be  of  proper  length  to  provide  an  ample 
bearing  surface,  and  prevent  heating  or  rapid  wear.  It  is 
important  that  the  bearings  be  kept  well  lubricated  and 
properly  adjusted.  Ring  oiling  devices  are  recommended, 
amply  protected  from  dust  and  grit,  and  box  caps  should  be 
adjustable  for  take-up. 

E5  Tor  protection  against  flying  chips,  etc.,  plate  glass 
in  metal  frames  can  be  placed  just  above  the  grinding  spaces 
of  the  wheels. 

E6  Where  it  is  imi^racticable  or  nndesii-able  to  use  a 
glass  shield,  a  leather  flap  may  be  attached  to  the  hood  and 
adjusted  so  as  to  interrupt  sparks  and  dust. 

E7  Table  5  of  causes  of  grinding  wheel  accidents  has  been 
prepared  by  the  Independence  Inspection  Bureau,  and  by 
their  courtesy  it  is  published  with  this  report. 
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TABLE  5     CAUSES  OF  GRINDING-WHEEL  ACCIDENTS.      (Prepared  by  the  Independence  Inspection  Bureau  of  Philadelphia  for  general  distribution.) 


Broken   wheels   (caused 
by)  


Broken  wheels  (caused 
by) 


I  Careleasness. 
j  Horseplay. 


Cracked    wheel    (caused 
by) 


Heated  spindle. 


Uneven  bearing  of  flanges. 


Tight  bearings. 


■  Improper  specifications. 

Ignorance. 


Too   high   rim   speed 
caused  by) 


Catching  work  between 
rest  and  wheel  (caused 
by) 


Out  of  true  (caused  by). 


Improper  inspection  of  wheel /  Before  issued  to  operator. 

\  When  being  mounted. 

Dropping  or  striking  against  some  [  During  storage 

object  while  not  being  operated ...  \  While  being  mounted. . . , . . 

!  While  standing 

Being    forced     on     improper    sized  f  Too  small  bushing. 

spindle 1^  Too  large  spindle. 

Lack  of  oil. 

Improper  spindle  size. 

Inner  flange  not  fixed  on  spindle. 

Only  one  flange /  Careless  mounting. 

I  Ignorance. 

Bent  or  broken  flange  or  flanges. 

Bushings  projecting  beyond  sides  of 

wheels 

High  spots  on  flanges. 

Hitih  spots  on  wheels. , 

Flanges  of  different  diameters 1  Careless  Mounting. 

I  Ignorance. 

Flanges  not  properly  relieved f  Entirely  without  reUef f  Improper  specifications. 

Diameter  of  relief  too  small \  Ignorance. 

Missing .  1  , 

Compressible  washers ■!  Too  thin 

{  Too  small  diameter . 

Tightening  of  nut /  Carelessness. 

\  Ignorance  of  mounter. 

Hacking  of  wheel f  Desire  for  increased  cutting. 

\  No  restriction  on  use  of  wheel. 

Screwing  wheel  on  taper  arbor Ignorance. 

Overspeed  when  first  set  up. 

o       J  -  ,       /  Desire  for  increased  cutting. 

Speed  mcreased....  <  _,         ,.,      ,     -  .  j     ,  ,-         .    , 

'  1.  houghtlessly  increasmg  speed  of  une  shaft. 

c.  ■-^-       ,  „  1  Desire  for  increased  cutting. 

jT       c  11      ;  Shiltmg  to  small  1  _  .  ..^ 

t  se  of  cone  pulley  \       ^.,Ua^-  f  ^"^^^^  snifter. 

J  Carelessness. 
Carelessness. 
Ignorance. 

_      ,  ,      ,      I      -         ,1  Desire  for  increased  cutting. 

Too  large  wheel  substituted  \  -  •    ..«. 

l^  Ignorance  or  indmerence. 

Wheel  of  different  grain  and  lower  ^ 

recommended  speed  substituted. . . 

Wheel  of  different  shape  substituted 

Wet  wheel  substituted J 


(Carelessness. 
Ignorance. 


Spindle  overspeeded. 


.1 


Use  of  too  large  wheel  for  spindle 
speed 


pulley. 
Wheel  initially  too  large 


Ignorance  or  indifference. 


Improper  adjustment  of  rest f  Lack  of  attention. 

1  Ignorance. 
Improper  handling  of  work /  Side  grinding  when  rest  not  designed  for  it. 

1  Pushing  work  under  rest Ignorance. 

Loose  bearings (  Lack  of  attention. 

1  Ignorance. 
Bent  spindle j  Lack  of  attention. 

1  Ignorance. 
Loose  frame (  Lack  of  attention. 

1  Ignorance. 
Rough  or  improper  use f  Inexperienced  men. 

\  Responsibility  of  foreman. 


Fljang    ^'heel    unbroken 
(caused  by) 


Work   or  dresser   hurled  j 

out  of  workman's  hand  \  Caught  between   rest   and 
(caused  by) [      wheel 


Unbalanced  wheel   (cavised  (  Wheel  standing  in  water  (see  under  "cracked  wheel"). 

by) •{  Side  grinding  (see  below). 

I  Wheel  untrue. 

Weakened  wheel  (caused     [  Wheel  standing  in  water  (see  above). 

by) <  Side  grinding  (see  below). 

I  Hacking  wheel  (see  above). 

Too  small  spindle  (caused    /  Bushing  too  small  in  wheel f,  .    ,.„ 

u„\  \  nr  ■    ji  jr  e     ■,      A  Iguorauce  or  mdlfierence. 

by) [  Wrong  spindle  used  for  size  of  wheel  { 

Side      grinding      on      im-  [  Lack  of  proper  equipment. 

proper      wheel      (caused  S  Inexperience  of  men. 

by) [  Indifference. 

Spindle  threaded  in  wrong  direction Improper  specifications. 

Mounted  so  that  nut  works  J  Belt  twisted  so  that  machine  runs  opposite  to  initial  direction Equipment  incorrectly  erected. 

loose  (caused  bv) 1  Motor  reversed J  ^ 

Ignorance. 


Spindle  turned  end  for  end. 
See  above. 


Flying  particles  of  emery, 
inhaled  or  in  eye 
(caused  by) 


Exhauster  defective 
(caused  by) 


Eye  protection  insufficient 
(caused  by) 


Chip        guard 
(caused  by) . . 


Flying  pieces  of  broken  f 

revoMng  t>'pe  of  dress- -j  No  guard  for  dresser. 
er  (caused  by) [ 


Entire  lack  of  exhauster j  Exhauster  not  pro\-ided. 

\  Exhauster  disconnected. 
Exhauster  line  not  proper  size j  Ignorance. 

\  Desire  for  sa'^'ing  expense. 
Exhauster  Une  stopped  up J  Not  often  cleaned. 

\  Poorly  designed  or  constructed. 
No  goggles  pro\-ided. 
Improper  goggles  provided. 

(Prejudice. 
Carelessness. 
Fear  of  infection, 
defective  f  No  chip  guard. 

f  Broken  and  not  replaced. 
\  Prejudice  of  workmen. 


Cliip  guard  not  in  use. 


Reprinted  from  "Grinding  Wheels" — CopjTighted,  1913 
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OPERATION  OF  PARALLEL  AND  RADIAL 

AXLES  OF  A  LOCOINIOTIVE  BY  A 

SINGLE  SET  OF  CYLINDERS 

BY  ANATOLE  MALLET,  PARIS,  FRANCE 
Honorary  Member  of  the  Society 

AN  examination  of  the  principal  arrangements  proposed 
for  transmitting  power  to  convergent  axles  without, 
however,  increasing  the  number  of  steam  cylinders,  forms  the 
subject  of  the  present  paper.  These  various  systems  of  trans- 
mission may  be  divided  into  two  classes :  First,  those  which  in- 
volve elements  having  rotary  motion;  second,  those  which  in- 
volve elements  having  reciprocating  motion. 

TRANSMISSION  BY  ROTARY  MOTION 

This  class  includes  gear  transmission,  transmission  by  end- 
less chain  and  transmission  by  universal  joints. 

Gear  Transmissions.  Although  the  first  use  of  gear  trans- 
missions dates  back  to  the  very  origin  of  locomotives,  they  ap- 
pear to  have  been  first  utilized  for  operating  loco- 
motive axles  having  freedom  of  radial  movement 
in  1838,  in  a  locomotive  built  at  Heath  Abbey  for 
the  Khymney  foundry  in  Wales.  This  locomotive 
was  carried  on  two  trucks  with  two  axles  each. 
The  two  trucks  could  turn  so  that  they  were  at 
an  angle  with  each  other  without  throwing  the 
driving  gears  out  of  mesh. 

In  1841,  the  Baldwin  Locomotive  Works  built  a 
locomotive  in  which  the  rear  axles  were  driven  by 
means  of  a  countershaft  and  connecting  rods,  and 
the  axles  of  the  front  truck  were  operated  by  a 
gear  transmission  located  on  the  longitudinal  axis 
of  the  machine.  This  locomotive  weighed  13V2 
tons  and  was  designed  for  use  on  a  quarry  rail- 
road, but  the  type  was  afterward  abandoned. 

The  French  engineer,  Tourasse,  presented  at  the  Competi- 
tion of  Semmering  in  1851  a  design  of  locomotive  with  six 
axles,  similar  to  the  Rhymney  locomotive.  It  may  be  seen 
from  Fig.  1  that  from  the  cylinders  is  operated  a  countershaft 
carrying  a  toothed  gear  which  engages  with  toothed  wheels 
carried^  on  the  nearest  axle  of  each  track,  these  axles  in  turn 
being  coupled  to  the  other  axles  by  outside  connecting  rods. 
This  locomotive  was  to  weigh  60  tons  with  the  water  carried 
in  a  saddle  tank  on  the  boiler.  The  cylinders  were  0.50  m. 
(1.64  ft.)  in  diameter  with  a  0.60  m.  (1.97  ft.)  stroke;  the 
wheels  were  1.20  m.  (3.93  ft.)  in  diameter  and  the  heating  sur- 
face, 2.50  sq.  m.  (2590  sq.  ft.).  The  power  developed  would 
have  been  extraordinarily  large  for  that  time,  since,  according 
to  the  author  of  the  design,  the  locomotive  was  to  be  able  to 
start  with  a  load  of  250  tons  over  a  grade  of  2Y2  per  cent,  al- 
though a  capacity  of  only  140  tons  was  required. 

The  Locomotive  Works  of  Winterthur,  Switzerland,  built  in 
1883,  for  an  industrial  railroad  in  the  south  of  France,  a  loco- 
motive similar  to  the  one  just  described.  It  was  supported  on 
two  trucks  of  two  axles  each,  and  weighed  22  tons.  It  appears 
that  this  type  was  unsuccessful. 

The  famous  Engerth  locomotive  (Fig.  2),  built  after  the 
Semmering  Competition  from  which  no  practical  results  were 
obtained,  was  at  first  characterized  by  the  use  of  gear  trans- 
mission for  connecting  the  last  axle  of  the  locomotive  to  the 


forward  axle  of  the  tender.  The  intermediate  shaft,  carrying 
the  middle  toothed  gear,  is  ari'anged  to  slide  longitudinally  in 
its  bearings  if  necessary,  to  cut  out  the  connection  with  the 
wheels  of  the  tender. 

Quite  a  large  number  of  Engerth  locomotives  were  built. 
As  a  rule,  they  had  six  driving  wheels  under  the  locomotive 
proper  and  four  under  the  tender,  or  a  total  of  ten  in  all. 
As  the  gears  did  not  give  satisfactory  results  in  actual  prac- 
tice, however,  they  were  eliminated  and  the  machine  reduced  to 
the  type  of  locomotive  and  tender  with  six  coupled  wheels. 
The  complicated  gear  transmission  type  has  long  since  entirely 
disappeared  from  jDraetice. 

Within  recent  years,  a  locomotive  builder  in  Lyons  has  built 
some  small  narrow  gage  locomotives  which  are  supported  on 
four  axles — all  driving.  The  three  rear  axles  are  coupled  by 
external  connecting  rods,  while  the  front  axle,  which  has  radial 
freedom  of  motion,  is  connected  with  the  axle  next  to  it  by  a 
train  of  gear  wheels  located  in  the  longitudinal  axis  of  the  ma- 
chine, just  as  in  the  Engerth  type.  It  does  not  appear,  how- 
ever, that  this  system  has  found  an  extensive  apjjlieation. 


Presented  at  the  Annual  Meeting  of  The  American  Society  of  Me- 
chanical Engineers,  New  York,  December  1915.  Pamphlet  copies 
without  discussion  may  be  obtained  ;  price  10  cents  to  members ;  20 
cents  to  con-members. 


Fig.  1     Six-AxLE  Gear  Tran.sjiission  Locojiotr-e  by  Tourasse 


Before  1830,  W.  N.  James,  of  Birmingham,  proposed  to  con- 
nect not  only  the  axles  of  the  locomotive  and  tender  but  also 
those  of  the  cars  by  means  of  gear  wheels  operated  by  a  longi- 
tudinal shaft  running  the  length  of  the  train  and  provided 
with  ball  and  socket  joints  to  give  them  the  flexibility  neces- 
sary for  making  the  curves.  By  this  arrangement  the  inventor 
proposed  to  obtain  sufficient  adhesion  to  handle  the  train  on 
grades  without  recourse  to  the  Bleukinsop  rack,  and  he  stated 
that  experiments  made  on  a  small  scale  showed  that  he  could 
make  grades  of  three  inches  in  a  yard,  or  1  in  12. 

There  are,  in  actual  use  in  the  United  States,  locomotives  in 
which  the  axles  of  the  engine  and  of  the  tender  are  coupled  to- 
gether by  gears  and  a  longitudinal  shaft  fitted  with  ball 
sockets.  These  locomotives  are  of  the  Climax,  Shay  and  Heis- 
ler  systems,  which  difCer  from  one  another  in  the  arrangement 
of  the  details  of  transmission  and  the  location  of  the  steam 
cyHiiders.  These  systems  are  too  well  known  to  necessitate 
their  description  here,  but  it  may  be  of  interest  to  state  that 
they  have  been  used  even  for  very  large  units.  Thus,  the 
Climax  and  Heisler  locomotives  have  actually  been  built  in 
sizes  of  75  to  80  tons  and  the  Shay  locomotives,  up  to  135  tons. 

Trammission  by  Endless  Chain.  The  use  of  endless  chain 
for  coupling  axles  which  may  be  thrown  out  of  parallelism 
appears  to  have  been  adopted  for  the  first  time  in  1851,  by  S. 
A.  Maffei,  of  Munich,  in  the  construction  of  the  locomotive 
Bavaria,  presented  by  him  at  the  Semmering  Competition. 
This  machine  (Fig.  3)  had  seven  axles,  driven  by  two  cylin- 
ders The  axles  were  divided  into  three  groups  and  the  wheels 
of  each  group  were  coupled  by  external  connecting  rods,  while 
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the  groups  were  connected  by  endless  chains  made  of  links  and 
studs.  The  engine  weighed  68,000  kg.  (74.8  tons)  with  its 
equipment  and  it  was  given  the  first  prize  at  the  Competition 
after  having  satisfactorily  passed  all  the  tests.  It  was  said 
that  the  victory  was  due  only  to  the  very  brief  duration  of  the 
tests,  and  that  this  locomotive  could  be  maintained  in  good 
operating  condition  only  by  constant  repairs  to  the  chain 
transmissions.  As  a  matter  of  fact,  the  Bavaria  has  never 
been  reproduced  in  full  or  in  part. 

The   Locomotive   Works  of  Winterthur  built  a  locomotive 
with  three  axles,  the  middle  one  rigid  and  the  two  others  with 


Fig.  2     Original  Exgerth  Locomotive 

radial  displacement.  The  two  non-rigid 
axles  were  connected  b.y  Galle  chains'  en- 
gaging with  rim  gear  sprockets  attached 
to  the  axle  by  ball  sockets.  The  cyhnders 
were  located  forward,  were  vertical  and 
drove  a  countershaft  which  was  coupled 
with  the  axles  by  the  Galle  chains.  The 
locomotives  of  standard  gage  were  16.5 
tons  and  could  handle  curves  of  11  m. 
(36.08  ft.)  radius.  This  type  was  not 
built  again. 

In  the  United  States  a  type  of  small 
locomotive  designed  to  operate  over  roads  made  of  logs  placed 
end  to  end  is  sometimes  used  in  lumbering  operations.  This 
locomotive  is  set  on  two  trucks  and  its  axles  are  driven  by 
means  of  Gaile  chains  from  a  countershaft  operated  by  the 
cylinder.  The  wheel  treads  are  groove-shaped,  fitting  over  the 
log  rails  on  which  they  run.  It  is  generally  known  that  Galle 
chains  are  used  on  road  locomotives,  rollers,  gasoline  locomo- 
tives and  certain  electric  locomotives. 

Transinissioti  hy  Universal  Joints.  In  this  category  can  be 
placed  all  transmissions  by  ball  joints.  The  term  ball  joint 
applies  here  to  any  device  involving  wheels  mounted  on  a  hal- 
low axle,  in  the  interior  of  which  is  a  shaft  that  receives  the 
power  from  the  steam  cylinders  and  transmits  it  by  means  of 
a  ball  joint,  or  universal  joint,  to  the  hollow  axle.  On  curves 
the  hollow  axles  take  the  radial  displacement  while  the  interior 
shafts  remain  parallel.  The  interior  shafts  are  coupled  by  ex- 
ternal rods  in  such  a  manner  as  to  make  the  converging  move- 


ments of  the  outer  axles  and  the  movement  of  the  transverse 
displacement  of  the  central  axle  correspond.  This  ingenious 
device  appears  to  have  been  invented  by  Percival  Haj'wood, 
who  made  use  of  it  about  1880  on  a  small  locomotive  weighing 
approximately  2.5  tons  and  running  on  a  15-in.  gage  railroad 
having  curves  of  16-ft.  radius.  (Fig.  4.)  The  three  axles  are 
connected. 

E.  P.  Cowles  applied  the  same  principle,  but  a  different  ar- 
rangement, to  a  locomotive  on  a  quarry  railroad  in  Kentucky 
as  shown  in  Fig.  5  (only  one-half  of  the  machine  is  shown,  the 
other  half  being  exactly  similar).     From  the  figure  it  may  be 

seen  that  only  the  central  carrying 
axle  of  each  truck  is  hollow,  con- 
taining a  rigid  shaft  a  acted  upon 
by  the  steam  cylinders.  The  other 
axles  are  coupled  by  external  con- 
necting rods,  in  the  middle  of  each 
of  which  is  provided  a  slot  in  w'hich 
slides  the  crank  pin  of  the  shaft  a. 
The  shaft  a  is  carried  on  external 
supports  and  is  connected  with  the 
hollow  axle  by  a  central  universal 
joint. 

The  inventor  utilized  the  peculiar 
idea  of  operating  both  trucks  from 
the  same  cylinders  in  order  to  sim- 
plify the  general  construction  of 
the  machine.  To  accomplish  this, 
each  piston  rod  was  arranged  to 
pass  through  both  covers  of  its 
cylinder  and  to  engage  at  each  end 
with  a  connecting  rod.  Due  to  the 
obliquity  of  these  connecting  rods, 
however,  their  midpoints  of  stroke 


straight-lick  rollor  chain. 


Fig.  3    Locomotive  "  Bavaria  "  by  SIaffet 

did  not  correspond  to  each  other,  and  a  sliding  of  the 
wheels  on  the  rails  twice  in  each  revolution  resulted.  This 
difficulty  could  have  been  avoided  by  the  use  of  two  pistons  in 
each  cylinder,  one  for  the  forward  truck  and  the  other  for  the 
rear  truck,  but  that  would  have  complicated  the  machine. 

TRANSMISSION  BY  RECIPROCATING  MOTION 

This  class  includes  such  systems  as  make  use  of  connecting 
rods,  equaUzers,  etc.,  for  connection  of  the  convergent  axles. 
The  author  considers  it  advisable  to  call  attention  in  a  general 
manner,  however,  to  the  fact  that  this  classification  cannot  be 
very  rigorous  because  certain  arrangements  might  belong  to 
two  classes  at  the  same  time,  owing  to  the  multiplicity  of  parts 
entering  into  their  construction. 

The  mechanisms  of  this  class  may  be  divided  in  the  follow- 
ing manner:  Coupling  of  convergent  axles  by  connecting  rods 
located  in  the  longitudinal  axis  of  the  engine,  these  connecting 
rods  being  either  simple  or  double,  rectilinear  or  triangular; 
coupling  by  oscillating  levers  or  equalizers;  use  of  a  free  axle 
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coupled  by  connecting  rods  to  the  converging  axles,  and  coup- 
ling of  axles  by  means  of  external  connecting  rods  of  which 
the  length  varies  with  tlie  radial  displacement  of  the  axles. 

Coupling  by  Connecting  Rods  Located  in  the  Longitudinal 
Axis  of  the  Engine.  The  use  of  central  connecting  rods  act- 
ing on  spherical  crank  pins  located  in  two  contiguous  axles  is 
a  very  simple  idea,  but  there  is  serious  difficulty  in  passing 
the  dead  center.  Tiiis  can  be  remedied  in  several  ways.  In 
designs  presented  for  the  Semmering  Competition,  MafEei  pro- 
posed to  locate,  side  by  side  and  in  the  center  of  the  axles, 
two  connecting  rods  acting  at  right  angles  on  cranked  portions 
of  the  axles.  It  is  easy  to  see  that  this  solution  of  the  problem 
was  not  a  rigorous  one,  since  the  connecting  rods  are  not  on 
the  axis  of  the  engine,  although  they  are  very  close  to  it.  A 
certain  amount  of  play  had  to  be  allowed  between  the  pins  of 
the  cranks  and  the  brasses  of  the  connecting  rods,  which  would 
finally  result  in  causing  a  breakdown  of  the  transmission. 

Thouvenot  took  up  this  idea  of  locating  rods  on  the  axis  of 
the  engine  about  1860.  He  deflected  tlie  connecting  rods  so  as 
to  bring  them  back  into  the  axis  of  the  engine,  as  shown  in 
Fig.  6.  This  arrangement  does  not  appear  to  possess  sufficient 
strength. 

C.  Aliges,  former  engineer  of  the  Cail  factory  in  Paris,  de- 
veloped a  design  for  a  four-axle  locomotive  {Fig.  7),  in  which 
one  of  the  two  axles  forming  the  truck  was  connected  with  the 


end  of  the  lever  a  is  connected  to  the  top  of  an  equalizer,  b, 
articulated  in  the  middle  and  having  its  lower  extremity  at- 
tached by  a  distance  rod  to  the  rear  axle,  c,  of  the  truck.  The 
result  of  this  arrangement  is  that  if,  on  curves,  the  axles  of 
the  truck  are  displaced,  the  lower  part  of  the  lever  t  has  a  dis- 
placement in  the  same  direction  and  to  the  same  amount,  so 
taking  care  of  the  convergence  of  the  axles. 

The  Hagans  system  was  at  first  considered  quite  a  success 
on  the  Prussian  State  Railroads  on  five-axle  coupled  locomo- 
tives weighing  72  tons  in  service,  but  it  has  since  been  entirely 
abandoned.  As  a  reason  for  this  was  given  the  fact  that  the 
introduction  of  locomotives  with  five  axles,  parallel  and  coupled 


Fig.  5    Cowles'  Hollow-Axle  Locomotive 


Fig.  4    Haywood's  Hollow-Axle  Locomotive 

driving  shaft  by  a  central  connecting  rod  and  the  other  with 
the  third  axle  by  a  like  arrangement. 

De  Bergues,  of  Manchester,  proposed  an  arrangement  for 
inter-connecting  the  axles  of  a  locomotive  and  its  tender  by 
means  of  central  coupling  rods  acting  on  cranks  in  these  axles, 
the  coupling  rods  being  driven  by  vertical  oscillating  levers. 
This  arrangement  embodied  two  similar  systems  located  very 
close  to  the  longitudinal  axis,  with  cranks  at  right  angles  to 
the  axles. 

Coupling  by  Oscillating  Levers  or  Equalizers.  The  idea  of 
using  oscillating  levers  for  coupling  convergent  axles  was  first 
disclosed  about  1855  in  an  invention  by  Lucien  Rarchaert,  who 
tried  very  persistently  to  realize  it.  This  system  has  been  very 
favorably  reported  on,  but  has  never  been  actually  used.  A 
German  engineer,  Christian  Hagans,  of  Erfurt,  invented  an 
arrangement  which  he  applied  at  first  to  small  locomotives  and 
after,  with  some  modifications,  to  large  five-axle  locomotives 
with  three  fixed  axles  and  two  axles  forming  a  truck,  as  shown 
in  Fig.  8.  The  axles  of  the  truck  were  acted  upon  by  a  ver- 
tical lever,  a,  oscillated  through  the  intermediary  of  a  longi- 
tudinal rod  by  lever  a',  oscillated  by  the  piston  rod.    The  upper 


by  ordinary  side  rods,  has  made  the  complication 
and  expensive  maintenance  of  the  Hagans  machine 
unnecessary.  However  tliis  may  be,  we  may  say 
that  this  system  has  probably  been  supplanted  by 
the  Engerth  system,  no  doubt  one  of  the  most  widely 
applied  arrangements  for  operating  converging 
axles. 

The  Johnstone  system,  which  has  been  applied  on 
several  large  duplex  locomotives  built  in  the  United 
States  for  the  Central  Mexican  Railroads,  has  also 
some  resemblance  to  the  preceding  type.  Fig.  9 
shows  one-half  of  this  locomotive,  and  the  other  half 
is  entirely  similar.  The  piston  rod  (or  rather  rods, 
since  there  are  three  of  them,  there  being  two  cylin- 
ders placed  side  by  side)  acts  on  the  middle  of  a 
lever  a,  which  is  vertical  when  in  its  normal  posi- 
tion. The  main  connecting  rod  is  attached  to  the 
lower  extremity  of  this  lever,  wliile  from  the  ui)per 
extremity  a  short  coupling  rod  connects  to  the  top  of  equalizer 
b.  This  equalizer  oscillates  about  its  middle  and  operates 
from  its  lower  end  a  connecting  rod  to  a  crank  pin  set 
at  180  deg.  from  the  working  pin  of  the  counter-crank.  From 
the  figure  it  is  seen  that  the  lever  a,  to  which  the  piston  rods 
are  attached,  moves  always  parallel  to  itself,  vertically  on 
straight  track  and  at  a  slight  incline  on  curves. 

Use  of  Free  Axles.  The  use  of  a  free  axle  coupled  by  con- 
necting rods  with  radial  axles  appears  to  date  back  to  the  Sem- 
mering Competition.  Mafifei  there  presented  several  designs 
in  which  the  axles  of  locomotives  and  their  tenders  were 
coupled  by  inclined  or  triangular  connecting  rods.  A  similar 
design  (Fig.  10),  submitted  at  the  same  Competition  by  a 
Hannoverian  engineer,  Kirchweger,  shows  a  locomotive  carried 
on  two  trucks  having  two  axles  each,  the  coupling  of  the  trucks 
being  effected  by  an  arrangement  of  this  kind.  It  may  be  seen 
that  there  is  a  connection  between  the  journal  boxes  of  the 
wheel  axles  and  of  the  free  axle. 

The  Austrian  engineer,  Pius  Fink,  tried  to  retain  in  the  En- 
gerth machine  its  original  property  of  total  adhesive  weight 
by  substituting  for  the  gear  train  an  articulated  device.     He 
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built  three  locomotives,  which  were  in  sen'ice  for  several  years, 
but  they  are  not  built  now.  The  locomotive  had  three  axles 
and  the  tender  two,  as  in  the  Engerth  machine.  Dredge  and 
Stein  in  England  resorted  to  the  use  of  a  free  axle  and  a  cen- 
tral triangular  connecting  rod  for  coupling  the  axles  of  a  loco- 
motive with  those  of  the  tender. 

The  inventor,  Rarchaert,  to  whom  reference  was  made  above, 
after  having  abandoned  the  system  of  osciHating  levers,  de- 
signed an  arrangement  coming  under  the  present  category 
(Fig.  11).     This  was  applied  on  a  locomotive  with  two  trucks 


Fig.  6     THom'ExoT's  Locomotive  with  Rods  ox  Axis 


the  connecting  rod.  As  a  result  of  this,  friction  and  consid- 
erable wear  is  likely  to  ensue,  rapidly  producing  play,  shocks 
and  dislocation  of  parts.  None  of  these  systems  appear  to 
have  been  utilized  practically. 

External  Connecting  Bods,  the  Lengths  of  Which  Vary  with 
the  Convergence  of  the  Axle.  In  this  connection  reference  wiU 
be  made  first  to  the  Klose  system,  which  has  been  fairly  widely 
applied.  Fig.  14  gives  an  idea  of  this  system.  It  may  be 
seen  from  this  figure  that  the  crank  pin  of  the  working  axle 
carries  a  kind  of  rocker  lever  to  two  points  of  which  are  con- 
nected the  coupling  rods  of  the  other  axles.  The  other  two 
points  are  connected  to  the  extreme  axles  by  a  system  of  con- 
necting rods  and  triangles  in  such  a  manner  that  the  converg- 
ence of  the  axles  corresfjonds  to  the  variation  in  length  of  the 
coupling  rods.  This  system  has  been  employed  in  locomotives 
having  a  gage  of  1.76  m.  (5.77  ft.)  on  the  Bosnian-Herzego- 
vinian  Railroads  and  on  large  five-axle  locomotives  of  the 
Wiirtemberg  State  Railroads. 

An  arrangement  proposed  by  a  Brazilian  engineer,  G.  Fretl, 
might  also  be  cited.  In  this  a  double  horizontal  box  engages 
witli  the  crank  pin  of  the  middle  axle  and,  by  bearing  on  the 
coupling  rods  of  the  two  other  axles,  increases  or  decreases  the 


having  two  axles  each.  The 
cylinders  operated  a  free  axle 
couijled  with  the  carrying  axles 
by  a  triangular  central  connect- 
ing rod.  The  pins  of  the  cranks 
had  spherical  heads.  The  loco- 
motive was  in  service  on  the 
railroad  between  Fougeres  and 
Vitre  and  from  Orleans  to  Cha- 
lons. It  gave  good  results,  but 
at  the  death  of  the  inventor  ex- 
periments with  it  were  discon- 
tinued. 

The  use  of  a  loose  axle  may  be 
combined  with  that  of  external 
coupling  rods  in  which  are  provided  slots,  and  in 
these  slots,  again,  glide  the  coupling  pins  of  the 
radial  axles.  An  arrangement  of  coupling  rods 
of  this  type  was  used  in  the  Cowles  system,  men- 
tioned above  (compare  Fig.  5).  The  Kochy 
system  (Fig.  12)  also  furnishes  an  example  of 
this  arrangement.  A  third  example  is  found  in 
the  design  presented  by  the  engineer  Gouin, 
author  of  the  system  employing  oscillating  levers  similar  to  the 
first  system  of  Rarchaert.  This  model  represents  a  combined 
locomotive  and  tender  with  five  axles,  of  which  the  two  rear 
ones  form  a  pivoted  truck.  These  axles  are  coupled  by  con- 
necting rods  having  an  open  or  slotted  link  in  which  slides  the 
pin  of  a  crank  forming  the  terminal  of  a  free  axle.  This 
cranked  free  axle  is  in  turn  coupled  with  the  third  axle  of  the 
machine. 

Finally,  the  well-known  designer,  Krauss,  of  Munich,  pro- 
posed, in  1893,  an  an'angement  jjermitting  of  the  operation  of 
the  axles  of  a  truck  by  steam  cylinders  carried  on  the  main 
frame  of  the  engine,  as  shown  in  Fig.  13.  To  accomplish  this, 
the  crank  pins  on  the  driving  shaft  carry  pin  blocks  working 
in  slots  in  the  trussed  connecting  rods.  It  may  be  seen  that 
the  use  of  such  connecting  rods  with  slots  is  subject  to  serious 
objections.  Stress  is  exerted  on  the  crank  pin  in  a  vertical 
direction  only  and,  moreover,  the  i)in  blocks  have  on  curves  a 
periodic  displacement  in  a  direction  transverse  to  the  axis  of 


Fig.  7    Alices'  Four-Axle  Locomotive 


Fig.  8    Hagax's  Fn"E-AxLE  Locomoti\-e 

length  of  these  coupling  rods  when  the  middle  axle  is  trans- 
versely displaced  on  a  curve. 

conclusion 

In  this  paper  the  author  has  indicated  the  most  interesting 
arrangements,  so  far  as  he  knows,  which  have  been  proposed 
for  operating  the  converging  and  parallel  axes  on  a  locomo- 
tive by  a  single  pair  of  steam  cylinders.  If  he  has  failed  to 
mention  any,  especially  those  of  American  origin,  it  has  been 
done  unintentionally  and  he  apologizes  for  it  in  advance. 

An  examination  of  these  devices  gives  the  impression  that 
all  of  them  involve  a  serious  inconvenience,  and  that  all  of  them 
can  operate  in  a  satisfactorj*  manner  only  when  they  are  in 
vertical  play,  parallel  to  the  longitudinal  axis  of  the  engine, 
i.e.,  when  the  latter  runs  along  straight  sections  of  track.  But 
such  is  not  the  condition  on  curves  where  the  transmission  ele- 
ment acquires  a  certain  amount  of  obliquity,  which  necessitates 
the  use  of  pins  or  spherical  parts  more  difficult  to  lubricate. 
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This  obli()uity  introduces  differences  in  length  and  further  play 
between  the  parts,  and  this,  in  turn,  leads  to  shocks  and  rapid 
wear  of  parts.  Hence  the  maintenance  of  mechanisms  of  this 
kind  becomes  necessarily  more  costly  than  that  of  the  ordinary 
locomotive  transmissions. 

Notwithstanding  these  difficulties,  the  author  believes  that 
in  view  of  the  ingenuitj'  which  has  developed  in  the  study  of 
this  question  during  so  many  years  and  by  so  many  inventors, 


Fiii.  0     Onf>Halp  of  Joitnstoxe  Sv.steji  Locomotive 


it  would  be  hard  to  predict  that  a  system 
may  not  finally  be  found  combining  all  the 
conditions  essential  to  the  practical  opera- 
tion of  such  a  device.  On  the  other  hand, 
however,  can  it  not  be  questioned  whether  re- 
searches in  this  direction  are  of  any  actual 
utility  to-day  when  there  is  no  hesitation  with 
regard  to  coupling  directly  the  largest  num- 
ber of  parallel  axles  by  external  connecting 
rods  and  when  there  are  other  perfectly  satis- 
factory solutions  of  the  problem  based  on  a 
different  order  of  ideas? 

As  a  matter  of  fact,  since  1861  and  more 
than  fifty  years  ago,  -J.  J.  Meyer,  an  eminent 
engineer  and  author  of  the  first  system  of  ar- 
ticulated locomotives  which  has  given  practi- 
cally satisfactory  results,  wrote  the  following: 

In  the  systems  proposed  for  coupling  in  a  rigid  manner  in 
whatsoever  way  it  may  be,  the  several  axles  belonging  to  two 
diverging  trains,  the  addition  of  coupling  mechanism  intro- 
duces a  greater  complication  than  the  addition  of  two  extra 
steam  cylinders,  and  the  maintenance  of  these  mechanisms,  as 
well  as  keeping  the  drive  wheels  rigidly  to  the  same  diameter, 
will  he  of  greater  cost  than  that  of  the  two  extra  cyHnders  and 
the  two  mechanisms,  without  taking  into  consideration  the  loss 
in  efficiency. 


DISCUSSION 

E.  A.  AvERiLL.  It  is  impossible  m  a  two-cylinder  locomo- 
tive to  obtain  a  tractive  effort  of  100,000  lb.,  as  far  as  the 
cylinder  is  concerned.  In  view  of  the  limitations  of  the  satis- 
factory factor  of  adhesion  and  safe  weight  on  each  driving 
axle,  such  tractive  effort  would  necessitate  the  use  of  six- 
coupled  drivers.  Six-coupled  drivers  of  60  in.  diameter  means 
a  driving  wheel  base  of  approximately  21.5  feet, 
wliich  would  be  impossible  for  ordinary  use,  and 
almost  impossible  in  any  case.  In  this  comitry  we 
have  not  quite  reached  100,000  lb.  tractive  effort, 
but  we  have  reached  84,700  lb.,  and  we  have  also 
reached  the  22  ft.  wheel  base;  and  the  step  to 
100.000  lb.  tractive  effort  is  one  that  is  desired  and 
probably  will  be  taken.  There  is  an  important 
problem  to  solve  in  connection  with  the  very  long 
wheel  base  required,  however,  and  this  paper  is 
particularly  timely  and  should  receive  very  close 
attention. 

The  paper  itself  is  mainly   historical  and  con- 


FiG.  11     Rach.vert's  Free-Axle  Desigk 

What  has  been  said  above  is  all  the  more  true  to-day,  since, 
in  addition  to  the  Meyer  luai.'iiine,  we  now  have  the  Fairlie 
system  and  the  author's  s.\steni,  which  was  the  last  to  come 
and  which  has  received  in  n^cent  years  such  important  and  re- 
markable application  in  tlu!  United  States,  thanks  to  the  energy 
and  skill  of  American  engineers  and  builders. 


Fig.  10    Free-Axle  Locomotive  by  Kirchvsteger 

tains  largely  negative  information,  because  the  constructions 
shown  are  mostly  those  of  failures.  They  certainly  show  how 
the  problem  cannot  be  solved,  and  that  is  very  frequently  the 
most  important  information  that  we  have. 

Carl  .1.  Mellin  (written).  The  excellent  paper  by  Mr.  Mal- 
let is  a  valuable  addition  to  the  history  of  the  development  of 
the  locomotive,  and  one  from  which  references  are  readily  ob- 
tained as  to  what  has  been  done  toward  the  solu- 
tion of  adapting  driving  axles  to  curves.  This 
problem  has  been  under  constant  consideration 
from  the  beginning  of  the  locomotive  era  to  the 
present  day  and  has  occupied  many  minds. 

Various  forms  of  gearing  were  among  the  first 
means  sought  to  transmit  motion  from  one  set 
or  group  of  axles  to  another,  each  set  of  axles 
to  be  capable  of  independently  adjusting  itself 
to  the  curvature  of  the  road.  This  has  probably 
been  the  most  successful  principle,  through  the 
range  of  the  numerous  designs  made  for  this 
.purpose,  within  the  size  and  weight  of  the  engine 
where  one  set  of  cylinders  could  supply  the  power. 

The  first  application  of  chain  transmission  was  also  made  at 
an  early  date,  but  probably  owing  to  defective  or  insufficient 
strength  of  the  chain  this  method  was  abandoned  at  the  out- 
set, although  reintroduced  at  a  comiiarati\'ely  recent  time.  Witli 
a  more  suitable  design  of  chain,  a  number  of  log  engines  have 
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been  built  and  arc  iciioitcd  doino;  satisfactory  service.  In  a 
rougber  roadbed  they  jicrmit  greater  freedom  of  the  axles 
than  do  coupling  rods. 

Theoretically  the  most  correct  method  for  self-adaptation  of 
individual  axles  to  curves,  is  jirobably  the  Haywood  idea.  It 
does  not  appear,  however,  that  this  can  be  applied  to  any  but 
light  engines,  due  to  the  unfavorable  manner  of  carrying  the 
weight  on  the  crank  axle  on  the  ball  connection  between  the 
frames.  It  is  also  a  (|uestion  whether  the  wheels  will  run 
steady  on  a  straight  track,  not  being  confined  by  any  more 


Fig.  12     Kochy  Free-Axle  System 

rigid  bearings  than  the  single  ball  in  the 
hollow  axle.  This  remark  holds  good  also 
for  the  hollow  axle  designs  of  Cowles.  and 
Klinn  and  Lindner. 

The  various  other  designs  are  not  ai)plica- 
ble  to  modern  sizes  of  locomotives,  but  have 
nevertheless  served  as  stepping  stones  for 
further  progress  to  meet  modern  demands 
of  simple  and  practical  applications;  and  by 
the  introduction  of  the  four  cylinders,  fol- 
lowed by  the  Fairlie  designs  of  double  swiv- 
elling bogies  and  further  by  the  application 
of  the  compound  principle,  the  Meyer  and 
Mallet  systems,  were  brought  into  existence. 

W.  F.  IviESEL,  Je.  (written),  ilr.  Mallet 
has  given  us  a  most  interesting  historical 
presentation  of  attempts  to  provide  a  flexi- 
ble drive  for  coupled  wheels  on  driving  axles 
which  are  permitted  to  assume  a  radial  posi- 
tion. Apparently  few  of  these  designs  have 
reached  the  experimental  stage  and  none 
have  come  into  general  use.  This  is  suffi- 
cient indication  that  the  probability  of  the 
schemes  are  doubtful.  The  further  fact  that  other  solutions 
to  the  problem,  less  expansion  and  complicated,  have  been 
found  would  lead  to  the  conclusion  that  such  schemes,  as  il- 
lustrated in  this  paper,  will  likely  never  be  adopted,  as  their 
only  advantage  would  be  that  all  the  axles  can  be  driven  from 
a  single  set  of  cylinders. 

The  weight  and  size  of  modern  locomotives  are  so  great  that 
the  cylinder  diameters  are  now  as  large  as  road  clearances  will 
permit.  If  larger  locomotives  are  built,  and  some  have  been 
built,  the  application  of  two  or  more  sets  of  cybnders  will 
probably  be  obligatory.  If  the  number  of  sets  of  cylinders  is 
increased,  the  Mallet  type  of  locomotive  is  the  logical  type  to 


use,  as  with  that  type  no  change  in  customary  construction  of 
side  rods,  pins,  etc.,  is  necessary.  In  the  Mallet  locomotive, 
all  necessary  flexibility  that  may  be  required  on  account  of 
track  curvature  can  readily  be  obtained,  making  it  unnecessary 
to  consider  further  the  flexible  drive.  For  the  reasons  given, 
it  is  extremely  questionable  whether  further  research  on  the 
subject  of  flexible  drive  would  be  anything  more  than  an  in- 
teresting intellectual  pastime. 

Another  reason  why  such  types  are  not  likely  to  come  into 
l)ractical  use  is  that  the  loss  in  efficiency  would  be  greater 
than  the  loss  engendered  by  carrying  10  to  15  per  cent  of  the 
weight  of  the  locomotive  on  truck  axles. 

The  Mallet  type  answers  the  same  purpose,  is  more  efficient 
and  less  expensive,  and  has  deservedly  established  itself  as  a 
permanent  standard  on  railroads  in  general. 

G.  R.  Henuersox  (written).  To  the  writer,  the  most  in- 
teresting clause  of  the  able  paper  by  Mr.  Mallet  is  that  in 
which  he  (|Uotes  Mr.  Meyer  as  considering  that  the  extra  com- 
l)lication  of  the  various  methods  of  connecting  different  trains 
of  axles  is  less  desirable  than  additional  cylinders,  with  articu- 
lated pipes.  It  seems  that  there  are  other  points  in  favor  of 
the  additional  cylinders,  more  important  than  tlie  cost  or  effi- 
ciency, thermallj'  considered. 

When  a  large  number  of  axles  are  operated  by  one  pair  of 
cylinders,  we  hav-e  the  following  objeetional  features :  a  Large 
and  unwieldly  cylinder  proportions  and  parts,  h  great  loads 
on  rods,  crossheads,  guides  and  main  crank  pins,  c  lieavy  rods 


Fig.  13     Krauss'  Slotted  Rod  Arraxgement 

and  reciprocating  parts,  d  increased  difficulty  in  lubricating 
the  bearings  and  rubbing  surfaces,  e  greater  labor  in  making 
round  house  repairs  and  adjustments. 

When  0]>erating  on  the  road,  the  most  objectionable  fea- 
ture is  found  in  the  loss  of  headway  due  to  slipi>ing  of  the 
drivers  jiractically  stalling  the  train  on  heavy  grades,  whereas, 
in  the  Mallet  type  of  locomotive,  it  is  a  well  known  fact  that 
the  drivers  of  both  high  and  low  pressure  cylinders  practically 
never  slip  at  the  same  time. 

Thus,  should  the  high  pressure  unit  slip  the  wheels,  the  re- 
ceiver pressure  at  once  rises,  stopping  the  slippage  and  caus- 
ing the  low  pressure  unit  to  increase  its  work  momentarily. 
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thereby  retaining  at  least  half  of  the  tractive  force  (as  the 
throttle  need  not  be  closed  as  in  single  expansion  locomotives) 
and  utilizing  the  steam  exhausted  from  the  high  pressure 
cylinders  with  little  if  any  waste.  Should  the  low  pressure 
unit  slip,  then  the  receiver  pressure  is  reduced,  throwing  more 
work  on  the  high  pressure  unit;  and  the  result  is  the  same  as 
before,  only  reduced  pressure  steam  being  wasted,  and  the 
tractive  effort  is  still  one  half  or  more  as  the  throttle  need  not 
be  closed. 

The  writer  considers  this  one  of  tlie  most  valuable  features 
of  the  Mallet  type  of  locomotive,  and  believes  that  this  point 
is  not  given  sufficient  consideration  in  ordinarily  selecting 
locomotives  for  heavy  drags. 

W.  E.  Woodakd'  (written).  It  is  opportune  that  the  pres- 
entation of  this  paper  coincides  with  the  introduction,  into 
this  country,  of  an  arrangement  which  accomplishes  in  a  some- 


FiG.  14    Klose  Variable  Length  Rod  System 

what  different  way  the  purpose  of  the  various  schemes  de- 
scribed. 

From  the  standpoint  of  tracking,  the  problem  of  operating 
a  long  coupled  wheel  base  with  a  single  jjair  of  cylinders 
could  undoubtedly  best  be  solved  by  arranging  certain  of  the 
wheels  so  that  they  could  deflect  radially.  However,  as  clearly 
shown  in  the  paper,  this  involves  mechanical  difficulties  which 
so  far  have  appeared  to  be  hard  to  solve  or  complicated  in 
application,  at  least  for  heavy  locomotives.  A  practical  solu- 
tion would  seem  to  be  a  compromise  construction  which  per- 
mits of  lateral  motion  of  certain  of  the  coupled  wheels  in  a 
plane  parallel  with  the  other  coupled  axles.  A  comparatively 
simple  side  rod  construction  can  be  used  which  will  readily 
take  care  of  the  side  motion  required.  The  Zara  and  other 
similar  truck  constructions,  which  iiave  been  used  abroad,  are 
based  on  this  general  principle. 

Floating  coupled  axles,  in  which  an  abnormal  amount  of 
lateral  play  is  allowed  to  accommodate  the  curving  of  the 
wheel  base,  have  also  been  used  abroad  and  to  a  limited  extent 
in  this  eountrj\  Floating  axles  with  lateral  play  will  cer- 
tainly allow  long  wheel  base  engines  to  pass  sharp  curves 
easily,  but  their  use  is  open  to  the  objection  that  they  do  not 
contribute  any  guiding  effort  to  lead  the  mass  of  the  locomo- 
tive around  curves,  or  to  steady  it  on  tangent  track  until  the 
full  lateral  play  is  taken  up.  Moreover,  on  account  of  such 
axles  being  free  to  move  laterally,  almost  all  the  flange  wear 
comes  on  those  coupled  wheels  which  ha\-e  normal  lateral  play. 
The  ruling  of  the  Interstate  Commerce  Commission  covering 
allowable  lateral  jilay  between  driving  wheel  hubs  and  driving 
boxes,  lately  made,  is  also  an  objection  to  this  consti-uction. 

It  is  evident  that  the  design  of  lateral  motion  coupled  axles 
which  will  best  meet  the  conditions  of  the  case  should  be  capa- 
ble of  application  to   any  or  several  pairs  of  the  coupled 
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wheels.  Thus  it  may  be  desirable  to  equip  the  first  and  last 
coupled  axle  with  a  lateral  motion  device,  or  possibly  even  the 
first,  last  and  middle  pairs  of  wheels. 

There  has  recently  been  placed  in  service  an  arrangement 
of  lateral  motion  coupled  axle  which  meets  these  require- 
ments. It  pro\'ides  sufficient  flexibility  to  admit  of  a  locomo- 
tive having  a  long  driving  wheel  base  curving  easily  and  at  the 
same  time  affords  a  definite  resistance  against  lateral  motion. 
This  design  is  in  successful  operation  on  a  number  of  heavy 
ten-coupled  locomotives  on  the  New  York,  Ontario  &  Western 
R.  R.  and  has  also  been  used  on  a  similar  class  of  locomotives 
of  unusual  weight  and  power  just  going  into  service  on  the 
Erie  Railroad. 

Briefly,  the  design  consists  of  an  arrangement  which  per- 
mits of  about  two  inches  total  side  play  of  the  leading  coupled 
wheels  and  boxes.     This  lateral  motion  is  resisted  and  con- 
trolled by  a  constant  side  resistance  which  is  obtained  through 
the  action  of  the  load  carried  on  the  bo.xes.    In 
this  way,  a  positive  gravity  control  is  obtained 
against  an  initial  side  motion  of  the  wheels  and 
throughout  the  entire  range  of  this  motion  up 
to  its  limit.    The  side  rods  connecting  this  pair 
of  driving  wheels  with  the  second  pair  of  wheels 
are  arranged  with  ball  knuckle  joint  pins  and 
a  special  design  of  spherical  crank  pin. 

The  principle  of  applying  a  yielding  re- 
sistance to  control  the  motion  of  the  driving 
axle  having  lateral  play  appears  to  be  fully 
justified  by  the  results  of  operation  so  far  ob- 
tained. Observations  of  the  engines  in  service 
show  that  there  is  no  lateral  motion  of  these  wheels  on  tangent 
track  and  on  ordinary  line  curves  even  when  the  engine  is 
working  very  hard  at  moderate  speeds.  The  tire  wear  also 
appears  to  be  about  evenly  divided  between  the  first  and  the 
second  driving  wheels. 

The  construction  is  also  apjilieable  to  Mallet  locomotives, 
finis  increasing  the  number  of  pairs  of  coupled  wheels  in  each 
unit  with  a  corresponding  increase  in  tractive  power. 

George  L.  Fowler  said  that  all  the  designs  illustrated  in 
this  paper  are  intended  for  easement  of  wheel  pressures  on 
curves,  and  he  had  made  a  few  investigations  of  this  subject, 
with  apparently  astonishing  results. 

A  seeming  fact  was  that  the  truck  leading  a  locomotive  has 
a  very  material  effect  upon  distributing  the  lateral  thrust.  For 
examisle,  in  the  case  of  a  Consolidation  locomotive,  it  was 
found  that  on  curves  the  leading  truck  exerts  the  greatest 
amount  of  pressure  on  the  rail,  then  the  second  driver,  fol- 
lowed by  the  first  driver,  and  third  driver  and  fourth  driver, 
in  the  order  named.  Running  the  engine  backwards,  the  rear 
wheel  strikes  a  tremendous  blow  and  the  remainder  travel 
around  the  curve  without  much  pressure  on  the  track  at  all. 

The  same  thing  was  manifest  in  connection  with  the  Penn- 
sylvania R.  R.  electric  locomotive,  that  is,  that  the  leading 
di'iver  on  the  rear  unit  was  the  one  that  jjut  most  of  the  pres- 
sure on  the  rail. 

The  distribution  of  the  lateral  thrust  depends,  of  course, 
entirely  upon  the  type  of  engine.  The  easiest  riding  engine 
he  knew  of  was  the  old-fashioned  American  8-wheel  engine, 
followed  possibly  by  the  Pacific,  if  weight  was  eliminated,  al- 
though in  a  Pacific  engine  with  trailing  wheel,  the  pressure 
l>ut  on  the  track  by  the  trailing  wheel  was  invariably  much 
higher  than  that  by  the  rear  driver.  In  this  connection,  too, 
the  i>ressure  of  the  tender  on  the  track  was  found  to  be  very 
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light,  but  strange  enough  in  the  case  of  the  sleeping  ears  it 
was  two  or  three  times  that  of  the  locomotive. 

On  a  Pacific  engine  maximum  single  wheel  pressures  of  from 
13,000  to  14,000  lb.  were  obtained,  while  a  sleeping  car  would 
give  a  pressure  of  32,000  to  36,000  lb.  He  had  obtained  as 
high  as  32,000  lb.  on  a  freight  car,  but  this  was  running  on  an 
8-deg.  curve  at  fifty  miles  an  hour. 

He  thought  the  speed  of  Consolidation  engines  running  back- 
ward and  switch  engines  should  be  limited  to  certainly  not 
more  than  20  or  25  miles  an  hour.  Switch  engines  hauled  over 
his  apparatus,  nmning  dead  in  the  train,  had  a  marked  effect 
on  the  track. 

He  said  it  was  of  no  use  attemjiting  to  make  a  mathematical 


Fk;.  15    Baldwix   Six-Wheel  Coxxected  Locomotive 


Fig.  16    Truck  for  Locomotive  (Fig.  15) 

analysis  of  what  happens  on  curves.  The  distribution  of  the 
wheel  loads  on  the  lateral  thnist  is  quite  different  from  any- 
thing in  connection  with  the  center  of  gravity.  For  example, 
in  the  case  of  the  Pacific  Locomotive  the  greatest  thrust  is  by 
the  front  truck  wheel  or  main  driving  wheel,  sometimes  one, 
and  sometimes  the  other,  but  the  rear  driving  wheel  thrust  is 
low,  while  that  of  the  trailing  wheel  is  very  high. 

In  regard  to  the  limitation  of  side  motion  in  the  driving 
axle,  mentioned  by  Mr.  Woodard,  he  did  not  feel  that  there 
was  any  difference  in  a  large  number  of  engines,  in  lateral  mo- 
tion on  curves,  where  the  engine  is  apparently  laying  over 
against  the  outer  rail  and  all  the  thrust  is  put  there.  Side  mo- 
tion on  tangent  track  was  apparently  a  very  important  ele- 
ment, and  an  old  locomotive  with  from  li/i  to  1%  in.  side 
motion  in  the  journals  slides  over  a  tangent  track  with  an  ease 
that  is  perfectly  surprising. 

He  thought  most  of  the  blow  caused  by  a  tuned-up  engine 
was  due  more  to  the  track.    His  own  experience  coincided  with 


that  of  the  Pennsylvania  Railroad  on  the  New  Jersey  &  Sea 
Shore  Line,  to  the  effect  that  if  you  got  a  heavy  blow  at  a  cer- 
tain point  on  the  track,  at  any  speed,  or  in  any  one  jiarticular 
t\pe  of  engine,  you  were  apt  to  get  it  every  time  an  engine 
passed  over  that  point.  Distortion  of  the  track,  too,  is  a  se- 
rious matter. 

If  there  is  any  limitation  in  regard  to  the  side  play  in  an 
engine,  it  should  be  very  liberal.  A  worn  engine  does  not  put 
any  greater  stress  on  the  track  on  a  cur\-e  than  one  freshly  out 
of  the  shop,  and  it  puts  remarkably  less  stress  on  the  tangent 
track. 

E.  B.  Katte.  Some  experience  derived  from  the  develop- 
ment of  the  earlier  high  speed  electric  locomotives  does  not 
conform  with  Mr.  Fowler's  in  regard  to  lateral  motion.  It 
was  found  that  in  the  early  electric  locomotives  equipped  with 
two  wheel  guiding  trucks  considerable  lateral  motion  pro- 
duced a  hard  knock  against  the  track  rails  when  running  into 


Fig.    17    Baldwin    Eight-Yv'heel    Connected    Locohotive 

or  leaving  a  cun'e.  The  low  center  of  gravity  accentuated 
the  blow  and  at  70  or  75  miles  an  hour  the  cumulative  shock 
was  considerable,  while  the  same  locomotive  with  the  lateral 
motion  reduced  by  hub  shims  was  run  up  to  85  miles  per  hour 
without  producing  a  blow  against  the  rails.  Unfoi-tunately, 
the  locomotive  had  to  be  shimmed  up  so  tightly  that  it  would 
not  take  the  short  radius  jard  curves,  and  other  means  to 
prevent  the  lateral  rail  thrust  had  to  be  found. 

Roy  V.  Wright  asked  whether  it  were  possible  to  provide 
a  large  enough  cylinder  on  a  locomotive  to  take  care  of  six- 
coupled  axles,  and  C.  D.  Young  asked  what  were  the  limita- 
tions to  one  design.  What  was  the  maximum  jilay  that  could 
be  given  the  front  and  rear  axles? 

W.  E.  WoODAED  replied  that  he  thought  this  was  possible. 
Such  a  locomotive  would  probably  take  a  32  or  33  in.  cylinder, 
well  under  the  size  of  those  vised  on  the  Mallet  engines.  He 
did  not  see  any  obstacle  in  the  way  of  our  proceeding  up  to  a 
100,000  lb.  tractive  effort  simple  locomotive.  With  a  larger 
cylinder  the  centers  would  have  to  be  thrown  out  further,  and 
to  prevent  side  vibration  the  wheel  base  would  have  to  be  made 
considerably  longer. 

In  reply  to  Mr.  Young,  at  present  we  have  only  one  1% 
in.  play  on  each  side,  but  we  could  probably  arrange  for  one 
1%  in.,  or  possibly  more. 

C.  D.  Young  said  that  he  could  see  no  particular  difficulty 
in  reaching  100,000  lb.  tractive  effort  in  a  locomotive  other 
than  of  the  Mallet  type,  but  did  not  believe  that  the  use  of  two 
cj'linders  was  the  only  way  to  do  it.  It  should  be  done  with 
two  pairs  of  simple  cylinders,  or  with  three  simple  cylinders, 
or  if  two  cylinders  are  designed  to  keep  within  the  clearance 
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diagram  of  the  right  of  way,  by  inereasuig  tlie  boiler  pressure 
and  limiting  the  cut-off.  In  that  way  the  long  overhang  of  the 
main  pin  which  results  from  the  wide  spread  of  cylinders 
would  be  overcome,  as  well  as  cylinder  clearance. 

If  the  cylinders  were  made  large  enough  to  limit  the  full 
gear  position  to  a  reasonable  eut-off,  he  thought  that  a  boiler 
could  be  made  which  would  develop  the  possibilities  of  100,000 
lb,  tractive  effort  with  two  or  three  cylin- 
ders.    He  saw  no  use,  however,  for  such 
a  locomotive  if  the  boiler  could  not  sujijily 
enough  steam. 

There  should  be  three  or  four  cylinders 
large  enough  to  permit  the  valve  gear  to 
lie  so  arranged  that  the  maximum  cut-off 
would  not  be  over  65  or  70  per  cent,  thus 
making  it  possible  to  develop  full  tracti\e 
effort  at  a  reasonable  water  rate. 

The  water  rate  of  the  two-cylinder  en- 
gine, working  in  full  gear  at  seven  or 
eight  miles  per  hour,  is  about  31  lb.  per 
i.h.p.  hour  with  125  deg.  of  superheat. 
If  the  cut-oft'  is  reduced  to  50  per  cent 
the  water  rate  drops  to  18.5  lb.  The  dif- 
ference   in    boiler    requirements    between 


extremely  sharj)  curves,  and  a  large  number  of  locomotives 
of  this  type  were  built  and  were  very  successful.  The  original 
engine  of  this  type,  as  shown  in  Tig.  15,  had  six  wheels,  all 
connected  as  drivers.  The  rear  wheels  were  placed  rigidly  in 
the  frame  and  had  inside  bearings.  The  four  remaining 
wheels  had  inside  journals  nmning  in  boxes  held  by  two  wide 
and  wrought  iron  beams.     These  beams  were  entirely  inde- 
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Fid.  18    Gear-Dkiven  Truck  Locomotive 

these  two  valve  gear  positions  is  evident.  Likewise,  if  two 
cylinders  are  used  and  the  boiler  pressure  is  increased  a  suffi- 
cient amount  to  limit  the  cut-off  to  50  per  cent,  corresponding 
results  would  be  obtained,  so  far  as  the  water  rate  is  con- 
cerned, but  with  such  an  arrangement,  some  special  provision 
should  be  made  in  the  valve,  or  by  a  special  starting  valve 
with  the  two-cylinder  locomotive. 

S.  M.  Vauclaix  (written).  I  have  read  with  great  interest 
the  author's  historical  account  of  the  development  of  the  dif- 
ferent systems  of  radial  axles  on  locomotives  operated  by  a 
single  set  of  cylinders. 

Mr.  Mallet's  paper  covers  only  the  use  of  transmission 
adapted  to  curving  when  such  a  transmission  is  driven  by 
steam  cylinders.  Electric  drive  lends  itself  to  the  use  of  radial 
tracks  without  serious  complications,  and  the  various  systems 
employed  both  in  this  country  and  abroad  have  been  described 
so  frequently  that  a  further  description  will  be  of  no  special 
interest. 

In  1842,  Mr.  Baldwin  took  out  a  patent  on  his  6-wheel  con- 
nected locomotive  in  which  the  four  front  drivers  were  com- 
bined in  a  flexible  truck.  This  locomotive  was  especially 
adapted  to  use  on  American  roads  then  existing,  which  had 


pendent  of  each  other  and  the  pedestals  fonned  in  them  were 
bored  out  cylindrically  for  the  reception  of  cylindrical  boxes. 
The  engine  frame  on  each  side  was  directly  over  the  beam, 
and  a  spherical  pin  from  the  frame  bore  in  the  socket  between 
the  beam,  midway  between  the  two  axles,  so  that  the  operation 
of  the  beam  was  similar  to  the  parallel  ruler.  A  half  plan 
of  this  truck  is  shown  in  Fig.  16.  The  coupling  rods  were  also 
made  with  cylindrical  brasses. 

This  design  was  subsequently  modified  into  an  8-wheel  con- 
nected locomotive,  shown  in  Fig.  17.  In  this  arrangement  both 
liaire  of  drivers  are  rigid  and  connected  to  the  boiler  and 
steam  machinery.  The  wheels  of  the  front  truck  are  con- 
nected by  side  rods  to  the  drivers  and  the  truck  frames  are 
]iivoted  imder  the  engine  frame  to  obtain  a  parallel  movement 
to  the  axle  when  on  curves.  This  lateral  movement  is  possi- 
ble since  the  axle  journals  and  the  rod  brasses  are  cylindrical 
in  their  boxes. 

Fig.  18  shows  a  design  in  which  one  driving  wheel  is  coujiled 
to  a  shaft  driving  a  gear,  which  in  turn  drives  truck  wheels 
of  smaller  diameter.  The  truck  is  adapted  to  curves  in  the 
same  manner  as  that  previously  described. 

Fig.  19  shows  a  motor  car  with  a  compound  engine  in  which 
the  driving  trucks  are  pivoted  and  steam  is  admitted  to  the 
cylinders  through  the  carrying  bearings.  The  boiler  rotates 
in  the  body  of  the  motor  car  as  the  driving  truck  accommo- 
dates itself  to  the  cur\'e.  The  rear  truck  in  this  arrangement 
is  simply  a  can-ying  truck  and  is  not  driven.  This  locomotive 
was  built  in  1897. 

The  foregoing  are  by  no  means  all  of  the  American  designs 
of  locomotives  with  radial  axles,  but  they  sen-e  to  show  dif- 
ferent solutions  of  the  problem,  all  of  which  have  been  in  suc- 
cessful operation. 

F.  .1.  Cole  (written).  Tliis  payier  makes  readily  available 
the  information  contained  in  technical  literature  extending  over 
many  years  regarding  the  most  interesting  arrangements  which 
have  been  used  or  proposed  for  jiarallel  driving  mechanism  ar- 
ranged for  operation  by  two  cylinders,  having  all  the  weight 
available  for  adhesion,  with  the  advantages  of  radial  axles  for 
traversing  sharp  cuiTature. 
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It  is  probable  that  such  designs,  with  the  exception  of  geared 
locomotives,  similar  to  Shay,  Climax,  etc.,  attract  nmch  more 
serious  consideration  abroad  than  in  this  country.  It  is  signifi- 
cant, however,  that  few,  if  any,  of  these  locomotives  are  now  in 
operation,  the  inherent  difficulties  and  complications  probably 
being  so  great  that  they  more  than  offset  the  advantages  gained. 
They  have  also  been  superseded  by  designs  having  more  than 
two  cylinders  and  in  which  the  necessary  radial  action  is  ob- 
tained by  swiveling  trucks,  such  as  the  Fairlie  and  Pechot. 
Usually  such  engines  are  built  for  slow  sen-ice  on  roads  with 
heavy  grades  and  sharp  curvature.  The  use  of  four  cylinders 
is  often  more  economical,  all  things  considered,  than  the  com- 
plication incident  to  special  forms  of  radial  axles. 

The  author,  in  the  invention  of  the  locomotive  which  bears  his 
name,  has  done  more  to  render  unneeessarj'  such  designs  (ex- 
cept geared)  than  probably  any  other  man.  These  Mallet  or 
articulated  locomotives,  as  is  well  known,  are  adapted  to  the 
widest  possible  range  of  service.  Originally  they  wore  intended 
for  military  use  for  very  narrow  gauges  and  extremely  sharp 
curvature,  the  track  following  the  natural  undulations  of  the 
ground  with  but  little  grading.  At  the  present  time  in  this 
country,  we  see  their  very  highest  form  of  development  in  haul- 
ing the  heaviest  tonnage  trains  in  the  world,  such  for  instance, 
as  the  2-8-8-2  type  for  the  Virginian  Railway,  having  a  tractive 
power  of  115,000  lb.  when  working  compound  and  135,000  lb. 
when  working  simple  for  short  distances;  it  has  a  weight  of 
481,500  lb.  on  di-ivers  and  542,500  lb.  total  in  working  order. 
It  is  probable  that  even  these  figures  will  be  exceeded  in  the 
near  future. 

We  see  again  modifications  of  this  design  in  the  Triplex, 
which  is  a  triple  articulated  compound,  with  the  weight  of  the 
tender  utilized  for  adhesion.  Such  locomotives  are  suitable  only 
for  very  slow  ser\'iee  because  of  their  boiler  or  steaming  limita- 
tions. 

Engines  of  this  kind  operate  with  the  axles  of  the  front  en- 
gine substantially  radial  to  the  track.  They  can  be  built  in  all 
designs  from  0-4-4-0  to  0-10-0  or  2-10-10-0  and  many  other  in- 
termediate modifications  of  arrangement  of  trucks  and  driving 
wheels  carrj'ing  either  all  the  weight  on  the  drivers  or  provided 
with  leading  and  radial  trailing  trucks  suitable  for  the  road 
conditions  under  which  they  operate.  I  agree,  therefore,  with 
the  author  that  it  seems  unnecessary  to  consider  seriously  many 
of  the  designs  shown  in  the  paper. 

Five-coupled  engines,  having  leading  and  sometimes  trailing 
radial  trucks  with  lateral  play  in  the  front  and  occasionally  in 
the  rear  driving  axles,  can  be  operated  successfully  on  sharp 
curves.  It  is  better  practice  to  use  some  form  of  gravity  or 
spring  resistance  in  axles  having  much  lateral  play  in  order  to 
distribute  the  flange  wear.    Whether  for  safety  these  axles  actu- 


ally' require  centering  devices  or  control,  depends  upon  the 
speed  and  other  conditions  under  which  the  engines  are  oper- 
ated. Such  devices  are  now  available  in  simple  form,  which 
operate  successfully.  It  is  only  in  heavy  grade  service  that 
locomotives  having  all  the  weight  on  the  drivers  can  be  op- 
erated satisfactorily.  The  horsepower  in  such  sei-vice  is  rela- 
tively small,  therefore  the  steam  requirements  are  not  so  ex- 
acting. For  fast  service,  in  order  to  get  sufficient  boiler  capac- 
ity for  conventional  types  of  locomotives  it  has  been  found 
necessarj-  to  can-y  a  certain  portion  of  the  engine  on  leading 
and  sometimes  on  trailing  axles,  not  only  to  provide  for  the 
guiding  of  the  locomotive  on  curves,  and  therefore  to  make 
the  operation  safe,  but  to  permit  the  construction  of  a  boiler 
of  sufficient  size  to  provide  the  steam  required. 

W.  F.  M.  Goss  said  that  from  our  study,  experience  and 
understanding  of  the  general  problem,  it  would  appear  that 
the  developments  described  in  the  paper  are  not  of  great  prac- 
tical value.  Our  experience  seems  to  have  passed  the  stage  of 
development  with  which  Mr.  Mallet  deals.  The  fact  is,  how- 
ever, that  we  can  never  tell  what  the  next  step  will  be,  because 
we  can  not  predict  the  conditions  that  are  to  govern  it.  It  is 
perfectly  clear,  for  example,  that  the  chain  transmissions 
shown  in  these  designs  were  destined  to  failure  at  the  time 
they  were  employed,  for  in  that  day  chain  drives  were  crude 
things ;  but  it  is  equally  clear  that  if  for  any  reason  we  should 
desire  to-day  to  couple  ujj  locomotives  with  chains,  we  could 
do  it  successfully  because  practice  in  chain  gearing  has  passed 
from  an  experimental  stage  to  one  of  great  refinement. 
Changing  conditions,  therefore,  emphasize  the  profit  to  be 
derived  from  study  involving  the  historic  development  of 
mechanisms.  I  regard  the  masterful  presentation  of  Mr.  Mal- 
let as  a  contribution  to  our  Proceedings  of  high  value. 

The  Author  was  unable  to  present  his  paper  in  person,  but 
it  was  presented  by  E.  A.  Averill,  Mem.Am.Soc.M.E.,  who  also 
contributed  to  the  discussion.  A  letter  written  by  Monsieur 
Mallet  and  received  subsequent  to  his  manuscript  included  the 
following  paragrajsh  which,  he  said,  established  a  very  clear 
case  of  priority  in  favor  of  an  American  designer : 

The  author  wishes  to  recall  here  that  probably  the  first  case 
of  transmission  by  convergent  axles  on  a  locomotive  from  a 
fixed  steam  cylinder  by  means  of  a  connecting  rod  located  in 
the  longitudinal  axis  of  the  engine,  is  to  be  found  in  the  loco- 
motives built  in  1832  by  Horatio  Allen  for  the  South  Caro- 
lina R.  R.  In  this  engine  the  main  rod  had  a  vertical  jointing 
with  a  small  stub  end  and  large  head  spherical  journal,  so  that, 
on  curves,  it  lent  itself  to  an  oblique  action  on  the  central  arm 
of  the  axle. 
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AFTER  the  lucatioii  of  a  plant  has  been  decided  upon,  and 
the  site  selected,  a  sufficient  number  of  borings  should 
be  made  or  test  pits  sunk  to  determine  the  character  of  the 
soil  and  its  bearing  capacity.  Such  exploration  will  reveal 
whether  the  site  is  suitable  or  whether  the  cost  of  foundations 
would  he  excessive.  If  the  site  is  found  suitable,  the  knowl- 
edac  111:'  the  underlying  soil  or  rock  is  necessary  for  the  proper 
and  eciiiiomical  design  of  the  foundations. 

The  borings  are  made  for  the  purpose  of  determining  at 
what  level  firm  soil  is  to  be  reached,  if  at  aU;  the  thickness  of 
any  stratum  of  firm  soil :  the  character  of  the  underlying  ma- 
terial: the  level  of  the  ground  water;  whether  piles  will  be  re- 
<iuired  and  the  probable  length  of  the  same. 

It  is  of  great  importance  to  support  all  structures  on  a 
stratum  of  soil  below  silt  or  jieat.  If  the  structure  is  to  be  a 
heavy  or  an  important  one  and  it  is  found  necessary  to  use 
piles,  some  of  the  borings  sh(nild  be  carried  to  bed  rock,  if 
possible,  and  dry  samples  of  the  soil  should  be  taken  every 
few  feet  in  depth.  The  samples  should  be  examined  as  soon 
as  taken,  as  the  moisture  in  them  evaporates  and  their  char- 
acter changes  raisidly.  If  uniform  conditions  are  found  a  few 
widely  scattered  borings  will  be  sufficient,  but  where  the  con- 
ditions vary  a  greater  number  should  be  made.  A  description 
of  the  processes  and  values  of  borings  is  given  later. 

If  it  is  found  necessary  to  drive  piles,  test  piles  should  be 
driven  and  careful  records  kept.  Piles  should  be  tested  by 
loading  until  marked  settlement  takes  place  and  careful  read- 
ings should  be  made  before  and  after  each  increment  of  load. 
If  possible  loads  should  be  allowed  to  rest  at  least  24  hr.  after 
each  increment,  except  the  final  load  which  should  remain  on 
at  least  48  hr.  unless  a  failure  of  pile  or  testing  platform  pre- 
vents. All  test  piles  should  be  pulled,  whether  load-tested  or 
not,  to  determine  their  condition  and  suitability  for  the  work. 

From  the  accumulated  data  obtained  from  borings,  test  pits, 
test  piles  and  from  pile  loading  tests,  it  will  be  possible  to 
select  working  loads  for  the  piles  suited  to  the  building  to  be 
supported.  In  general  the  working  pile  values  should  have  a 
factor  of  safety  of  not  less  than  2^2  based  on  a  load  produc- 
ing %  in.  total  settlement  by  test.  However,  it  may  be  desi- 
rable to  select  a  working  load  based  on  allowable  settlements 
such  as  -^fr  in.  to  Ys  in-  The  values  of  the  factor  of  safety  and 
working  or  ultimate  settlement  are  all  to  be  fixed  to  suit  the 
class  of  structure  to  be  supported. 

Buildings  which  are  to  contain  moving  machinery  or  deli- 
cate instruments  would  naturally  require  piles  with  fairly 
large  factors  of  safety,  while  in  cheaj)  one-story  structures  for 
storage  purposes  the  safety  factors  could  be  much  lower. 
Where  piles  are  not  load-tested,  the  values  given  by  the  Engi- 
neering News   formulfe  can   safely  be  used.     These   formulse 


For  a  pile  driven  with  a  drop  hammer 

2  W  II 

For  a  pile  dri\en  witli  a  steam  hammer 

2  W  H 

P  = 


S  +   0.1 
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in  which 

I'  =  safe  load  in  lb. 

W  =  weight  of  hammer  in  lb. 

//  =  fall  of  hammer  in  ft. 

S  =  penetration  or  sinking, in  in.  under  the  last  blow 

Test  pits  should  be  sunk  for  determining  the  level  of  the 
ground  water  and  for  making  a  study  of  the  soil  for  a  reason- 
able depth  more  accurately  than  can  be  done  with  borings. 
Both  the  maximum  and  minimum  levels  of  the  ground  water 
should  be  determined,  the  maximum  for  obtaining  the  hydro- 
static head  on  waterproof  basements  and  the  minimum  for 
finding  the  safe  level  for  cutting  off  wood  piles  or  to  deter- 
mine if  it  will  be  better  or  cheaper  to  use  concrete  piles. 

Wlien  the  structures  are  of  any  considerable  magnitude  and 
piling  is  unnecessary,  tests  should  be  made  to  determine  the 
bearing  capacity  of  the  soil  to  insure  the  maximum  economy 
in  design.  Having  ascertained  the  condition  of  the  soil  and 
decided  that  piles  are  not  necessary,  and  having  also  decided 
upon  the  maximum  pressure  to  which  the  soil  is  to  be  sub- 
jected, the  widths  of  foundations  can  be  determined  from  the 
estimated  loads. 

Solid  ledge  forms  the  securest  support  for  foundations,  pro- 
viding it  goes  all  round  the  building.  Part  earth  and  part 
ledge  are  apt  to  cause  unequal  settlements.  The  ledge,  if  un- 
even, should  be  leveled  ofE  and,  if  on  a  slope,  cut  to  form  steps 
to  give  an  approximately  horizontal  surface.  In  going  from 
rock  to  earth,  the  footing  courses  of  the  foundation  should  be 
spread  out  to  a  greater  width  on  the  soil  next  to  the  ledge, 
gradually  narrowing  into  the  regular  width  for  earth  founda- 
tions. If  there  should  be  any  unequal  settlement,  it  will  be 
spread  over  a  greater  length  of  the  superstructure  and  prob- 
ably save  cracks  in  the  walls  which  might  otherwise  occur  at 
the  junction  of  earth  and  rock. 

Hard  gravel  or  hard  pan  is  quite  as  desirable  as  ledge. 
Gravel  and  sand  are  also  good  when  kept  dry.  A  stratum  of 
6  to  8  ft.  of  hard-compacted  and  well-cemented  material,  even 
if  underlaid  by  softer  material,  is  usually  safe.  With  dry  sand, 
this  stratum  should  be  double  the  thickness. 

Clayey  soils  are  somewhat  treachei-ous.  Upon  exposure  to 
the  air  they  dry  and  crack,  and  exposed  to  rain  they  become 
semifluid  or  expand.  With  this  soil  it  is  best  to  open  only  a 
small  portion  of  the  trench  at  a  time  and  quickly  fill  in  behind. 

With  buildings  used  for  industrial  purposes,  there  is  usu- 
ally more  or  less  vibration  caused  by  machinery  in  motion,  and 
the  loads  carried  by  the  foundations  should  be  less  per  square 
foot  of  bearing  material,  or  less  per  pile,  than  in  buildings 
which  are  not  subject  to  such  vibration.  On  soft  clay  or  run- 
ning sand  confined,  the  pressure  should  not  exceed  I'o  to  1  ton 
per  sq.  ft.;  medium  blue  clay,  whether  or  not  mixed  with  fine 
sand,  1  to  2  tons ;  hard  clay,  2  tons ;  compact  sand  and  gravel, 
2  to  3  tons;  hard  pan,  5  to  6  tons  per  sq.  ft.  Under  favorable 
conditions  of  soil  and  use  of  building,  these  loads  may  be  ex- 
ceeded. 

In  any  building  with  a  uniform  firmness  of  earth  under  it, 
the  area  of  foundations  for  walls,  towers,  piers,  and  other  por- 
tions of  the  building  should  be  in  proportion  to  the  pressure. 
The  loads  on  the  outside  walls  may  be  a  little  lighter  than  those 
on  the  piers.  In  case  the  soil  should  vary  considerably  in  one 
portion  from  another,  the  areas  supporting  equal  weights 
should  be  changed  to  correspond  with  the  soil.  In  this  way 
unequal  settlements  are  avoided  and  the  most  economical  struc- 
tures of  approximate  uniform  strength  obtained. 

Where  there  is  unreliable  soil,  piling  must  be  resorted  to. 
If  firm  earth  cannot  be  reached  by  the  bottom  of  the  piles,  the 
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supporting  force  is  friction  alone.  If  there  should  be  an  un- 
derlying firm  stratum,  even  at  such  a  depth  that  excavation 
would  be  too  expensive  and  sometimes  impossible,  but  still 
within  the  reach  of  piles,  then  piling  can  be  used  with  good 
success. 

Where  wood  piles  are  properly  driven,  that  is,  not  broomed 
or  broken,  the  bearing  capacity  of  the  piles,  when  driven  into 
sand,  usually  shows  under  the  test  loads  a  slight  increase  over 
that  indicated  by  the  Engineering  News  formula;  but  those 
which  have  brought  up  hard  and  have  been  crippled  will  shoAv 
a  much  less  capacity  under  the  test  load  than  was  indicated  by 
the  formula. 

From  tests  recently  made  on  wood  piles  embedded  in  me- 
dium and  stiff  clay  on  the  site  of  the  new  buildings  for  the 
Massachusetts  Institute  of  Technologj',  it  was  found  that  for 
about  each  5  ft.  of  embedment  of  the  pile  in  clay,  1  ton  value 
could  be  added  to  that  given  by  the  Engineering  News  form- 
ula for  drop  hammers. 

Spruce  or  similar  soft  wood  piles  without  iron  points,  driven 
with  drop  hammer,  should  be  used  cautiously  where  there  is  a 
hard  crust  of  gravel  or  sand  overlying  clay.  Oak  piles  with- 
out iron  points  wiU  usually  penetrate  the  hard  gjound  and 
come  practicaDy  to  a  standstill  without  material  injury.  Any 
wood  pile  which  is  to  depend  largely  upon  point  bearing  for 
its  value  should  be  of  oak  or  southern  pine. 

When  piles  are  driven  through  a  hard  fill  and  an  interven- 
ing layer  of  peat,  silt  or  mud,  to  the  hard  sub-soil  it  will  be 
necessary  to  reduce  the  value  given  by  the  formula  as  it  con- 
tains the  values  of  the  hard  fill  above  the  intervening  peat. 
This  value  can  be  approximately  corrected  by  subtracting  the 
value  shown  when  driving  in  the  fill  or  a  conservative  value 
assumed  after  comparing  with  other  piles  passing  through  no 
complication  of  strata. 

Unless  Batter  piles  are  used,  it  is  necessary  to  drive  far 
enough  into  the  soHd  material  to  give  stiffness  to  the  struc- 
ture against  vibration,  especially  where  the  fill  above  is  soft. 

Concrete  piles  should  be  used  where  the  distance  to  good 
bearing  material  is  great,  where  wood  is  scarce  or  the  ground 
water  low.  Considerable  expense  may  be  saved  in  the  foun- 
dations under  the  latter  condition. 

The  three  kinds  of  material  commonly  used  in  foundations 
are  dry  rubble  masonry,  rubble  masonry  laid  in  mortar  and 
concrete.  Dry  work  is  unsuitable  for  industrial  buildings. 
Stone  laid  in  cement  mortar  with  bedded  joints  is  very  satis- 
factory and  should  be  used  where  there  is  an  ample  supply  of 
stone  at  a  low  price.  Concrete  is  most  commonly  used  and  is 
usually  the  most  convenient  material  to  handle,  and  under  or- 
dinary conditions  it  can  be  used  at  the  lowest  cost. 

A  foundation  for  a  chimney  and  other  isolated  structure 
having  a  small  base  and  heavy  pressure  should  be  carried  to 
the  lowest  depth  to  which  it  would  be  necessary  to  go  with  any 
other  work  reasonably  near  it,  since  if  it  is  on  sand  there  is 
a  liability  of  undermining  it. 

The  preceding  is  a  very  general  consideration  of  the  subject 
only,  and  the  second  part  of  the  paper  is  devoted  to  more  ex- 
tended descriptions  and  data  regarding  testing  soil,  excava- 
tions, structures,  stability  of  foundation  walls,  specifications 
for  concrete,  mixing  concrete,  placing  concrete,  forms,  surface 
finish  and  foundations  for  piers.  The  following  paragraphs 
are  taken  from  this  part. 

TESTING   SOIL 

Wash  Borings.  These  are  made  with  the  aid  of  a  tripod, 
iron  or  steel  casing,  drill  rod,  hose,  force  pump,  bucket,  etc. 
The  tripod  used  to  suiiport  the  casing  and  drill  rod  usually 


stands  12  to  15  ft.  high.  The  casing  is  usually  made  of  heavy 
pipe,  2  to  2y2  in.  internal  diameter,  and  inside  it  works  a 
heavy  hollow  drill  tube  or  rod,  IV2  in.  to  1%  in-  outside  diam- 
eter. This  drill  rod  is  fitted  at  the  bottom  with  a  chopping 
bit  having  openings  in  it  for  the  water  jet,  while  the  top  is  con- 
nected with  a  water  hose  and  force  pump,  the  latter  usually 
double-acting.  In  action,  the  water  is  forced  down  through 
the  drill  rod,  jetting  through  the  holes  at  the  chopping  bit  and 
carrying  up  the  loosened  material  in  the  annular  space  between 
the  rod  and  case. 

Test  Pits.  Test  pits  furnish  the  opportunity  of  observing 
the  character  of  soU,  its  degree  of  compactness,  amount  of 
moisture,  etc.,  but  to  be  of  full  value  they  should  be  carried 
well  below  the  level  of  the  bottom  of  the  foundations.  In 
cases  where  the  strata  change  with  the  depth,  a  test  pit  gives 
no  sure  indication  of  the  soil  below  the  foundations  unless 
carried  deeper  than  the  level  of  the  footings. 

Test  Bods.  Testing  soil  with  a  rod  is  an  unsatisfactory 
method  and  cannot  be  relied  upon  to  give  accurate  informa- 
tion except  in  a  Hmited  number  of  cases.  In  a  homogeneous 
material,  not  too  hard,  the  method  is  valuable  in  determining 
the  constancy  of  varying  density  and  resistance. 

EXCAVATION 

Work  on  foundations  consists  of  excavation  of  earth  or  rock, 
including  shoring,  sheet  piling,  or  coffer  dams,  and  a  struc- 
ture of  stone,  concrete,  brick  or  timber  at  the  bottom  of  the 
excavation,  including  bearing  piles.  In  nearly  all  cases  the 
expense  of  excavation  will  increase  with  the  hardness  of  soil 
and  inconvenience  for  working;  but  if  the  excavation  is  in 
sand  or  soft  earth,  with  considerable  water  to  contend  with,  the 
cost  is  largely  increased  by  the  necessary  structures  for  in- 
closing the  excavations  and  sustaining  the  banks. 

Earth  is  hard  in  proportion  to  the  amount  of  cementing  ma- 
terial which  it  contains  and  its  temporary  stability  also  de- 
pends on  the  amount  of  this  material,  whUe  its  permanent  sta- 
bility depends  upon  the  friction  of  the  particles  on  each  other. 
The  disadvantage  of  hardness  for  excavation  is  offset  in  many 
eases  by  the  advantage  of  the  self-sustaining  power  of  the  ver- 
tical cut  for  a  time  sufficient  for  the  work  on  the  foundation 
to  be  completed.  If  a  vertical  cut  is  exposed  for  a  long  time 
to  the  weather,  it  may  become  dangerous.  The  effect  of  an 
excess  of  moisture,  freezing  and  thawing,  or  drying  out  is  to 
crack  off  the  bank  and  gradually  to  approach  the  natural  slope 
of  permanent  stability.  If  the  time  required  to  lay  the  foun- 
dation be  very  long,  or  the  weather  unfavorable,  it  may  become 
necessary  to  shore  up  even  in  fiiin  earths,  but  in  a  much  less 
expensive  manner  than  in  material  which  has  a  tendency  to 
flow. 

Usually,  in  working  in  clean  sand  or  gravel  below  a  depth 
of  5  to  6  ft.,  shoring  may  be  done  by  laying  in  planks  hori- 
zontally along  the  sides  of  the  banks,  putting  in  vertical  tim- 
liers  or  planks  at  short  intervals  and  opposite  each  other,  and 
bracing  between  them.  Even  with  this  sort  of  shoring,  it  is 
well  to  make  it  secure,  so  that  no  braces  or  other  pieces  may 
drop  out  and  injure  any  person  or  perhaps  cause  a  sUde. 

When  sand  containing  water,  or  soft  clay  with  running  wa- 
ter, is  encountered,  the  saving  of  soft  excavation  is  entirely 
absorbed  by  the  expense  incurred  in  sustaining  the  banks  and 
preventing  damage  to  any  adjacent  buildings.  Sheet  piling  must 
be  used  here,  which  consists  of  planks  or  timbers  driven  closely 
together  and  of  a  thickness  varjdng  from  2-in.  plank  to  large 
timbers,  according  to  the  depth,  pressure,  and  soil.  Four-in. 
plank  is  about  the  thickest  used  in  ordinary  work.  Three  to 
6-in.  plank  should  be  grooved  on  edges,  the  grooves  to  be  filled 
with  splines. 
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Coffer  dams  are  built  for  the  exclusion  of  water  while  work 
is  being  done.  Tlie  kind  employed  depends  upon  the  nature 
and  extent  of  the  work  and  the  strength  should  be  somewhat 
in  proportion  to  the  amount  of  damage  or  delay  from  failure. 
As  the  space  and  amount  of  puddling  material  are  usually  lim- 
ited, the  best  and  usual  form  will  be  a  bank  of  puddle  inclosed 
and  supported  by  a  row  of  sheet  piling  on  each  side.  Experi- 
ence has  shown  that  4  to  6  ft.  is  sufficient  for  the  puddle  to 
exclude  the  water;  but  unless  the  dam  is  supported  independ- 
ently, its  width  must  be  in  proportion  to  the  depth  of  water, 
so  that  it  will  not  be  overturned.  Good  timber  should  be  used 
here  as  in  ordinary  sheet  piling  and  for  the  same  reasons. 
Where  there  is  room,  a  bank  of  sand  against  the  inside  sheet- 
ing will  assist  in  supporting  the  dam. 

Bag  Dams.  Where  the  depth  of  water  is  not  great,  bag 
dams  can  be  used  to  advantage.  They  can  be  cheaply  and 
quickly  constructed  and  in  some  cases  are  almost  indispensable. 
They  can  be  used  for  shear  dams  for  turning  water  away  from 
foundations,  especially  where  sheet  piling  cannot  be  driven, 
for  repairing  breaks  in  banks  and  for  many  other  purposes. 
They  are  made  from  strong  empty  cement  bags  or  gunny  sacks 
filled  with  sand  or  other  suitable  material  and  securely  tied  and 
deposited  in  the  place  where  they  are  to  be  used. 

Piling.  Where  the  depth  of  good  bottom  is  too  great  to  be 
reached  economically  by  the  foundations,  approximately  10 
ft.  or  more,  it  becomes  necessary  to  use  piles.  The  determina- 
tion of  the  type  of  piles  depends  upon  local  conditions.  If  it 
is  necessary  to  spread  the  load  over  as  much  area  of  the  under- 
lying land  stratum  as  possible,  wood  piles  should  jirobably  be 
used.  If  it  is  not  necessary  to  spread  the  load,  a  fewer  num- 
ber of  concrete  piles  with  higher  bearing  value  can  be  used. 
If  the  ground  water  is  comparatively  low  down,  it  may  be 
much  more  economical  to  use  concrete  piles  and  carry  the  foun- 
dations down  to  the  ground  water  level,  than  it  would  be  to 
use  wood  piles. 

STRUCTURES 

Of  the  structures  at  the  bottom  of  the  excavation  there  are 
many  forms  and  kinds.  Those  most  commonly  used  are  con- 
crete stone  laid  in  cement  mortar  or  bedded  rock,  stone  laid 
with  outside  joints  pointed  and  then  grouted  full,  and  stones 
laid  dry. 

Dry  rubble  work  is  unfit  for  industrial  buildings.  As  there 
is  a  constant  vibration,  the  few  bearing  points  of  the  stone, 
when  laid  dry,  will  get  worn  off  and  thus  cause  slight  settle- 
ments, which,  though  perhaps  not  unsafe,  might  lead  to  an- 
noying cracks. 

The  cheapness  of  suitable  building  stone  in  some  localities 
will  sometimes  made  it  desirable  to  use  stone  for  the  founda- 
tions. Stone  laid  in  cement  mortar,  with  bedded  joints,  is  the 
surest  kind  of  stonework.  With  grouted  work  there  is  not  that 
surety  of  filling  all  the  joints.  Grout,  when  made  thin  enough 
to  run  freely,  takes  a  very  long  time  to  set  and  strengthen, 
and  never  attains  the  strength  of  cement  mortar.  The  sand  is 
liable  to  settle  away  from  the  cement,  thus  making  the  final 
strength  variable.  Old  foundations  laid  dry  may  be  greatly 
strengthened  by  pouring  in  grout,  and  pinning  them  up.  The 
more  recent  method  of  forcing  grout  into  old  work  is  used  with 
great  satisfaction  in  many  eases. 

Concrete,  plain  and  reinforced,  is  now  used  almost  exclu- 
sively for  all  kinds  of  foundations  owing  to  its  economy, 
availability,  suitability,  ease  of  handling  and  rapidity  of 
construction  and  strength.  It  should  be  made  according 
to  proper  specifications,  and  be  properly  mixed  and 
laid. 


FOUNDATIONS  FOR  i'lKKS 

Foundations  for  piers  which  support  columns  are  subject  to 
more  shock  than  foundations  for  the  side  walls,  and  the  foot- 
ings in  buildings  which  contain  machinery  which  causes  much 
vibration  should  be  ample,  so  that  there  will  be  no  settlement. 
In  some  eases  the  footing  course  is  made  continuous  for  the 
full  length  of  the  building.  If  built  of  concrete  the  location 
of  the  joints  should  be  predetermined;  they  should  be  about 
half  way  between  column  centers  and  not  over  20  ft.  apart. 
Where  the  bays  are  large,  reinforced  footings  can  be  used.  It 
is  probably  safer  and  more  convenient  for  construction  to 
design  independent  piers  of  liberal  area  and  low  soil  pressure 
suited  to  the  load  and  soil. 

The  piers  above  the  footings  may  be  of  concrete  or  brick, 
usually  now  of  concrete.  If  of  brick  they  should  be  good  hard 
burned  brick  laid  in  cement  mortar  and  capped  with  stone 
or  cast  iron.  The  pressure  should  not  exceed  15  tons  per  sq. 
ft.,  and  as  the  height  increases  the  area  should  be  increased 
i'or  stiffness. 

With  piers  or  other  footings  of  concrete,  if  built  in  steps, 
I  he  horizontal  lap  should  not  exceed  1/2  the  thickness  of  the 
step. 

DISCUSSION 

M.  M.  Upson  presented  a  written  discussion  in  which  he 
stated  that,  in  his  experience,  on  most  sites  where  the  problem 
of  foundation  is  serious,  it  is  difficult  to  use  the  information 
from  either  wash  or  dry  borings  unless  they  disclose  a  sub- 
stantial bearing  stratum.  The  reasons  for  this  are  many,  but 
in  general  are  due  to  the  inability  of  the  average  engineer  to 
determine  from  a  physical  examination  of  a  small  sample  of 
the  soil  what  safe  bearing  strength  it  has,  or  what  friction  per 
square  foot  of  pile  surface  may  safely  be  imposed  upon  it. 
Many  engineers  of  wide  experience  are  reluctant  to  place 
heavy  structures  on  a  site  where  rock,  hardpan,  or  stiff  clay 
cannot  be  reached,  and  frequently  valuable  real  estate  remains 
undeveloped  because  engineers  have  not  been  able  to  find  a 
good  bearing  soil  within  economical  reach  of  the  surface. 

The  idea  of  carrying  heavy  monumental  buildings  or  costly 
steel  structures  on  the  friction  of  piling  has  not  until  recently 
been  accepted  as  good  engineering  practice,  and  there  is  at 
the  present  time  a  large  school  as  yet  unwilling  to  subscribe 
to  the  assumptions  on  which  the  principle  is  based.  Piling 
is  usually  conceived  of  as  a  means  of  carrying  the  loads  from 
the  surface  of  the  excavation  through  a  soft  material  to  a  sub- 
stantial underlying  base.  It  is  therefore  frequently  a  shock 
to  be  told  that  the  piles  supporting  certain  structures  have 
their  points  in  a  material  of  no  greater  density  and  frequently 
of  less  density  than  the  material  which  surrounds  their  butts. 

The  engineering  prejudice  against  all  friction  pile  founda- 
tions is  more  or  less  justifiable,  since  little  information  is 
available  in  engineering  literature  on  the  allowable  friction 
per  square  foot  of  pile,  and  unless  the  individual  has  had  a 
wide  experience  in  driving  various  kinds  of  piles  in  all  charac- 
ters of  soil,  it  is  quite  impossible  to  safely  predetermine  the 
length  or  the  proper  pile  for  the  work. 

A  large  percentage  of  piling  work  is  done  in  ground  which 
does  not  have  any  substantial  lower  stratum  to  which  the  point 
of  the  pile  can  reach.  This  means  that  the  pile  must  support  its 
load  by  friction.  The  amount  of  friction  per  square  foot  of 
the  surface  of  the  pile  is  dependent  upon  two  variables, 
namely,  the  taper  of  the  pile  and  the  character  of  the  soil  sur- 
rounding it.  Given  the  same  soil,  the  surface  friction  in- 
creases as  the  taper  increases.     This  is  due  to  two  causes: 
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a  The  greater  the  taper,  the  greater  the  teudency  to  compress 
and  increase  the  density  of  the  surrounding  earth,  since  a 
tapered  pile  subjects  the  surface  of  the  ground  to  the  maxi- 
mum initial  pressure  and  thereby  overcomes  the  tendency  of 
the  earth  to  Leave  around  the  pile.  The  density  of  the  un- 
derlying material  is  thus  greatly  increased.  It  is  obvious  that 
a  heaving  of  the  soil  releases  the  interior  compression,  which  • 
in  turn  reduces  the  surface  friction. 

fo  A  unit  area  on  the  surface  of  a  tapered  pile  naturally 
has  a  greater  vertical  component  than  the  same  unit  on  the 
surface  of  a  straight  pile.  In  the  latter  instance  the  vertical 
strength  can  be  no  more  than  the  shear  of  the  earth,  while  in 
the  former  the  compression  strength  of  the  earth  becomes  a 
material  factor. 

The  above  statements  are  based  on  the  assumption  that  the 
type  of  pile  used  conforms  to  the  essentials  of  a  frictional  pil- 
ing member,  and  may  be  tersely  expressed  as  follows : 

(1)  The  form  which  acts  as  a  penetrating  element  or  the 
pUe  itself  must  not  be  so  cushioned  that  the  major  part  of  the 
energy  of  the  stroke  of  the  driving  hammer  is  absorbed  in  the 
cushion,  and  must  be  of  sufficient  strength  to  withstand  severe 
abuse. 

(2)  The  comjjression  of  the  earth  secured  by  driving  the 
form  must  be  maintained  while  the  latter  is  being  removed  and 
concrete  put  in  place.  In  other  words,  the  substitution  of  soft 
plastic  and  unset  cement  in  a  hole  made  by  the  driving  foi-m 
will  not  hold  the  compression  of  the  soil  which  has  been  ob- 
tained in  the  driving. 

From  the  above  it  may  be  observed  that  a  lineal  foot  of  pil- 
ing may  represent  a  supporting  power  of  V^  ton  or  3  tons,  all 
depending  upon  the  resistances  to  which  the  jiile  is  driven, 
and  on  whether  the  conditions  which  obtained  while  the  jiile  is 
being  driven  are  continued  throughout  the  entire  process  of 
placing  the  pile. 

Much  thought  and  money  has  been  expended  in  experi- 
menting on  a  simple  and  inexpensive  method  to  quickly  pre- 
determine the  probable  length  and  carrying  capacity  of  piles 
in  a  given  soil.  The  most  feasible  method  thus  far  developed 
is  the  driving  of  a  series  of  ^i-in.  rods  joined  together  by 
large  cast  iron  screw  coujilings.  This  driving  is  aceom]5lished 
by  the  use  of  a  heavy  sledge  of  given  weight  and  swung 
through  a  definitely  detei-mined  arc.  A  record  is  earefulh- 
kept  of  the  number  of  blows  required  for  the  penetration  of 
every  foot,  and  the  test  is  considered  complete  when  the  resist- 
ance of  the  rods  has  attained  a  certain  number  of  blows  to  the 
last  inch.  The  extending  shoulders  of  the  couplings  are  anal- 
agous  to  the  taper  of  the  pile  and  test  the  resistance  of  the 
various  strata  of  soil  penetrated.  By  carefully  compaiing 
these  tests  with  the  actvial  results  of  driving  piles  on  the  same 
site,  a  very  interesting  analogy  is  formed,  making  it  possible 
to  predetennine  with  a  fair  degree  of  accuracy  the  length  and 
the  loading. 

Charles  H.  Bigelow  said  that  in  a  good  many  cases  suffi- 
cient attention  is  not  given  to  foundations,  and  he  had  seen 
quite  a  number  of  cases  in  which  there  had  been  practically 
no  foundations  jjut  in  at  all.  The  reason  is  probably  that 
foundation  work  is  covered  up. 

He  recalled  a  case  in  which  a  building  was  put  up  directly 
over  a  24-in.  water  pipe,  but  the  owner  desired  a  cheaji  build- 
ing and  was  satisfied. 

He  thought  the  matter  of  foundations  required  a  good  deal 
of  attention  and  care,  and  that  the  paper  would  be  of  serv- 
ice to  anyone  requiring  to  take  up  the  facts  of  the  subject  on 
anv  occasion. 


A.  G.  MoxKS  (written).  It  may  be  wortli  while  tu  point 
to  the  interesting  complication  that  arises  when  buildings  are 
constructed  on  land  so  valuable  that  the  outside  walls  or 
columns  must  be  placed  on  the  lot  line  and  the  foundations 
must  be  kept  entirely  within  the  lot,  a  condition  frequently 
met  with  in  cities.  It  becomes  necessary  then  tu  place  a 
column  on  the  edge  of  a  foundation,  the  effect  of  which  is 
similar  to  that  of  a  heavy-weight  swimmer  standing  on  the 
edge  of  a  raft.  Two  courses  are  open  to  the  designer.  He 
may  either  construct  the  foundation  large  enough  and  strong 
enough  to  carry  the  column,  notwithstanding  its  eccentric  i>osi- 
tion,  or  he  may  combine  the  foundation  with  one  or  more 
others  in  such  a  way  that  the  center  of  the  combined  column 
loads  coincides  with  the  center  of  unifonnly  distributed  pres- 
sure on  the  soil  under  the  combined  foundations. 

Either  of  these  types  is,  of  course,  much  more  expensive 
than  the  ordinary  concentric  foundation,  and  thej-  are  for  that 
reason  to  be  avoided  when  possible.  The  first  method  was 
more  prevalent  some  years  ago  when  heavy  stone  masonzy  was 
chiefly  used  for  foundations,  and  still  meets  some  favor  when 
the  soil  is  particularly  firm  or  the  loads  light.  Concrete  rein- 
forced with  steel  bars,  which  has  come  so  extensively  into  use 
in  recent  years,  both  for  foundations  and  for  the  sujierstinic- 
ture  of  buildings,  is  particularly  adapted  to  the  combination 
type  of  foundation,  and  this  type  has  consequently  grown  in 
favor  along  with  concrete. 

The  design  of  a  combination  foundation  is  often  intricate, 
particularly  at  the  corner  of  a  building  adjacent  to  two  sides, 
both  of  which  are  on  the  lot  lines.  Four  columns  have  then  to 
be  carried  on  one  foundation.  In  some  cities  the  space  below 
the  surface  of  the  street  is  regarded  so  valuable  for  jjresent 
or  future  subway  purposes  that  by  the  building  law  founda- 
tions are  not  allowed  to  project  beyond  the  street  line,  and 
the  combination  foundation  is  more  frequently  required  for 
that  reason. 

The  facility  with  which  reinforced  concrete  can  be  handled 
by  the  experienced  designer,  and  its  adaptability  to  a  wide 
variation  of  conditions  in  the  design  of  foundations,  have 
made  possible  the  easy  solution  of  many  ])robIems  formerly 
exceediugly  expensive  and  intricate. 

Saxford  E.  Thohpsox  (written).  Almost  as  important  as 
the  bearing  power  of  the  soil  is  the  structural  part  of  the  foun- 
dations. Where  the  construction  rests  on  columns,  a  thorough 
study  of  the  conditions  must  be  made  to  determine  whether 
single  or  combined  footings  are  best.  In  combined  footings, 
that  is,  footings  upon  which  more  than  one  column  rests,  the 
problem  of  obtaining  uniform  distribution  of  the  column  loads 
on  soil  or  piles  is  frequently  so  complicated,  especially  where 
column  loads  are  unequal,  as  to  call  for  the  application  of 
principles  which  the  engineer  seldom  meets  elsewhere.  The 
arrangement  of  steel  and  the  comjjutation  of  stresses  also  ]3re- 
sent  many  difficulties. 

In  general,  where  piles  or  unstable  soil  require  a  large  dis- 
tribution of  area  the  combined  footing  is  preferable.  This 
also  applies  in  general  to  a  line  of  columns  under  the  condi- 
tions indicated.  The  footing  of  course  must  be  designed  for 
the  ujjward  reaction  between  columns.  In  a  floor  the  distrib- 
uted loads  are  resisted  by  concentrated  reactions  of  the  col- 
umns. In  footings  the  concentrated  loads  of  the  columns  are 
resisted  by  the  disturbed  reactions  of  the  soil.  It  simplifies 
the  problem  for  the  designer  who  is  inexperienced  in  this  type 
of  work  to  think  of  the  footings  as  upside  down  and  to  con- 
sider the  supports  to  be  the  columns  and  the  loads  to  be  the 
upward  pressure  of  the  soil  or  the  piles.     The  reinforcement 
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of  the  combined  footing  must  be  placed  in  just  the  reverse  po- 
sition from  that  in  the  ordinary  beam  or  slab.  It  must  be  in 
the  toij  of  the  footing  between  the  columns  and  at  the  bottom 
of  the  footing  below  the  columns.  In  simple  cases  the  compu- 
tations then  are  similar  to  those  required  for  floor  design.  Un- 
equal column  loads  and  especially  the  arrangement  of  three 
unequal  columns  on  the  same  footing  may  further  complicate 
the  problem. 

A  retaining  wall,  as  indicated  by  Mr.  Main,  is  frequently  a 
jjart  of  tlie  foundation.  A  reinforced  concrete  retaining  wall 
must  be  designed  to  resist  not  simply  the  stresses  due  to  the 
pressure  of  earth,  but  also  the  stresses  due  to  shrinkage  in 
concrete  and  changes  in  temperature  must  be  taken  into  ac- 
count. This  is  particularly  necessary  where  the  foundation 
wall  projects  above  ground  and  the  building  is  placed  directly 
upon  it.  Of  course,  if  a  structure  permits,  definite  joints  may 
be  placed  between  different  sections.  In  building  construction, 
however,  it  is  frequently  necessary  to  avoid  joints  or  any  no- 
ticeable cracks.  By  placing  reinforcement  to  the  amount  of 
0.3  per  cent,  or  better  still  0.4  per  cent  of  the  cross  section  of 
the  wall,  it  may  be  built  monolithic  and  noticeable  cracking 
may  be  avoided  even  in  long  walls. 

The  greatest  difficulty  is  in  jjroviding  for  a  bond  between 
sections  of  the  wall  laid  on  different  days.  Positive  adhesion 
cannot  always  be  assured,  but  by  running  full  or  better  still 
excess  reinforcement  through  the  end  forms  and  then  spread- 
ing a  bonding  layer  of  neat  cement  upon  the  vertical  surface 
of  the  old  concrete,  just  before  the  fresh  concrete  is  jilaced  it 
is  usually  possible  to  prevent  separation. 

Of  special  importance  in  the  design  is  the  reinforcement 
above  and  below  openings  in  a  long  retaining  wall.  As  much, 
or  preferably  a  little  more,  cross  sectional  area  of  longitudinal 
steel  must  be  used  in  the  sections  above  and  below  the  opening 
as  in  the  total  section  of  the  blank  wall.     The  forces  caused 


by  shrinkage  and  tem])crature,  which  are  proportional  to  the 
cross-seetional  area  of  the  solid  wall,  are  just  as  powerful  at 
the  openings  as  in  the  solid  wall,  so  that  the  section  is  weaker 
unless  as  much  steel  (which  means  a  larger  percentage)  is  used 
there  as  elsewhere.  In  fact  an  excess  in  quantity  may  be 
needed  because  the  area,  and  therefore  the  strength,  of  the 
concrete  itself  is  reduced  by  the  opening  in  the  wall.  Tn  ad- 
dition it  is  advisable  to  put  diagonal  bai-s  across  the  corners 
of  openings  to  assist  in  preventing  the  starting  of  any  cracks 
at  these  points. 

F.  A.  Waldron  (written).  The  use  of  the  Engineering 
News  formula  is  dangerous  unless  full  knowledge  of  the  char- 
acter and  action  of  the  underlying  strata  is  at  hand.  Build- 
ings erected  on  pile  foundations  in  peat  or  silt  have  been 
known  to  go  down  two  or  three  feet;  in  fact,  piles  have  sunk 
away  from  the  building  from  their  own  weight  and  weight  of 
soil,  when  driven  to  the  requirements  of  this  formula. 

Special  care  should  be  taken  to  avoid  driving  taper  concrete 
piles  in  peat  formation,  as  it  is  like  driving  a  taper  nail  into 
a  i-ubber  heel  and  demands  too  much  punishment  of  the  driv- 
ing mandrel;  and  these  piles  will  settle  if  given  double  the 
amount  required  by  the  Engineering  News  formula,  unless 
driven  to  hard  pan,  which  is  next  to  impossible  in  thick  strata 
of  peat. 

Piles  driven  in  jjeat  or  sUt  or  other  formation  of  varying 
thickness,  where  the  mass  is  liable  to  change  by  fill  and  slide 
or  exert  a  force  sidewise,  should  be  tied  together,  where  driven 
singly  on  each  side  of  the  building,  or  the  groups  so  arranged 
or  designed  to  resist  the  unbalanced  lateral  pressure. 

Particular  care  should  be  taken,  where  soil  is  filled,  in  ana- 
lyzing and  counteracting  forces  tending  to  spread  or  force  out 
of  position  by  lateral  pressures  on  the  piles,  due  to  weight  of 
fill  on  strata  above  hard  pan. 
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TN  the  January  ismte  of  The  Journal  were  published  the  papers  by  F.  W.  Dean  on  fire  tube  boilers;  L.  B. 
McMillan  on  steam  pipe  coverings;  Paul  A.  Bancel  on  circulation  in  water  tube  boilers;  Geo.  H.  Gibson 
and  Paul  A.  Bancel  on  surface  condenser  performance  and  design;  Robert  Cramer  on  higher  steam  pres- 
sures, A.  L.  Memin  on  proportioning  chimneys;  Mark  A.  Replogle  on  the  turbine  discharge  accelerator  and 
Louis  Illmer  on  oil  engine  vaporizers,  all  presented  at  the  Annual  Meeting,  December,  1915.  The  discusdon 
of  these  papers,  both  written  and  oral,  indicated  an  appreciation  of  the  ivork  of  the  authors  in  the  preparation 
of  the  papers,  and  testified  to  the  value  of  the  data  contributed,  as  well  as  brought  out  a  number  of  points  of 
particular  interest.     These  discussions  are  printed  in  their  complete  form  below. 


DESIGN    OF    FIRE    TUBE    BOILERS    AND    STEAM 
DRUMS,  F.  W.  Dean 

DISCUSSION 

W.  F.  KiESEL,  Jr.'  (written).  The  ills  of  boilers  aiid  some 
remedies,  as  described  by  the  author,  are  worthy  of  con- 
siderable thought.  The  remedies  proposed  seem  to  indicate  a 
general  rule,  that  is,  to  distribute  unavoidable  distortions  or 
deflections  over  as  much  space  as  possible,  thereby  avoiding 
concentration  of  strains  in  isolated  locations,  at  which  points, 
due  to  stresses  approaching  or  exceeding  the  elastic  limit, 
detailed  fractures  will  occur. 

The  author  has  pointed  out  possibilities  of  change  in  de- 
sign which  tend  to  distribute  the  distortions.  Distortions 
due  to  varying  pressures  can  generally  be  eliminated  in  this 
manner.  Changes  in  shape  due  to  temperature  must  re- 
ceive careful  consideration  by  the  designer,  who  usually  esti- 
mates the  possible  extent  of  the  distortion  and  utilizes  the 
best  available  means  to  counteract  the  resultant  strains  within 
suflScient  limits  of  stress  per  square  inch.  He  also  makes 
it  a  point  to  leave  as  much  freedom  as  possible  for  the  parts 
to  expand  and  contract,  realizing  that  such  obstruction  to 
expansion  and  contraction  creates  undesirable  strains  in  the 
plates. 

It  is  undesirable  to  introduce  holes  or  stays  unnecessarily 
for  which  reason  the  writer  cannot  agi'ee  with  Mr.  Dean  in 
his  recommendation  to  eliminate  dished  heads.  It  is  true  that 
some  such  heads  have  failed,  but  in  connection  with  these 
failui-es  there  is  chance  for  grave  suspicion  that  either  the 
metal  in  the  head  has  been  damaged,  or  that  the  design  of 
the  head  was  faulty.  A  well-made  and  properly-designed 
dished  head  will  give  no  trouble,  and  thousands  of  them  are 
in  use.  A  dished  head  should  have  suflicient  metal  in  the 
cylindrical  flange  to  resist  the  pull  of  the  spherical  dish.  An- 
other important  feature  is  the  transition  radius  at  the  cir- 
cumference of  the  flange. 

The  calculations  as  given  by  Rankine  and  others  are  not 
easy  to  handle  by  ordinary  inspectors  and  laymen,  but  the 
engineer  has  no  difficulty  in  properly  designing  a  dished 
head.  The  formulation  of  rules  for  the  use  of  inspectors 
must,  necessarily,  be  simple.  Such  rules  are,  therefore,  in- 
clined to  err  on  the  safe  side,  and  result  in  dished  heads 
which  are  stronger  than  necessary. 

For  reasons  given,  we  believe  that,  within  prescribed  limits, 
dished  heads  would  have  preference  for  small  drums  and 
boilers.  This  permits  eliminating  unnecessary  stays  and  rivet 
holes,  which  stays  at  the  same  time  oppose  natural  ex- 
pansion and  contraction  due  to  lieat  and  thereby  create 
unknown  internal  stresses  in  the  material. 

Thomas  E.  Durban     There  is  one  point  in  the  paper  I 


'  Assist.  Mech.   Engr.,  Penna.   H.   li. 


would  like  to  bring  out,  and  that  is  in  reference  to  the  recom- 
mendation that  all  holes  be  drilled  through  the  solid.  Our 
experience  is  that  in  drilling  a  number  of  plates,  such  as  a 
horizontal  boiler,  with  butt  straps,  it  is  impossible  to  drill 
them  through  the  solid  clear  through  and  make  as  good  a 
job  as  you  can  make  if  a  pilot  hole  is  punched,  and  the 
drill  run  through  the  pilot  hole.  As  a  matter  of  fact,  in  the 
case  of  a  multitude  of  plates  drilled  together,  it  is  impossible  to 
run  the  drills  through  with  the  rapidity  necessary  in  order  to 
do  the  job  quickly  and  not  have  the  drill  run. 

The  Author.  Concerning  Mr.  Eaesel's  \'iew  of  the  safety 
of  dished  heads,  it  is  of  course  to  be  expected  that  mine  would 
not  be  acceptable  to  everybody.  I  was  not  aware  that  the 
proper  method  of  designing  safe  dished  heads  had  been  deter- 
mined and  hardly  thought  it  likely  to  be.  My  view  was  there- 
fore that  it  is  best  to  have  heads  that  are  unquestionably  safe. 

In  regard  to  Mr.  Durban's  view,  I  feel  that  his  opinion  would 
not  be  shared  by  all  boiler  makers,  for  there  are  some  who 
make  a  practice  of  drilling  rivet  holes,  and  who,  in  fact,  have 
no  punches  capable  of  punching  holes  through  anything  but 
plate  about  thick  enough  for  boiler  uptakes.  I  have  always 
felt  that  the  machines  used  for  drilling  holes  in  boiler  plates 
are  flimsy  and  unstable,  and  I  think  that  in  order  to  drill 
plates  properly  it  is  merely  necessary  to  have  machines  that 
are  of  good  stiff  design.  When  such  are  used  I  feel  certain 
that  the  difficulties  mentioned  by  Mr.  Durban  will  not  exist. 

THE  HEAT  INSULATING  PROPERTIES  OF  COAIMER- 
CIAL  STEAM  PIPE  COVERINGS,  L.  B.  McMillan 

DISCUSSION 

Leonard  Waldo.  I  doubt  whether  even  the  author  is  aware 
of  the  great  importance  of  his  timely  discussion  of  this  sub- 
ject. Of  late  years  there  have  developed  new  uses  for  steam 
under  pressure  developing  mechanical  power  at  distances  from 
the  point  of  steam  generation ;  for  instance,  the  application  of 
steam  to  the  atomization  of  oil  in  open  hearth  furnaces,  where 
it  is  necessary  to  retain  the  fuU  pressure  power  of  the  steam, 
and  where  it  has  usually  to  be  conducted  through  transmission 
lines  over  long  distances.  In  this  use  it  is  essential  that  no  loss 
of  terminal  pressure  power  takes  place  from  heat  losses  in  the 
steam  with  consequent  pressure  lowering  at  the  colder  steam 
exits. 

In  this  paper  the  very  high  insulating  materials  are  not  re- 
ferred to.  Infusorial  earth,  used  at  times  in  the  insulation  of 
large  furnaces,  has  a  transmission  power  of  %  that  of  the 
magnesia  used  in  the  tests  described.  There  are  better  insulat- 
ing materials  considered  from  the  insulating  standpoint  alone 
than  those  mentioned  in  the  paper,  but  the  ability  to  transfer 
from  the  data  given  here  to  the  conditions  of  practice  in  in- 
dividual eases  is  of  great  value. 
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F.  M.  Farmer.  At  the  Eleotrical  Testing  Laboratories  we 
recently  completed  a  series  of  tests  of  this  character  on  about 
thirty  pipe  coverings.  We  used  the  Stott  method,  which  I 
think  the  author  will  agree  is  of  the  same  accuracy  as  the 
method  he  used  and  much  simpler,  although  the  matter  of  mak- 
ing extended  tests  is  a  question  of  having  the  necessary  large 
current  available.  A  2-inch  bare  pipe  heated  to  a  tempera- 
ture of  only  about  350  deg.  required  approximately  1500  am- 
peres, showing  that  a  large  current  source  is  one  of  the  ob- 
stacles to  the  use  of  this  method  for  the  larger  sizes  of  pipe. 

Only  one  of  our  coverings  can  be  assumed  identical  with 
one  of  those  tested  by  Mr.  McMillan.  In  that  one  case  we  ob- 
tained the  same  so-called  efficiencies  within  about  one  per 
cent.  However,  our  actual  values  on  both  the  bare  pipe  and 
the  covered  pipe  were  of  the  order  of  10  or  12  per  cent  higher, 
a  difference  which  we  ascribed  to  the  size  of  pipe  used.  We 
made  the  bare  test  on  a  2-inch  pipe  and  the  covered  test  on  a 
3-inch  pipe. 

Dr.  Kennelly  in  some  of  his  work  on  heat  losses  from  very 
small  rods  quoted  Professor  Boussinesg  as  concluding  that  the 
connection  losses  varied  inversely  with  the  square  root  of  the 
diameter.  If  that  law  holds  for  large  diameters,  it  would  fully 
account  for  the  difference  between  the  author's  results  and 
ours. 

Herbert  N.  Dawes.  This  paper  indicates  much  careful 
work  and  observation  and  contributes  some  very  valuable  data. 

The  question  of  the  permanency  of  the  various  coverings 
is  touched  upon  but  lightly.  Apparently  no  tests  have  been 
made  upon  coverings  after  they  have  been  in  actual  service  for 
some  time.  Some  tests  of  this  sort  were  made  by  Prof.  C.  L. 
Norton  several  years  ago  at  the  Massachusetts  Institute  of 
Technology.  Some  sections  of  85  per  cent  magnesia  covering 
which  had  been  on  a  steam  line  in  a  tunnel  for  eight  years 
were  tested  and  found  to  be  a  fraction  of  1  per  cent  more  effi- 
cient than  the  new  covering  of  the  same  make  and  thickness. 
This  difference  was  probably  due  to  the  extreme  dryness  of  the 
sample  which  had  been  so  long  in  use.  Other  coverings  which 
had  been  in  service  for  a  number  of  years  were  tested  and  their 
efficiency  had  dropped  varying  amounts. 

In  twenty  years'  experience  with  insulating  materials  of 
various  kinds,  I  have  seen  some  coverings  which  have  de- 
teriorated very  much  after  a  few  years'  service,  in  some  cases 
so  much  so  that  there  was  not  enough  material  left  upon  which 
to  make  any  test. 

The  temperatures  frequently  used  to-day  in  superheated 
steam  lines  are  sufficient  to  drive  the  water  of  combination  out 
of  asbestos  fiber,  and  of  course  make  the  use  of  wool  fiber  im- 
possible. The  effect  of  these  temperatures  on  the  asbestos  fiber 
is  to  cause  a  breaking  up  and  powdering,  particularly  in  the 
presence  of  pipe  vibration.  Another  practical  point  that 
should  be  considered  is  the  effect  of  moisture  from  steam  leaks 
or  submersion.  Along  this  line  I  have  found  that  coverings 
of  moulded  form,  such  as  85  jjer  cent  Magnesia,  have  been 
less  damaged  at  least  as  regards  future  efficiency,  than  those 
made  up  of  wool  or  asbestos  fiber.  I  have  therefore  to  take 
issue  with  Mr.  McMillan  on  his  statement  that  fibrous  cover- 
ings are  the  more  permanent.  They  certainly  do  not  compare 
favorably  with  85  per  cent  magnesia  covering. 

Another  point  of  great  importance  to  be  considered  in 
selecting  a  pipe  covering  is  the  possibility  of  re-use,  either  for 
application  in  the  same  sectional  form  or  in  the  form  of 
plastic.  Fibrous  coverings,  for  instance,  if  once  badly  dam- 
aged, cannot  be  used  again.  On  the  contrary,  some  of  the 
moulded   coverings   such   as   85   per   cent   magnesia   can   be 


pounded  up  and  reapplied  as  plastic,  and  are  thus  more  or  less 
permanent. 

A  factor  affecting  the  efficiency  of  a  pipe  covering  is  the 
care  of  application.  It  has  been  found  that  a  covering  care- 
fully applied  and  the  same  covering  applied  in  a  casual  man- 
ner may  show  a  difference  of  over  one  per  cent  in  efficiency. 

The  proportion  of  surfaces  to  be  covered  which  must  be 
treated  with  a  plastic  rather  than  a  sectional  covering  is  a 
factor  of  interest.  With  85  per  cent  magnesia  covering,  the 
plastic  is  of  the  same  composition  as  the  sectional,  and  hence 
of  practically  equal  insulating  value.  When  other  types  of 
covering  are  used,  particularly  those  of  a  fibrous  nature,  the 
plastic  has  to  be  of  a  different  composition,  and  this  affects 
the  efficiency  of  the  entire  insulation  equipment  in  a  substan- 
tial manner. 

As  the  difference  in  nonconducting  efficiency  of  several  of 
the  better  coverings  as  shown  by  Mr.  McMillan's  figures  is  very 
slight  it  seems  some  of  the  practical  points  I  have  spoken  of 
are  really  of  more  importance  in  determining  the  kind  of  cov- 
ering to  use  on  most  steam  installations. 

A  large  number  of  the  coverings  tested  by  the  author  seem 
to  be  of  the  manufacture  of  one  concern.  There  are  at  least 
five  different  makes  of  85  per  cent  magnesia  covering  on  the 
market,  and  in  these  tests  but  two  were  measured. 

It  would  be  interesting  to  know  whether  the  author  has  made 
any  investigation  of  the  temperature  drop  in  super-heated 
steam  lines  at  different  velocities.  Some  reliable  information 
on  this  subject  would  be  most  useful  in  solving  insulation 
problems  in  connection  with  superheated  steam  insulation. 

Arthur  M.  Greene,  Jr.  (written).  Last  year  we  per- 
formed experiments  on  85  per  cent  Magnesia  and  Nonpareil 
High  Pressure  covering  and  found  a  slight  advantage  for  the 
latter,  as  the  author  has  found,  but  for  our  range  from  about 
220  to  320  deg.  fahr.,  we  found  a  much  smaller  change  in  the 
value  of  k.    Our  results  gave  the  value  of  k  as  a  constant. 

It  must  be  remembered  that  if  k  varies  with  the  temperature 
difference,  the  expression 


Q  =  k 


A  t 


gives  on  solution  values  of  k  which  is  now  not  the  coefficient 
of  conduction  but  the  value  ot  Q  x  -^  {^i  —  ^O  A  t.  This 
quantity  may  be  used  in  computing  heat  losses  if  its  value  is 
known  for  different  values  of  temperature  differences.  It  is 
of  distinct  value,  but  it  is  not  a  true  constant  of  conduction. 
The  value  of  the  constant  might  be  found  by  using  an  expres- 
sion of  the  form 


/  de  \   de 

\  dx  j    dx 


A  t 


Q  =  k.f 

If  this  could  be  investigated,  valuable  information  might  be 
obtained. 


W, 


r  (log,  r2 — loge  ri) 


in  which  W^  is  the  rate  of  heat  flow  per  sq.  ft.  of  pipe  per  hr. ; 
k  is  the  conductivity;  ^^  and  9^  are  the  temperatures;  r^  and 
r.,  are  the  radii  of  the  inner  and  outer  surfaces  of  the  pipe 
respectively,  and  r  is  the  outside  radius  of  the  pipe,  is  appar- 
ently derived  from 

^     ,    d9 
Q  =  k---2itr 
dr 

but  it  might  be  well  to  state  the  origin  of  the  expression.     I 

think  the  term  r  outside  the  bracket  should  have  a  subscript 

and  should  be  r,,  and  that  W^  should  be  TF„,  since  it  corres- 
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ponds  to  the  beat  through  the  area  at  the  outside.  If  it  is 
the  heat  at  the  inside,  r  should  be  r^. 

The  -writer  has  not  checked  over  the  cost  problems  and  mone- 
tary elHeieneies,  but  would  like  to  point  out  the  importance  of 
remembering  that  these  results  only  hold  for  the  assumed  cost 
data  and  assumed  rates  of  interest,  dejjreciation,  taxes  and 
insurance. 

It  is  hoped  that  the  author  may  carry  his  investigations 
one  step  farther  and  use  one  and  the  same  covering  on  from 
three  to  five  different  diameters  of  pipe,  with  say  three  dif- 
ferent thicknesses  of  covering  on  each.  There  may  be  certain 
relations  between  the  inner  and  outer  surfaces  at  different  radii 
which  may  affect  the  result.  If  this  is  not  necessary,  then  the 
simpler  methods  used  by  Knoblauch  or  by  Nusselt  with  flat 
disks  of  materials  would  be  the  better  way  to  determine  \-alues 
of  the  quantity  k. 

L.  R.  Ingersoll  '  (written).  I  am  very  glad  to  note  that 
the  author  has  applied  the  mathematical  formulae  for  heat 
conduction  m  his  paper,  for  by  the  judicious  use  of  theoi-y  in 
connection  with  es25erimental  results,  a  piece  of  work  of  this 
sort  is  made  vastly  more  effective  than  otherwise.  It  is  not 
practicable  to  cover  by  experiment  all  the  possible  variations 
of  size,  thickness,  etc.,  which  enter  into  a  problem  of  this 
kind,  and  the  use  of  such  well-grounded  formulas  as  those  of 
head  conduction  to  fill  the  gaps  left  by  experiment  and  to  ex- 
tend the  results  is  eminently  desirable. 

As  I  have  pointed  out  in  a  former  paper  (Eng.  News  Oct. 
30,  1913)  it  is  a  little  unfortunate  that  the  engineers  have 
adopted  a  unit  for  the  measurement  of  heat  conductivity  which 
— because  of  its  inconsistency  in  using  two  different  units  of 
length,  i.e.  the  inch  and  (sq.)  foot — makes  it  difficult  to  apply 
heat  conductivity  formute  to  any  but  the  simpler  cases.  With 
the  general  adoption  of  the  metric  units,  will  come  an  incen- 
tive to  a  wider  application  of  theory  to  experiment  along  these 
lines  than  has  existed  lieretofore. 

The  AuTiion.  Replying  to  Dr.  Waldo's  remarks,  the  author 
believes  that  it  would  be  highly  desirable  to  have  tests  made 
on  infusorial  earth  and  other  materials  that  are  used  in  pre- 
venting loss  of  heat  from  liot  blast  stoves.  However,  it  would 
be  ver\'  remarkable  if  any  of  these  were  found  to  have  four 
times  the  insulating  value  of  85  per  cent  Magnesia. 

As  Mr.  Farmer  says,  tlie  difference  in  size  of  pipe  as  tested 
by  him  from  that  used  in  the  tests  described  might  account 
entirely  for  tlie  larger  values  of  losses  he  obtained.  This  can 
be  demonstrated  mathematically.  With  1  in.  of  covering  the 
5-in.  pipe  would  lose  only  8.5  i]er  cent  as  much  heat  as  the 
2-in.  and  only  92  ]ier  cent  as  much  as  the  3-in.,  other  condi- 
tions being  the  same.  Therefore,  his  results  arc  in  almost  per- 
fect agreement  with  those  in  the  paper. 

In  rejtly  to  Mr.  Dawes,  at  the  present  time  it  is  comtemplated 
to  collect  data  on  the  durability  of  various  coverings,  by  cor- 
respondence witli  those  who  have  had  them  in  use  for  a  number 
of  years. 

The  reason  for  not  testing  move  magnesia  coverings  was  the 
very  close  agreement  of  the  two  which  were  tested.  It  was 
decided  then  that  magnesia  covering  made  up  properly  would 
be  about  alike  for  all  manufacturers,  and  the  author  consid- 
ered that  it  would  be  a  waste  of  time  and  money  to  test  all. 
In  reference  to  the  temperature  drop  in  superheated  steam 
pipes  at  different  velocities,  the  author  can  only  refer  Mr. 
Dawes  to  the  paper  by  Eberle,  the  reference  to  which  is  given 
in  this  paper.     Eberle's  results  are  probably  the  best  yet  pub- 
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lished  on  the  subject,  but  the  conditions  under  whicli  they  were 
obtained  were  not  varied  enough  to  make  them  generally  ap- 
plicable. 

Professor  Greene's  discussion  referring  to  the  factor  k  is  of 
interest  in  a  mathematical  discussion.  However,  the  fact  that 
k  has  different  values  at  difi'erent  temperatures  is  not  sufficient 
justification  for  saying  that  it  is  not  the  conductivity  of  the 
material  in  question.  Conductivity  is  defined  as  being  the  rate 
of  heat  flow  per  degree  temperature  difference  per  unit  area 
per  unit  thickness  per  unit  time,  k,  as  used  in  the  paper, 
conforms  to  this  definition,  and  the  fact  that  it  is  not  constant 
but  varies  with  the  temperature  has  already  been  demonstrated 
by  Nusselt  as  explained  in  the.  paper. 

Professor  Greene  is  correct  as  to  the  origin  of  tlie  eiiuation 
giving  TFj.     However,  since  it  applies  to  unit  area,  the  term 
2izr  does  not  appear  and  the  fundamental  equation  is 
9  rie 

:— =  ir  =  A-    - 

Ir^r  dr 

The  subscripts  are  correct  according  to  the  definitions  given 
to  the  various  factors. 

The  objection  to  the  methods  used  by  Knoblauch  and  Nus- 
selt with  flat  discs  instead  of  pipes  as  the  covered  surfaces  is 
that  such  methods  do  not  pennit  of  the  testing  of  commercial 
pipe  coverings.  But  where  the  conductivities  of  tlie  materials 
used  have  been  accurately  determined  by  those  methods,  the 
results  may  be  made  applicable  to  actual  pipe  co\ering'  con- 
ditions, as  explained  in  the  mathematical  treatment  of  the 
subject. 

The  great  truth  of  Professor  Ingersoll's  remarks  on  tlie  ad- 
vantages of  the  metric  units  over  the  more  unwieldy  ones  now 
so  commonly  used  by  engineers  will  be  appreciated  by  all 
those  who  have  attempted  to  apply  theory  to  the  more  com- 
plicated physical  phenomena. 

CIRCULATION      IN      HORIZONTAL      WATER      TUBE 
BOILERS,    Paul    A.     Baxcel 

DISCUSSION 

George  L.  Fowleij  said  that  a  few  years  ago  he  had  made 
some  investigations  of  the  circulation  in  locomotive  boilers, 
and  had  also  watched  the  apparent  circulation  in  some  very 
finely  constructed  models  of  locomotives;  and  his  whole  ex- 
perience led  him  to  be  verv  cautious  about  accepting  the  in- 
dications of  circulation  in  a  model. 

He  understood  that  the  experiments  with  the  model  under 
consideration  were  made  at  atmospheric  temperature.  If  the 
evaporation  per  square  foot  of  heating  surface  werr  to  be  the 
same  as  in  a  full-size  boiler,  naturally  in  a  boiler  v.  nrking  un- 
der 100  or  200  lb.  per  sq.  in.  the  bubbles  would  be  smaller 
than  they  would  be  in  a  model  boiler,  on  a  iirojiortion  of  per- 
haps 1  to  4  in  diameter. 

Now,  the  water  spaces  in  a  model  boiler  are  small  also,  and 
pro])ortionately  small  in  comparison  with  the  full-size  Ijoiler 
of  the  same  general  dimensions  and  pro]jortions.  and  he 
thought  the  whole  gist  of  the  argument  simmered  down  into 
what  the  author  stated,  that  the  rate  of  circulation  is  de- 
pendent upon  the  size  of  the  bubble  of  steam  passing  through 
the  boiler.  Therefore  the  circulation  would  be  very  inueli  more 
rapid  in  the  model  than  in  the  full-size  boiler.  He  originally 
had  the  idea  that  the  circulation  in  a  locomotive  boiler  was  tor- 
rential, especially  as  investigation  had  shown  that  the  rate  of 
evaporation  in  the  firebox  was  very  much  higher  than  it  was 
in  the  tubes. 

In  his  own  experiments  he  had  started  with  the  idea  he 
would  have  to  provide  for  the  measurement  of  a  circulation  of 
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400  or  500  ft.  per  sec,  but  after  thinking  the  matter  over, 
mentally  came  down  to  providing  aiij^aratus  for  measuring 
125  to  150  ft.  per  sec.  At  about  this  time  he  saw  an  adver- 
tisement, in  the  form  of  a  large  inverted  globe  partly  filled 
with  water  with  air  bubbles  coming  up  through  it.  He  timed 
these  bubbles  and  found  that  they  rose  at  a  rate  of  about  4  ft. 
per  see.  He  reasoned  that  steam  bubbles  should  not  come  up 
through  water  any  faster  than  these  air  bubbles  did. 

Bj-  the  time  he  started  his  investigations  he  had  arrived  at 
the  conclusion  that  if  he  provided  for  about  8  or  10  ft.  per 
sec,  he  would  be  about  right.  As  a  matter  of  fact,  the  highest 
circulation  he  got  in  a  locomotive  firebox,  when  the  evapora- 
tion was  of  the  rate  of  12  lb.  of  water  per  sq.  ft.  of  heating 
surface  per  hour,  was  about  2  ft.  per  see.  The  condition  of  a 
locomotive  boiler  seems  to  be  that  we  have  a  slow,  gradual 
movement  thi-ough  the  shell  backwards  and  then  some  agita- 
tion, and  the  flowing  up,  on  the  inside  sheet,  and  then  a  down- 
ward movement  on  the  outside  sheet,  but  the  general  tendency 
is  back,  and  just  about  enough  movement  to  supply  evapora- 
tion, apparently. 

Some  recent  work  on  full-size  boilers  corroborated  that 
statement,  he  said.  The  temperature  in  the  lower  corner  of 
the  water  leg  at  the  front  was  never  within  75  deg.  of  the  tem- 
perature of  the  steam  when  the  engine  was  working  full. 
Perhaps  it  came  within  50  per  cent,  but  it  was  markedly  be- 
low, whereas  with  that  slow  movement  of  water  back  through 
the  firebox,  in  the  back  corner  of  the  water  leg  down  close  to 
the  mud  ring,  there  was  a  temperature  up  to  that  of  the  steam. 
These  experiments  led  him  to  be  rather  skeptical  in  regard  to 
accepting  any  demonstrations  from  a  model,  where  necessarily 
the  water  spaces  are  rjuite  limited  and  the  steam  bubbles  cor- 
respondingly large.  That  there  is  a  general  correspondence 
between  a  model  demonstration  and  a  full  size  boiler  demon- 
stration he  did  not  doubt,  but  from  a  quantitative  stand- 
point, he  questioned  the  value  of  the  model  investigation  de- 
scribed. 

WiLLiAir  Kext.  The  tests  of  the  model  boilers  described 
Ijy  ^Ir.  Bancel  are  interesting,  but  it  is  difficult  to  draw 
any  conclusions  from  them  that  will  be  of  any  service  in 
the  design  of  full-size  boilers.  Some  years  ago  the  speaker 
had  occasion  to  assist  in  the  tests  of  a  quarter-size  model  of 
a  Rust  vertical  water  tube  boiler.  The  tubes  were  about  1  in. 
diameter  and  5  ft.  long.  The  ends  of  both  upper  and  lower 
drums  were  fitted  with  disks  of  plate  glass,  and  to  the  bot- 
tom end  of  each  tube  a  slender  white  thread  was  attached  by 
means  of  a  fine  wire  so  that  the  threads  would  show  the  direc- 
tion of  the  circulation.  Some  surprising  results  were  obtained. 
When  the  boiler  was  steaming  at  a  moderate  rate  some  of  tlie 
tubes  of  the  front  bank  would  be  carrying  water  upward  while 
others  were  carrying  it  downward,  but  the  upward  currents 
would  often  change  from  one  tube  to  another  without  any 
apparent  cause. 

Experiments  on  model  boilers  of  tlie  inclined  water  tube 
type  cannot  reproduce  the  conditions  that  exist  in  a  full-size 
boiler,  for  in  the  latter  there  is  at  least  5  ft.  distance  between 
the  water  level  in  the  drum  and  the  highest  point  of  the  bottom 
row  of  tubes.  This  would  make  a  difference  of  pressure  of 
over  2  lb.  per  .sq.  in.  if  the  water  was  at  rest,  and  a  greater 
difference  if  the  water  was  in  motion,  on  account  of  the  fric- 
tional  resistance  of  the  upward  passage.  This  extra  pressure 
in  the  lower  tubes  would  tend  to  prevent  the  generation  of 
steam  in  them,  and  it  is  probable  that  they  carry  only  water 
which  is  at  a  higher  temjierature  and  pressure  than  that  in  the 
overhead  drum,  and  which  begins  to  generate  steam  only  when 


it  passes  into  the  region  of  lower  pressure  in  the  upper  part 
of  tiie  headers  and  in  the  drum. 

John  C.  Paeker.  The  author  says :  "  In  addition,  it  is 
generally  believed  that  a  high  velocity  of  circulation  will  re- 
tard scale  formation  and  thus  indirectly  reduce  the  resistance 
to  heat  transfer  and  prevent  overheating  of  the  tubes."  Some 
seventeen  years  ago  I  visited  our  late  President,  Prof.  R.  H. 
Thurston,  at  Cornell,  and  made  the  statement  to  him  that  the 
circulation  was  so  rapid  in  our  boiler  that  it  would  carry  the 
solid  matter  along  like  dust  in  a  strong  wind  and  prevent  scale 
formation.  He  said  it  would  carry  the  insolubles,  but  not  the 
solubles,  and  it  turned  out  that  way.  Our  experience  has 
been  that  scale  forms  wherever  the  steam  is  made,  and  that  if 
there  is  any  carrying  along  of  the  scale  it  is  after  it  is  formed 
and  then  cracked  loose. 

It  is  quite  desirable  in  designing  a  boiler  to  get  the  most 
rapid  circulation  possible.  The  strongest  flow  would  be 
secured  if  we  could  get  nothing  but  steam  in  the  up-pass  and 
nothing  but  water  in  the  down-pass.  Evaporation  is  secured 
in  the  horizontal  tube  by  extending  that  long  enough. 

Arthur  M.  Greene,  Jr.  wrote  that  the  experimental  part 
of  Mr.  Bancel's  jiaper  was  interesting  in  its  qualitative  nature 
but  he  could  not  see  where  quantitative  results  could  be  ob- 
tained from  it. 

In  the  rates  of  radiation  given  in  the  first  paragraph,  the 
author  does  not  state  the  assumption  on  which  the  results  are 
obtained.  If  the  Steffan-Boltzmann  law  has  been  used  with 
no  corrections  it  should  be  so  stated. 


The  formula  r  =  \/2  g  H  is  only  true  for  a  free  fall.  The 
true  formula  is 

2(/H 

V  =  v 

in  which  z  is  equal  to  the  sum  of  loss  coefficients  and  is  quite 
large  in  the  case  under  discussion.     The  formula 

vh 

U     =     0    \/    

A 
is  not  a  balanced  ecjuation  of  time  and  in  distance  unless  <!> 
contains  these  elements,  <P  must  be  variable  and  the  variations 
must  be  great. 

Ambrose  B.  Dean  demonstrated  a  glass  model  to  the  scale 
of  1/18  of  a  water  tube  boiler  in  working  condition,  showing 
the  action  in  the  bank  of  tubes  and  the  drum.  He  said  he  had 
not  made  any  accurate  determinations  from  this  model  but 
hojied  to  do  so  at  some  future  time. 

A.  A.  Gary  agreed  with  Professor  Kent  as  to  the  small 
amount  of  reliable  Lnfonnation  regarding  circulation  to  be 
gained  from  the  use  of  models,  although  he  thought  a  glass 
model  might  give  very  useful  suggestions.  He  said  he  had 
considerable  experience  in  testing  with  glass  models,  and  also 
testing  with  full-size  boilei-s,  and  he  had  received  a  great  many 
useful  suggestions  from  glass  models  which  he  had  verified  in 
the  full-size  boiler.  He  thought  the  glass  model  would  show 
the  underlying  principles,  but  beyond  that  care  should  be 
exercised  in  drawing  conclusions  from  it. 

The  Author.  In  rej^ly  to  the  members  who  have  ques- 
tioned the  value  of  experiments  on  models,  the  author  wishes 
to  point  out  that  in  the  solution  of  problems  involving  the 
How  of  fluids,  that  is  in  hydrodynamics  and  aerodynamics — 
the  use  of  models  is  invaluable. 
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The  fundamental  data  of  the  subject  of  aerodynamics  has 
been  derived  very  largely  from  experiments  on  models.  Lang- 
ley's  figures  for  model  planes,  modified  by  Lilienthal's  experi- 
ments, provided  the  information  from  which  the  earliest  flying 
machines  were  constructed.  The  work  of  Lanchester,  Bryan 
and  Eiffel  was  based  largely  on  experiments  with  models.'  As 
to  ship  propulsion,  the  testing  of  models  of  ships  has  been  car- 
ried on  for  years. 

The  circulation  in  a  water  tube  boiler  is  a  highly  complex 
problem,  involving  not  only  a  complicated  circuit  with  tubes 
working  at  different  loads,  discharging  into  a  common  header, 
but  also  the  movement  of  two  fluids,  steam  and  water,  at  dis- 
similar and  varjing  velocities.  In  quoting  results  of  researches 
with  a  model,  the  writer  made  no  attempt  to  predict  or  state 
the  circulation  or  the  pressures  influencing  circulation  in  the 
various  types  of  actual  boilers,  confining  his  remarks  to  the 
model.  His  knowledge  of  the  laws  of  similitude  connecting  a 
model  water  tube  boiler  and  its  prototype  when  circulating 
non-homogeneous  mixtures  of  steam  bubbles  and  water,  is  not 
sufiBcient  to  permit  of  such  predictions,  but  he  sees  no  reason 
why  the  results  obtained  should  not  be  similar  in  kind,  at  least, 
to  those  to  be  obtained  in  an  actual  boiler.  He  does  not  believe 
that  "  the  circulation  of  all  boilers  is  good  enough,"  as  stated 
by  Professor  Kent,  first,  because  cases  of  tube  failures,  some 
of  which  caused  loss  of  Ufe,  have  occurred  where  the  tubes 
were  new  and  it  was  Imown  that  they  were  free  from  scale; 
second,  because  boiler  loads  and  furnace  temperatures  are 
constantly  increasing,  and  third,  because  the  investigations  un- 
dertaken indicate  that  present  designs  do  not  conform  in  sev- 
eral respects  to  the  necessary  requirements  for  the  maximum 
delivery  of  water  through  the  tubes  nearest  the  fire. 

Replying  to  the  point  raised  by  Mr.  Fowler  regarding  the 
size  of  the  bubbles  in  an  actual  boiler  as  compared  to  those  in 
the  model,  experiments  have  shown  that  the  size  of  the  bubbles 
seems  to  be  independent  of  the  pressure,  depending  on  the  con- 
ditions of  ebullition  and  the  character  of  heating  surface.  See 
experiments  on  a  small  boiler  in  which  pressures  up  to  12 
kg/cm  were  carried,  by  M.  Emanaud,  Le  Genie  Civil,  .January 
6,  1911. 

Professor  Kent  states  that  "  it  is  doubtful  whether  there 
is  any  steam  at  all  in  the  lower  tubes."  The  2  lb.  pressure  cal- 
culated by  Professor  Kent  would  amount  at  200  lb.  boiler  pres- 
sure to  about  0.8  deg.,  and  for  every  pound  of  steam  formed 
by  the  "  water  bursting  into  steam  "  in  the  drum,  there  would 
have  to  be  about  1000  lb.  of  water  passing  through  the  tube. 
For  a  tube  working  at  200  lb.  of  steam  per  sq.  ft.  per  hr.  evap- 
oration, this  would  call  for  approximately  10  cu.  ft.  flow  per 
second  or  a  velocity  through  the  tube  of  about  150  ft.  per  sec. 
Experiments  show  that  the  velocity  of  water  entering  a  tube 
is  on  the  order  of  5  ft.  per  sec. 

In  reply  to  Mr.  Parker,  what  we  are  after  in  boilers  is  to 
pump  the  most  water  through  the  bottom  tubes.  The  water 
comes  into  the  tubes  zero  per  cent  rich  in  steam  and  100  per 
cent  rich  in  water.  It  should  come  out  as  rich  in  water  as  we 
can  make  it,  and  we  then  have  less  chance  of  burning  and  blis- 
tering the  tubes. 

The  statement  made  by  the  author  regarding  scale  formation 
and  referred  to  by  Mr.  Parker  was  not  advanced  except  with 
reservation.  Experimental  evidence  on  the  effect  of  water 
velocity  on  scale  formation  not  only  in  boilers  but  feed  heat- 
ers, evaporators,  condensers  and  similar  apparatus  would  add 
to  the  value  of  the  present  discussion. 

Professor  Greene  has  pointed  out  that  0  in  the  equation  in 
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Par.  6  "  Must  be  variable  and  the  variation  must  be  great." 
In  fact,  the  variation  is  so  great  as  to  make  the  expression 
practically  useless,  and  it  is  for  that  reason  in  part,  that  the 
model  experiments  were  undertaken.  The  conditions  as  to  the 
existence  and  effect  of  slii)  have  not  heretofore  to  the  author's 
knowledge,  been  investigated.  In  the  classic  lecture  on  circu- 
lation by  Mr.  Babcock  at  Cornell  University,  the  speed  of  cir- 
culation was  calculated  neglecting  resistance,  by  the  use  of  the 
equation  v'  =  '2  g  II;  H  being  determined  by  assuming  an 
homogeneous  mixture  of  steam  bubbles  and  water  and  freedom 
from  slip  throughout  the  circuit. 

Mr.  Dean's  model  shows  the  difference  in  the  quality  of  the 
mixtures  discharged  from  the  lower  and  upper  lubes.  The 
lower  tubes  discharge  more  nearly  homogeneous  mixtures  con- 
taining small  bubbles.  The  upper  tubes  discharge  large  steam 
bubbles  intermittently;  the  circulation  is  reversed  even,  when 
the  area  at  tlie  entrance  to  the  drum  is  reduced. 

PERFORMANCE  AND  DESIGN  OF  HIGH  VACUUM 
SURFACE  CONDENSERS,  Geo.  H.  Gibson  axd  Path. 
A.  Bancel 

DISCUSSION 

Leo  Loeb.  The  authors  state  it  may  be  assumed,  in  the 
light  of  evidence  given  in  the  appendix,  that  the  total  heat 
transfer  is  a  function  of  the  first  power  of  the  temperature 
difference,  and  not  of  a  fractional  power  as  suggested  by  Loeb 
and  Orrok,  but  the  appendix  contains  no  evidence  to  support 
this  claim.  However,  in  discussing  certain  data,  they  state  it 
was  concluded  from  these  tests  "  that  the  coefficient  was  con- 
stant if  the  total  heat  transfer  was  assumed  to  vary  as  some 
fractional  power  of  the  temperature  difference  rather  than 
unity."  This  is  a  misstatement,  as  there  was  no  assumption 
of  total  heat  transfer  as  an  exponent  of  the  temperature  dif- 
ference. It  remains  a  fact,  determined  from  many  experiments, 
that  the  total  heat  transfer  is  proportional  to  a  power  of  the 
temperature  difference.  This  power  is  not  necessarily  less  than 
unity,  although  in  some  of  the  tests  I  have  examined  of  the 
transfer  of  heat  from  steam  to  water  under  practically  air-free 
conditions  the  coeflScient  was  less  than  unity.  However,  in  the 
case  of  heat  transmission  from  condensing  steam  and  air,  the 
coefficient  is  usually  greater  than  unity.  The  quotation  should 
therefore  be  recast  somewhat  as  follows,  "  and  from  these  it 
was  shown  the  total  heat  transfer  was  proportional  to  some 
power  of  the  temperature  difference,  usually  less  than  unity, 
hence  the  coefficient  for  one  rate  of  flow  would  be  constant." 

The  manner  in  which  this  law  was  investigated  in  the  ex- 
periments referred  to  was  to  introduce  water  at  a  reasonably 
low  temperature  into  a  short-pass  heater,  keeping  the  steam 
temperature  as  nearly  constant  as  possible.  The  outlet  tempera- 
ture was  carefully  noted  after  a  test  of  reasonable  duration, 
and  then  the  water  was  re-introduced  at  the  inlet  of  the 
heater  at  the  temperature  at  which  it  appeared  at  the  outlet 
during  the  previous  test,  and  so  on,  carrying  this  up  along  a 
true  temperature  gradient.  When  the  gradient  was  plotted  it 
was  in  exponential  form,  and  not  in  logarithmic  form  as 
would  be  required  by  the  law  of  heat  transfer  proportional 
to  the  first  power  of  the  temperature  difference. 

The  authors  caU  attention  to  the  fact  that  in  the  tests  on 
the  Bureau  heater,  the  steam  temperature  varied  only  2  deg. 
In  the  experiments  on  the  apparatus,  we  tried  to  keep  the 
temperature  constant,  but  the  construction  of  this  particular 
heater  was  such  that  with  high  rates  of  water  flow  there  was 
a  small  condenser  action  and  a  slight  drop  in  pressure  within 
the  shell  making  it  almost  impossible  for  the  temperature  to  be 
kept  absolutely  constant. 
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The  authors  further  state  it  is  reasonable  to  expect  that  if  the 
'variation  in  temperature  difference  were  obtained  entirely  by 
varying  the  steam  temperature  only,  the  exponent  would  be 
found  to  attain  unity.  Now  iu  marine  feedwater  heaters,  and  in 
closed  heaters  generally,  the  object  is  to  attain  a  standard  of 
temperature;  and  while  we  did  investigate  the  fact  of  varying 
pressure,  and  while  the  authors  have  taken  three  points  from 
these  tests  and  fouud  them  alike  on  a  straight  line  with  a  slope 
of  unity,  tliat  is  simply  a  coincidence.  The  indisputable  fact 
remains  that  a  long  series  of  experiments  on  single  tube  and 
commercial  marine  feedwater  heaters  shows  the  temperature 
gradient  to  be  exponential,  and  no  reasonable  expectancy  on 
the  part  of  those  who  have  not  "  lived  "  with  the  apparatus  will 
change  the  fact. 

Th&  curves  in  the  writer's  paper  to  wliich  the  authors  refer 
were  plotted  from  heaters  in  which  we  were  forced  to  use  a 
different  method  of  obtaining  the  temperature  gradient,  and 
while  it  does  introduce  a  little  more  complexity,  still  these  are 
the  facts,  and  we  must  abide  by  them. 

R.  N.  Ehrhart.  The  first  part  of  the  authors'  paper  con- 
sists in  the  collection  and  tabulation  of  results  obtained  with 
various  surface  condensing  plants.  As  such,  it  is  interesting. 
However,  we  do  not  believe  that  curves  derived  from  the  per- 
formance of  various  sizes  and  types  of  condensers  of  different 
manufacturers  can  be  consistently  grouped  in  curves  to  show 
typical  results.  It  is  quite  evident  tliat  one  style  or  design  of 
condenser  might  give  certain  characteristics  which  could  be 
successfully  shown  graphically,  but  to  take  all  other  types  and 
put  them  on  the  same  curve  sheet  with  the  expectation  of  get- 
ting something  that  is  really  of  great  value  is  impossible. 

The  latter  part  of  the  paper  is  based  on  misconceptions  of 
the  performance  of  modern  condensers.  For  example :  The 
performance  of  the  condenser  as  shown  in  Fig.  10  is  not  at 
all  in  line  with  that  given  by  modem  design.  In  days  gone 
by,  we  used  condensers  in  which  there  was  little  rise  in  tem- 
perature in  the  lower  pass,  but  condensers  of  to-day,  if  prop- 
erly designed,  will  have  about  60  per  cent  of  the  work  done 
in  the  lower  pass.  It  is  obvious  that  this  should  be  so.  If 
the  condenser  is  perfectly  scavenged  of  air,  the  greatest  tem- 
perature head  exists  in  the  lower  portion  of  the  condenser, 
which,  in  the  contra-flow  type,  is  nearest  the  end  of  the  con- 
densation zone,  and  in  the  beginning  of  the  water  circulation 
zone.  The  use  of  a  hydraulic  air  pump  makes  it  easy  to  get 
such  results  without  the  use  of  external  coolers. 

The  authors  attempt  to  show  that  there  is  a  compression  of 
"the  air  in  the  condenser,  and  that  this  necessitates  a  lowering 
of  the  temperature  of  the  steam  space.  Such  a  phenomenon 
•need  not  exist  at  all.  Where  a  hydraulic  air  pump  is  em- 
ployed, using  water  of  the  temperature  of  that  delivered  to 
the  condenser,  the  compression  can  all  take  place  within  the 
pump  itself;  that  is,  the  readjustment  of  vapor  and  air  pres- 
sures does  not  need  to  take  place  in  the  condenser. 

The  authors  dwell  on  a  suggested  form  of  zone  condenser, 
in  which  the  lower  pass  uses  little  water  and  consequently  little 
power  is  there  absorbed.  As  pointed  out  above,  the  modern 
condenser  does  most  of  the  work  in  the  bottom  pass,  so  that 
the  suggested  form  of  zone  condenser,  instead  of  accomplish- 
ing something  desirable,  turns  out  to  be  about  the  most  un- 
desirable modification  that  we  could  make  in  a  modern  con- 
denser. Therefore,  it  can  have  no  place  in  modern  condenser 
practice. 

George  H.  Gibson  (written).  In  none  of  Mr.  Loeb's  tests 
<lid  he  work  with  a  constant  fixed  water  temperature  and  dif- 


ferent steam  temperatures;  and  that  would  be  necessary  in 
order  to  eliminate  the  variations  that  might  be  due  to  the  water 
temperature,  per  se,  or  else  the  influence  of  the  water  tem- 
perature must  be  allowed  for.  In  the  tests  described  by  Loeb, 
the  influence  of  water  temperature  was  ignored.  It  is  there- 
fore improper,  on  the  basis  of  his  tests  alone,  in  which  the 
variations  in  temperature  difference  were  obtained  by  varying 
the  water  temperature,  to  state  just  what  precise  effect  tem- 
perature difference  by  itself  had  upon  the  rate  of  transmission. 

In  reply  to  Mr.  Ehrhart,  the  condenser  tests  presented  are 
those  to  which  we  had  access  in  publications  and  in  reports  by 
manufacturers  and  users.  If  there  are  in  existence  tests  show- 
ing no  temperature  drop  caused  by  enrichment  of  the  air  mix- 
ture, we  would  like  to  examine  them.  We  concede  that  by  put- 
ting on  a  supplementary  condenser  the  mixture  can  be  drawn 
out  of  the  first  condenser  before  the  effects  of  air  are  apparent, 
that  is  to  say,  before  steam  condensation  is  completed,  in  which 
case  only  such  drop  of  temperature  as  might  be  due  to  the 
steam  flowing  through  the  tube  bank  would  exist.  With  the 
tubes  properly  arranged,  this  temperature  drop  would  be  com- 
paratively small,  at  least  at  low  vacuums  and  the  attending 
low  specific  volumes. 

However,  if  the  mixture  is  to  leave  the  tube  bank  at  nearly 
its  original  temperature,  a  considerable  percentage  of  the  steam 
will  remain  to  be  comjjressed  or  condensed  in  the  air  jjump. 
The  objection  to  using  the  air  pump  for  steam  recompression 
is  self-evident,  while  if  a  hurling  water  air  pump  is  used  in  or- 
der to  condense  the  steam,  the  temperature  of  the  hurling  water 
will  be  raised  and  the  efficiency  of  the  air  pump  impaired.  If 
a  large  amount  of  water  is  used  in  order  that  the  temperature 
rise  in  the  pump  may  be  small,  a  heavy  expenditure  of  power 
to  drive  the  pump  will  be  encountered.  Water  handled  by 
the  circulating  pump  may  have  a  temperature  rise  of  10  deg. 
fahr.  and  may  be  pumped  against  a  head  of  15  ft.,  whereas 
\\ater  handled  by  the  air  i^ump  may  have  a  rise  of  only  a  few 
degrees  and  the  head  pumped  against  will  be  150  to  250  ft.  To 
condense  a  pound  of  steam,  50  to  75  times  as  much  power  is 
taken  by  the  air  pump  as  compared  with  the  circulating  pump, 
for  which  reason  it  is  not  a  good  plan  to  allow  much  of  the 
steam  to  pass  to  the  air  pump,  which  is  what  Mr.  Ehrhart's 
claims  really  imply. 

Paul  A.  Bancel  (written).  Replying  to  Mr.  Ehrhart,  the 
performance  of  the  condenser  from  Jesse's  tests  was  cited  to 
show  conditions  existing  in  a  small  condenser  working  at  mod- 
erate vacuum  with  a  considerable  air  leakage.  The  same  con- 
ditions are  noticeable,  it  is  maintained,  in  large  vacuum  con- 
densers even  with  small  air  leakage  and  large  pump  capacity 
(irrespective  of  the  design  of  the  pump),  because  due  to  its 
large  specific  volume,  the  steam  cannot  penetrate  into  the 
condenser  and,  due  to  the  great  rarification,  the  air  cannot  be 
removed  except  after  some  preliminary  compression  and  con- 
centration in  the  condenser. 

The  condition  of  temperature  equivalent  to  joressure  alleged 
by  Mr.  Ehrhart  precludes  any  leakage  whatsoever  or  else  an 
air  pump  of  such  capacity  that  the  air  can  be  removed  at  im- 
measurably small  partial  pressure,  together  with  an  unavoid- 
ably large  volume  of  steam. 

With  a  small  condenser  heavily  loaded  under  summer  con- 
ditions when  the  vacuum  is  low  and  with  a  large  air  pump  of 
the  hurling  water  type  using  a  comparatively  large  quantity 
of  water  and  corresponding  steam  condensing  capacity,  most 
of  the  surface  in  the  condenser  can  be  brought  into  active 
working. 

While  it  is  possible  to  design  a  larae  condenser  and  attach 
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a  jnmip  of  sufficient  capacity  to  secure  equally  good  results 
under  summer  conditions,  under  high  vacuum  conditions  in 
the  winter  the  proportion  of  active  surface  will  fall  off  and 
the  inactive  zone  which  might  originally  have  comprised  a 
small  percentage  of  the  surface  will  now-  comprise  a  very  large 
share  of  the  tubes.  High  vacuum  condensers  recently  installed 
in  connection  with  30,000  kw.  turbines  in  several  large  cities 
and  equipped  with  air  ]nimps  of  the  hurling  water  type  show 
comparatively  low  average  heat  transmission  coefficients  uuder 
conditions  of  high  vacuum  and  cool  or  cold  water. 

The  condition  of  60  per  cent  work  in  the  lower  pass  of  a 
condenser  coincides  in  every  ease  known  to  the  writer  with  a 
design  in  which  ojienings  or  steam  lanes  have  been  provided 
to  pass  the  steam  down  to  the  lower  tubes,  thus  allowing  the 
steam  to  by-pass  groups  of  tubes  in  the  top  of  the  condenser. 
The  resulting  average  coefficients  of  heat  transfer  are  low,  as 
would  be  ex|5ected,  since  the  surface  is  more  or  less  out  of  ac- 
tive use.  The  active  tubes  instead  of  being  concentrated  in 
one  pass  of  the  condenser  are  now  scattered  throughout  the 
shell  wherever  the  steam  has  easy  access  and  their  location  is 
not  indicated  by  thermometers  placed  in  the  main  water  con- 
nections or  water  boxes. 

Keplying  to  Mr.  Loeb,  the  authors'  statement  was  to  the 
effect  that  the  experiments  were  not  sufficiently  complete  to 
warrant  conclusions  regarding  the  relations  of  the  heat  trans- 
fer to  the  temperature  difference.  The  temperature  difference 
depends  on  both  steam  and  water  temperature,  and  to  be  con- 
clusive experiments  should  be  made  in  which  the  mean  water 
temperature  is  maintained  constant  and  the  difference  varied  by 
changes  in  the  steam  temjierature  only,  in  order  to  eliminate 
the  effects  of  water  temperature. 

HIGHER  STEAM  PRESSURES,  Robert  Ckamer 
DISCUSSION 

WiLLiAii  Kext  (written).  This  paper  contains  some  in- 
teresting figures  of  the  gain  in  steam  engine  efficiency  that 
may  be  obtained  by  increasing  the  steam  pressure  up  to  600 
lb.  per  sq.  in.  absolute.  They  supplement  very  conveniently 
some  figures  for  the  efficiency  of  the  Rankine  cycle  which  I 
calculated  recently  for  pressures  up  to  250  lb.  per  sq.  in. 
and  superheat  up  to  300  deg-.,  and  which  will  be  fomid  on 
p.  1091  of  the  9th  edition  of  my  Mechanical  Enrjhieers'  Pocket 
Book.  Taking  the  figures  corresponding  to  29  in.  vacuum: 
Superheat,   deg. 

H  -''O  100  130  200  2.10  300 

Press.  Ui. 

.4^b,».olute.  Efficiency  of  Rankine  Cyele.  per  cent. 

200 32.2          32.3          32.0          32.8          33.1          33.4          33.8 

225 .32.7          .32.9          33.1          33.4          33.6          34.0          34.3 

250 33.2          33.4          33.6          33.0          34.1          34.5          34,8 

Superheat  corrcsp.  to  temp.  600  cleg...  113.4        132.7        l.-,ri.2        182.5 

300 34.0  34.r, 

400 (Mr.  Cramer's      3,^.3           ...            ...           36.1 

500 agures.)            30.4           ...          36  7 

600 37.0         37.3 

Taking  225  lb.  per  sq.  in.  and  200  deg.  superheat,  cor- 
responding to  a  temperature  of  591  deg.  and  a  Rankine  cycle 
efficiency  of  33.6  per  cent,  as  about  the  standard  of  the  most 
recent  practice,  the  improvement  that  may  be  made  by  using 
a  pressure  of  600  lb.  and  a  temperature  of  600  deg.  is  (37.3- 
33.6)  or  3.7,  or  11  per  cent,  of  33.6  per  cent.  In  order  to 
obtain  this  gain  it  will  be  necessary  to  build  stronger  boilers 
than  we  now  have,  to  use  economizers  to  reduce  the  flue  gas 
temperature,  and  to  take  extra  precautions  against  steam 
leakage.  These  improvements  are  quite  within  the  range  of 
I'racticHbility,  and  it  may  be  worth  while  to  make  tliem  to  gain 


a  11  per  cent  gain  in  efficiency,  especially  in  locations  where 
fuel  is  expensive  and  in  plants  having  a  high  load  factor. 
Mr.  Cramer  says  that  it  is  possible  to  increase  the  ett'ective- 
ness  of  the  heating  surface  by  proper  design,  and  that  modem 
boilers  show  an  evaporation  per  square  foot  of  heating  surface 
twice  as  high  as  was  customary  only  a  few  years  ago,  at  the 
same  time  realizing  a  better  efficiency  than  formerly.  It  does 
not  appear  that  the  improvements  in  rate  of  driving  and  in 
efficiency  at  high  rates  of  driving  have  been  due  to  any 
changes  in  the  design  or  proportions  of  the  heating  surface; 
they  have  been  due  to  greatly  enlarged  combustion  chambers, 
mechanical  stokers,  and  control  of  the  air  supply  according  to 
the  indications  of  gas  analyses.  The  highest  efficiencies  have 
been  obtained  with  many  different  forms  and  proportions  of 
boiler,  and  no  evidence  has  yet  been  obtained  that  any  new 
form  of  boiler  will  give  greater  effectiveness  per  square  foot 
of  heating  surface  than  the  forms  of  boilers  that  were  built 
forty  years  ago. 

R.  .J.  S.  PiGOTT.  This  iiUerestni.i;  iiaper  has  presented  the 
theoretical  side  of  the  question  rather  more  strongly  than  the 
practical  side.  The  sources  of  loss,  especially  in  the  turbine, 
have  been  passed  over  perhaps  a  little  too  lightly. 

Those  of  us  who  have  been  interested  in  turbine  designing 
for  the  last  few  years  have  noticed  the  very  marked  difference 
in  the  efficiency  ratio  of  the  various  stages,  between  high  and 
low  pressure  end  of  the  machine.  We  know  that  the  high 
pressure  stages  are  very  much  less  efficient.  For  instance,  in 
a  turbine  working  at  200  lb.,  with  100  deg.  of  superheat,  the 
efficiency  of  tiie  first  stage  is  possibly  55  per  cent  or  a  little 
higher,  depending  uj^on  the  conditions,  and  that  figure  in- 
creases as  we  reach  the  lower  stages,  finally  reaching  85  jier 
cent,  or  even  more,  in  the  low  pressure  end. 

The  average  efficiency  ratio  is  ordinarily  70  to  75  per  cent, 
including  generator  losses.  The  figure  quoted  by  Jlr.  Cramer, 
of  77  per  cent,  must  be  quoted  for  overall  efficiency,  including 
generator  loss.  The  actual  efficiency  of  the  Interborough 
Rapid  Transit  Company's  turbines  is  over  80  per  cent,  if  the 
losses  to  the  generator  are  not  considered,  representing  a  high 
pressure  efficiency  of  70  per  cent,  and  in  the  final  stages  some- 
what over  90  per  cent. 

It  is  a  fact  that  the  efficiency  of  the  stages  of  a  turbine  de- 
pends chiefly  upon  the  density  and  condition  of  the  steam, 
other  conditions  being  equal.  The  reason  for  such  low  effi- 
ciencies in  the  high  pressure  stages  is  the  high  friction  loss 
due  to  high  steam  density,  and  in  the  case  of  turbines  running 
on  saturated  steam,  on  account  of  the  additional  friction  due 
to  the  moisture.  It  is  certain  that  if  pressures  are  increased, 
the  high  pressure  stages  are  going  to  become  less  efficient, — 
more  especially  as  in  substituting  pressure  for  superheat,  we 
are  increasing  the  amount  of  moisture  developed  in  the  turbine 
and  advancing  the  dew  point  to  higher  stages.  In  other  words, 
the  efficiency  of  each  stage  will  be  somewhat  decreased,  due  to 
the  presence  of  a  greater  quantity  of  moisture. 

The  author's  expectations  of  the  efficiency  closely  approxi- 
mating present  efficiency  would  not  be  reached  with  actual  tur- 
bines. It  is  quite  evident  from  our  experience  with  uji-to-date 
turbines  that  we  cannot  get  very  high  efficiencies  with  the  very 
dense  steam  to  be  expected. 

Another  point  from  the  jsractical  side  is  that  of  steam  pip- 
ing and  pipe  joints.  It  is  generally  felt  that  the  best  joint 
is  one  in  which  there  is  no  gasket.  Very  good  success  has 
been  made  with  ground  joints,  but  the  character  of  workman- 
ship and  pipe  construction  required  for  the  ground  jiiint  is  al- 
most too  high   for  ordinary  construction   and   cannot   be  ob- 


Februaky 
1916 


ANNUAL  MEETING  DISCUSSION 


147 


taiiied  in  the  avenige  plant.  Therefore  tlie  forms  \vliich  re- 
quire metallic,  or  asbestos,  or  other  soft  gaskets,  must  be  used 
for  these  temperatures  and  pressures,  and  there  is  trouble 
enough  already  with  200  lb.  pressure. 

In  the  i^lants  of  one  large  western  company,  the  joints  are 
made  by  fusing  the  edges  of  the  lap  flanges  with  the  acetylene 
torch,  so  as  to  avoid  gaskets.  This,  it  seems,  is  the  first  step  in 
the  cliange  that  would  be  required  for  higher  pressures.  The 
next  stej)  would  be  to  abandon  flanges  almost  entirely,  and 
weld  the  pijies  in  place,  without  joints.  We  are  now  using 
large  quantities  of  welded  material  under  very  severe  condi- 
tions. With  the  degree  of  skill  now  developed,  satisfactory 
welding  could  be  readily  accomplished  in  the  field.  It  would 
mean  the  substitution  of  a  welding  gang  for  steanifltters,  on 
the  larger  work. 

G.  I.  Rnc'KwooD.  In  regard  to  the  facility  of  making  pipe 
joints.  I  have  been  rather  surprised,  in  working  out  the  prob- 
lem of  making  pipe  union  joints  out  of  ground  bronze  seats, 
to  find  what  a  poor  job  of  grinding  is  usually  done.  If  the 
grinding  is  done  properly,  as  I  find  it  can  be  done  with  a 
properly  developed  machine,  the  joint  will  stand  all  pressures 
up  to  10,1100  lb.  per  sq.  in.,  and  the  union  will  burst  before  it 
will  leak. 

Pipe  unions  will  probably  replace  flanges  in  the  larger  sizes, 
and  if  higher  steam  pressures  are  to  become  at  all  general,  the 
practical  requirements  of  pipes,  built  in  sections  rather  than 
welded  together,  will  call  for  pijie  unions  properly  made. 

K.  H.  Rice.  The  subject  of  utilization  of  higher  steam 
pressures  in  motive  power  apparatus  has  been  before  the  de- 
signers of  such  apparatus  for  some  time.  The  most  active 
proposal  in  that  direction  was  made,  I  think,  by  Mr.  Faraday 
of  England,  some  two  or  three  years  ago,  and  a  great  deal  of 
investigation  on  this  subject  has  been  stimulated. 

The  author  has  very  clearly  set  forth  tlie  theoretical  possi- 
bilities involved  in  the  use  of  higher  pressures.  Tlie  jjractical 
consideration  is  that  of  temi)eratures.  Several  years  ago  the 
writer  constructed  and  operated  an  engine  utilizing  a  maxi- 
mum temperature  of  800  deg.  Although  this  engine  operated 
successfully,  we  find,  in  investigating  the  materials  to  be  used 
for  these  pressures  and  temperatures,  at  600  deg.  practically 
all  the  materials  we  would  ordinarily  use  in  the  construction 
of  such  apparatus  begin  to  lose  strength.  Therefore,  we  are 
limited  to  that  critical  temperature,  or  else  have  to  choose 
special  materials,  or,  as  a  third  possibility,  must  greatlj' 
increase  the  proportions  of  parts  in  order  to  keep  down  the 
stresses. 

Expansion  of  pipes  would  also  be  troublesome  at  high  pres- 
sures on  account  of  the  rather  extreme  thickness  of  the  pipes 
and  their  consequent  stiffness. 

The  effect  on  turbine  design  has  been  clearly  brought  out 
by  Mr.  Pigott.  In  addition  to  the  difficulties  in  realizing  the 
highest  efficiency  which  he  has  pointed  out  there  is  the  very 
important  one  of  leakage.  If  we  attempt  to  use  very  high 
pressures  on  the  upi)er  stages  of  turbines,  we  will  certainly 
have  to  develop  impro\'ed  forms  of  vacuum. 

All  these  considerations  do  not  by  any  means  indicate  diffi- 
culties which  cannot  be  surmounted;  on  the  other  hand  we  are 
fitted  at  the  present  time  to  undertake  the  development  of  ap- 
paratus to  meet  these  conditions.  A  considerable  amount  of 
development  work  will  be  necessary,  however,  and  the  new  con- 
ditions will  give  rise  to  radical  changes  in  the  design  of  power 
stations.  For  instance,  it  is  obvious  that  if  these  expansion 
stresses  in  pipes  are  to  be  difficult,  we  should  limit  the  length 


of  the  pipe  as  much  as  possible,  which  means  putting  the  boiler 
and  turbine,  or  engine,  close  together. 

The  question  of  higher  pressures  is  entirely  a  commercial 
one.  Assuming  that  the  gains  indicated  in  the  j^aper,  or  even 
half  of  them,  can  be  realized,  can  apparatus  be  constructed  of 
such  cost  and  placed  in  our  power  stations  under  operating 
conditions,  which  will  involve  operating  expenses  in  such 
amounts  that  the  total  operating  gain,  counting  interest  on 
the  investment,  ojaerating  cost,  and  general  liability,  make  the 
])roposition  a  profitable  one  for  our  power  stations? 

Walter  N.  Polakov.  The  question  of  advantages  of  higher 
steam  ])ressures  may  be  regarded  from  two  angles  of  view. 
One  is  jjurely  a  theoretical  consideration,  setting  aside  the 
commercial  advantages,  and  the  other,  the  commercial  advan- 
tages under  the  present  state  of  the  art. 

If  the  steam  is  used  at  high  pressure,  and  saturated,  the 
condensation  will  have  very  quick  deteriorating  effects  on  the 
blading  of  the  turbine.  This  is  one  of  the  financial  questions 
which  ought  to  be  primarily  considered  before  it  is  decided 
whether  at  the  present  state  of  the  art  the  high  pressure  is 
advantageous. 

Another  consideration  is  whether  the  added  cost  of  con- 
struction of  the  steam  vessel  for  the  higher  pressures  will  be 
warranted.  Incidentally,  in  European  practice,  temperatures 
are  not  confined  to  600  deg.  fahr.,  but  go  up  to  800,  and  in 
some  cases  to  1000. 

Carl  C.  Thoiias.  In  regard  to  turbine  design  for  higher 
l)ressures,  the  high  pressure  stage  would  necessarily  be  of  the 
impulse  type,  because  of  the  otherwise  extensive  leakage  past 
the  ends  of  the  blades  with  steam  of  such  high  density  as  that 
at  600  lb.  The  turbine  would  therefore  seem  to  require  an 
impulse  high  pressure  stage,  velocity  compounded,  probably 
followed  by  Parson's  stages. 

Professor  Carpenter's  tests  on  the  White  steam  ear  showed 
that  at  high  jsressures  very  good  economj^  could  be  attained, 
even  with  small  reciprocating  engines.  An  engine  of  the  gen- 
eral type  of  the  Westinghouse  single-acting  vertical  engine, 
with  the  lower  end  of  the  cylinders  closed  so  that  a  vacuum 
could  be  maintained,  but  fitted  with  an  exhaust  port  like  that 
of  the  Stumpf  engine,  might  be  very  efficient  for  use  with 
these  high  pressures. 

D.  S.  Jacobus.  The  statement  is  made  in  the  paper  that 
standard  boiler  designs  do  not  permit  the  construction  for 
higher  pressures  than  200  lb.  That  is  a  little  below  the  limit, 
because  there  are  standard  designs  operating  at  good  high 
overlaps  over  300  lb. ;  200  lb.  is  surely  too  low  a  pressure  to 
set  today  as  the  limiting  pressure  for  standard  designs. 

The  Author.  Professor  Kent  has  pointed  out  that  the  im- 
proved boiler  efficiency  in  recent  designs  is  not  due  to  any 
change  in  the  boiler  itself,  but  rather  to  the  furnace.  If  the 
point  is  conceded  that  high  efficiencies  can  be  obtained  with 
high  pressure  boiler  designs,  then  whether  the  necessary- 
changes  are  made  in  the  boiler  or  in  the  furnace  is  imma- 
terial. I  concede  that  most  of  the  recent  improvements  in 
boilers  have  been  made  in  the  furnace,  and  not  in  the  boiler 
proper,  and  the  most  efficient  boiler  designs  used  to-day  are 
practically  the  same  as  those  of  twenty  yeai-s  ago.  The  ques- 
tion brought  up  in  the  jiai^er  is,  however,  entirely  different. 
If  steam  jiressures  as  high  as  600  lb.  are  used,  it  will  be  nec- 
essary simply  from  that  point  of  view  to  change  the  boiler 
design,  and  as  pointed  out  in  the  paper,  to  do  away  with  large 
drums  and  a  small  factor  of  safety. 
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Mr.  Pigott  raises  the  question  of  eflScieney  of  the  high  pres- 
sure stage  in  the  turbine.  In  the  first  place,  it  will  almost  be 
impossible  in  large  turbines  to  utilize  some  of  the  principles  em- 
ployed to-day.  It  will  not  be  possible  to  carry  the  high  steam 
pressures  right  into  the  turbine.  As  a  matter  of  fact,  in  most 
of  the  present  large  turbine  designs,  with  the  exception  of  the 
straight  Parsons  tyjie,  there  is  a  large  drop  in  pressure  be- 
fore the  steam  enters  the  turbine  proper;  in  other  words,  in 
the  very  first  drop  of  pressure,  a  good  part  of  the  energy  of 
the  steam  is  converted  into  \-elocitT.  The  steam  after  it  leaves 
the  first  nozzle,  has  now  to  be  utilized  in  a  scheme  of  velocity 
staging,  and  in  that  respect  the  turbines  for  high  pressure  will 
be  practically  identical  with  the  present  types  of  turbines,  but 
the  velocity  stage  at  the  beginning  will  be  carried  out  to  a 
greater  extent. 

It  is  quite  true  that  with  high  pressures,  losses  in  the  high 
pressure  stage  of  the  turbine  will  be  greater,  but  it  must  be 
remembered  that  all  the  losses  occurring  in  the  individual  stages 
reappear  in  the  steam  in  the  shape  of  added  heat,  because  then- 
is  no  other  way  of  disposing  of  them.  While  this  loss  of 
heat  decreases  the  efficiency  of  the  high  pressure  stage,  it  is 
partly  utilized  in  the  lower  stages.  Of  course  the  losses  that 
occur  at  the  high  pressure  end,  say  between  600  lb.  and  200 
lb.,  will  not  be  fully  recovered  in  the  low  pressure  end  of  the 
turbine,  but  by  proper  design  they  can  be  recovered  to  a  very 
g^eat  extent. 

Regarding  piping,  in  the  western  plants  which  Mr.  Pigott 
mentions,  they  have  a  welded  seam  between  the  flanges.  The 
strength  of  the  joints  is  given  by  the  flange  bolts,  and  the 
welding  is  used  merely  as  a  seal,  and  that  works  out  in  prac- 
tice very  well.  Of  course  it  is  necessary  in  ease  of  repairs  to 
cut  the  seal,  but  on  the  other  hand  most  of  the  repairs  in 
these  cases  are  caused  by  failure  of  the  gasket,  and  that  is  the 
very  thing  the  welding  avoids. 

I  do  not  mean  to  point  out  that  it  is  not  possible  to  de- 
pend on  the  strength  of  the  weld.  In  high  pressui-e  de- 
sign with  which  I  have  experimented  and  carried  out  a  great 
deal  of  practical  work  during  the  last  few  years  every  joint 
is  welded.  I  have  tested  welded  joints  with  pressures  between 
9,000  and  10,000  lb.  per  sq.  in.  and  have  burst  the  tube,  being 
unable  to  injure  the  weld.  It  is  therefore  possible  to  depend 
on  the  strength  of  the  weld  if  it  is  properly  made. 

At  higher  pressures,  it  is  possible  with  a  pipe  line  less  than 
12  in.  in  diameter  to  supply  all  the  steam  necessary  to  oper- 
ate a  20,000  kw.  turbine,  and  from  that  point  of  view  the  ques- 
tion of  strength  of  joints  is  disposed  of,  because  it  is  cer- 
tainly easier  to  make  12  in.  joints  and  welds  for  600  lb.  than 
to  make  18  and  20  in.  joints  for  200  lb. 

Mr.  Rice  has  pointed  out  that  loss  of  strength  of  the  ma- 
terials occurs  in  temperatures  higher  than  600  deg.  The  paper 
does  not  advocate  raising  temperatures  while  increasing  pres- 
sures. For  that  reason  the  question  of  the  loss  of  the  strength 
in  the  material  at  high  temperatures  is  eliminated. 

In  reply  to  Professor  Thomas,  the  unaflow  design  of  recip- 
rocating engine  is  specially  fitted  for  the  adaptation  to  high 
pressures.  It  is  a  remarkable  fact  that  such  knowledge  as  we 
possess  today  points  to  the  possibility  of  realizing  fully  in  a 
unaflow  engine  efficiencies  given  by  theoretical  considerations. 
Such  engines,  too,  are  much  simpler  and  are  also  less  bulky 
than  other  engines  used  on  lower  pressures  to  obtain  the  same 
results. 

In  the  light  of  Doctor  Jacobus'  criticism,  I  must  modify  the 
statement  that  the  present  day  boiler  designs  are  not  suitable 
for  higher  pressures  than,  say,  200  pounds.  At  higher  pres- 
sures, however,  say  250  lb.  and  over,  standard  boiler  designs 


become  expensive  enough  to  offset  all  the  gain  which  would 
otherwise  result  from  the  employment  of  these  high  pressures. 
Boiler  designs  are  possible  which  will  utilize  high  steam  pres- 
sures without  necessarily  increasing  the  cost  of  the  boiler  to 
such  an  extent  that  the  theoretical  gains  are  almost  wholly 
wiped  out.  The  question  is  not  merely  a  theoretical  one,  al- 
though the  paper  attempts  to  present  only  the  theoretical  as- 
pect, it  is  primarily  an  economic  one.  Most  of  the  discussor& 
concede  the  possible  theoretical  gains,  so  the  question  remains : 
Can  high  pressures  be  realized  in  practice,  without  involving 
such  liigh  charges,  due  to  initial  cost  of  installation,  interest  on 
the  investment,  repairs,  and  up-keep,  that  the  theoretical  gains 
are  offset?  It  has  been  my  contention  that  these  extra  ex- 
penses necessitated  for  high  steam  pressures  are  not  high 
enough  to  offset  the  theoretical  gain,  even  to  a  small  extent. 
As  the  problems  of  design  are  more  clearly  understood,  and 
are  properly  met,  we  will  within  a  very  short  time  see  the  gen- 
eral adoption  of  higher  steam  pressures,  especially  in  large 
power  plant  work. 

PROPORTIONING    CHIMNEYS    ON    A    GAS    BASIS, 
A.  L.  Menzin 

DISCUSSION 

A.  G.  Christie.  The  author  has  rendered  a  distinct  service 
in  presenting  the  derivation  and  application  of  the  various 
formulae  relating  to  chimney  problems  when  considered  on 
the  basis  of  the  gases  handled.  His  methods  are  quite  rational 
and  could  be  applied  readily  if  definite  information  were  avail- 
able on  all  the  factors  involved. 

The  writer  had  occasion  a  number  of  years  ago  to  design 
some  chimneys  for  large  cement  kilns  which  operated  on  the 
wet  jirocess.  These  chimneys  had,  therefore,  to  handle  the  hot 
gases  from  combustion  of  the  coal,  the  steam  from  the  drying 
of  the  raw  material,  and  the  hot  gases  given  off  when  the  lime- 
stone was  reduced  to  quick  lime.  As  the  regular  formulae  were 
not  readily  applicable,  an  attempt  was  made  to  solve  the  prob- 
lem in  the  manner  Mr.  Menzin  outlines,  but  so  many  imknowns 
were  involved  that  the  final  design  was  based  as  much  on  guess- 
work as  on  engineering  data. 

Engineering-  literature  is  distinctly  lacking  in  available  data 
on  the  performance  of  chimneys,  particularly  as  regards  what 
takes  place  in  the  chimney  itself.  The  variations  of  tempera- 
ture, density,  and  draft  from  top  to  bottom  of  the  various 
types  of  chimneys  are  practically  unknown.  Hence  the  ve- 
locities and  volumes  in  the  chimney  are  also  unknown.  The 
effect  of  wind  has  not  been  worked  out,  particularly  in  regard 
to  the  air  leakage  into  the  chimney  under  heavy  winds,  to  the 
cooling  of  the  gases,  or  to  the  suction,  if  any,  over  the  top  of 
the  stack.  Some  recent  experimental  work  has  shown  that  hu- 
midity has  a  very  appreciable  effect  on  the  flow  of  air  in  pipes. . 
It  is,  therefore,  reasonable  to  expect  that  humidity  in  chimney 
gases,  due  to  the  combustion  of  the  volatile  matter  of  bitimii- 
nous  coal  and  oils,  and  particularly  in  the  case  of  lignite,  must 
also  have  an  effect  on  the  operation  of  the  chimney. 

The  chimney  of  the  power  plant  of  the  new  Johns  Hopkins 
University  has  been  specially  built  with  the  particular  object 
in  view  of  studying  certain  of  these  problems,  and  some  work 
along  this  line  will  be  undertaken  in  the  near  future. 

Mr.  Menzin  submits  tables  based  on  assumed  gas  volumes 
and  velocities,  but  does  not  supply  any  experimental  data  to 
indicate  which,  if  any,  of  these  velocities  gives  the  best  per- 
formance, nor  are  his  friction  factors  derived  from  actual 
stack  performance.  The  value  of  the  paper  would  have  been 
greatly  enhanced  by  the  addition  of  these  experimental  data. 
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UNIQUE     HYDRAULIC     POWER     PLANT     AT     THE 
HENRY    FORD    FARMS,   Mark   A.    Replogle 

DISCUSSION 

Clemens  Herschel  '  (written).  The  idea  of  utilizing  that 
portion  of  the  freshet  river  flow  that  wastes  over  the  clam 
for  increasing  the  head  acting  on  the  turbines,  at  those 
times  suffering  from  a  diminution  of  the  nonnal  fall  (oi' 
from  backwater),  is  not  new.  Experiments  on  an  apparatus 
of  this  kind  were  made  by  M.  Saugey,  superintendent  of 
the  Chevres  power  plant,  owned  by  the  city  of  Geneva, 
Switzerland,  as  early  as  June,  1905,  and  perhaps  earlier.  His 
system  was  described  in  the  Zeitschrift  des  Verein  Deiitscher 
Ingenieure,  about  1907,  and  in  other  journals,  and  a  pamph- 
let, without  date,  issued  by  the  Societe  Hydro-Motriee  of 
Geneva,   describes   these   and    later   experiments. 

The  efficiency  of  the  Saugey  apparatus,  in   terras  of  water 
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following  is  what  he  wrote  in  the  Harvard  Engineering  Jour- 
nal, June,  1908 :  "  The  fall  increaser  is  not  an  ejector,  and 
experiments  made  with  an  ejector  form  of  throat-piece,  and 
a  5Y2-in.  nozzle  endeavoring  to  operate  it,  gave  so  poor  re- 
sults (efficiency)  that  there  was  no  encouragement  to  continue 
along  those  lines."  As  the  statement  is  made  in  the  paper 
under  discussion  that  the  accelerator  is  not  an  ejector,  it  will 
be  necessary  to  add  that  what  above  has  been  called  "  an 
ejector  form  of  throat-piece,"  was  similar  to  the  discharge 
accelerator  now  shown.  The  difference  consisted  in  this:  The 
turbine  discharge  entered  the  throat-piece  or  mixing  chamber 
through  the  annular  area  around  the  nozzle,  instead  of  the 
operating  water  entering  through  the  annular  area,  as  in  the 
discharge  accelerator,  with  the  turbine  discharge  blowing  in 
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Fig.  2    Power  House  with  Fall  Increasers 


lifted  a  certain  height  by  means  of  other  water  falling  a 
certain  height,  was  about  3  per  cent.  This  is  poor,  even  for 
an  apparatus  that  operates  by  induced  currents  of  fluids.  It 
gave  the  writer  the  impetus  to  accomplish  something  better, 
however,  and  in  the  Harvard  Engineering  Journal,  June,  1908, 
he  described  a  hydraulic  apparatus  for  the  purpose  named 
above,  which  was  called  the  "  fall  increaser."  This  had  a 
maximum  efficiency  of  30.4  per  cent. 

A  brief  mention  of  the  fall  increaser,  with  au  up-to-date 
design  of  a  power  house  fitted  with  fall  increasers,  may  be 
found  in  Transactions  Am.  Soc.  C.  E.,  November,  1915,  in  a 
discussion  of  a  paper  on  Induced  Currents  of  Fluids,  by  F. 
zur  Nedden. 

30.4  per  cent,  does  not  sound  like  a  very  high  efficiency 
to  turbine  builders  and  others,  but  is  believed  to  be  very 
good  for  an  induction   current  hydraulic  apparatus. 

There  is  nothing,  not  one  word  or  figure,  in  the  paper  under 
discussion,  to  permit  one  so  much  as  to  guess  at  the  mechani- 
cal efficiency  of  the  "discharge  accelerator."  As  one  who  has 
conducted  experiments  with  both  fall  increaser,  and  also,  to 
some  extent  at  least,  with  a  discharge  accelerator,  the  writer 
has  not  much  faith  in  the  efficiencv  of  the  accelerator.     The 
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through  the  nozzle.  There  can  not,  in  the  opinion  of  the 
writer,  be  any  material  difference  in  efficiency  between  these 
two  arrangements.  The  discharge  accelerator  arrangement  is, 
however,  the  better  one  for  regulating  or  varying  the  discharge 
of  the  operating  water. 

Here  is  another  quotation  from  the  June,  1908,  article :  "  Nor 
does  it  seem  to  me  that  the  forms  of  formulae  found  in  the 
books  and  learned  transactions  for  computing  the  work  of 
ejectors,  based  on  the  assumption  of  an  impact  of  the  nozzle 
stream  upon  the  water  within  the  throat-piece,  are  based  upon 
a  proper  assumption  to  produce  a  correct  formula  for  repre- 
senting ejector  action.  To  my  mind  an  ejector  is  only  another 
form  of  negative  pressure  apparatus,  in  which  suction  causes 
the  water  to  enter  the  throat-piece  through  a  ring-shaped 
orifice  situated  all  around  the  nozzle  (in  the  accelerator, 
through  the  nozzle),  rather  than  through  holes  fashioned  in 
the  throat-piece  itself,  and  distributed  over  its  whole  out- 
side surface,  as  in  the  fall  increaser." 

It  might  be  thought  that  inasmuch  as  all  these  low  fall  tur- 
bine aids  use  freshet  runs  of  the  river  to  furnish  the  operating 
water,  their  efficiency  is  of  no  consequence;  but  as  will  be 
shown  in  detail,  this  is  not  so,  unless  at  exceptional  times; 
at  the  Henry  Ford  Farms  the  times  called  e,  which  last  only,  as 
one  may  judge,  for  certain  set  periods  of  hours  during  the- 
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year.  From  an  experience  of  seven  years  in  designing  these 
plants  for  river  situations  of  all  kinds,  the  writer  can  state 
positively  that  the  mechanical  efficiency  of  the  apparatus  is 
of  great  importance;  and  so  is  the  regime  or  character  of  the 
river  on  which  the  fall  iuereaser  is  to  be  used. 

It  is  all  a  question  of  kilowatt-hours  produced  by  the  fall 
increaser  in  the  course  of  an  average  year's  run  of  the  river, 
set  off  against  the  construction  cost  of  the  fall  increasers ;  and 
as  one  may  or  may  not  pay  too  high  a  price  for  a  cube  of 
gold,  so  fall  increasers  may  or  may  not  according  to  their 
efficiency  be  of  economic  value.  They  have  this  in  their  favor, 
that  their  product  is  of  annual  recurrence,  forever;  while 
their  construction  cost  (operation  and  maintenance  are  negligi- 
ble cjuantities)  is  incurred  but  once.  As  a  numerical  example 
and  to  fix  ideas:  In  a  case  examined  some  years  ago,  when  the 
fall  increaser  was  as  yet  new.  the  annual  product  of  the 
fall  increasers  would  have  been  153  million  kw-hr.  in  an 
average  year,  delivered  at  times  of  high  water  and  low  fall. 


eoOOOr. 

56000 

52OO0 

18000 

14000 

I-  22000      "0000 

t   20000  "u  36000 

g_  18000  1^  32000 

«    16000  13  28000 

^    14000  o  ZtOOO 

^    I20O0  B  20OOO 

""  16000 

12000 

8000- 

4000 


22000 

20000 
18000  ^ 
16000  I 
14000° 
12000  j; 
|22l;  10000  fe 
20£  8000=^ 
18      6000 
16      4000 


Fig.  3     Fall  Ixcreaser.s  at  Kaxawha  Falls 

lasting  in  all  some  180  of  the  days  of  the  year;  and  the  es- 
timated construction  cost  (my  estimate)  was  one  million  dol- 
lars. From  this  ease — a  very  favorable  one — the  net  advan- 
tages conferred  range  towards  nothing,  until  in  other  cases, 
with  rivers  of  a  ditferent  regime,  those  advantages  wholly 
disappear. 

Dr.  Ernst  Duebi,  at  one  time  of  Ziirich,  Switzerland,  re- 
peated the  writer's  tests,  in  1911,  at  Zurich,  and  added  much 
information  to  that  previously  known  concerning  the  fall  in- 
creaser. The  results  were  published  in  book  form  by  Rascher 
&  Cie.,  of  Ziirich  and  Leipzig.  1912. 

The  essential  results  found  in  the  writer's  tests  are  shown 
in  Fig.  1. 

Fig.  2  shows  a  design  of  power  house,  with  fall  increasers, 
made  for  the  City  of  Geneva,  Switzerland ;  site  not  yet  built 
upon.  That  the  design  had  novelty  in  1907  may  be  gathered 
from  the  fact  that  patents  were  issued  for  it  by  the  United 
States,  Canada,  France,  Switzerland,  Italy,  Sweden  and  Ger- 
many. 

At  the  site  named,  the  water  upstream  from  the  power  house 
is  lowest  (must  be  held  lowest),  in  times  of  freshet  in  the 
river;  there  being  lift  gates  designed  to  create  the  mill  pond, 
instead  of  a  dam.  At  the  same  time  there  is  backwater ;  or  in 
other  words,  the  fall  is  reduced  doubly  (shutting  up  like  an 
accordion)  ;  which  accounts  for  the  elevation  of  H.  W.  ehown 
on  the  drawing,  being  at  a  loicer  elevation  than  that  of  L.  W. 

Note  the  ready  means  supplied  by  faU  increasers  for  getting 
rid  of  rack-trash.  It  needs  but  to  be  pushed  down,  into  the 
suction  area  of  the  fall  increasers,  to  pass  through  them  and 


out  through  the  tail-race;  instead  of  being  laboriously  raked 
up  and  carried  ashore  and  away. 

It  is  evident  that  to  enable  the  use  of  freshet  water  to  op- 
erate the  fall  increasers,  a  head  race  of  any  material  length 
is  inadmissible.  The  power  house  must  be  at  or  very  near 
the  dam.  This  requirement  eliminates  the  majority  of  hydro- 
electric plants  from  a  consideration  of  fitting  them  with  fall 
increasers. 

The  next  elimination  takes  place  when  the  character  or 
regime  of  the  river  is  taken  into  consideration.  Rivers  differ 
in  this  respect  far  more  than  one  would  suspect;  and  a  care- 
ful analysis  of  their  modes  of  flow  during  all  the  days  of 
several  years,  the  more  the  better,  are  required,  before  their 
regimes  may  be  adequately  portrayed.  This  is  done  by  setting 
up  for  them  what  have  been  called  "  duration  curves."  Every 
engineer  knows  what  hopeless  looking  messes  a  plotted  serie? 
of  daily  discharge  "  curves,"  (or  pictured  saw  teeth)  make,  the 
ordinates  representing  consecutive  days  of  the  year  the  ab- 
scissae representing  gage  heights,  or  second-feet  of  river  flow. 
But  let  each  year  be  represented  by  these  same  daily  quantities, 
]iIotted  in  the  order  of  their  size,  and  we  get  at  once  a  smooth 
curve  of  quantities  flowing  in  the  river  for  the  365  days  of 
the  year,  useful  in  more  waj's  than  one.  Fig.  3  shows  such 
a  curve  of  river  flow.  See  also,  on  this  point.  Transactions 
Am.  Soc.  C.  E.,  1907,  a  tabular  analysis  of  20  years'  flow 
of  the  Connecticut  River,  at  Holyoke,  Mass.,  which  could 
readily  be  converted  into  curves  such  as  have  been  spoken  of; 
and  Document  1400,  H.  R.,  62nd  Congress,  3d  Session,  15 
years'  flow  of  the  Potomac  River  at  Great  Falls  near  Washing- 
ton, represented  both  in  tabular  and  diagram  form. 

The  diagram.  Fig.  3,  needs  little  explanation.  Besides  show- 
ing a  curve  of  river  flow,  it  shows  the  correspondmg  falls  that 
obtain  synchronously  at  the  mill-site  under  consideration ;  and 
from  these  two  the  power  curve  at  this  mill-site,  without  the 
use  of  fall  inci'easers,  may  readily  be  computed  and  plotted. 
After  this  we  may,  with  the  aid  of  Fig.  2,  compute,  and  then 
plot,  the  power  curve  for  the  backwater  days  of  the  year 
with  the  use  of  the  fall  increaser ;  and  the  area  of  the  diagram 
included  between  the  last  two  curves  named,  gives  the  total 
horsepower  days  or  kilowatt-hours,  which  fall  increasers 
would  produce  annually  forever  on  that  mill-site.  Note  that 
at  first  there  is  not  water  enough  in  the  river  to  operate  all 
tlie  fall  increasers,  causing  a  sagging  down  of  the  curve;  which 
only  gradually  brings  the  power  curve  up  and  back  to  normal 
full  power.  Here  is  where  the  efficiency  of  fall  increasers  be- 
comes of  great  moment. 

There  only  remains  to  compare  tlieir  productive  value  with 
the  interest  on  the  construction  cost.  The  result  depends  main- 
ly on  the  regime  of  the  river.  Fall  increasers  are  useless 
where  the  river  flow  is  effectively  regulated  by  great  lakes  or 
reservoirs,  causing  a  uniform  discharge  of  the  river.  They 
are  uneconomical  on  rivei^s  that  have  only  a  few  days  of  the 
year  of  backwater.  On  the  other  hand  at  times  a  single 
year's  output  of  kilowatt-hours  will  nearly  pay  for  their  con- 
struction cost;  and  heat  engines  put  in  to  supjilement  the 
low  water  run  of  the  river,  can  not  afford  to  burn  fuel  in 
competition  with  the  cost  of  kilowatt-hours  when  produced 
by  the  fall  increasers  in  the  days  of  freshet  water  during  the 
year. 

It  would  also  seem  that  tide  mills,  which  ma\'  have  an 
inexhaustible  water  supply,  but  which  all  have  a  gi'eatly 
varying  fall  during  the  24  hours,  could  materially  benefit  by 
the  use  of  fall  increasers;  and  if  the  "discharge  accelerator" 
will  show  up  the  proper  cost  and  efficiencies,  it  could  pre- 
sumably compete  in  this  and  other  cases. 
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R.  L.  DAur.HERTi'.'  The  writer  has  been  much  interested 
in  this  |)aper  by  Mr.  Replogle.  It  is  hard  for  some  people 
to  reulizf  that  a  water  power  plant  may  have  to  shut  down 
because  nt  a  superabundance  of  water  as  well  as  because  of 
lack  of  water.  Such  a  situation  is  only  met  with  in  the  case  of 
a  low  liead  plant  where  the  fall  available  may  be  almost  de- 
stroyed in  time  of  Hood.  The  writer  has  found  it  ueeessai-y 
to  explain  a  number  of  times  why  it  is  that  such  a  fall  de- 
creases ni  time  of  high  water.  This  point  is  illustrated  in  Fig. 
4.  This  photograph,  while  of  a  relatively  small  stream,  shows 
the  effect  just  as  well  as  one  of  a  much  larger  stream  and 
fall.  Li  this  particular  case  the  depth  of  water  flowing  over 
the  crest  of  the  submerged  dam  was  practically  equal  to  the 
height  of  the  dam  above  the  bed  of  the  canal.  It  may  be  seen 
that  the  ilam  does  little  more  than  create  a  disturliance  in 
the  Ihiw  of  the  water,  and  the  fall  is  very  slight.  In  fact 
a  iiorliciu  cif  this  very  small  fall  is  due  to  the  fact  that  some 
of  thi'  water  is  diverted  at  this  point. 


Fig.  4     Low  Head  in  Tijie  of  Hioh  Water 

Under  such  circumstances  the  amount  of  water  consumed 
by  a  turbine  ^yilI  be  much  less  than  the  normal  amount,  and 
the  iiead  being  less  also  the  power  will  be  seriously  re- 
duced. Tlie  device  which  Mr.  Replogle  has  employed  makes 
it  possible  to  consume  more  water  and  thus  to  compensate 
for  the   reduction   of   head. 

It  would  be  of  considerable  interest  if  we  knew  the  amount 
of  water  actually  discharged  by  the  turbines  during  the 
tests  made  by  the  autiior,  and  also  the  additional  water 
used  to  produce  this  effect.  It  is  to  be  hoped  that  the  author 
will  be  aide  to  secure  this  data  at  some  future  time. 

It  is  well  known  that  it  costs  more  per  horsepower  to 
develop  a  given  amount  of  power  under  a  low  head  than  under 
a  high  head.  As  the  author  states,  many  low  head  powers 
are  not  utilized,  though  there  is  an  abundance  of  water,  due  to 
the  high  cost.  Such  a  device  as  this,  used  constantly,  con- 
verts a  low  head  plant  into  one  of  somewhat  higher  head. 
Tlie  actual  amount  of  water  consumed  by  the  plant  including 
that  wasted  through  the  accelerators  may  not  be  much  more 
than  the  amount  required  to  develop  the  same  power  under 
the  lower  head  without  the  accelerators.  It  w'ould  be  interest- 
ing if  the  author  could  give  comparative  efficiencies  in  such 
a  case.  Of  course  for  the  discharge  of  flood  waters  only, 
the  efficiency  is  of  no  consequence,  but  for  constant  use  it 
would  be. 

While  this  accelerator  is  different  in  detail,  it  seems  to  be 
similar  in  principle  to  the  fall  increaser  described  by  Clemens 
Herschel  in  Engineering  News,  Vol.  7.3,  p.  84. 


>  .Vs^^iKl".  I'l-off.'isoi    of  Hydraulics,   Sibley  Colli'se,  Coriicll   T'liivcrsity. 


The  Author.  In  reply  to  Mr.  Douglierty,  data  regarding 
the  amount  of  water  actually  discharged  during  the  tests  could 
not  be  procured  at  the  time  the  tests  were  made.  Some  data 
have  been  secured  in  preliminary  tests  of  a  vei-y  small  turbine, 
and  these  compare  favorably  with  the  results  secured  by  Mr. 
Herseliel. 

It  was  preferred  to  make  no  reference  to  efficiency  tests 
until  such  tests  could  be  made  in  a  logical  and  comprehensive 
manner.  These  will  he  made  in  tlic  ccnirse  of  further  develop- 
ment. 

Of  constructions  suggested  l)y  other  engineers  the  author  ob- 
tained his  first  knowledge  through  the  U.  S.  Patent  Office.  He 
believes  the  construction  described  is  original. 

Any  construction  designed  for  the  purpose  of  mechanically 
mixing  the  two  streams  of  water  is  erroneous  from  an  effi- 
ciency point  of  view.  Mixing  implies  eddies,  and  eddy  cur- 
rents transform  the  kinetic  energy  in  the  inducer  water  into 
lieat.  In  the  preliminary  tests  the  very  poorest  results  out  of 
se\eral  hundreds  were  from  a  carefully  designed  mixer. 

Ill  rejily  to  Mr.  Herschel,  there  can  be  no  doubt  of  the  real 
\alues  to  be  obtained  from  the  use  of  tlie  atmospheric  head 
with  surplus  water.  The  means  applied  are  of  no  special  im- 
[lortance.  The  doubt  in  Mr.  Herschel's  mind  is  in  regard  to 
efficiency,  but  as  he  says  best  overall  efficiency  is  in  returns 
from  investment. 

The  efficiencies  quoted  by  Mr.  Herschel  seem  to  be  low. 
From  the  author's  point  of  view  the  apparatus  he  shows  has 
l)een  provided  with  the  best  possible  means  to  produce  eddy 
cun-ents  and  friction.  The  grating  or  perforated  throat  cer- 
tainly impedes  the  inducer  stream.  The  turbine  water  enter- 
i' g  at  right  angles  to  the  inducer  stream  causes  endless  eddy 
(  nrrents.  The  abrupt  orifices  are  causes  of  much  friction.  It 
is  possible  that  if  the  whole  throat  section  were  removed  the 
efficiency  would  be  as  high  as  that  stated. 

In  conclusion,  it  was  thought  that  the  facts  gathered  to  date 
regarding  the  accelerator  described  in  the  paper  might  be  of 
interest,  but  the  author  has  substantial  reasons  to  believe  that 
much  higher  efficiencies  than  those  given  can  be  obtained  from 
this  class  of  apparatus. 

OIL     ENGINE     VAPORIZER     PROPORTIONS,     Louis 
Ili-mer 

DISCUSSION 

Wm.  T.  Price  (written).  The  autlior  has  invaded  a  very 
difficult  field  and  has  carried  his  calculations  as  far  as  reason- 
able general  assumptions  will  permit. 

The  subject  of  vaporizer  ]iroportions  involves  so  many 
factors  requiring  for  practical  mathematical  treatment  so 
many  specific  assumptions,  that  the  only  safe  method  to 
follow  is  backward  calculation  and  interpolation.  Exterpo- 
lation,  even  to  a  moderate  degree,  I  have  found  to  be  not  very 
reliable. 

Mr.  Illmer  assumes  for  the  H(irnsby-Aki-oyd  vaporizer  a 
uniform  input  of  heat  over  the  entire  inner  surface  of  the 
cap  and  a  marked  temperature  gradient  from  center  to  edge. 
This  is  not  correct.  With  this  engine  the  spray  strikes  the  cap 
on  the  side  at  an  angle,  and  at  this  point  instead  of  an  input 
of  heat  there  is  a  momentary  subtraction,  as  heat  is  given  up 
to  gasify  the  liquid  fuel.  At  full  load  a  dark  area  is  usually 
plainly  evident ;  around  this  region  the  temperature  is  higher, 
and  then  tlie  color  dies  out  to  a  black  at  the  edge.  Mr.  Illmer 
has  pointed  out  that  the  contact  of  the  cap  with  the  water- 
cooled  portion  is  only  over  the  area  of  a  narrow  copper  gas- 
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ket;  the  temperature  gradient  must  therefore  be  explained  as 
being  due  to  radiation  and  convection  from  the  large  flange 
area. 

With  the  De  La  Vergne  type  FH  engine,  using  air  injection, 
the  input  of  heat  to  the  vaporizer  does  appear  to  be  uniform 
over  the  interior  surface,  but  examination  of  the  hot  vaporizer 
shows  no  perceptible  temperature  gradient.  At  full  load  in  a 
dark  room  there  is  usuaDy  a  dark  red  color  of  uniform  shade 
from  end  to  end.  The  output  of  heat  seems  to  be  uniform  over 
the  whole  surface,  therefore,  the  flow  of  heat  to  the  edge  being 
negligible. 

There  is  a  great  difference  in  oils  and  often  with  Homsby- 
Akroyd  engines  the  caps  must  be  changed  to  suit  the  different 
fuels.  The  writer  has  known  cases  where  it  was  necessary  to 
insert  a  metal  coil  in  the  vaporizer  to  maintain  the  tempera- 
ture at  light  loads.  When  the  temperature  of  a  Hornsbj'-Ak- 
royd  vaporizer  shows  sjiaptoms  of  dying,  first  the  water  cir- 
culation is  reduced,  then  the  compression  is  increased  by  in- 
serting plates  between  crank  pin  box  on  connecting  rod,  then 
a  ribbed  cap  is  substituted  for  the  plain  cap. 

The  author's  comparison  of  the  high  compression  engine 
with  the  vaporizer  engine  is  in  the  writer's  opinion  entirely 
correct,  but  he  appears  to  lean  toward  a  2-eycle  vaporizer  en- 
gine with  a  compression  pressure  of  about  300  lb.  per  sq.  in. 
and  with  air  injection. 

The  addition  of  the  vaporizer  to  allow  of  reducing  the  com- 
pression from  500  to  300  lb.  per  sq.  in.  is  only  a  half-way 
measure.  The  compression  must  be  reduced  still  lower  and 
then  we  must  go  further  and  eliminate  the  air  compressor. 
Already  there  is  in  fairly  wide  commercial  operation  a  new  oil 
engine  which  operates  without  air  injection  with  compression 
of  150  lb.  and  with  fuel  consumption  under  favorable  condi- 
tions very  slightly  below  ^2  lb-  per  bhp-hr.,  a  consumption  of 
0.55  lb.  at  three  quarters  to  full  load  being  a  conservative 
guarantee. 

Mr.  lUmer  has  pointed  out  the  advantages  of  timed  in- 
jection and  has  explained  the  difficulty  of  forming  a  thorough 
explosive  mixture  in  the  reduced  time  interval  allowed.  The 
logical  solution  of  the  problem  is  first,  au  abundance  of 
oxygen  to  increase  the  combustion  rapidity,  suggesting  at 
once  a  4-eycle  design.  Second,  an  efficient  mechanical  spray 
to  divide  the  oil  into  the  smallest  possible  particles  so  as 
to  present  the  greatest  oil  surface  to  the  oxygen;  this  sug- 
gests a  certain  shape  of  spray  and  a  uniform  distribution  of 
oil  particles  throughout  the  spray  volume.  Third,  a  combus- 
tion chamber  conforming  as  perfectly  as  construction  con- 
siderations will  allow  to  the  natural  shape  of  the  spray. 
Fourth,  as  completely  as  possible  confine  the  entire  charge 
of  air  in  the  vaporizer  at  the  time  of  injection.  Fifth,  a 
vaporizer  cap  located  so  as  to  complete  the  vaporization  of 
heavy  oil  particles  and  ignite  the  charge. 

The  Author.  In  deriving  the  formulae  piesented  a  series  of 
alternative  assumptions  were  tried  out,  but  the  given  equations 
were  found  to  be  in  best  agreement  with  the  Homsby-Akroyd 
vaporizer  proportions.     The  primary  aim  has  been  to  show 


that  rational  vaporizer  proportions  must  rest  upon  something 
better  than  a  purely  empirical  basis. 

The  exception  taken  by  Mr.  Price  to  the  assumption  made 
as  to  the  uniform  input  of  heat  over  the  entire  inner  cap  sur- 
face  of  the  vaporizer  cap  appears  to  be  valid  inasmuch  as  the 
theoretical  temperature  gradient  would  not  occur  in  practice. 
The  discrepancy  noted  resulted  from  the  simplification  re- 
sorted to  in  deriving  the  formulae.  A  more  refined  basis  for 
derivation  should  make  allowance  for  the  fact  that  this  tem- 
perature head,  t^,  is  not  imiform  over  the  entire  cap  surface, 
but  is  actuallj'  smaller  at  the  center  than  at  the  edge  of  the 
cap. 

In  addition  the  oil  spray  is  usually  directed  against  the  hot 
center  portion  of  the  cap,  which  sets  up  localized  cooling  and 
thus  further  contributes  to  a  reduction  of  the  temperature 
drop  from  that  expected  on  the  assumed  basis  of  a  uniform 
distribution  of  input  and  output  heat. 

A  more  complete  analysis,  taking  into  account  the  vars^ng 
rate  of  heat  input  from  center  to  edge  of  the  cap,  would  no 
doubt  show  a  temperature  distribution  more  nearly  in  accord 
with  Mr.  Price's  observations,  but  it  is  thought  that  such 
rather  involved  basis  of  calculation  would  not  materially  alter 
the  average  cap  temperature  t^  as  given.  This  view  is  based 
in  part  upon  Prof.  Hopkinson's '  series  of  non-cooled  piston 
temperature  determinations,  which  show  a  temperature  gradi- 
ent for  the  head-plate  to  be  in  fair  agreement  with  the  drop 
indicated  in  the  present  paper. 

Experimental  measurement  along  the  lines  of  Hopkinson's 
investigations  on  pistons  would  no  doubt  offer  the  most  satis- 
factorj'  method  of  finding  the  actual  temperature  gradient  in 
^aporizers.  Such  data  would  readily  make  it  possible  to  fix 
upon  the  degree  of  cooling  due  to  the  fuel  injection  and  show 
its  effect  in  reducing  the  ratio  of  maximum  to  average  cap 
temperature,  besides  providing  a  check  for  the  series  of  other 
dependent  assumptions  which  had  to  be  made  as  to  existing 
temperature  relations. 

In  closing,  the  heat  flow  from  center  to  edge  of  the  cap  is 
not  due  primarily  to  the  increased  external  radiation  into  the 
atmosphere  from  the  flange  surface,  as  indicated  by  Mr.  Price, 
but  is  rather  to  be  explained  by  direct  metallic  conduction  of 
heat  from  the  cap  flange  into  the  jacketed  portion  of  the 
vaporizer.  While  the  contact  surface  of  the  copper  gasket  is 
small,  the  conducting  power  of  such  restricted  contact  may 
nevertheless,  be  relatively  quite  large  under  the  existing  tem- 
perature head,  the  effect  being  analogous  to  the  cooling  action 
exerted  bj^  the  seat  upon  the  head  portion  of  a  poppet  valve. 

As  indicated  by  the  quantitative  figures  given  in  the  paper, 
the  external  radiation  of  heat  into  the  atmosphere  can  at  best 
account  for  but  a  relatively  small  portion  of  the  total  heat 
input  into  the  cap.  Hence  while  the  restricted  gasket  contact 
does  ser\'e  to  prevent  excessive  cooling  of  the  cap  edge,  it  still 
has  sufficint  capacity  to  conduct  away  the  major  portion  of  the 
heat  received  by  the  cap  wall. 


'  "  On  Heat-Flow  and  Temperature-Distribution  in  the  Gas-Englne,' 
Proc.  Inst.  C.  E.,  Feb.  2,  1909. 
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OF  THE   SOCIETY 

Provisions  have  been  made  by  the  Publication  Committee  for 
Correspondence  Departments  in  The  Journal  as  follows: 

A  Department  for  contributed  discussions  on  papers  pre- 
viously published,  or  new  matter. 

A  Members'  Correspondence  Department  including  sugges- 
tions on  Society  affairs. 

Contributions  for  these  departments  are  earnestly  solicited. 

ADVANCE   PUBLICATION  OF  PAPERS  IN  THE 
JOURNAL 

To  the  Editor : 

The  Journal  should  be  mainly  considered  from  the  stand- 
point of  the  members  who  do  not  live  in  New  York,  and  who 
are,  for  various  reasons,  unable  to  attend  the  meetings  of  the 
Society.  It  is  the  "  means  of  communication,"  if  one  might 
use  this  term,  between  these  members  and  the  Society  as  a 
whole.  Furthermore,  these  out-of-town  members  constitute 
the  majority  of  the  total  enrollment  in  the  Society. 

When  a  member  does  not  attend  the  meetings,  he  often 
neglects,  in  the  rush  of  routine  work,  to  send  for  the  advance 
copies  of  the  papers  to  be  presented.  Even  those  members 
who  have  a  direct  interest  in  certain  papers,  and  who  might 
contribute  valuable  discussion,  frequently  receive  their  advance 
copies  too  late  to  allow  of  more  than  a  hunied  perusal  of  them 
before  the  meeting. 

As  soon  as  the  meetings  are  over,  the  regular  weekly  tech- 
nical journals  publish  abstracts  of  all  the  more  important 
papers,  with  discussions  of  the  same,  and  the  outside  engineer 
usually  reads  those  reprints.  Later  on,  when  the  papers  and 
discussions  appear  in  the  Journal,  he  has  no  keen  interest  in  the 
matter  and  does  not  read  it.  Even  if  the  Journal  were  a 
weekly  publication,  it  would  still  have  to  meet  the  competition 
of  the  commercial  trade  publications  in  the  same  way  as  at 
present. 

Briefly  then  the  situation  is  that  the  earlier  publication  of 
papers  and  abstracts  in  the  regular  technical  weeklies  render 
later  publication  in  the  Journal  of  less  value  and  small  in- 
terest. 

The  best  remedy  for  such  minimizing  of  the  value  of  the 
Journal  to  the  members  would  seem  to  be  the  return  to  the 
earlier  plan  of  publishing  all  papers  in  the  Journal  before 
the  meetings.  This  would  place  such  engineering  information 
before  the  membership  at  first  hand,  would  encourage  freer 
and  fuller  discussion  by  allowing  the  members  more  time  to 
consider  the  papers  and  would  serve  as  a  spur  to  men  prepar- 
ing papers,  for  those  received  earliest  would  probably  be  pub- 
lished at  once.  Since  it  has  been  decided  to  retain  the  Transac- 
tions in  the  old  form,  there  would  be  no  specific  objection  to 
having  discussions  presented  in  later  issues  separate  from  the 
text,  as  is  done  in  the  publications  of  other  societies. 

Objection  will  be  raised  that  the  issues  preceding  a  meeting 
wiU  be  unnecessarily  large,  for  authors  do  not  get  papers  in  on 
time.  This  could  be  remedied  by  making  a  rule  that  only 
papers  published  in  the  Journal  could  be  presented  at  each 
meeting.  Then  members  submitting  late  papers  would  have 
to  allow  these  to  stand  over  till  the  next  meeting.  This  would 
fonn  an  incentive  to  earlier  submission  of  papers. 

A.  G-.  Christie. 

Baltimore,  Md. 


To  the  Editor: 

The  writer  has  a  particular  interest  in  motor  driven  vehicles 
for  the  carrying  of  goods  and  because  of  the  economic  im- 
portance of  this  means  of  transportation,  and  the  direct  bear- 
ing it  has  on  the  greater  problems  of  distribution  and  market- 
ing, and  he  believes  that  other  members  of  our  Society  might 
well  be  interested. 

Merchants  and  manufacturers  and  others  owning  motor 
trucks  have  begun  to  show  more  interest  in  keeping  a  daily 
record  of  their  performance,  and  for  this  reason  accurate 
operating  figures  are  now  being  made  available.  The  follow- 
ing results  were  recently  reported  by  owners  employing  motor 
trucks  of  the  same  capacity  and  manufacture  but  engaged  in 
different  industries : 

MONTHLY    SUMMARIES.       IVo-ION    TRUCKS    FOR    NOVEMBER,    191.5. 

I  ^/.atinr,                                       5  Butte,  St.  Louis,    Detroit,    Baltimore. 

^°'^*"°° i  Mont.  Mo.           Mich.  Md. 

Business     Who.  Groc.  Paint  Mfg.   Lumber.  Packers. 

Days  in  service 24.5  25             26  25 

Days  out  tor  repairs 0  0.5            0  0 

Numbr    of    trips 123  166             94  32 

Number  of  customers 1.230  392           214  900 

Load  in  pounds 307.500     270,640     82,254  bd.  ft    79.600 

Mileage  traveled 803  829       1,502  907 

Gallons  of  gasoline 140  143           228  163 

Pints  of  cylinder  oil 48  40             90  73 

Pints  of  transmission  oil....           16  7               2  1 

Pounds  of  grease 2  0.75          1.5  2.2a- 

D.4ILY    AVERAGES    PROM    THE    .\BOVE    SUMMARY. 

Butte.     St.  Louis.  Detroit.     Baltimore. 

Number  of  trips  per  day 5              6.64  3.31                   1.28 

Customers  per  day 50.2           15.68  8.23                   50.2 

Weight  per  day  in  pounds.  ..  12,500     10,825.6  3,164  bd.  ft.  3,184 

Weight   per   trip 2,500       1,630  875  bd.  ft.  2,487 

Mileage  per  day 32.77       33.16  57.76                 36.28 

Miles  per  gallon  of  pasoline.  .  5.73          5.79  6.59                    5.5R 

Miles  per  pint  of  cylinder  oil.  16.73       20.72  16.69                12.42 

The  large  variations  indicated  above  suggest  that  many 
motor  trucks  are  being  managed  to  better  advantage  than 
others,  and  that  the  operating  efficiency  in  the  latter  case 
might  well  be  improved  by  studying  carefuUy  the  conditions 
surrounding  the  work  and  advising  the  owner  accordingly. 

This  work  brings  into  action  another  branch  of  engineering 
which  has  been  developed  to  a  marked  degree  in  some  Euro- 
pean countries,  and  this  communication  is  addressed  in  the 
hope  that  other  members  of  the  Society  having  similar  work 
in  hand  may  find  assistance  through  the  columns  of  this 
Journal. 

R.  C.  Hargreaves. 

Detroit,  Mich. 

TURBINES  VS.  ENGINES  IN  UNITS  OF  SMALL 
CAPACITIES 

To  the  Editor : 

The  data  regarding  economy  of  turbine  driven  pumps  given 
in  Mr.  Barstow's  paper  on  Turbines  vs.  Engines  in  Units  of 
Small  Capacities  (The  Journal,  September,  1915),  does  not 
represent  the  highest  performances  that  have,  up  to  the  pres- 
ent time,  been  obtained  with  a  turbine  driven  centrifugal 
pumping  unit. 

The  geared  turbine  pumping  unit  installed  at  the  Ross 
Pumping  Station,  Pittsburgh,  was  the  first  pumping  machine 
of  this  description  ever  built.  Since  that  time  other  units 
have  been  constructed  where  better  results  have  been  obtained. 
I  refer  to  the  official  test  made  by  the  City  of  Cleveland  of 
the  30  million  gallon  centrifugal  pumping  unit  installed  at  the 
Kirtland  pumping  station.  This  unit  showed  a  duty  of  128,- 
400,000  ft.  lb.  per  million  B.t.u.  or  152,020,000  ft.  lb.  per  1000 
lb.  of  steam.  The  nnit  in  question  during  test  showed  a  deliv- 
ery of  30. .3  million   gallons  per  day  against  a  total  head  of 
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23G.3  ft.;  the  steam  supplied  was  153.58  lb.  per  sq.  in.  gage 
with  102.6  deg.  Fahr.  superheat,  and  the  turbine  exhausting 
into  a  vacuum  of  28.25  in.  of  mercury. 

It  may  be  of  interest  for  comparison  with  other  data  given 
in  Mr.  Barstow's  paper  to  analyze  what  this  duty  obtained 
would  mean  in  operating  cost.  The  unit  consisted  of  a  turbine 
reduction  gear  and  two  24-in.  pumps  operating  in  series.  It 
occupied  approximately  a  space  10  ft.  by  35  ft.  and  had  a  total 
weight  of  about  57  tons  or  about  326  lb.  per  sq.  ft.  of  founda- 
tion. The  price  of  the  unit  including  condenser  was  $35,750, 
and  the  price  of  the  bituminous  coal  burned  at  the  plant  aver- 
ages $1.04  per  ton.  Assuming  the  cost  of  building  a  founda- 
tion at  .$20,000,  and  all  boilers  of  a  nominal  horsepower  equal 
to  the  steam  requirements  at  .$30  per  horsepower,  interest  rate 
at  4  per  cent,  and  the  probable  life  of 
twenty  years  for  the  complete  plant,  the 
annual  cost  jier  water  horsepower  is 
.$23.11,  on  the  basis  of  twenty-four  hours' 
oiienitiiin,  three  hundred  and  sixty-five 
davs  per  year  of  $25.90  per  annual  water 
horsepower  on  the  basis  of  full  load  oper- 
ation, sixteen  hours  per  day. 

Mr.  Barstow,  discussing  boiler  feed 
inimps,  gives  the  impression  that  turbine 
driven  centrifugal  boiler  feed  pumps  of 
less  than  250  gallons  per  minute  are  not 
practicable.  In  this  connection  I  would 
like  to  add  to  Mr.  Barstow's  data  that 
centrifugal  boiler  feed  pumps  are  built 
and  used  in  quite  large  numbers  in  quan- 
tities ranging  from  50  to  200  gal.  per  min. 

I  wf)uld  like  to  cite  one  instance  where  a  small  boiler  feed 
jjump  of  the  centrifugal  type  is  used  for  quite  an  abnormal 
condition.  The  ordinary  demand  of  the  boilers  requires  the 
pump  to  deliver  an  average  of  15  gal.  per  min.,  due  to  the 
condition  of  the  plant  load;  there  may  be  some  days  enough 
demand  from  the  boiler  plant  to  require  the  feed  pump  to 
deliver  as  much  as  60  to  75  gal.  per  min.  The  boiler  feed 
pump  in  this  instance  is  direct  driven  by  a  turbine  and  its 
speed  is  controlled  by  an  automatic  pump  governor,  which  will 
change  the  speed  of  the  unit  to  suit  the  requirements  of  the 
boiler  plant.  The  pump  is  handling  water  at  200  to  210  deg., 
and  is  pumping  against  an  average  pressure  of  200  lb.  per 
sq.  in. 

C.  R.  Waller. 

Trenton.  N.  J. 


To  the  Editor: 

As  Mr.  Barstow  stated  in  his  paper  on  Turbines  vs.  Engines 
in  Units  of  Small  Capacities  (The  Journal,  September,  1915), 
the  general  advancement  of  the  steam  turbine  has  been  ex- 
ceedingly rapid.  It  is  not  surprising,  therefore,  that  there 
has  been  a  small  region  from  wliieh  the  engine  has  not  yet 
been  driven.  Small  turbines  have  already  begun  to  invade 
this  field,  however.  Usually  as  pointed  out  by  Mr.  Barstow, 
the  water  rate  of  a  small  turbine  has  been  unimportant.  By 
proper  selection  of  the  number  of  stages,  number  of  bucket 
rows  per  stage,  and  wheel  diameter  for  a  given  horsepower, 
speed  and  steam  supply,  almost  any  desired  water  rate  can 
be  obtained.  Single  stage  machines  with  two  or  three  rotating 
bucket  rows   have  been   very   popular.     Now,   however,  more 


Fig.  1     Example  of  a  Recently  Developed  Single  Stage  Turbine 


efficient  turbines  are  available  with  a  greater  number  of  mov- 
ing bucket  rows.  A  balance  must  always  be  made  between 
increased  first  cost  and  increased  operating  cost. 

The  accompanying  photograph  (Fig.  1)  shows  a  machine  of 
a  tyjie  recently  developed.  These  give  comparatively  good 
non-condensing  water  rates,  and  are  designed  to  meet  present- 
day  requirements  regarding  the  balance  between  simplicity  and 
high  efficiency. 

One  advantage  of  turbines  over  reciprocating  engines  which 
Mr.  Barstow  has  not  mentioned,  is  the  fact  that  the  turbine 
maintains  its  original  water  rate,  while  many  types  of  engine 
fall  off  appreciably.  This  was  very  clearly  shown  in  a  series 
of  tests  published  by  F.  W.  Dean  in  The  Journal  for  June, 
1908.  Sanford  A.  Moss. 

Lynx.  Mass. 


■■■111 

Society  Affairs 

Engineering  Survey 

Society  Affairs   Section Page   155 

i  1  in     nil    gi  III     It 

Engineering  Survey  Section Page   179 

I       nil                   1  1  I  n  1   1 1  1           II       I              1     1  1  n  II  1         11          1      II      1 

I 
■ 

11            H             III      1       IIII^ 

SOCIETY  AFFAIRS 


/tTTENTION  is  called  to  the  announcement  of  the  Spring  Meeting  scheduled  at  New  Orleans,  La.,  on 
April  11-14,  and  also  the  announcement  of  the  publication  of  the  report  of  the  Power  Test  Committee, 
which  will  be  welcomed  by  the  large  number  who  have  anxiously  awaited  the  completion  of  this  testing  code.  A 
statement  of  the  important  action  requested  by  the  President  of  the  United  States  is  given  in  the  report  of  the 
special  Council  meeting,  and  notices  appear  in  connection  with  the  Engineer  Reserve  Corps  and  the  new  aviation 
sermce.    The  important  part  taken  by  the  Society  in  the  Pan-American  Scientific  Congress  is  also  here  reported. 


SPRING   MEETING 

PLANS  for  the  Spring  Meeting  to  be  held  at  New  Orleans, 
Louisiana,  April  11-14,  are  nearing  completion,  and  are 
most  promising  for  a  strong  meeting  and  an  enjoyable  one. 

It  is  probable  that  there  will  be  a  group  going  or  coming  by 
l)oat  and  that  one  or  more  parties  will  be  formed  for  the 
trip  by  rail.  The  trip  by  boat  in  either  direction  requires  five 
days,  and  will  be  made  on  one  of  the  best  coastwise  steamers. 
Invitations  have  been  received  from  the  local  members  at  Cin- 
cinnati and  Birmingham  for  members  en  route  to  New  Or- 
leans to  stop  in  those  cities,  and  it  is  possible  that  arrange- 
ments will  be  made  by  at  least  a  part  of  those  attending  to 
accept  the  invitations. 

The  rate  for  the  round  trip  from  New  York  is  $75,  which  in- 
cludes steamship  both  ways,  or  railroad  going  and  steamship 
returning,  or  vice  versa;  and  includes  also  meals  and  berth  on 
steamer.  This  provides  further  for  those  who  start  from  an 
inland  city,  such  as  Cincinnati,  to  go  by  rail  to  New  Orleans, 
and  return  by  steamer  to  New  York  and  thence  by  rail  to  Cin- 
icnnati.  Round  triji  by  rail  between  New  York  and  New 
Orleans  is  $56.30;  Pullman  fare,  $8.00  for  lower  berth  and 
$6.40  for  upper  berth. 

The  headquarters  of  the  meeting  will  be  at  the  Hotel  Grune- 
wald.  The  meeting  will  open  as  usual  on  Tuesday  afternoon 
of  the  week  of  the  Convention,  when  registration  will  begin. 
On  Tuesday  evening  there  will  be  an  informal  gathering  at 
the  hotel. 

The  first  professional  session  will  be  on  Wednesday  morn- 
ing following  the  business  meeting,  at  which,  besides  such  tech- 
nical jjapers  as  may  be  assigned,  it  is  expected  that  there  will 
be  a  discussion  upon  Industrial  Preparedness :  What  It  Means, 
and  How  It  Can  Be  Accomplished. 

Following  this  meeting  the  visiting  members  will  be  in  the 
hands  of  their  New  Orleans  friends  until  Friday  morning  of 
the  Convention,  when  the  last  general  professional  session  will 
take  place.  The  New  Orleans  local  committee  have  in  prep- 
aration one  session  for  their  part  of  the  program  which  will 
include  papers  by  representative  engineers  on  engineering 
jiroblems  of  the  South,  including  papers  upon  Low-lift  Pump- 
ing Plants,  Multiple  Evajjorators,  such  as  used  in  the  sugar 
industry,  and  a  description  of  the  Mechanical  Equipment  used 
in  the  Port  of  New  Orleans. 

On  Wednesday  evening,  there  will  be  an  address  by  W.  D. 
Thompson,  Commissioner  of  Public  Utilities  of  the  City  of 
New  Orleans.  Various  excursions  are  being  arranged  and  as 
tlie  montli  of  April  is  one  of  the  most  delightful  of  the  whole 
year  at  New  Orleans,  the  week,  under  normal  conditions,  should 
offer  much  pleasure  to  all  who  attend  the  meeting. 

It  is  particularly  urgent  that  those  who  are  to  contribute 
l)apers  should  send  them  to  the  Secretary-  at  the  Society  head- 
quarters at  once,  since  it  is  desired  to  have  these  pafiere  printed 
for  distribution  well  in  advance  of  the  meeting.       It  cannot 


be  assured  that  papers  received  later  than  February  10  can 
be  considered  for  the  Spring  Meeting  and  such  papers  may 
have  to  be  held  over  until  a  later  meeting. 

Full  information  as  to  the  program,  rates,  and  routes  to  be 
taken  will  be  published  in  the  next  number  of  The  Journal, 
and  in  a  circular  which  will  be  issued  to  the  membership. 

ANNUAL  MEETING 

The  Comuuttee  on  Meetings  is  already  considering  plans 
for  the  next  Annual  Meeting,  and  desires  to  announce  that 
papers  which  are  to  be  contributed  should  be  in  hand  by  Sep- 
tember 20,  1916.  On  account  of  the  time  required  for  all  of 
the  members  of  the  Committee  on  Meetings  to  read  the  papers 
submitted,  and  because  of  the  insistence  of  the  membership 
that  the  accepted  papers  be  printed  and  distributed  well  in 
advance  of  the  meeting,  any  papers  received  after  the  date 
mentioned  are  liable  to  be  held  over  for  a  later  meeting.  In 
view  of  the  fact  that  the  date  aunouuced  is  immediately  fol- 
lowing the  summer  season,  which  is  the  usual  vacation  period, 
the  members  are  urged  to  prepare  papers  during  the  coming 
sjiring  so  far  as  possible,  and  to  submit  them  early  in  the 
summer. 

REPORT  OF  POWER  TEST  COMMITTEE 

ON    RULES    FOR    CONDUCTING     PREFORM- 
ANCK  TESTS  OF  POWER  PLANT  APPARATUS 

The  Power  Test  Committee  was  appointed  by  resolution  of 
the  Council  on  April  13,  1909,  to  "  revise  the  present  testing 
codes  of  the  Society  relating  to  boilers,  pumping  engines, 
locomotives,  steam  engines  in  general,  internal  combustion 
engines,  and  apparatus  and  fuels  therefor,  and  to  extend  these 
codes  so  as  to  apply  to  such  power  generating  apparatus  as 
the  present  codes  do  not  cover,  including  water  power,  bring- 
ing them  into  haimony  with  each  other  and  with  the  best 
practice  of  the  day." 

As  originally  organized,  the  Committee  consisted  of  D.  S. 
Jacobus,  Chairman,  Edward  T.  Adams,  George  H.  Barrus, 
L.  P.  Breckenridge,  William  Kent,  Chas.  E.  Lueke,  Edward 
F.  Miller,  Arthur  West  and  Albert  C.  Wood.  Dr.  Lucke  re- 
signed early  in  1912  and  the  vacancy  thus  made  was  not  filled. 
Owing  to  pressure  of  business  duties.  Dr.  Jacobus  resigned  the 
chairmanship  in  December  1911,  but  the  Committee  laid  his 
resignation  on  the  table  and  appointed  Mr.  Barrus  vice-chair- 
man to  serve  as  active  chairman  in  his  place.  Later,  the  Com- 
mittee accepted  the  resignation  from  chairmanship  of  Dr. 
.Jacobus  and  promoted  Mr.  Barrus  to  the  chairmanship,  this 
action  being  in  due  time  approved  by  the  Council. 

The  general  plan  of  the  revision  was  devised  by  Mr.  Barrus, 
who  at  the  Committee's  request  soon  after  its  appointment, 
submitted  the  first  draft  of  a  form  of  report  which  was  after- 
ward substantially  agreed  upon  and  carried  out.     The  first 


155 


156 


SOCIETY  AFFAIRS 


The  JotTKNAl. 
Am.Soc.M.E. 


draft  was  discussed  by  the  Committee,  and  later  the  whole 
matter  was  referred  for  revision  to  a  sub-committee  consisting 
of  Messrs.  Kent,  Wood,  and  Barrus,  who  were  appointed  at  a 
meeting  of  the  General  Committee  in  December  1911.  The 
results  of  the  sub-committee's  work  were  approved  by  a  ma- 
jority of  the  full  Committee  and  submitted  to  the  Society  in  a 
preliminary  report  which  was  published  in  The  Journal  of 
November  1912. 

This  preliminary  report  was  presented  at  the  Annual  Meet- 
ing in  December  1912,  and  was  widely  discussed  and  criticised 
at  the  meeting,  both  verbally  and  in  writing.  After  that  it 
was  further  discussed  by  correspondence.  In  the  light  of  the 
suggestions  and  criticisms  attending  these  discussions,  the  sub- 
committee again  made  an  extensive  revision,  which  has  now 
been  aj^proved  by  the  entire  committee. 

The  work  of  the  Power  Test  Committee  has  been  carried  on 
mainly  by  correspondence,  though  the  sub-committee  has  held 
a  large  number  of  meetings.  Many  members  of  the  Society. 
and  a  few  engineers  not  members,  have  commented  upon  the 
work,  either  verbally  or  in  writing,  and  all  comments  have 
received  consideration.  In  a  large  number  of  instances,  the 
report  has  been  modified  in  accordance  with  the  suggestions 
made  by  these  individuals. 

Copies  of  the  proposed  report  were  also  sent  to  the  three 
committees  of  the  Society  on  Railroads,  Gas  Power  and 
Bureau  of  Engineering  Standards  (now  Committee  on  En- 
gineering Standards),  to  the  Standards  Committee  of  the 
American  Institute  of  Electrical  Engineers,  and  to  the  U.  S. 
Bureau  of  Mines,  all  of  whom  were  asked  for  comments.  Sug- 
gestions received  from  these  sources  were  availed  of  in  prepar- 
ing the  final  revision. 

A  report  of  this  kind  cannot  be  expected  to  deal  with  all 
the  refinements  of  laboratory  tests,  or  to  conform  to  the 
methods  practiced  by  every  individual  who  engages  in  testing 
work;  but  it  is  intended  to  set  forth  the  correct  governing 
principles  and  serve  the  practical  purposes  of  the  engineering 
public. 

The  final  report  was  received  by  the  Council  at  its  meeting 
on  December  7,  1915,  and  was  ordered  printed.  This  is  now 
in  process,  and  copies  will  be  available  at  an  early  date.  The 
report  embraces  sections  on  tests  of  boilere;  reciprocating 
Steam  engines;  steam  turbines;  pumping  machinery;  com- 
pressors, blowers  and  fans;  complete  steam  power  plants; 
locomotives;  gas  producers;  gas  and  oil  engines,  and  water- 
wheels. 

COMMENTS  ON   ANNUAL  REPORT  OF 
COUNCIL 

In  the  January  number  of  The  Journal  was  published  the 
Annual  Report  of  the  Council,  which  reviews  the  important 
]jhases  of  the  work  of  the  Society  for  1915,  and  which  it  is 
hoped  every  member  has  had  an  opportunity  to  look  over. 
In  presenting  this  report  at  the  Annual  Meeting,  Secretary 
Calvin  W.  Rice  pointed  out  features  of  particular  interest  to 
the  membership  at  large.  A  report  of  his  remarks  made  at 
the  meeting  follows : 

In  the  report  of  the  Council  for  1915  there  is  first  shown 
the  progress  of  the  Society  with  respect  to  its  increase  in 
membership.  There  are  a  good  many  in  the  Society  who  have 
the  impression  that  the  present  rate  of  increase  of  member- 
ship cannot  be  maintained  except  at  the  expense  of  quality. 
I  want  to  answer  this  squai'ely.  In  this  country,  which  has 
the  largest  industi-ial  population  of  the  world,  we  have,  all 
told,    about    twenty-five    thousand    engineers    in    all    of    the 


societies.  In  Germany,  with  two-thirds  of  the  population,  their 
one  society  has  more  members  than  all  of  our  societies  com- 
bined. There  are  one  hundred  million  people  in  this  country, 
and  more  industries  and  a  g^'eater  variety  of  iudustiies  than  in 
any  other  country,  and  it  is  reasonable  to  suppose  that  our 
Society,  which  is  the  Society  of  the  Industries,  should  be  able 
to  get  the  leaders  of  those  industries  to  become  members. 

The  American  Society  of  Civil  Engineers  has  steadily  in- 
creased its  membership,  until  it  now  has  seven  or  eight  hun- 
dred more  members  than  has  our  Society.  The  American 
Institute  of  Electrical  Engineers,  specializing  on  electricity 
alone,  has  more  members  than  we  have.  We  have  now  about 
sixty-eight  hundred  members.  The  object  of  increasing  the 
membership  is  not  merely  to  get  members,  but  to  acquire 
greater  strength  for  constructive  work  so  that  we  maj-  main- 
tain our  position  with  the  other  national  engineering  societies. 

We  have  raised  the  requirements  for  membership  so  that 
now  the}'  are  the  strictest  of  any  professional  society  in  Amer- 
ica. Every  member  of  this  Society  can  be  assured  that  no 
one  is  being  admitted  into  full  membership  who  is  not  thirty- 
two  yeai-s  of  age,  who  has  not  been  ten  years  in  the  practice 
of  his  profession,  and  five  years  in  responsible  charge  of  im- 
portant work.  That  these  conditions  exist  with  respect  to  each 
candidate  for  fuU  membership  must  be  shown  in  detail  and 
confirmed  by  five  members  from  their  personal  knowledge. 
Each  application  for  membership  is  vised  by  the  Secretary-, 
and  it  is  an  ojjen  secret  that  no  application  for  membership 
is  ever  submitted  by  him  to  the  Membership  Committee  if  it 
lacks  any  of  these  essentials. 

Only  after  all  of  these  statements  in  an  application  for 
membership  have  been  analyzed  and  shown  to  meet  the  require- 
ments do  five  members  of  the  Society,  the  Committee  on  Mem- 
bership, sitting  as  an  impartial  jury,  consider  the  application. 
For  consideration,  five  eoiDies  of  the  statements  are  prepared, 
so  that  each  one  of  the  five  committee  members  has  a  file  of 
the  replies  in  front  of  him.  Each  member  in  turn  then  reads 
aloud  the  statements  to  the  others.  I  cannot  see  how  any  man 
can  get  by  this  jury,  except  as  he  deliberately  misstates  the 
facts  and  gets  five  others  to  saj'  that,  from  their  personal 
knowledge,  all  of  his  misstatements  are  correct. 

Another  thing, — formerly  it  was  permissible  and  considered 
proper  to  receive  a  man  into  membershij)  who  had  either  the 
ability  to  design  or  to  construct.  Three  years  ago  we  took 
out  the  or  and  substituted  an  and,  so  that  now  there  is  no  man 
admitted  to  this  Society  who  cannot  both  design  and  construct, 
and  the  possibility  of  a  man  being  admitted  to  membership 
who  designs  things  that  would  never  work,  or  a  man  who 
builds  things  that  he  could  not  design,  is  past.  He  must  have 
both  abilities  and  be  a  well-rounded  engineer. 

It  is  essential  that  the  financial  side  of  evei-y  institution 
shall  be  well  in  hand,  and  the  membership  can  feel  safe  on 
this  matter.  Since  I  have  been  Secretarj-  our  income  has  been 
increased  from  $45,000  to  $145,000.  AU  of  the  ti-ust  funds 
are  invested  in  bonds,  and  we  even  have  a  separate  fund  of 
$44,772.67  invested  to  cover  the  dues  of  Life  and  Honorary 
Members,  and  as  far  as  I  know  we  are  the  only  Society  in  the 
world  which  does  this. 

AU  of  the  gifts  ever  made  to  the  Society  are  intact  anr 
invested,  and  the  initiation  fees  are  also  invested  in  a  separate 
fund,  amounting  now  to  $43,718.90.  which  is  being  used  to 
retire  the  certificates  of  indebtedness  which  were  issued  for  the 
purpose  of  paying  off  our  share  of  the  land  on  which  the  Engi- 
neering Societies  Building  stands.  Our  sister  societies  had 
some  wealthv  and  generous  members,  who  came  forward  and 
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paid  off  the  $180,000  which  was  each  society's  share  of  the 
purchase  price,  but  we  were  uot  so  fortunate  in  this  respect, 
and  have  had  to  finance  the  matter  on  a  different  basis.  Yet 
with  contributions  amounting  to  only  about  two-thirds  of  the 
gifts  received  by  our  sister  societies,  we  were  the  first  to  pay 
off  the  mortgage  on  the  land  by  means  of  certificates  issued  to 
the  membership.  We  lack  only  about  $13,000  of  being  com- 
pletely out  of  debt.  On  the  other  hand  we  have  enough  sur- 
plus to  pay  off  that  debt  at  any  moment,  if  desirable  to  do  so, 
but  our  funds  are  invested  at  the  same  rate  of  interest  as  we 
are  paying  on  the  certificates,  so  that  by  reason  of  the  plan 
we  are  pursuing,  we  have  the  benefit  of  that  extra  working 
capital. 

It  is  the  duty  and  obligation  of  the  officers  of  any  society 
to  act  as  trustees  for  the  members  and  to  conserve  the 
interests  of  the  members  in  every  proper  way.  Last  year, 
therefore,  when  a  serious  business  depression  was  feared,  pre- 
cautionary measures  were  taken  and  we  conserved  our  inter- 
ests a  little  more  than  was  proved  necessary,  but  not  more  than 
seemed  wise,  at  the  beginning  of  the  year.  The  result  is  that 
we  saved  $26,000  last  year  to  go  into  the  surplus. 

Now,  the  use  which  can  be  made  of  that  surplus  and  of  our 
growing  income  wiU  be  made  apparent  in  the  near  future. 
The  Council  prior  to  the  Annual  Meeting  voted  to  strengthen 
the  staff  of  the  Society  by  the  employment  of  a  Business  Man- 
ager, and  we  have  an  ambitious  program  for  the  Society  for 
the  benefit  of  eveiy  member.  Coupled  with  that  is  a  plan — 
and  emphasis  should  be  put  on  the  fact  I  now  mention — to 
make  every  member  of  this  Society  take  a  more  active  part 
in  its  government,  and  Dr.  Jacobus  will  call  later  on  the  Local 
Sections  of  the  Society  to  assist  him  in  choosing  a  Nominating 
Committee. 

The  remainder  of  the  features  which  are  embodied  in  the 
report  can  be  read  by  the  members  at  their  convenience. 

COUNCIL  NOTES 

At  the  meeting  of  the  Council  held  on  January  li,  1916,  the 
following  members  were  present :  Dr.  D.  S.  -Jacobus,  Presi- 
dent, John  H.  Barr,  R.  M.  Dixon,  Chairman  of  the  Finance 
Committee,  A.  M.  Greene,  -Jr.,  Henry  Hess,  Alex.  C.  Hum- 
phi-eys,  F.  R.  Hutton,  C.  T.  Main,  H.  de  B.  Pareons,  John  A. 
Stevens,  J.  E.  Sague,  William  H.  Wiley,  Treasurer,  and  Cal- 
vin W.  Rice,  Secretary. 

The  following  matters  were  brought  up  in  the  order  of 
business  and  voted  upon : 

Dr.  D.  S.  Jacobus,  Chairman  ex-offlcio,  J.  H.  Barr,  Arthur 
M.  Greene,  Jr.,  Henry  Hess,  Spencer  Miller  and  J.  E.  Sague 
were  appointed  an  Executive  Committee  of  the  Council  for 
1916. 

Sub-Committee  on  Gas  Power:  Heinrich  J.  Freyn,  Chair- 
man, 6.  F.  Gebhardt,  Secretary,  C.  -J.  Bacon,  C.  H.  Benjamin, 
A.  D.  Blake,  W.  D.  Ennis,  F.  R.  Hutton,  Wm.  T.  Magruder, 
J.  M.  Spitzglass  and  H.  H.  Suplee. 

The  recommendation  of  the  Committee  on  Student  Branches 
with  regard  to  the  establishment  of  Student  Branches  at 
Bucknell  University,  Lewisburg.  Pa.,  and  Louisiana  State 
University,  Baton  Rouge,  La.,  were  accepted,  and  F.  E.  Bur- 
pee and  E.  W.  Kerr  appointed  as  the  respective  Honorary 
Chairmen. 

The  President  was  authorized  to  appoint  a  committee  of  five 
on  the  determination  of  the  Cost  of  Electric  Power,  to  cooper- 
ate with  the  A.I.E.E.  and  similar  committees  of  other  societies, 
in  response  to  the  invitation  of  the  A.I.E.E.  through  H.  G. 
Stott,  representing  the  Standardization  Committee. 


Prof.  F.  R.  Hutton,  Chairman,  R.  H.  Fernald  and  D.  S. 
Kimball  will  continue  as  a  Committee  on  Student  Prizes  for 
the  year  1916;  E.  H.  Fernald,  Chairman,  Fred  E.  Rogers  and 
George  B.  Brand  as  a  Committee  on  Junior  Prizes.  The  Boiler 
Code  Committee  as  constituted  for  the  year  1915  wiD  con- 
tinue in  service  for  another  year.  The  Committee  for  the  New 
York  Local  Section  will  continue  unchanged  with  the  exception 
of  Edward  Van  Winkle,  whose  term  of  office  has  now  expired 
and  who  will  be  succeeded  by  A.  D.  Blake,  H.  R.  Cobleigh  suc- 
ceeding as  chairman.  The  activities  of  the  Minnesota  Local 
Section  will  be  cared  for  by  a  committee  consisting  of  Chas. 
W,  Tubby,  Chairman,  J.  V.  Martenis,  Vice-Chairman,  Quincy 
A.  Hall,  Wm.  Kavanaugh  and  Max  Toltz,  in  accordance  with 
the  nomination  of  members  in  St.  Paul-Minneapolis. 

Announcement  was  made  by  the  President  of  the  following 
appointments : 

(a)  Finance  Coromittee,  George  M.  Forrest 
Meetings  Committee,  D.  S.  Kimball 

Publication  Committee,  Charles  I.  Earll  (reappoint- 
ment) 

Membership  Committee,  Fred  J.  MiUer 

Library  Committee,  Walter  M.  McFarland  (reappoint- 
ment) 

House  Committee,  Maxwell  M'.  Upson 

Research  Committee,  C.  C.  Thomas 

Public  Relations  Committee,  (to  be  announced  later) 

Standardization  Coromittee.  Henry  Hess,  John  H.  Barr, 
Chas.  Day,  Carl  Schwartz  and  Wm.  F.  Kiesel,  Jr. 

Constitution  and  By-Laws,  Jesse  M.  Smith,  F.  R.  Hut- 
ton, J.  E.  Sague,  Geo.  M.  Basford,  I.  N.  HolUs 

Tellers  of  Election,  Robt.  Kirk,  Chairman,  H.  A.  Hey, 
E.  S.  Cooley 

(b)  Honorary  Vice-Presidents,  for  the  meeting  of  the  So- 

ciety for  Promotion  of  Industrial  Education  at  St. 
Paul,  W.  H.  Kavanaugh  and  Max  Toltz 

(c)  Joseph  A.  Holmes  Memorial,  Dr.  John  A.  Brashear  and 

W.  H.  Bixby 

(d)  Student  Branch  Chairman  (Honorary) 
Pennsylvania  State  College,  Hugo  Diemer 
t-niversity  of  Kansas,  A.  H.  Sluss 

(e)  Tolerances   on   Screw   Thread   Fits,   Chas.   D.   Young, 

in  place  of  H.  M.  Leland,  resigned. 

The  Secretary  reported  that  ballots  closing  November  23 
and  December  17,  1915,  containing  the  names  of  applicants 
recoromended  to  the  Council  after  investigation  by  the  Mem- 
bership Committee,  had  been  approved  by  letter  ballot,  all 
these  newly  elected  members  being  duly  notified  of  election  to 
membership  in  the  Society. 

The  announcements  of  the  deaths  of  L.  M.  Brigham,  F.  S. 
Scarborough  and  S.  B.  Whiting  were  received  with  regret. 

The  vacancy  caused  by  the  death  of  James  Mapes  Dodge, 
Past-President  of  the  Society,  will  be  filled  by  Dr.  Alex.  C. 
Humphreys,  as  announced  at  the  Council  Meeting  by  Major 
Wiley,  Chairman  of  the  Committee  on  Engineer  Reserve 
Corps.  Further  infoi'mation  upon  this  is  given  elsewhere  in 
this  number.  Calvin  W.  Rice, 

Secretary. 

SPECIAL  COLTNCIL  MEETING 

To  CoxsiDER  Letter  froji  President  Wilson 

A  special  meeting  of  the  Council  was  held  pursuant  to  call 
of  the  President,  Dr.  Jacobus,  to  receive  the  communication 
from  Hon.  Woodrow  Wilson,  President  of  the  United  States, 
asking  for  nominations  by  the  Society  of  a  representative  in 
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each  state  of  the  Union  to  act  with  the  representatives  of  the 
four  other  national  societies,  in  making  an  industrial  survey  of 
the  country.    The  letter  is  as  follows: 

The  White  House 
Washington 

January  13,  1916 
Mr  DEAR  Sir: 

The  work  which  The  American  Society  of  Mechanical  Engi- 
neers has  done  through  its  members  on  the  Naval  Consulting 
Board  is  a  patriotic  service  which  is  deeply  appreciated.  It 
has  been  so  valuable  that  I  am  tempted  to  ask  that  you  will 
request  your  Society  to  enlarge  its  usefulness  to  the  Govern- 


mittees  of  the  American  Chemical  Society,  American  Institute 
of  Electrical  Engineers,  American  Institute  of  ilining  Engi- 
neers, and  the  American  Society  of  Civil  Engineers,  which 
joint  committee  will  prepare  the  final  list  that  there  may  be 
no  overlapping  in  the  selection  of  engineers  by  the  various 
societies. 

THE  LIBRARY  BOARD 

The  Library  Board  administering  the  libraries  of  The  Amer- 
ican Society  of  Mechanical  Engineers,  American  Institute  of 


Library  of  the  United  Engineering  SociETT 

This  photograph  shows  the  main  floor  of  the  Library.     A  large  part  of  the  books  on  this  floor  are  bound  peri- 
odicals which  are  most  frequently  consulted.     Current  numbers  of  periodical  literature  are  also  kept  on  the 
main  floor.     The  stack  room  floor  below  is  mainly  devoted  to  books  of  reference.     The  librnry  is  made  avail- 
able to  all  members  of  the  Society  through  the  medium  of  the  Library  Service  Bureau. 


ment  still  further  by  nominating  for  the  approval  of  the  Sec- 
retary of  the  Navy  a  representative  from  its  membershi])  for 
each  state  of  the  Union  to  act  in  conjunction  with  representa- 
tives from  the  American  Society  of  Civil  Engineers,  the  Ameri- 
can Institute  of  Electrical  Engineers,  the  American  Chemical 
Society,  and  the  American  Institute  of  Mining  Engineers,  for 
the  purpose  of  assisting  the  Naval  Consulting  Board  in  the 
work  of  collecting  data  for  use  in  organizing  the  manufactur- 
ing resources  of  the  country  for  the  public  sen-ice  in  case  of 
emergency.  I  am  sure  that  I  may  count  upon  your  cordial 
cooperation.     With  sincere  regard, 

Cordially  yours, 

WooDROw  Wilson. 
Dr.  D.  S.  Jacobus,  President,  The  American  Society  of 
Mechanical  Engineers,  New  York  City. 

There  were  present  at  the  meeting  of  the  Council.  D.  S. 
Jacobus,  J.  Sellers  Bancroft,  Alex.  C.  Humphreys,  Julian  Ken- 
nedy, F.  R.  Hutton,  H.  de  B.  Parsons,  Spencer  Miller,  Am- 
brose Swasey,  William  H.  Wiley.  Treasurer,  and  Calvin  W. 
Rice.  Secretary. 

A  tentative  list  was  prepared  and  a  Committee  of  the  Presi- 
dent and  the  Secretary  appointed  to  confer  with  similar  com- 


Eleetri -al  Engineers  and  American  Institute  of  Mining  Engi- 
neers, maintained  as  the  Joint  Library  of  the  United  Engi- 
neering Society,  according  to  the  By-Laws  of  that  Society,  has 
just  issued  its  annual  report  for  1915. 

The  Board  for  1915  consisted  of  Edward  A.  Adams,  W.  P. 
Cutter,  Karl  Eilers,  Alex.  C.  Humphreys,  F.  L.  Hutchinson, 
John  W.  Lieb,  W.  M.  McFarland,  Harold  Pender,  Calvin  W. 
Rice,  E.  F.  Roeber,  Samuel  Sheldon,  W.  I.  Slichter.  .Jesse  M. 
Smith,  E.  Gibbon  Spilsbury,  Bradley  Stoughton  and  Leonard 
Waldo. 

A  feature  of  the  year's  work  was  the  organizing  on  a  defi- 
nite basis  of  the  service  given  to  members  by  furnishing  ref- 
erence lists,  making  translations,  and  preparing  photostat 
copies.  A  Library  Service  Bureau  was  established  on  May  6, 
1915,  and  members  of  the  Society  were  notified  of  the  service 
proposed. 

In  July,  1915,  the  Library  published  a  catalogue  of  technical 
jieriodicals  to  be  found  in  seven  libraries  in  New  York  City 
and  vicinity.  The  total  number  of  periodicals  is  2066  and  the 
number  of  sets  4236. 
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Over  three  thousand  accessions  were  made  to  the  Library 
during  tlie  year,  and  the  collection  now  amounts  to  62,446  vol- 
umes. Several  notable  gifts  were  received  during  the  year 
from  private  sources,  and  a  large  collection  of  trade  catalogues 
was  donated  by  the  New  York  Public  Library.  Dr.  James 
Douglas  contributed  $5000  to  serve  as  a  nucleus  for  an  en- 
dowment fund,  the  income  from  which  should  be  used  for 
library  purposes. 

1020  jseriodicals  are  now  received  regularly  by  the  Library, 
constituting  it  the  greatest  and  potentially  the  most  useful 
engineering  library  in  the  world.  Current  numbers  of  over 
1000  periodicals  are  filed  upon  the  shelves  in  the  reading  room 
so  as  to  be  readily  accessible. 

The  Board  emphasizes  the  need  of  an  adequate  general  in- 
dex to  technical  literature.  Of  the  two  general  indexes  now 
existing,  the  largest  covers  only  one  fifth  of  the  periodicals  re- 
ceived. The  i)ossession  of  an  adequate  index  would  make  it 
possible  for  the  technical  worker,  located  at  any  place  where 
he  is  separated  entirely  from  library  facilities,  to  find  articles 
desired  without  laborious  search  and  to  obtain  direct  from  a 
central  library  typewritten  or  photographic  copies  and  trans- 
lations. An  estimate  of  the  cost  of  preparing  such  an  index 
is  included  in  the  report. 

PAN-AMERICAN  SCIENTIFIC  CONGRESS 

During  the  month  of  .January  the  Second  Pan-American 
Scientific  Congress  concluded  its  sessions,  and  accomplished 
a  comprehensive  effort  to  develop  our  cultural  relations  with 
Central  and  South  America.  The  Congress  was  held  in  Wash- 
ington under  the  auspices  of  the  Department  of  State,  and 
convened  on  December  27,  1915;  and  no  affair  ever  attracted 
a  more  enthusiastic  cooperation  between  the  Government  and 
scientific  and  engineering  bodies,  and  the  beneficial  results 
were  in  proportion  and  far-reaching. 

According  to  precedent  set  at  the  first  Congress  jield  at 
Santiago,  Chili,  in  December  1908,  and  to  the  proper  inter- 
pretation of  the  Spanish  counterpart  scientifice  of  our  word 
scientific,  the  second  Congress  covered  all  branches  of  knowl- 
edge. Its  main  activities  were  divided  into  nine  sections,  as 
follows : 

I  Anthropology 

II  Astronomy,  Meteorology  and  Seismology 

III  Conservation  of  Natural  Kesources,  Agriculture,  Irriga- 
tion and  Forestry 

IV  Education 

V  Engineering 

YI     International  Law,  Public  Law  and  Jurisprudence 

YII     Mining  and  Metallurgy,  Economic  Geology  and  Ajiplied 

Chemistry 
YIIl     Public  Health  and  Medical  Science 
IX  Transportation,  Commerce,  Finance  and  Taxation. 

These  sections  were  further  divided  into  subsections  as  found 
necessary. 

By  invitation  of  the  Department  of  State,  the  section  on 
Engineering  was  conducted  under  the  auspices  of  the  five 
national  engineering  societies,  American  Society  of  Civil  Engi- 
neers, American  Institute  of  Mining  Engineers,  American 
Institute  of  Electrical  Engineers,  Society  of  Naval  Architects 
and  Marine  Engineers,  and  The  American  Society  of  Mechan- 
ical Engineers. 

The  members  representing  the  Society  on  the  Joint  Com- 
mittee conducting  the  Engineering  Section  were  Brig.  General 
W.  H.  Bixby,  U.  S.  A.,  retired;  Prof.  Carl  C.  Thomas;  Charles 
T.  Plunkett,  and  Calvin  W.  Rice.    By  choice  of  all  the  societies. 


Brig,  General  Bixby  was  appointed  chairman  of  the  Joint 
Committee,  and  in  turn  was  made  a  member  of  the  Executive 
Committee  of  the  entire  Congress.  Dr.  Elmer  L.  Corthell, 
President  of  the  American  Society  of  Civil  Engineers,  was 
chosen  Secretary  of  the  Joint  Committee. 

Our  recently-retired  president,  Dr.  John  A.  Brashear,  was 
selected  by  the  Department  of  State  as  the  representative  of 
the  United  States  to  the  Congress,  and  the  delegates  of  the 
Society  were  Ambrose  Swasey,  Past  Pres.  Am.Soc.M.E.,  and 
\Valdo  H.  Marshall.  Prof.  Carl  C.  Thomas  was  presiding 
officer  of  Subsection  5:  Mechanical  Engineering. 

Among  the  papers  presented  at  the  sessions  of  the  Engineer- 
ing Section  was  one  by  William  Kent,  Mem.Am.Soc.M.E.,  on 
Economy  of  Steam  Power  Plants  Using  Gas,  Gasoline,  Coal 
and  Other  Pan-American  Fuels.  The  calorific  values  of  all 
fuels  obtainable  in  Pan-American  countries,  including  the 
lighter  oils,  tar  and  some  agi'icultural  products,  were  given, 
and  the  paper  discussed  the  conditions  governing  the  choice 
of  each  fuel  and  the  costs  of  operation  with  the  various  fuels. 

Other  papei-s  at  the  Congress  of  mechanical  engineering  in- 
terest were  those  on  Present  Status  of  Water  Power  De\elop- 
raent,  by  H.  W.  Buck;  Hydro-Electric  Utilization  at  Niagara 
and  Elsewhere,  by  Maurice  Deutch;  Engineering  Nomencla- 
ture, by  Alberto  Smith;  Engineering  Education  in  tne  United 
States,  by  Dr.  Charles  S.  Howe,  Mem.Am.Soc.M.E.,  and 
Chronocyclograph  Devices  for  Measuring  Achievement,  by 
Frank  B.  Gilbreth,  Mem.Am.Soc.M.E.  During  the  week  of 
the  Congress,  Dr.  Brashear  delivered  a  particularly  instructive 
lecture  on  An  Evening  Journey  Among  the  Stars. 

During  the  Congress,  the  Secretary  of  the  Society  extended 
to  the  whole  of  the  delegates  an  invitation  to  visit  our  head- 
quarters and  avail  themselves  of  our  facilities,  and  already 
several  of  the  delegates  have  called  and,  among  other  things, 
visits  to  industrial  plants  have  been  arranged  for  them. 

At  the  close  of  the  Congress,  the  United  States  Government 
arranged  a  tour  for  the  delegates  to  Philadelphia,  New  York, 
New  Haven  and  Boston. 

ENGINEER  RESERVE  CORPS 

To  the  Special  Committees  of 

American  Society  of  Civil  Engineers, 
American  Institute  of  Mining  Engineers, 
American  Institute  of  Electrical  Engineers, 
American  Institute  of  Consulting  Engineers, 
The  American  Society  of  Mechanical  Engineers, 
on  the  Organization  of  a  National  Engineer  Reserve. 

Dear  Sirs : 

The  Joint  Committee  (consisting  of  the  chairmen  of  your 
several  committees)  formed  under  the  authority  of  the  five 
societies,  in  order  to  facilitate  the  carrying  out  of  the  organi- 
zation of  an  engineer  reserve  as  part  of  the  military  forces  of 
the  United  States,  for  which  work  you  were  appointed,  now 
beg  leave  to  report  as  follows: 

The  Committee  has  been  in  personal  communication  with  the 
Secretary  of  War,  the  officers  of  the  General  Staff,  the  officers 
of  the  AVar  College,  and  with  the  Hon.  Geo.  E.  Chamberlain, 
Chairman  of  the  Senate  Committee  on  Militarj'  Affairs,  and 
the  Hon.  James  Hay,  Chairman  of  the  House  Committee  on 
Military  Affairs. 

As  the  result  of  these  intei'views  there  has  been  incorporated 
in  the  draft  of  the  legislation  proposed  by  the  Secretary  of 
War  and  included  also  in  the  bills  drawn  by  the  committees  of 
the  Senate  and  of  the  House,  a  provision  for  the  organization 
of  an  officers'  reserve  on  broad  lines,  including  an  engineer 
reserve.    As  now  drawn  these  bills  provide  that  an  officer  shall 
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be  commissioned  for  a  period  of  five  3'ears  with  rank  up  to  and 
including  that  of  major,  after  passing  such  requirements  of 
character  and  qualifications  as  shall  be  prescribed  by  the  Presi- 
dent. The  bill  also  pro\ides  that  a  certain  amount  of  duty 
with  pay  shall  be  performed  each  year  by  the  officers  in  the 
reserve. 

The  Committee  is  waiting  for  the  Navy  Department  to  for- 
mulate its  plans  for  the  increase  in  the  naval  forces,  and  as 
soon  as  a  decision  has  been  reached  by  that  Department  and 
the  Committee  is  in  possession  of  the  facts,  the  Conmiittee  will 
take  up  the  question  of  the  organization  of  an  engineer  re- 
serve for  the  Navy,  similar  to  that  contemplated  for  the  Army. 

It  is  the  intention  of  the  Committee  to  attend  any  Congres- 
sional hearings  that  may  be  had  on  the  bill  or  bills  introduced 
for  the  creation  of  an  engineer  reserve. 

Prior  to  the  enactment  of  the  necessary  legislation,  no  en- 
rollment for  the  proposed  reserve  can  be  made. 
Very  truly  yours, 
(Signed)     Wm.  H.  Wiley,  H.  A.  Gillis, 

.JOHx   A.   Hill,  W.  F.  M.  Goss. 

THE  BOILER  CODE  IN  TECHNICAL 
SCHOOLS 

That  the  work  of  the  Boiler  Code  Committee  is  meeting 
with  mcreasing  recognition  is  indicated  by  its  use  in  technical 
schools  as  a  test  or  reference  book.  The  A.S.M.E.  Boiler  Code 
is  being  used  as  a  reference  book  at  Stevens  Institute  of  Tech- 
nology at  Hoboken,  N.  J.,  at  Sheffield  Scientific  School  of  Yale 
Univei'sity,  and  in  the  course  in  boiler  design  at  the  Rennselaer 
Polytechnic  Institute  at  Troy,  N.  Y.  At  Rensselaer,  the  Code 
supplements  the  te.xt  and  lecture  notes;  in  the  actual  design 


work  the  requirements  of  the  Code  are  examined  and  the  de- 
sign made  to  meet  the  requirements.  It  is  reported  that  the 
Code  is  also  in  use  at  Virginia  Polytechnic  Institute,  Georgia 
School  of  Technology,  University  of  Texas,  and  The  Tulane 
University  of  Louisiana. 

MEMBERS  FOR  AVL\TION  SERVICE 

Mr.  Raiynal  C.  BoUing,  Commander  Signal  Corps,  National 
Guard,  State  of  New  York,  in  a  letter  addressed  to  the  Society, 
states  that  he  is  especially  desirous  of  securing  men  whose 
professional  training  or  business  occupations  give  them  par- 
ticular qualifications  for  service  in  the  Aviation  Detachment 
of  the  National  Guard.  He  believes  that  among  the  members 
of  the  Am.Soc.M.E.  there  will  be  many  younger  men  who 
would  make  very  desirable  members  of  this  organization,  and 
asks  that  those  who  would  like  to  join  the  Aviation  Detachment 
communicate  with  him  (c/o  U.  S.  Steel  Corp.,  71  Broadway, 
New  York). 

NOTES 

A  cordial  invitation  has  been  received  from  F.  E.  Pierce, 
secretary  of  the  New  York  Section  of  the  American  Institute 
of  Mining  Engineers,  for  the  members  of  the  Society  to  attend 
the  monthly  meetings  of  the  Institute.  These  meetings  are 
scheduled  for  the  evening  of  the  first  Wednesday_  after  the 
first  Tuesday  of  each  month,  from  October  to  May  inclusive. 
The  notices  are  sent  out  to  the  membei's  and  associates  ten 
days  or  two  weeks  in  advance  of  the  date  set,  and  duplicate 
notices  may  be  obtained  in  the  rooms  of  the  A.I.M.E.  It  is 
the  present  custom  to  hold  these  meetings  at  the  Machinery 
Club,  50  Church  St.,  pi-eceded  by  a  dinner  at  6.30  p.m.,  the 
cost  of  which  is  $1.50  per  plate. 


APPLICATIONS  FOR  MEMBERSHIP 


TO  BE  VOTED  ON  MARCH  10,  1916 


Members  are  requested  to  scrutinize  with  care  the  following- 
list  of  candidates  who  have  filed  applications  for  membership 
in  the  Society.  These  are  sub-divided  according  to  the  grades 
for  which  their  ages  qualify  them  and  not  wdth  regard  to  pro- 
fessional qualifications,  i.e.,  the  ages  of  those  under  the  first 
heading  place  them  under  either  Member.  Associate  or  Asso- 
ciate Member,  those  in  the  next  class  under  Associate-Member 
or  Junior,  and  those  in  the  third  class  under  Junior  grade  only. 
Applications  for  change  of  grading  are  also  posted. 


NEW  APPLICATIONS 

FOE  CONSIDERATION  AS  MEilBER,  ASSOCIATE  OB  ASSOCIATE- 
MEIIBER 

Adaiis,  Clarexce  S.,  Draftsman  and  Designer,  Engxg.  Dept., 

Copper  Queen  Cons.  Mining  Co..  Douglas,  Ariz. 

Allex,  J.  S.,  Ch.  Engr.  and  Supt., 

Metropolitan  Dredging  Co.,  New  York 

Andersen,  Oscar  E.,  Mgr.  Chicago  Oft'., 

Wheeler  Condenser  &  Engrg.  Co.,  Chicago,  111. 

Austin,  Harold  R..  Ch.  Engr.,  Clumney  Dept.. 

The  M.  W.  Kellogg  Co.,  New  York 

Banch,  Ladislais  R..  Designing  Engr., 

Corrigan,  McKinuey  &  Co.,  Cleveland,  Ohio 

Billings,  David  L.,  Asst.  Secy,  and  Systematizer, 

Remington  Anns  Co.  of  Delaware,  Eddystone,  Pa. 

Bower,  Clarence  B.,  Efficiency  Engr., 

Carnegie  Steel  Co.,  New  Castle  Wks..  New  Castle,  Pa. 

Cavin,  Gustave,  Asst.  Mech.  Engr., 

Canadian  Locomotive  Co.,  Ltd.,  Kingston,  Ont.,  Canada 


The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  candidates  into  Membership  by  advising  the  Sec- 
retary promptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  AH  correspondence  in  regard  to 
such  matters  is  strictly  confidential,  and  is  solely  for  the  good 
of  the  Society,  which  it  is  the  duty  of  every  member  to  pro- 
mote. The  Candidates  wdl  be  balloted  upon  by  the  Council 
unless  objection  is  received  by  March  10,  1916. 


Charlton,  Richard  C,  Mech.  Engr., 

Henry  Disston  &  Sons, 
Corey,  Varian  S.,  Supt., 

The  Hampden  AVatch  Co., 
Donovan,  William  P.,  Supt., 

Gypsy  Oil  Co., 
Francois,  Richard  G.,  Cons.  Engr., 
Hoffmann,  Karl  F.,  Cons.  Mining  Engr., 
HoLCOMBB,  Ajiasa  M.,  Patent  Lawyer, 

with  Carr  &  Carr,  Attys.-at-Law, 
.JOHN.SON,  Francis  E.,  Jr.,  Ch.  Engr.  and  V. 

The  M.  W.  KeUogg  Co., 
Kingsbury,  W.  P.,  Constr.  Engr., 

Gypsy  Oil  Co., 
May,  Edwin  M., 

with  The  Richardson-Phenix  Co., 
Messer,  Vladimir  V.,  Engr., 

with  P.  R.  Moses  and  Frederick  Pope,  Cons. 
MooNEY,  James  D., 

with  Hyatt  Roller  Bearing  Co.. 


Philadelphia,  Pa. 

Canton,  0. 

Kiefer,  Okla. 
New  York 
New  York 

St.  Louis,  Mo. 

P., 

New  York 

Tulsa,  Okla. 

Milwaukee,  Wis. 

Engrs.,  New  York 

Newark,  N.  J. 


February 
1916 
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MowERY,  Harold  W.,  Carpexter,  Frederick  S.,  Engrg.  Dept., 

American  Abrasive  Metals  Co.,                                  New  York  United  States  Rubber  Co.,                                          New  Y^ork 

Oederlin,  Frederick,  Mem.  Genl.  Management,  Day,  Oscar  L.,  Asst.  Designer, 

Messrs.  Sulzer  Bros.,                           Winterthur,  Switzerland  Harbison- Walker  Refractories  Co.,                 Pittsburgh,  Pa. 

Rhines,  George,  Genl.  Supt.,  Fenton  Paul,  Engr. 

Stanley  G.  Flag  &  Co.,                                                Stowe,  Pa.  Amer.  By-Produet  Moby.  Co.,                                    New  Y'ork 

Roane,  R.  Royal,  Mecb.  Engr.,  Harris,  Murray  W.,  Asst.  to  Dept.  Supt.,  Gun  Shop, 

James  Stewart  &  Co.,  Inc.,  and  Canadian  Stewart  Co.,  Ltd.,  Remington  Amis  &  Ammunition  Co.,          Bridgeport,  Conn. 

New  York  Hoffman,  Armin  S.,  Mecb.  Engr., 

Rogers,  A.  A.,  Pres.,  with  B.  P.  Clapp  Ammonia  Co.,                    Washington,  D.  C. 

Portales  Utilities  Co.,  and  Portales  Pwr.  &  Irrigation  Co.,  Kneass,  Strickland,  Jr.,  Asst.  Steam  Engr., 

Portales,  New  Mex.  Y^oungstown  Sheet  &  Tube  Co.,                       Y^oungstown,  0. 

RoiiANN,  John  H.,  Maintenance  Engr.,  Koch,  William  H.,  Jr.,  Asst.  Supt., 

Amer.  Steel  Foundries,                                    E.  St.  Louis,  III.  A.  &  F.  Brown  Co.,                                   Elizabetbport,  N.  J. 

Sandstrom,  Charles  C,  Mecb.  Engr.,  Mankin,  Clarence  E..  Dist.  Supvr.  of  Service, 

Hunt  Engrg.  Co.,                                                Kansas  City,  Mo.  Studebaker  Corp.  of  America,                                      New  York 

Sladky,  Alexander  C,  Asst.  Supt.,  Patterson,  James  C,  Mecb.  Engr., 

Natl.  Enameling  &  Stamping  Co.,                  Milwaukee,  Wis.  The  Standard  Cotton  Co.  of  Amer.,             Philadelphia,  Pa. 

Starkey,  Lewis  C,  Prof,  of  Mecb  Engrg.,  Shaffner,  Charles  R.,  Steam  Expert, 

Drexel  Inst.,                                                      Philadelphia,  Pa.  Illinois  Steel  Co.,                                                          Joliet,  111. 

Steere,  Robert  E.,  Master  Mecb.  and  Ch.  Engr.,  Smith,  Charles  W.,  Etllcieney  Engr., 

Nashawena  Mills.,                                        New  Bedford,  Mass.  Inspiration  Cons.  Copper  Co.,                               Miami,  Ariz. 

FOR  consideration-  as  associate-member  or  junior  Snavely,  Amos  B.,  Genl.  Engrg.  Wk.. 

Bertram,  H.  Graham,  Mecb.  Engr.  Order  Dept.,  wSer' Edf'ord  m'  ''"'                                         ''''''''''  '''• 

John  Bertram  &  Sons,                            Dundas,  Ont„  Canada  ^.^j^  ^   ^   Sturtevant  Co.,                                   Boston,  Mass. 

DE  Bruyn   Charles  E    Mgr.  of  Efficiency  Instr   Dept,  Wellons,  Charles  M., 

Scientific  Materials  Co                                       Pittsburgh,  Pa.  ^-ith  The  Curtiss  Aeroplane  Co.,                          Buffalo,  N.Y. 

Elmes,  Clyde  C  ,  Ass  .  Supt.  M.  P.  and  Rollmg  Equipment  ^^^^^_  William  C,  Designer, 

Philadelphia  &  Reading  R  Jl.,                                Reading,  Pa.  ^j^^  j^^^j^^^^  Engineering  Corp.,                         Portland,  Me. 

Farrar  John  G..  Asst.  Cb.  Draftsman.  Wilkins,  Charles  N.,  Asst  to  Mgr., 

Mcintosh  cS;  Seymour  Co..                                       Auburn,  JN.X.  r.      j-i-             n     ^     -itt            ttt  u  j.      r< 

Flood,  Henry,  .Jr.,  Cb.  Engr.,  A"'  Conditioning  Dept.,  Warren  Webster  Co. 

Central  Hudson  Gas  &  Elec.  Co.,              Poughkeepsie,  N.  Y.  Camden,  JN.  .1. 

Lynch,  Alrert  S.,  Efficiency  Engr.,  APPLICATIONS  FOR  CHANGE  OF  GRADING 

Winchester  Repeating  Arms  Co.,  New  Haven,  Conn. 

Mervine,  Arthur  E.,  Ch.  of  Service  and  Maintenance  Dept.,  promotion  from  junior 

New  Jersey  Zinc  Co.,  of  Pa.,                              Palmerton,  Pa.  Crawford,  Charles  C,  Mgr., 

Palmer,  Guernsey  A.,  Draftsman,                       -d  «=  ,     xt  v  ^-  ^-  Lockett  &  Co.,  Ltd.,                                    Houston,  Tex. 

J.  P.  Devme  Co.,                                                   Buffalo,  N.Y.  Elliott,  Benjamin  G.,  Assoc.  Prof,  of  Mecb.  Engrg., 

Sheedy,  Michael  M.,Cb.  Insptr..                    p^,.,    ,  ,   .  •     ^  Univ.  of  Nebr,,                                                      Lincoln,  Nebr. 

Penn.Mfrs.  Assoc.  Casijalty  Ins.  Co.,            Philadelphia,  Pa.  rowse,  William  C.  Prof,  of  Mecb.  Engrg., 

Smith,  Edward  W.  G..  Chief  Draftsman,  tt  •        p  tvt     -^  i                                 w-      •          n-        n       j 

American  Steam  Gauge  &  Valve  Mfg.  Co..        Boston,  Mass.  ^  ^niv.  of  Manitoba                             Winnipeg.  Man.,  Canada 

Thomas,  Stephen,  Special  Apprentice,  Singer,  Sidney  C.,  Supt.  of  Distribution, 

Hooven  Owens  Rentscbler  Co.,                          Hamilton,  Ohio  Syracuse  Lighting  Co.,                                     Syracuse,  N.  Y. 

Thompson,  Uldric,  Jr.,  Engr.,  promotion  from  associate-member 

Internatl.  Steel  &  Ordnance  Corp.,                       Parlin,  N.  J.  r  ,„„    n„.„Tt.c.-n'    nu   n^A    v^^^ 

^j                ,„            tr    T        <-■     t            J  T-       ot  J  LiANG,  Charles  \V.,  en.  Urd.  Jiingr., 

VOLKMAR,  Walter  H.,  Investigation  and  iime  Study,  tt   o    en.     j     j   a          r>      t                                     nt       x?-    i 

'%_lt    ,  ' ,      Tj         ^-        \         n                    x^      Tj           n  „„  U-  S.  Standard  Anns  Co.,  Inc.,                                New  York 

Winchester  Repeating  Arms  Co.,                New  Haven,  Conn.  ' 

FOR  consideration  as  junior  SUMMARY 

Betts,  Walter  L.,  Asst.  to  Genl.  Foreman,  Bayonet  Dept.,  New  applications 61 

Remington  Arms  &  Ammunition  Co.,          Bridgeport,  Conn.  Applications  for  change  of  grading: 

Blakeman,  Samuel  P.,  Mech.  Draftsman  &  Designer,  Promotion  from  Junior 4 

The  Terry  Steam  Turbine  Co.,  Hartford,  Conn.  Promotion  from  Associate-Member I 

Bready,  William  M.,  Jr.,  — 

with  The  Kennicott  Co.,  Chicago,  111.  Total 66 

GEOGRAPHICAL    INDEX 

Arizona  Elaahethport — Kocli,    William    H.,    Jr.        Oklahoma 

Dnuglas — Adams.  Clarence  S.  Newtirk — Mooney,  James  D.  Kiefcr — Donovan,  William  P. 

Miami — Smith,  Charles  W.  Parlin — Thompson,    Uldrir,    Jr.  Tulsa — Kingsbury,  W.  P. 

Connecticut  New  Mexico  Pennsylvania 

Bridgeport — Betts.  Walter  L.  Portales — Rogers,  A.  A.  Hershey — Snavely.   Amos  B. 

Harris,    Murray   W.  New  York  EcldifStone — Billings,   David  L. 

Hartford — Blakeman,   Samuel  P.  Auiurn — Farrar,  John  G.  Xew  Castle — Bower,  Clarence  B. 

Netc  Haven — Lynch,  Albert  S.  Buffalo — Palmer,   Guernsey  A.  Palmerton — Mervine.  Arthur  E. 

Volkmar,  Walter  H.  Wellons,   Charles  M.  Philadelphia — Charlton.   Richard   C. 

District  of  Columbia  A'eji'  York — Allen,  J.  S.  Patterson,   James  C. 

Washington — Hoffman,  Armin  S.  Austin,  Harold  R.  Sheedy,  Michael  M. 

Illinois  Carpenter,    Frederick    S.  Starkey.  Lewis  C 

Chicago — .Andersen,  Oscar  E.  Penton.    Paul  Pittsburgh — Day,   Oscar  L. 

Bready,   William  M..    Jr.  Francois,    Richard   G.  de  Bruyn,  Charles  E. 

E.   St.  Louix — R'omann,  Join   H.  Hoffmann.   Karl    F.  Reading — Elmes,  Clyde  C. 

Joliet — Shaffner,  Charles  R.  Johnson,   Francis  E..  Jr.  fitorve — Rhines,   George 

Maine  Lang,   Charles  W.    (A.M.)  Texas 

Portland — White,  William  C.  Mankin,  Clarence  E.  Houston — Crawford,  Charles.  C.    (J.) 

Massacliusetts  Messer,   Vladimir  V.  Wisconsin 

Boston — Smith,  Edward  W.  G.  Mowery.    Harold  W.  Milwaukee — May.  Edwin  M. 

Walter,  Edford  M.  Ronne,   R.   Royal  Milwaukee — Sladky.  Alexander  C. 

Tfeio  Bedford — Steere,  Robert  E.  Poughkeepsie — Flood,   Henrv,   Jr.  Canada 

Missouri  ^practise — Singer,   Sidney  C.    (J,  I  Dundas — Bertram.  H.  Graham 

Kansas   City — Sandstrom,   Charles  C.  Wellons,  Charles  M.  Kingston — Cavin.  Gnstave 

St.  Louis — Holcombe,  Amasa  M.  Oliio  Winnipeg — Rowse,   William  C.    (J.) 

Nebraska  Canton — Corey,   Varian    S.  Switzerland 

Lincoln — Elliott,   Ben],   G,    (J.)  Cleveland — Ranch.   Ladislaus   R.  Winterthur — Oederlin,  Frederick 

New  Jersey  Hamilton — Thomas.  Stephen 

Comdcn— -Wilkins,   Charles  M.  Youngstown — Kneass,    Strickland.    Jr. 


PERSONALS 


'n~'HIS  department  is  intended  for  items  about  members  of  the  Society,  their  professional  work  and  in- 

cide7ils  concerning  them  which  may  be  of  interest  to  the  membership  in  general.     Items  are  solicited 

upon  important  engineering  developments    in    which    me^nbers   have    been  associated,   and  also  newspaper 

clippings  or  manuscripts  of  addresses  delivered  by  members  at  meetings  of  any  kind  are  desired.      It  is  hoped 

that  every  member  of  the  Society  will  furnish  an  interesting  item  occasionally  for  publication  in  the  Journal. 


George  A.  Wieber  has  accepted  the  position  of  chemist  with 
The  Bartlett  Haywood  Comjjany  of  New  York.  He  was  for- 
merly employed  by  the  Westinghouse  Machine  Company,  East 
Pittsburgh,  Pa.,  as  an  engineering  apprentice. 

.John  E.  Taylor,  until  recently  associated  with  the  New 
York  Central  and  Hudson  River  Railroad  Company  at  Canas- 
tota,  N.  Y.,  has  become  identified  with  the  Locomotive  Super- 
heater Company,  New  York,  in  the  capacity  of  draftsman. 

Frank  C.  Clark,  sujierintendent  of  the  Pacific  Locks, 
Panama  Canal,  at  Pedro  Miguel,  Canal  Zone,  has  accepted  a 
]josition  with  the  New  Castle  Construction  Company,  New 
Castle,  Del.,  as  superintendent. 

Le  Roy  HUyard  has  entered  the  employ  of  Edward  G.  Budd 
Manufacturing  Company,  Philadelphia,  Pa.,  as  assistant  engi- 
neer. He  was  until  recently  affiliated  with  the  International 
Steam  Pump  Company  of  Philadelphia,  Pa. 

Ernest  0.  Hickstein  is  no  longer  connected  with  the  Wichita 
Natural  Gas  Company,  Bartlesville,  Okla.,  having  accepted  a 
position  in  the  stoker  dei:)artment  of  the  Westinghouse  Ma- 
chine Company,  East  Pittsburgh,  Pa. 

William  A.  Cowell,  formerly  designer  and  checker  with  the 
Mcintosh  and  Seymour  Corjjoration  of  Auburn,  N.  Y.,  has 
accepted  the  position  of  chief  draftsman  with  the  William  Tod 
Company  of  Youngstown,  0. 

James  W.  Smith  has  recently  severed  his  connection  as 
works  manager  of  the  Wyman  and  Gordon  Company,  drop 
forgers.  Mr.  Smith  was  formerly  connected  with  the  Ameri- 
can Steel  and  Wire  Company  at  Pittsburgh,  Pa. 

William  J.  A.  London  has  accepted  a  position  with  the 
Sterling  Blower  Company,  Hartford,  Conn.,  in  the  capacity  of 
works  manager.  He  was  until  recently  chief  engineer  of  the 
Terry  Steam  Turbine  Company  of  the  same  city. 

Otto  S.  Beyer,  Jr.,  formerly  general  foreman  of  the  Rock 
Island  Lines  at  Horton,  Kan.,  has  become  associated  with  the 
Univei-sity  of  Illinois,  Urbana,  111.,  in  the  railway  engineering 
department. 

Arthur  F.  Murray  has  become  affiliated  with  the  New  Eng- 
land Westinghouse  Company,  Springfield,  Mass.  He  was  until 
recently  equipment  engineer  of  the  Blake  and  Knowles  Steam 
Pump  Works  at  East  Cambridge,  Mass. 

Waldemar  R.  Kremer  was  appointed  general  sales  manager 
of  the  Vilter  Manufacturing  Company,  Milwaukee,  Wis.,  at 
the  recent  meeting  of  the  board  of  directors,  succeeding  the 
late  Fi-ed  Ulrich.  Mr.  Kremer  has  been  connected  with  the 
company  for  nearly  ten  years  as  consulting  electrical  and  me- 
chanical engineer  in  the  sales  department.  In  his  new  capacity 
he  wiU  have  general  charge  of  sales  and  supervision  of  branch 
offices  and  agencies  in  this  and  foreign  countries. 

Walter  N.  Polakov  has  opened  an  office  in  New  York,  for 
the  practice  of  consulting  engineering. 

Paul  M.  Lincoln,  whose  connection  with  the  Westinghouse 
companies  in  their  operating  and  engineering  activities  dates 
back  for  over  23  years,  has  become  associated  with  the  sales 
organization  of  the  Westinghouse  Electiic  and  Manufacturing 
Company  with  the  title  of  commercial  engineer. 

Ervin  G.  Bailey,  who  has  been  associated  with  the  Fuel 
Testing  Company,  Boston,  Mass.,  for  the  past  six  years,  has 
been  made  president  of  the  Bailey  Meter  Company  of  Boston, 


Mass.,  which  has  perfected  a  line  of  recording  and  integrating 
meters  for  measuring  the  flow  of  steam,  water,  air  and  other 
fluids. 

Russell  Huff,  chief  engineer  of  Dodge  Brothers,  Detroit, 
Mich.,  was  elected  president  of  the  Society  of  Automobile  En- 
gineers at  its  annual  midwinter  meeting  in  New  York,  Janu- 
ary 5. 

In  the  January-  20  issue  of  the  American  Machinist  is  pub- 
lished the  first  of  a  series  of  articles  by  Charles  Piez,  on  the 
Personal  Reminiscences  of  James  Mapes  Dodge.  This  article 
deals  with  the  development  of  the  conveying  and  coal  storage 
business  and  covei-s  a  jjeriod  of  Mr.  Dodge's  life  to  about  1900. 

G.  W.  Lewis  and  A.  G.  Cressler  are  co-authors  of  an  article 
on  Empirical  Design  of  Gas-Engine  Piston  Pins  which  appears 
in  the  January  20  issue  of  American  Machinist. 

Elmer  A.  Sperry  is  one  of  the  winners  of  the  medals 
awarded  by  the  American  Museum  of  Safety  for  meritorious 
work  in  promoting  safety  and  conserving  life.  Mr.  Sperrj' 
will  receive  the  Scientific  American  medal  for  his  gyroscopic 
comjjass. 

H.  M.  Byllesbv  has  been  ajjpointed  a  member  of  the  public 
seiwice  corporation  committee  of  the  Investment  Bankers'  As- 
sociation of  America. 

Charles  A.  Stone,  president  of  the  American  International 
Corporation,  New  York,  and  a  member  of  the  firm  of  Stone 
and  Webster  Engineering  Corporation  of  Boston,  Mass.,  has 
been  elected  president  of  the  alumni  council  of  the  Massachu- 
setts Institute  of  Technology. 

Bernard  Lester  has  been  appointed  manager  of  the  small- 
motor  section  of  the  industrial  department  of  the  Westing- 
house Electric  and  Manufacturing  Company. 

Thomas  A.  Edison,  Hon.Mem.Am.Soc.M.E.,  was  the  guest 
of  honor  at  the  thirtieth  annual  bancjuet  of  the  Ohio  Society  of 
New  York  at  the  Waldorf-Astoria  Hotel,  January  15.  Pre- 
paredness for  Defense  was  the  subject  of  addresses  by  Hon; 
Henry  D.  Estabrook,  the  Reverend  S.  Parkes  Cadman,  D.D., 
and  the  Hon.  Josephus  Daniels,  Secretary  of  the  Navy. 

John  L.  Harper,  chief  engineer  for  the  Hydraulic  Power 
Company,  Inc.,  of  Niagara  Falls,  N.  Y.,  has  been  ajipointed 
sui^ervising  engineer  of  the  Niagara  Falls  Grade  Crossings 
Commission. 

F.  H.  Newell,  of  the  department  of  civil  engineering.  Uni- 
versity of  Illinois,  will  be  the  speaker  at  the  annual  dinner  of 
the  Minnesota  Survevors'  and  Engineers'  Societv  on  February' 
11.  ' 

Frederick  W.  Ballard,  formerly  commissioner  and  chief  en- 
gineer of  the  light  and  heat  division  of  the  City  of  Cleveland, 
is  now  connected  with  the  firm  of  F.  W.  Ballard  and  Company, 
engineers,  Cleveland,  0. 

S.  P.  Brown,  chief  engineer  of  the  Mount  Royal  Tunnel  and 
Terminal  Company,  Ltd.,  Montreal,  Canada,  has  contributed 
to  the  Engineering  Record  a  series  of  ai'ticles  on  Tunnel  Drill 
Carriages — Their  Economic  Possibilities.  The  first  and  sec- 
ond articles,  which  appear  in  the  January  8  and  January  15 
issues,  discuss  the  evolution  of  the  drill  carriage  and  the 
adaptation  of  European  and  American  ideas  to  an  advanced 
tvpe  of  heading  carriage  used  in  the  Mount  Royal  Tunnel. 
The  third  and  last  article,  which  is  published  in  the  .January 
22  issue,  deals  with  the  work  done  by  unique  types  of  drill 
carriage  for  bench  work  and  trimming. 
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George  W.  BisseU,  dean  of  engineering  of  Michigan  Agri- 
cultural College,  East  Lansing,  Mich.,  was  elected  president  of 
the  Michigan  Engineering  Society  at  the  January  18-20  con- 
vention in  Grand  Rapids. 

W.  B.  Goentner,  formerly  assistant  engineer  of  the  De- 
partment of  Water  Supply,  Gas  and  Electricity  of  New  York 
City,  has  been  appointed  superintendent  of  the  factory  of  the 
McCabe  Chemical  Company  at  Charlotte,  N.  C. 

John  A.  Mathews,  president  of  the  Halcomb  Steel  Company, 
Syracuse,  N.  Y.,  addressed  the  Chicago  section  of  the  Ameri- 
can Institute  of  Mining  Engineers,  January  14,  on  Iron  in 
Antiquity  and  To-Day. 

L.  A.  Perkins,  mechanical  engineer  at  the  Addyston,  0., 
works  of  the  United  States  Cast  Iron  Pipe  and  Eoundry  Com- 
pany, has  been  made  assistant  superintendent  of  the  com- 
jiany's  plant  at  Bessemer,  Ala. 

Werner  Nygren  has  withdrawn  from  the  firm  of  Nygren, 
Tenney  and  Ohmes,  New  York,  and  has  established  independ- 
ent offices  for  the  practice  of  consulting  engineering  in  steam 
power,  heating  and  ventilating  installations  at  101  Park  Ave- 
nue, New  York. 

Arthur  L.  Jennings  has  retired  as  president  and  general 
manager  of  the  Kussell-Jennings  Manufacturing  Company  of 
Chester,  Conn. 

William  R.  Blair,  formerly  works  manager  of  the  Landis 
Machine  Company,  St.  Louis,  Mo.,  has  accepted  a  similar  po- 
sition with  the  Measuregraph  Company  of  St.  Louis,  Mo., 
makers  of  a  yardage  measuring  instrument  for  stores  and 
warehouses. 

Walter  B.  Snow  and  staff,  advertising  agents  and  publicity 
engineers  of  Boston,  Mass.,  have  added  to  their  organization. 
Charles  W.  Burrage,  formerly  instructor  in  mechanical  engi- 
neering at  the  Massachusetts  Institute  of  Technology  and  as- 
sociated with  the  F.  W.  Dodge  Company  in  connection  with 
the  preparation  of  Sweet's  Index. 

E.  Gybbon  Spilsbury  was  elected  president  of  the  Engi- 
neers' Club  of  New  York  on  January  2.5. 

Jos.  C.  Regan  has  accepted  a  position  with  tlie  Timlven-De- 
troit  Axle  Company  of  Detroit,  Mich.,  as  general  factory  man- 
ager. He  was  until  recently  assistant  general  sujDerintendent 
of  the  Yale  and  Towne  Manufacturing  Company,  Stamford, 
Conn. 

Milton  R.  Jonas  has  become  associated  with  the  Allegheny 
By-Products  Company  of  Glassport,  Pa. 

Arthur  C.  Men-ill,  until  recently  connected  with  the  Bureau 
of  Water,  Department  of  Public  Works  of  Philadelphia,  Pa., 
in  the  capacity  of  district  engineer,  has  accepted  a  position 
with  the  E.  I.  du  Pont  de  Nemours  and  Company  at  Carneys 
Point,  N.  J.,  as  assistant  supervisor  of  production. 

George  B.  Kaley,  formerly  employed  by  the  Taylor-Whar- 
ton Iron  and  Steel  Company,  High  Bridge,  N.  J.,  as  chief 
draftsman,  has  become  affiliated  with  the  Ross  Rifle  Company 
of  Quebec,  Canada. 

George  W.  Scott  has  become  connected  with  the  H.  H. 
Tranklin  Manufacturing  Company,  Syracuse,  N.  Y.,  as  plant 
engineer.  He  was,  until  recently,  identified  with  the  Fault- 
less Rubber  Company  of  Ashland,  0.,  having  had  charge  of 
the  mechanical  department. 

NECROLOGY 

FRANCIS    WINTHROP    SCARBOROUGH 

Francis  Winthrop  Scarborough  was  born  in  Cincinnati, 
Ohio,  on  September  6,  1865.  He  received  his  preparatory  edu- 
cation in  the  public  schools  of  Cincinnati  and  graduated  from 
the  Rensselaer  Polytechnic  Institute  in  1888.  Soon  after  this, 
he  entered  the  service  of  the  Chesapeake  and  Ohio  Railway 
Company  as  engineer,  from  which  service  he  resigned  in  1908. 


While  with  the  railway  he  became  Engineer  of  Bridges  and 
Signals  and  at  the  time  he  resigned  was  Chief  Engineer  of 
Maintenance  of  Way  and  Structures.  Immediately  after  his 
resignation  he  became  actively  engaged  in  the  operation  of 
coal  mines  in  the  New  River  region  of  the  Chesapeake  and  Ohio 
Railway  Company.  Here  he  held  the  position  of  General 
Superintendent  in  charge  of  the  operation  and  development  of 
eight  coal  companies  controlling  30,000  acres  of  coal  land  and 
siiipping  at  that  time  over  one  million  tons  annually. 

He  was  a  member  of  the  American  Society  of  Civil  En- 
gineers, American  Institute  of  Mining  Engineers,  American 
Society  for  Testing  Materials,  and  American  Railway  Asso- 
ciation.   He  became  a  member  of  the  Society  in  1905. 

Mr.  Scarborough  died  in  New  York  City  on  December  24, 
1915. 

RAFAEL   ESTRADA 

Rafael  Estrada  was  born  hi  Havana,  Cuba,  on  October  19, 
1810.  He  received  his  early  education  in  Cuba  and  later  went 
to  Lowell,  Mass.,  where  he  was  instructed  privately.  Durmg 
1855  and  1856  he  served  an  apprenticeship  in  tlie  machine  shop 
of  William  Sellers  &  Company,  of  Philadelphia,  and  then  re- 
sumed his  studies  in  Cuba.  In  1860  he  entered  the  Southwark 
Foundry  &  Machine  Company  as  an  apprentice  and  rapidly 
rose  to  the  position  of  erecting  engineer,  having  charge  of  the 
erection  and  starting  of  sugar  mills  on  several  of  the  large 
plantations  in  Cuba  and  the  Facala  Refinery  in  Peru,  S.  A. 
In  1870  he  became  manager  of  the  Grocers  Sugar  House  in 
Philadelphia,  and  remained  there  until  the  house  was  closed  in 
1891.  In  1892  he  took  charge  of  the  sugar  business  of  Bea 
BeUido  &  Company  in  Cuba,  for  whom  he  designed,  completed 
and  managed  a  molasses  sugar  house.  From  1897  to  1904  he 
owned  and  operated  zinc  and  lead  mines  in  Joplin,  Mo.,  but  in 
1904  he  resumed  his  activities  in  the  Cuban  sugar  industry, 
During  this  time  he  was  active  in  the  reconstruction  and  man- 
agement of  sugar  mills  on  several  large  ])lantations  and  was 
retained  as  consulting  engineer  on  several  others. 

Mr.  Estrada  became  a  member  of  this  Society  in  1904.  He 
died  at  his  home  in  Cuba  on  December  26,  1915. 

WILLIAM    H.    DOANE 

Dr.  William  H.  Doane  was  born  near  Norwich,  Conn.,  on 
February  3,  1832.  He  received  his  early  education  at  Wood- 
stock Academy  in  Connecticut,  and  later  went  to  Cincinnati, 
where  he  took  an  active  part  in  business  and  religious  affairs. 
He  was  president  of  the  J.  A.  Fay  &  Co.,  wood  machinery 
makers,  for  many  years,  and  when  the  firm  was  consolidated 
with  the  Egan  Company  he  relinquisjied  his  connection  with  the 
enterprise.  At  the  Paris  Exposition  in  1889,  Dr.  Doane  was 
one  of  the  three  Americans  to  receive  an  award  of  honor.  His 
exhibit  of  woodworking  machinery  was  one  of  the  features  of 
the  display  in  the  French  capital. 

Dr.  Doane's  chief  interest  was  music.  He  was  granted  the 
degree  of  Doctor  of  Music  and  wrote  many  compositions.  His 
great  interest  in  harmony  caused  him  to  take  an  extensive  trip 
to  many  lands  and  in  his  world  journey  he  collected  marvelous 
groups  of  instruments.  The  collection  aroused  considerable 
interest  among  music  lovers  and  Dr.  Doane  presented  it  to  the 
Cincinnati  Art  Museum,  where  it  is  preserved. 

He  was  elected  to  membership  in  the  Society  in  1885.  He 
was  President  Emeritus  of  the  American  Baptist  Publishing 
Company  of  Philadelphia,  Trustee  of  Denison  University, 
Granville,  Ohio,  and  was  affiliated  with  a  number  of  religious 
societies. 

He  died  at  the  home  of  his  daughter  in  South  Orange,  N.  J., 
on  December  23,  1915. 


LOCAL  MEETINGS 


/T  is  of  the  highest  impurlauce  in  the  derclupment  uf  tin- 
monthly  meetings  of  the  Society,  both  of  the  Local  Sec- 
tions and  of  the  Student  Branches,  that  comprehensive  reports 
of  these  meetings  be  published  in  The  Journal  regularly. 
Secretaries  of  the  sections  and  student  branches  are  urged  to 
make  every  effort  to  get  the  complete  reports  of  their  meet- 
ings to  this  office  as  quickly  as  possible  after  the  meetings  are 
held,  and  also  where  possible,  copies  of  the  papers  presented 
should  be  sent  in;  if  desired,  the  copy  of  the  paper  will  be 
returned  after  exaniination.  The  reports  of  meetings  in  order 
to  appear  in  the  next  issue  of  The  Journal  must  be  received 
in  this  office  before  the  18th  of  the  month. 

LOCAL  SECTIONS 

ATLANTA,  NOVEMBER  22 

On  November  22,  1915,  the  Affiliated  Technical  Societies  of 
Atlanta  held  a  meeting  at  which  Mr.  Speller  of  the  National 
Tube  Works  of  McKeesport,  Pa.,  gave  a  lecture  on  Steel  Mak- 
ing from  the  Ore  to  the  Finished  Product.  His  lecture  was 
illustrated  with  moving  picture  films  showing  the  manufacture 
of  the  steel  company's  product. 

J.  E.  Latta  of  the  Underwriter's  Laboratory  of  Chicago,  111., 
presented  moving  picture  illustrations  of  the  testing  work  of 
the  laboratory  and  gave  a  discussion  of  the  pictures  as  they 
were  shown. 

MILWAUKEE,  DECEMBER  15 

At  a  meeting  of  the  Milwaukee  Section,  held  on  December 
15,  W.  B.  Hanlon,  Consulting  Engineer,  President  of  the 
Cleveland  Engineering  Society,  gave  an  address  of  The  Rela- 
tionshijj  That  Should  Exist  Between  the  Engineers'  Society 
and  the  Administration  of  Municipal  Affairs.  To  illustrate 
his  subject,  Mr.  Hanlon  took  as  an  example  the  Cleveland  En- 
gineering Society  and  cited  some  instances  of  its  activities  in 
matters  of  public  policy. 

At  the  late  November  election,  three  important  ordinances 
relating  respectively  to  the  j)roposed  New  Union  Station, 
which  involved  the  exchange  of  city  property  with  one  of  the 
railroad  companies;  four  track  freight  subway  extending 
across  the  city  under  East  55th  Street,  embracing  a  harbor 
terminal  on  the  Lake  front,  and  the  Cleveland  and  Youngs- 
town  rapid  transit  terminal,  which  embraced  the  closing  up 
of  several  streets  and  the  establishment  of  a  large  freight 
tenninal  on  the  level  with  the  city's  principal  warehouse  and 
wholesale  district,  were  submitted  to  a  referendum  vote  of  the 
membership  of  the  society.  About  two  weeks  before  the  elec- 
tion a  meeting  was  held  at  which  each  one  of  the  projects  was 
presented  by  the  respective  engineers  and  discussed,  and  after- 
wards a  general  discussion  took  place,  with  the  result  that  on 
election  day  each  ordinance  was  approved. 

Another  ease  was  that  in  which  a  society  in  southern  Cali- 
fornia requested  the  Cleveland  Society  to  join  it  in  recommend- 
ing to  the  Government  a  change  in  the  weather  observation 
stations  in  that  State.  As  the  result  of  a  request  to  the  Gov- 
ernment for  information,  an  observer  at  the  Cleveland 
Weather  Station  and  another  from  the  Washington  Office  of 
the  U.  S.  Geological  Survey  presented  papers  at  a  meeting  of 
the  society  giving  data  showing  why  the  present  location  of 
the  stations  was  of  best  value  to  the  State. 


As  a  further  index  of  the  soeietj''s  connection  with  munic- 
ipal affairs,  shortly  after  the  election  of  the  present  Mayor,  a 
letter  was  addressed  to  him  recommending  that  the  depart- 
ments handling  engineering  cjuestions  be  headed  by  engineers. 

In  conclusion,  Mr.  Hanlon  stated  that  the  training  of  the 
engineer  fits  him  naturally  either  for  official  or  advisorj'  ser\'- 
ices  in  the  economical  administration  of  the  departments  of 
a  municipality,  and  it  is  not  going  beyond  the  confines  of  the 
re<|uirements  of  public  opinion  to  predict  that  soon  all  munic- 
ipal activities  will  be  placed  under  strict  professional  super- 
vision. 

ST.  LOUIS,  DECEMBER  18 

The  St.  Louis  Section  of  the  Am.Soc.M.E.  held  a  very  suc- 
cessful fellowship  dinner  at  the  American  Hotel  Annex  on 
December  18.  The  speaker  of  the  evening  was  Paul  Brown 
of  the  St.  Louis  Bepublic,  who  spoke  on  The  Economic  Devel- 
opment of  the  American  Railway.  At  the  close  of  Mr.  Brown's 
remarks  a  roll  call  was  held  and  each  man  stated  briefly  what 
work  he  is  now  engaged  in,  and  several  members  gave  in- 
teresting short  talks.  About  forty  members  and  guests  were 
present. 

BUFEALO,  JANUARY  5 

At  a  meeting  of  the  Buff'alo  Engineering  Society  on  Janu- 
ary 5,  Dr.  John  A.  Mathews,  Mem. Am.Soc.M.E.,  and  presi- 
dent and  general  manager  of  the  Halcomb  Steel  Company,  of 
Syracuse,  gave  a  talk  on  Iron  in  Antiquity  and  Today.  He 
said  that  iron  was  probably  in  use  some  5,000  yeai-s  ago,  and 
that  Asia  and  India  were  probably  the  places  where  iron  was 
first  used. 

From  Belgium,  he  said,  came  the  first  steel  rails  and  the 
first  locomotive.  The  world  owed  much  to  the  scientific  ad- 
vances made  by  the  metallurgists  of  England.  In  America 
little  attention  had  been  paid  to  the  scientific  side;  more  time 
had  been  devoted  here  to  mining  and  manufacture  of  iron  and 
steel  products. 

Dr.  Mathews  called  attention  to  the  advances  in  the  indus- 
try being  made  in  China,  Japan  and  India,  in  which  countries 
evidently  remarkable  iron  works  are  in  operation.  He  said 
also  that  the  introduction  on  the  Pacific  Coast  of  America  of 
iron  and  steel  products  from  Asia  was  a  direct  challenge  to 
American  industry. 

Thos.  E.  Durban,  chairman  of  the  American  Uniform  Boiler 
Law  Society,  described  the  A.S.M.E.  Boiler  Code  and  urged 
the  members  present  to  use  their  influence  to  have  the  Code 
adopted  by  New  York  State. 

BOSTON,  JANUARY  14 

At  a  meeting  of  the  Boston  Section  of  the  Am.Soc.M.E.  on 
Januarj'  14,  Dr.  Ira  N.  HoUis,  Mem.Am.Soc.M.E.,  and  presi- 
dent Worcester  Polytechnic  Institute,  gave  an  address  on 
Naval  Lessons  of  the  Great  War  for  America,  and  gave  an 
analysis  of  the  elements  that  make  up  a  fighting  fleet,  includ- 
ing the  submarine  and  the  aeroplane,  the  battleship,  the  arm- 
ored cruiser,  and  the  scout,  and  described  methods  of  destroy- 
ing them. 

Dr.  HolKs  pointed  not  only  to  the  necessity  but  also  to  the 
inevitableness  of  preparedness.  He  spoke  in  disfavor  of  pro- 
hibitive regulations  in  the  Navy,  considering  that  such  were 
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not  necessary  except  in  the  case  of  certain  plans  and  devices 
that  need  to  be  kept  secret.  He  also  commented  on  the  fre- 
quent faihire  to  give  publicity  to  naval  matters  with  the  proper 
accuracy,  stating  that  this  lack  of  care  sets  up  an  undesirable 
screen  between  the  people  and  the  Navy.  He  advocated  co- 
ordination in  the  various  Navy  Departments,  and  also  such 
education  of  enlisted  men  as  would  increase  their  morale  and 
make  them  contented  and  valuable  units  in  the  service. 

CHICAGO,  JANUARY  14 

At  n  meeting  of  the  Chicago  Section,  January  14,  P.  A. 
Boeek,  mechanical  engineer  of  the  Kieselguhr  Company  of 
America,  presented  a  paper  on  High  Temperature  Insulation. 
H.  M.  Montgomery,  Chairman  of  the  Section,  presided  and 
introduced  the  sjieaker. 

Mr.  Boeek  said  that  the  problem  of  prevention  of  heat  losses 
has  been  the  subject  of  considerable  investigation  in  certain 
industries,  more  especially  in  the  applications  of  cold  storage 
installations  and  of  steam  lines.  He  reviewed  the  mechanics 
of  heat  flow,  the  requirements  of  insulators,  the  amount  of  in- 
sulation necessary,  and  other  phases. 

He  then  described  the  insulating  properties  of  Celite,  a 
siliceous  mineral  occurring  on  the  Pacific  Coast  in  practically 
a  pure  state.  It  contains  numerous  hollow  cells,  and  weighs 
in  its  natural  rock-form,  air-dried,  from  25  to  30  lb.  per  cu. 
ft.  Wlien  ground  properly,  it  weighs  8  lb.  per  eu.  ft.,  and 
has  a  thermal  insulating  power  about  equal  to  that  of  cork,  or 
from  9  to  10  times  that  of  ordinary  firebrick;  the  ground  ma- 
terial is  called  Sil-0-Cel  powder.  He  concluded  with  exam- 
ples of  the  use  of  this  material. 

A  brief  discussion,  complimentary  to  the  speaker,  followed 
the  ]iresentation  of  the  paper. 

LOS  ANGELES,  JANUARY  18 

About  30  members  attended  the  meeting  of  the  Los  Angeles 
Section  held  on  .January  18.  W.  W.  Smith  reported  on  his 
trip  tn  the  Conference  of  Local  Sections  in  New  York,  ex- 
plaining to  the  members  in  a  general  way,  certain  proposed 
changes  in  the  method  of  handling  Society  affairs. 

The  question  of  affiliation  and  cooperation  with  the  local 
sections  of  similar  organizations  was  very  ably  discussed  by 
various  members.  It  was  further  proposed  to  attempt  the 
formation  of  an  Engineers'  Club  in  Los  Angeles,  this  club 
taking  in  the  various  technical  societies. 

Following  this  discussion,  F.  W.  Harris,  Mem.Am.Soc.M.E., 
talked  briefiy  on  the  subject  of  Patents,  outlining  the  general 
theory  and  jirocedure  in  handling  patent  cases,  and  the  gen- 
eral defects  of  the  patent  system  which  is  in  operation  at  the 
present  time. 

ST.  LOUIS,  JANUARY  19 

A  joint  meeting  open  to  all  the  Associated  Engineering  So- 
cieties was  held  at  the  Engineers'  Club  of  St.  Louis  on  .Janu- 
ary 19.  Carl  Barth,  Mem.Am.Soc.M.E.,  spoke  on  Certain 
Phases  of  Scientific  Management  of  Machine  Shops.  He  paid 
tribute  to  the  work  of  the  late  Dr.  Frederick  Taylor,  and  em- 
phasized particularly  the  necessity  of  standardization  of  equip- 
ment before  attempting  so-called  efficiency  work  in  any  of  its 
branches.  Attention  was  called  to  the  possibilities  of  the  ap- 
plication of  mathematics  to  nearly  all  machine  shop  problems. 
Mr.  Barth  was  for  many  years  Dr.  Taylor's  principal  assist- 
ant in  the  efficiency  movement,  and  is  one  of  the  foremost  ex- 
perts on  machine  shop  efiBeiency  in  this  country.  Previous  to 
the  meeting,  an  informal  dinner  was  tendered  Mr.  Barth  and 
his  friend.  Dr.  Rover,  at  the  West  End  Hotel. 


STUDENT  BRANCHES 

CASE  SCHOOL  OF  APPLIED    SCIENCE 

The  December  meeting  of  the  Case  School  of  Applied 
Science  Student  Branch  was  held  on  the  fifteenth  of  the  month. 
F.  R.  Hutchinson,  of  the  East  Ohio  Gas  Company,  gave  a 
paper  on  Gas  for  House  Heating,  which  covered  the  cost  and 
apjilication  of  heating  homes  by  gas.  Figures  showing  the 
comparative  costs  of  operation  of  the  different  systems  used 
were  presented,  together  with  illustrations  of  the  houses  where 
tlie  tests  were  performed,  and  the  various  forms  of  heating 
plants  on  whicli  the  figures  were  based. 

The  January  meeting  of  the  branch  was  held  on  the  fifth. 
Following  a  supper,  J.  H.  Stratton.  Mem.Am.Soc.M.E.,  of  the 
Wellman-Seaver-Morgan  Co.,  gave  an  illustrated  talk  on  Ore 
Unloading  Machinery  on  the  Great  Lakes.  Mr.  Stratton  re- 
viewed the  history  of  the  ore  business  and  gave  statistics  show- 
ing the  increase  in  ore  shipments  from  the  start  down  to  the 
present  time,  showing  how  the  meager  means  of  transporta- 
tion in  early  times  were  soon  replaced.  From  the  horse  and 
wagon,  down  to  the  Hulett  unloader  of  to-day,  the  various 
appliances  used  were  shown.  Details  of  many  types  of  grab- 
buckets  were  given,  and  their  advantages  and  disadvantages 
summarized.  The  speaker  then  told  of  the  many  ways  in 
which  the  late  Alexander  Brown  had  advanced  the  methods 
of  ore  unloading,  and  closed  his  talk  with  a  short  summary 
of  the  great  transportation  problems  of  the  future. 

COLORADO  AGRICULTURAL  COLLEGE 

A  meeting  of  the  Colorado  Agricultural  College  Student 
Branch  was  held  on  January  10,  at  which  N.  L.  Chatfield,  a 
travelling  engineer  connected  with  the  Great  Western  Sugar 
Company,  gave  an  interesting  talk  on  the  Manufacture  of 
Sugar  from  the  Mechanical  Standpoint.  In  his  discussion 
pieces  of  apparatus  used  and  in  many  cases  the  construction 
of  each  were  described,  and  a  review  of  all  the  processes  was 
given. 

COLUMBIA  UNIVERSITY 

A  meeting  of  the  Student  Branch  of  Columbia  University 
was  held  on  .January  14,  at  which  Neil  MacCoull,  Jr.,  gave  a 
talk  on  Aeroplane  Design.  With  the  aid  of  a  number  of  lan- 
tern slides,  he  showed  the  development  of  the  modem  type  of 
aeronautical  machine,  and  described  the  design  of  its  various 
jiarts. 

He  said  that  in  military  uses  the  climbing  speed  is  often  of 
more  importance  than  the  horizontal  speed.  The  depth  of  the 
wing  determines  the  lifting  power.  In  body  design  two  factors 
are  determining  ones;  wind  resistance  is  a  very  important 
factor,  and  for  military  use  the  position  of  the  guns  and 
their  angle  of  fire  are  of  extreme  importance.  As  to  engine 
design,  recent  developments  have  shown  that  the  stationary, 
water-cooled  cylinder  engine  is  the  best  for  machines  that  are 
to  make  flights  of  more  than  about  two  hours. 

LEHIGH  UNIVERSITY 

On  December  15.  the  engineering  societies  of  Lehigh  held 
a  joint  meeting,  at  which  R.  S.  Perry,  president  of  the  Alumni 
Association  of  the  University,  spoke  on  the  Function  of  Engi- 
neering and  Industrial  Activities  as  Coefficients  of  Prepared- 
ness. He  said  that  there  is  a  vast  difference  between  modern 
and  earlier  warfare.  Men  reared  in  the  Navy  and  the  Army, 
and  who  have  trained  themselves  for  war,  had  an  idea  of  what 
modern  war  would  be  like,  but  their  wildest  imagination  never 
reached  what  we  are  beginning  to  realize  modern  warfare  is. 
Former  wars  were  small  affairs  compared  with  the  present. 
In  our  own  Civil  War  the  armies  went  into  winter  quarters, 
while  now  fighting  is  carried  on  through  the  winter.  Former 
wars  used  only  a  fraction  of  the  explosives  which  are  used  to- 
day. The  food  supply  was  heretofore  obtained  from  entirely 
local  sources.  Through  the  present  war  there  has  been  an 
abnormal  drain  on  normal  industries,  and  also  on  abnormal 
ones,  such  as  industries  making  munitions.  He  then  cited  ex- 
amples to  show  the  effects  of  the  European  war  on  the  indus- 
tries of  the  great  nations. 
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LEL.\ND  STANFORD  UNIVERSITY 

At  a  meeting  of  the  Lelaiul  Stanford  University  Student 
Branch  hekl  on  December  1,  Horner  Ling  read  a  very  inter- 
esting paper  on  Mechanical  Kailway  Signals,  in  which  he 
discussed  the  development  of  various  types  of  railroad  sema- 
phore signalling  devices,  and  described  the  signal  practice  of 
various  railway  companies  and  the  form  of  signals  which  they 
use.  He  explained  also  the  working  of  the  block  system  used 
by  the  Southern  Pacific  Eailroad,  both  for  single  and  double 
track  senice. 

MASSACHUSETTS  INSTITUTE    OF    TECHNOLOGY 

At  a  meeting  of  the  Student  Branch  of  the  Massachusetts 
Institute  of  Technology  held  on  January  5,  Clarence  B. 
Sawyer,  salesman  for  the  Dodge  Sales  and  Engineei-ing  Com- 
pany, addressed  the  members  on  Rope  Drive,  laying  special 
emphasis  on  the  comparative  merits  of  the  American  and  Eng- 
lish systems. 

PENNSYLVANIA  STATE  COLLEGE 

A  meeting  of  the  Student  Branch  of  the  Pennsylvania  State 
College  was  held  on  January  13,  at  which  the  following  officers 
were  elected :  G.  Jeffery,  president ;  0.  L.  Stevens,  vice-presi- 
dent, and  G.  S.  West,  secretary. 

POLY'TECHNIC  INSTITUTE    OF    BROOKLYN 

The  Student  Branch  of  the  Polytechnic  Institute  of  Brook- 
lyn held  a  very  interesting  and  instructive  meeting,  at  which 
a  lecture  was  given  by  J.  J.  Ruckes,  Jr.,  Mem. Am.Soc.M.E., 
on  the  Manufacture  of  Paper  and  Wood  Pulp.  The  talk  dealt 
with  the  production  of  medium  quality  paper  such  as  is  used 
for  ordinary  commercial  work.  The  lecturer  described  the  two 
principal  methods  of  preparing  the  wood  pulp  and  the  most 
widely  accepted  process  of  turning  it  into  paper. 

The  raw  materials  usually  consist  of  poplar,  spruce,  or  pine 
trees,  while  for  some  cheaper  grades  various  straws  and  bam- 
boos are  used.  Entering  the  pulp  mills,  the  wood  is  cut  into 
2-ft.  lengths,  separated  from  the  bark,  and  ground  or  crushed 
by  chippers.  The  crushed  wood  is  then  screened  to  remove 
knots  and  slivers.  The  refuse  and  waste  from  these  operations 
are  used  as  fuel  for  the  furnaces.  There  are  two  methods  of 
preparing  the  pulp,  the  sulphite  method  utilizing  sulphurous 
acid,  and  the  soda  process  using  caustic  soda.  The  finished 
pulp  is  placed  in  a  beater  and  mi.xed  with  the  requisite  color- 
ing matter,  sizing  and  clay.  The  latter  is  introduced  to  give 
the  paper  weight  and  good  inking  qualities.  The  pulp  then 
passes  through  a  refiner  and  screen  to  a  Fourdrinier  machine 
containing  a  wire  cylinder  over  which  the  pulp  plays.  This 
separates  much  of  the  water.  The  layer  of  pulp  issuing  from 
this  machine  is  next  pressed  and  passed  through  dryers,  which 
further  reduce  the  moisture  contents.  The  final  operations 
consist  of  calendering  and  winding.  It  has  been  estimated 
that,  in  paper  making,  it  requires,  for  the  various  operations, 
56,000  gallons  of  water  to  prepare  one  ton  of  finished  product. 

The  lecture  was  illustrated  by  slides  and  photographs,  and 
samples  of  pulp  and  paper  were  exhibited. 

PUEDUE  UNIVERSITY 

A  meeting  of  the  Pui-due  University  Student  Branch  was 
held  on  January  11.  Thomas  T.  Eyre,  Mem.Am.Soe.M.E.  and 
head  of  the  Engine  and  Boiler  Department  of  the  University, 
spoke  on  the  Effects  of  Early  Cut-oft"  upon  AYire  Drawing  in 
Steam  Engines.  Professor  Eyre  has  arrived  at  the  results  he 
gave  after  much  work,  involving  a  great  number  of  experi- 
ments. He  illustrated  his  lecture  by  means  of  Zeuner  and 
other  valve  diagrams,  sample  indicator  cards,  velocity  curves, 
and  different  types  of  governors. 

STATE  UNIVERSITY  OF  KENTUCKY 

At  a  meeting  of  the  State  University  of  Kentucky  Student 
Branch  on  January  14,  the  report  of  the  Chicago  Association 
of  Commerce  Committee  on  Investigation  of  Smoke  Abate- 
ment and  Electrification  of  Railwav  Terminals  was  discussed. 
W.  H.  Dix,  M.  G.  Horton,  A.  B.Huff,  R.  E.  Hundley  and 
Miss  Margaret  Ingels  presented  an  outline  of  the  report  giv- 
ing the  reasons  for  making  the  investigation,  the  data  secured, 
the  results  obtained  as  shown  graphically,  and  the  conclusions 


drawn  from  these  factors.  This  report  is  especially  interest- 
ing to  the  seniors,  who  make  annually  an  inspection  trip  to 
Chicago  and  vicinity.  The  information  given  in  it  on  the 
industrial  and  transportation  conditions  in  Chicago,  the  prob- 
lem of  purifying  the  atmosphere  and  the  solution  of  the  Chi- 
cago transporation  difficulties,  are  all  of  great  interest  in  in- 
structing them  as  to  what  to  look  for  on  the  inspection  trip. 

UNIVERSITY  OF   MICHIGAN 

The  University  of  Michigan  Student  Branch  held  a  "  get- 
together  "  smoker  on  December  3,  at  which  a  concentrated 
effort  was  made  to  increase  the  membership  of  the  branch. 
Prof.  J.  R.  Allen  and  W.  F.  Verner,  Members  of  the 
Am.Soc.M.E.,  each  gave  short  talks  on  the  benefits  of  mem- 
bership in  the  Society  and  the  advantages  of  meeting  members 
of  the  mechanical  engineering  profession. 

Commander  J.  H.  Rowen,  U.  S.  N.  (retired),  gave  a  paper 
in  which  he  discussed  a  new  kinetic  theory  of  the  relations  of 
spectra  to  each  other,  and  told  of  the  work  being  done  to  dis- 
cover waves  connecting  the  light  and  heat  spectra. 

On  December  17.  H.  H.  Esselstyn.  Mem.Am.Soe.M.E.,  and 
chief  construction  engineer  for  the  Eastern  Michigan  Edison 
Co.,  gave  a  talk  on  Reminiscences  of  Engineering  Work. 
Afterwards  Mr.  Esselstyn  discussed,  in  answer  to  questions, 
some  of  the  tentative  plans  for  additions  to  the  Connors  Creek 
Plant  of  the  Detroit  Edison  Company,  including  the  installa- 
tion of  a  40,000  kw.  Curtiss  turbine. 

UNIVERSITY  OF  MINNESOTA 

The  regular  meeting  of  the  University  of  Minnesota  Student 
Branch  was  held  on  January  8,  at  which  the  following  officers 
were  elected:  G.  A.  Ek,  president:  I.  L.  Johnson,  correspond- 
ing secretary;  C.  Swenson.  recording  secretary,  and  C.  I. 
Guggisberg,  treasurer. 

Prof.  W.  H.  Kavanaugh,  Mem.Am.Soc.M.E.,  and  head  of 
the  experimental  engineering  department  of  the  University, 
gave  an  address  on  the  Annual  Meeting  of  the  Society,  1915. 

UNIVERSITY  OF  MISSOURI 

The  regular  meeting  of  the  University  of  Missouri  Student 
Branch  was  held  on  December  2.  Prof.  E.  R.  Hedrick,  of  the 
Mathematics  Department  of  the  University,  spoke  on  Graph- 
ical Analysis.  He  discussed  prmcipally  the  straight  line 
graph,  particularly  that  plotted  on  logarithmic  paper.  He 
demonstrated  the  value  of  logarithmic  paper  for  finding  the 
correctness  of  assumed  equations  for  empirical  curves.  He 
pointeil  out  that  it  was  easier  to  tell  whether  points  lay  on  a 
straight  line,  when  plotted  on  logarithmic  paper,  than 
whether  they  conform  to  a  certain  curve  when  plotted  on 
Common  coordinates. 

At  a  meeting  of  the  branch  on  January  6,  the  subject  of 
Different  Types  of  Present  Automobile  Construction  was  dis- 
cussed by  F.  Nelson  Westcott,  I.  0.  Royse,  R.  M.  Lotz  and 
Fred  P.  Hutchinson.  The  various  types  of  motors,  including 
the  four-  and  six-cylinder,  etc.,  and  the  Knight  motor  were 
discussed  and  compared.  The  new  model  Stanley  steamer  car 
was  diagnosed  and  compared  with  former  steam  ears  and  with 
present  gasoline  cars  with  which  it  has  to  compete. 

UNIATIRSITY  OF  NEBRASKA 

A  meeting  of  the  University  of  Nebraska  Student  Branch 
was  held  on  December  7.  Prof.  C.  L.  Dean,  Associate  Pro- 
fessor of  Mechanical  Engineering  of  the  University,  gave  a 
most  interesting  lecture  on  the  Development  of  the  Modern 
Locomotive. 

Professor  Dean  said  that  because  of  the  great  field  covered 
by  this  subject  he  could  only  touch  the  high  spots,  as  any  one 
phase  might  be  worked  up  into  a  two  or  three-hour  lecture. 
He  firet  emphasized  the  increase  in  size,  weight  and  speed  of 
trains,  necessitating  larger  and  stronger  engines,  the  engines 
themselves  bein?  increased  in  weight  from  25,000  to  800,000 
lb. ;  drawbar  pull  from  10.000  to  200.000  lb. ;  steam  pressure 
from  125  to  320  lb.  per  sq.  in.,  and  having  grate  areas  as  large 
as  120  sq.  ft.  He  then  described  devices  for  increasing  effi- 
ciency, such  as  brick  arches,  superheaters,  reheaters,  feedwater 
heaters,  mechanical  stokers  and  valve  gears. 

He  cited  an  example  of  a  Mallet  engine  in  which,  with  no 
superheater,  20  per  cent  of  the  steam  was  condensed  in  the 
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jiipes  before  reaching  the  cylinder.  Using  a  superheater  placed 
in  the  path  of  the  hot  gases  reduced  the  coal  consumption  20 
to  25  per  cent  without  additional  fuel,  reduced  the  water  con- 
sumption 25  to  35  per  cent,  increased  the  boiler  pressure,  re- 
duced boiler  maintenance,  increased  the  boiler  capacity  vvitliout 
increasing  the  weight,  and  increased  the  hauling  power  33 
per  cent. 

WORCESTER   POLYTECHNIC    INSTITUTE 

At  a  joint  meeting  of  the  Worcester  Polytechnic  Student 
Branch,  the  American  Institute  of  Electrical  Engineers,  and 
the  Civil  Engineering  Society,  on  January  10,  1916,  Prof. 
George  F.  Swain,  of  the  Harvard  M.  I.  T.  Engineering  School, 
delivered  an  address  on  Water  Power  in  the  United  States. 
In  his  introduction.  Professor  Swain  spoke  of  the  movement 
for  the  conservation  of  our  natural  resources,  including  for- 
ests, minerals,  lands  and  water.  The  fact  was  brought  out 
that  the  conservation  of  water  power  is  really  a  triple  one. 
Coal  not  used  is  not  wasted,  but,  on  the  contrary,  water  power 
not  utilized  is  lost;  and  by  neglecting  its  use  and  allowing  coal 
to  replace  it,  we  are  wasting,  it  is  estimated,  over  nineteen 
million  horsepower  a  year  which  is  economically  capable  of 
development.  By  placing  dams  and  locks,  we  not  only  make 
the  development  of  power  possible  and  save  a  tremendous 
amount  of  coal,  but  we  may  also  improve  the  navigation  in  a 
river.  This  possibility  of  wonderful  conservation  has  not  been 
as  fully  recognized  in  our  country  as  in  many  countries  of 
Europe,  and  our  national  laws  and  public  sentiment  are  more 
prone  at  present  to  discourage  than  to  encourage  attempts  to 


bring  about  a  saving  of  this  power,  which  would  mean  a  de- 
crease of  three  hundi-ed  million  dollars  in  our  annual  coal  bill. 
The  disad\antages  of  very  high  initial  investment  and  uncer- 
tainty of  water  power  have  caused  many  promoters  and  in- 
vestors to  place  their  interests  in  steam  rather  than  in  water 
power  plants. 

The  speaker  discussed  the  law  of  riparian  rights,  which 
states  that  every  owner  of  land  bounded  by  a  stream  has  a 
right  to  the  flow  of  the  water  past  his  land  so  long  as  he  does 
not  hinder  this  same  privilege  of  the  owner  below  him  or  pol- 
lute the  stream.  In  cases  in  which  the  Government  has  built 
a  dam  for  the  improvement  of  navigation,  the  question  has 
been  raised  whether  the  power  developed  belongs  to  the  Gov- 
ernment or  to  the  parties  whose  land  borders  on  the  river 
above  the  dam.  It  is  claimed  by  some  that  the  Government 
owns  the  power,  since  it  made  the  development  of  power  pos- 
sible, while  others  claim  that  the  Government  can  lawfully  use 
the  water  for  navigation  only,  and  that  by  the  law  of  riparian 
rights,  the  power  belongs  to  those  through  whose  land  the 
ri\-er  flows. 

The  fact  was  brought  out  that  in  some  instances  when  pri- 
vate parties  have  secured  permits  to  build  dams  in  rivers  they 
have  not  only  been  required  to  light  the  dam,  furnish  land 
to  the  Government  for  canals,  build  locks  and  operate  them, 
etc.,  but  have  been  required  to  pay  to  the  Government  certain 
amounts  of  money  for  the  privilege.  In  view  of  the  fact  that 
these  dams  improve  the  navigation  of  the  river,  it  does  not 
seem  that  the  encouragement  to  conservation  offered  by  the 
National  Government  is  very  overwhelming,  and  it  is  hoped 
that  legislation  will  greatly  improve  the  present  conditions. 
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The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Society  the  medium 
for  assisting  members  to  secure  positwns,  and  is  pleased  to  receive  requests  both  for  positions  and  for  men.  Copy 
for  the  Bulletin  must  be  in  hand  before  the  18th  of  the  month.  The  notices  now  appear  in  the  Employment 
Bulletin  in  a  form  which  indicates  the  classification. 


POSITIONS  AVAILABLE 

Tlie  Society  acts  only  as  a  "clearing  house''  in  these  matters  and 
is  not  responsible  where  firms  do  not  answer.  Stumps  should  be 
enclosed  for  forwarding  applications. 

461  Engineer-Designer  on  multiple  effect  evaporators 
and  equipment  for  chemical  plants;  man  must  be  well  recom- 
mended, of  good  character  and  exemplary  habits,  good  ap- 
pearance and  address.  Permanent  connection  at  adequate 
salary.     Location  Middle  West. 

462  Young  Engineer  with  one  or  two  years  shop  experi- 
ence for  efficiency  department  in  large  corporation ;  technical 
graduate  preferred  but  not  absolutely  essential;  require  man 
who  is  tactful  in  handling  workmen  and  who  has  a  well  de- 
velojjed  analytical  mind.  Location  Western  New  York.  Ap- 
l>ly  by  letter,  name  confidential. 

1  Electrical  Engineer  with  good  knowledge  of  physics, 
for  experimental  work  in  laboratory  of  large  electrical  manu- 
facturing company  in  the  East.  Preferably  a  technical  gradu- 
ate.   Salary  $20  to  $30  a  week,  depending  on  ability. 

2  Young  Mechanical  Graduate,  with  one  or  two  years 
experience  in  machine  shop  practice.    Location  New  England. 

4  Production  Engineer  for  progressive  power  laundry  in 
important  city  near  New  York.  Ability  to  select  the  proper 
type  of  employee  for  a  given  task,  and  to  develop  and  main- 
tain to  the  maximum,  individual  and  departmental  efBciency; 
general  mechanical  and  electrical  training;  practical  experi- 
ence in  laundry  production.  Opportunity  is  afforded  for 
lucrative  and  continuous  employment  with  assurance  of  ad- 
vancement. 

5  Manager  or  Sales,  to  handle  product  in  New  England, 
the  Eastern,  Middle  and  Atlantic  Coast  and  Southern  States, 
for  up-to-date  cement  ])lant  equipped  with  the  most  modem 
type  of  machinery. 


6  Detail  Draftsmen,  experienced,  for  an  industrial  con- 
cern. Men  prefeiTed  who  have  had  three  to  ten  years  experi- 
ence in  steel  mills  of  smelter  plants.    Apply  by  letter. 

7  Professor  of  electrical  engineering  of  high  grade  tech- 
nical capacity,  experience  in  practice,  teaching  ability,  vigor, 
personality.  One  of  high  standing  among  engineers  and  rec- 
ognized as  an  authority.     Location  Middle  West. 

8  Assistant  in  purchasing  department  of  concern  han- 
dling purchases  from  $3,000,000  to  $4,000,000  per  annum; 
principal  commodities,  plates,  shapes,  bars  and  allied  lines; 
coal,  coke,  pig  iron  and  high  and  low  pressure  fittings.  Man 
preferably  between  the  age  of  28  and  35,  and  one  who  has  had 
rolling  mill  experience.  Applicants  must  state  age,  nation- 
ality, whether  married  or  single,  by  whom  employed  and  over 
what  periods.  All  references  and  communications  will  be 
treated  confldentiallj'.     Location  New  Jersey. 

9  Young  Engineer  between  22  and  24  for  some  designing 
and  office  work  and  part  time  on  outside  sales  wanted  by  gal- 
vanizing concern.    Location  New  York. 

16  Young  Technical  Graduate  for  general  sales  office 
work  such  as  estimating,  data,  correspondence  and  possibly 
publicity  work,  for  turbine  company  in  New  England;  salary 
about  $1,000. 

17  Engineer  speaking  fluently  technical  Trench  and  Eng- 
lish wanted  in  iron  and  steel  business;  familiarity  with  manu- 
facture of  rails.  Attractive  salary  to  the  right  man.  Eastern 
location. 

20  Testing  Engineer  wanted,  who  is  familiar  with  power 
plant  conditions  and  is  capable  of  assembling  and  installing 
recording  meters  and  power  plant  insti-uments  measuring  flow 
of  steam,  water  and  gases.  Young  technical  graduate  with 
one  to  three  years  experience  in  machine  shop  and  power  plant 
work  preferred.    Location  Marjdand. 
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21  Foundry  Superintendent.  Energetic  and  aggrressive 
man  is  desired  to  take  charge  of  a  non-union  foundry  located 
in  the  Central  West,  and  pouring  between  400  and  800  tons 
per  month,  on  medium  and  heavy  engine  and  blower  work; 
favorable  opening  for  a  high-grade  man.  State  experience 
and  salary  expected. 

22  Task  Setter,  some  experience  in  time  study  and  draft- 
ing.    Salary  $75  to  $100  a  month.    Location  Maine. 

23  Mechanical  Engineer  with  factory  experience,  able 
to  work  out  problems  in  mechanical  handling  of  materials,  and 
in  installation  of  machinery  generally.    Location  Cleveland. 

25  Assistant  Purchasing  Engineer  for  the  inspection 
of  incoming  materials  for  Massachusetts  manufacturer  of 
small  electrical  apparatus;  applicants  thoroughly  familiar  with 
electrical,  insulating  and  composition  casting  materials,  with 
practical  knowledge  of  metal  working  machinery,  etc.  In 
reply,  confine  answer  to  the  following:  Age,  nationality,  edu- 
cation, practical  experience,  salary  expected,  when  at  liberty. 

26  Business  Associate  Wanted;  a  young  man  of  good 
business  habits  having  $5000  to  invest  in  a  newly  established 
business  in  which  profits  are  perfectly  satisfactory,  but  pres- 
ent resources  inadequate  to  cover  the  whole  country. 

28  Production  Engineer  to  take  charge  of  department, 
operate  it  by  present  methods,  and  to  develop  it  as  fast  as 
possible  into  an  up-to-date  planning  department.  Also  time 
study  man.  State  age,  education,  experience,  salary  expected, 
name  references  and  send  photograph. 

,  29  Safety  Engineer  for  Massachusetts  factory  employing 
1500  hands;  must  be  familiar  with  machine  tool  guards  of  all 
kinds  and  factoi-y  safety  devices ;  one  who  has  had  theory  and 
practice  combined  and  able  to  design  and  standardize  guards. 
Experience  along  electrical  work  preferred.  Applicants  re- 
quested to  furnish  in  brief  the  following  data :  Age,  national- 
ity, experience,  references,  salary. 

34  Steam  Specialty  Salesman,  or  others,  who  desire  to 
handle  a  line  of  vacuum  heating  specialties  on  a  commission 
basis,  can  secure  restricted  territory  to  represent  manufactur- 
ers. Representatives  wanted  in  Portland,  Maine;  Boston, 
Pittsburgh,  Cincinnati,  Detroit,  Chicago,  St.  Louis,  Milwaukee 
and  other  large  cities.    Apply  through  Society. 

36  Partnership  :  a  consulting  engineer  of  New  York, 
with  practice  in  a  special  field  which  can  be  greatly  extended, 
desires  to  take  into  partnership  an  engineer  experienced  in  vi- 
bration causes  in  buildings,  who  can  invest  some  money  and 
with  qualifications  for  conducting  investigations  in  the  fields 
of  physics  and  applied  mechanics.    Applj'  by  letter. 

37  Cadet  Engineers  :  recent  graduates  of  technical 
schools,  for  work  in  connection  with  study  of  central  station 
power  house  operation,  in  line  of  improving  operation  and 
methods.  Salary  starts  at  $40.00  per  month  and  increases  to 
a  maximum  of  $75.00  ]5er  month.  Further  advance  entirely 
a  matter  of  personal  ability  to  fit  into  the  organization.  Lo- 
cation New  Jersey. 

38  Mechanical  Draftsman,  capable  and  qualified  in  de- 
sign of  special -heavj'  machine  tools.     Location  Pennsylvania. 

39  Young  Engineer,  competent  and  familiar  with  the 
practical  use  of  pulverizing  coal  for  fuel.  Name  and  location 
confidential.    Apply  by  letter. 

41  Engineer  familiar  with  operation  and  construction  of 
chemical  plants. 

42  Salesman  with  technical  education  as  mechanical  engi- 
neer to  become  head  salesman  of  heavy  capacity  automatic 
scales  for  factory  and  warehouse  uses;  man  between  30  and 
40;  traveling  position;  one-third  of  time  at  factory  in  Middle 
West,  two-thirds  in  field.     Salary  liberal.     Apply  by  letter. 

47  Young  Technical  Graduate,  with  one  or  two  years  ex- 
perience, excellent  opportunity  to  enter  a  machinery  concern 
with  view  of  learning  the  business.  All  replies  held  confiden- 
tial.   Location  Rhode  Island. 


MEN  AVAILABLE 

The  published  notices  of  "  men  avaHaWe "  are  made  up  only  from 
memters  of  the  Society.  Kotices  are  not  repeated  in  consecutive  issues 
of  the  BuUctin.  'Names  and  records  are  kept  on  the  office  list  three 
months,  and  at  the  end  of  such  period  if  desired  must  he  renewed. 

Members  sending  in  notices  for  the  Men  Available  section  are  par- 
ticularlti  requested  in  the  future  to  indicate  the  classification  under 
vhich  theif  desire  their  notices  to  appear. 

B-43  Works  Manager,  20  years  experience  in  manufac- 
turing firearms,  typewriters,  automobiles,  power  house  equip- 
ment, etc.,  wishes  to  make  a  change.    At  present  employed. 

B-44  Chief  Operating  Engineer  or  Superintendent  op 
Power  with  14  years  experience,  good  floor  machinist  and 
erecting  man.  Several  years  satisfactory  service  with  each  of 
last  two  employers  as  chief  engineer.  Experienced  in  steam, 
gas  and  Diesel  engines,  a.c.  and  d.c.  current,  air  compressors 
and  hydraulic  machinery.  Good  organizer;  at  present  em- 
ployed.    Location  immaterial. 

B-45  Plant  Engineer,  technical  graduate,  age  30,  nine 
years  experience  as  plant  engineer  on  construction  and  repair 
of  mill  buildings  and  selection,  layout,  installation  and  mainte- 
nance of  equipment  in  various  lines,  wishes  position  with 
manufacturer.    At  present  employed. 

B-46  Mechanical  Engineer,  CoNStrLTiNc  Engineer  and 
Executive,  college  graduate,  owning  valuable  patents  on  pop- 
pet-valve engines  (several  engines  in  successful  operation), 
would  consider  investment  and  connection  with  engineering, 
contracting  or  consulting  fii-m,  or  to  act  as  representative  in 
New  York,  preferably  where  combination  of  engineering  busi- 
ness and  organization  ability  is  demanded.  English,  German 
and  French  cori'espondent. 

B-47  Mechanical  Engineer  and  Superintendent.  M.E. 
graduate,  age  33,  seven  years  experience  with  consulting  en- 
gineer on  the  layout  and  ]iurehase  of  complete  mechanical 
equipments,  including  power  plants,  heating  and  ventilating 
systems,  wiring,  fire  protection,  conveyors,  manufacturing  ap- 
paratus, etc.,  for  factory,  office  and  mercantile  buildings;  last 
three  and  one  half  years  in  full  charge  of  construction  work, 
previous  five  years  machine  shop  and  drafting  experience. 
Good  executive  ability  and  knows  how  to  get  results,  desires 
position  with  corporation  or  engineering  firm. 

B-48  Sales  Engineer,  Manager  or  Superintendent. 
Worcester  Polytechnic  Institute  graduate,  M.E.,  age  36,  thir- 
teen years  practical  experience  on  pumping  machinery,  air 
compressors,  internal  combustion  engines,  pressure  tanks, 
overhead  tanks  and  towers,  design  of  pumping  combinations 
and  managing  contract  sales;  wide  experience  handling  engi- 
neering correspondence.  At  present  employed  as  executive  in 
contracting  concern  but  open  to  make  new  connection  at  once. 
Location  preferred  New  York  or  vicinity. 

B-49  Chief  Draftsman  or  Assistant  Chief  Engineer. 
Mechanical  and  civil  engineer,  admitted  to  both  degrees, 
twenty  years  experience  in  industrial  works  and  waterfront 
engineering;  drafting,  designing  and  sujiervising  construction 
work,  desires  position  as  chief  draftsman  or  assistant  to  chief 
engineer. 

B-50  Research  or  ^Mechanical  Engineer.  Graduate 
M.E.,  eighteen  years  experience,  four  years  as  field  expert  and 
superintendent  of  erection  of  steam  engines  in  public  service 
stations.  Eight  years  as  chief  engineer,  designing  gas  and 
steam  engines,  pumps,  hoists  and  special  machinery  and  con- 
ducting tests  and  thermodynamic  investigations,  also  experi- 
enced in  design  of  automatic  machinery,  desires  a  position  as 
research  or  mechanical  engineer.    At  present  employed. 

B-51  Manager,  Chief  Engineer  or  Sales  Engineer. 
Engineering  graduate,  age  33,  with  broad  experience  in  boiler 
manufacture  and  general  plate  work.  Good  organizer.  Sal- 
ary $3000. 

B-52  Printing  Press  Expert  and  Designer,  fifteen  years 
experience,  successful   designer  of  automatic  machinery  for 


Fbbruakt 
1916 


SOCIETY  AFFAIRS 


169 


paper  goods,  boxes  of  any  description,  paper  bags,  envelopes, 
corrugated  board  containers,  folding  boxes,  lace,  labels,  tags, 
etc.  Experienced  executive  and  organizer,  solicits  correspond- 
ence with  Pacific  Coast  concern,  machine  siiop,  publishing 
house  or  pajier  goods  manufacturer  with  a  view  of  introducing 
up-to-date  methods,  machinery  and  specialties.  Salary  to 
start  $3000.     Partnership  considered. 

B-53  Assistant  Chief  Engineer  or  Chief  Designer. 
Graduate  mechanical  engineer,  age  31,  eight  years  designing 
exjierience  in  oil  engines  (Diesel  oil  engines,  European  and 
American  practice),  large  variety  of  special  and  automatic 
machinery  manufactured  on  the  interchangeable  basis,  desires 
responsible  position  as  assistant  chief  engineer  or  chief  de- 
signer with  reliable  firm  building  Diesel  oil  engines,  or  con- 
cern contemplating  building  these  prime  movers.  Salary 
$2000 ;  at  present  employed. 

B-54  Sales  Engineer.  Graduate  mechanical  engineer, 
age  35,  competent  to  handle  sales  either  by  correspondence  or 
personal  interview  and  intimately  acquainted  with  modern 
j.iower  plant  practice,  thirteen  years  experience  handling  sales 
of  the  following  classes  of  equipment :  pumping  machinery  of 
ail  classes,  steam,  power  and  centrifugal;  condensing  appa- 
ratus of  all  types ;  feed  water  heaters ;  internal  combustion 
engines;  steam  engines  and  air  compressors  for  all  services. 
At  present  employed  but  open  for  engagement  March  1.  Lo- 
cation immaterial. 

B-55  ExECUTR'E  FOR  AiiTOJiATic  MACHINERY.  Member, 
technical  education  together  with  ten  years  practical  experi- 
ence in  manufacturing  duplicate  parts  on  the  interchangeable 
basis,  also  familiar  with  design  of  tools,  jigs,  fixtures,  etc.,  for 
this  work,  wishes  to  communicate  with  reliable  Arm  desirous 
of  securing  the  services  of  a  live  up-to-date  executive,  espe- 
cially trained  in  handling  difficult  problems  in  all  kinds  of 
automatic  machines  and  the  die-casting  of  intricate  parts. 

B-56  Factory  Manager,  Engineer  or  Production  Man- 
ager, age  37,  sixteen  years  automobile  and  gas  engine  experi- 
ence, practical  manager  and  able  executive,  well  acquainted 
with  the  trade,  has  worked  through  all  departments  of  a  manu- 
facturing business  and  thoroughly  understands  all  details,  is 
open  for  a  position. 

B-57  Sales  Manager  or  Manufacturers'  Representa- 
tive, ten  years  successful  experience  in  sales  engineering, 
graduate  mechanical  engineer,  age  35,  large  industrial  and  en- 
gineering acquaintance  in  Eastern  territory. 

B-58  Technical  Graduate,  age  27,  energetic  and  tactful, 
three  years  experience  in  machine  shop,  fifteen  months  draft- 
ing room  designing  power  plants,  two  years  testing  and  gen- 
eral operation  in  a  large  turbine  station.  Especially  familiar 
with  surface  condensers.  At  present  employed  but  wants  to 
change. 

B-59  Factory  Manager,  age  33,  fourteen  years  experience 
in  handling  men  and  affairs,  thoroughly  trained  in  macliine 
shop  and  foundry  management  and  business  affairs;  for  the 
past  five  years  engaged  in  operating  large  gasoline  engine  fac- 
tory in  Middle  West,  desires  to  make  a  change. 

B-60  Designer,  Layout  Draftsman,  Mechanical  Engi- 
neer, now  in  charge  of  drawing  office  in  Boston,  desires  posi- 
tion as  engineer  or  draftsman  in  East  or  Middle  West.  Sal- 
ary $125-$150. 

B-61  Munitions  Manufacturing  Expert.  Graduate 
United  States  Naval  Academy,  age  33,  married,  with  several 
years  experience  in  engineering  executive  position  with  a  Pub- 
lic Service  Corporation,  has  lately  designed  large  machine 
shop  and  heat  treating  deiaartment  for  the  manufacture  of 
large  calibre,  high  explosive  shells,  at  the  same  time  served  in 
a  consulting  capacity  on  power  plant,  construction  work  and 
factory  organization  for  the  same  company.  Knows  where 
lathes,  electrical  and  furnace  equijiment  for  large  calibre  shells 
may  be  purchased,  as  well  as  a  suitable  manufacturing  plant 
with  excellent  rail  and  water  shipping  facilities. 

B-62    Representative    for    the    Far    East.      Japanese 


graduate  of  electrical  and  mechanical  schools,  connected  with 
telephone  and  railway  companies  of  New  York,  wishes  to  com- 
municate with  American  firms  planning  to  develop  their  busi- 
ness in  Japan  or  China.    Will  consider  agencies. 

B63  Mechanical  Engineer  with  shop,  field,  designing, 
sales,  executive  and  business  experience.  Specialties,  power 
plant,  heating  and  ventilating,  desires  responsible  position 
with  a  view  to  permanency. 

B-64  Manufacturers'  Representative,  graduate  of  Mas- 
sachusetts Institute  of  Technology,  has  a  large  experience  in 
the  selling  of  building  materials  and  an  extensive  acquaintance 
with  architects,  engineers  and  contractors,  wishes  to  represent 
as  sales  engineer  in  New  England,  with  headquarters  in  Bos- 
ton, manufacturing  concerns  specializing  in  material,  either 
mechanical  or  electrical,  connected  with  building  operations. 

B-65  Specialist  in  Steam  Engineering  and  Power 
Plant  Equipment,  Associate  member  A.I.E.E.,  conversant  in 
practical  efficiency  engineering  methods,  will  consider  one  or 
two  year  contract  in  investigating,  organizing  or  executive  ca- 
pacity.   Available  July  1,  1916. 

B-66  Pulp  or  Paper  Mill  Engineer,  with  thorough  ex- 
perience in  pulp  and  paper  mill  engineering,  including  devel- 
opments, reports,  designs,  specifications  and  contracts  for 
buildings,  power  requirements  and  manufacturing  equipment, 
capable  of  assuming  responsibility  and  control,  desires  posi- 
tion. 

B-67  Manufacturing  Engineer,  six  years  manufacturing 
experience,  at  present  employed,  desires  to  locate  in  New  York 
or  vicinity. 

B-68  Factory  Maintenance,  Assistant  to  Executive, 
OR  Purchasing.  American  graduate  mechanical  engineer  de- 
sires position  with  an  industrial  concern  in  an  executive  ca- 
pacity. Has  handled  men  and  had  charge  of  power  plant  in- 
vestigations, testing  department  and  erection  work;  energetic 
and  reliable.  At  present  employed  as  chief  inspector  in  large 
concern. 

B-69  Factory  Manager,  Superintendent  or  Efficiency 
Manager,  technical  graduate,  M.E.,  age  30,  ten  years  experi- 
ence in  costs,  statistics,  production  work,  office  and  factory 
management,  can  refer  to  several  successful  concerns  as  to 
ability  and  results  obtained  as  an  organizer. 

B-70  Executive,  member  with  wide  experience  in  indus- 
trial construction,  as  executive  in  responsible  control  of  pur- 
chasing, organization,  and  operation  of  work  in  the  field. 

B-71  Assistant  to  Machine  Designer  or  Consulting 
Engineer,  mechanical  engineer,  experienced  machine  designer, 
thorough  knowledge  of  patents,  desires  association  with  salary 
about  $1200  per  annum. 

B-72  Assistant  Foundry  Superintendent  of  an  iron 
foundi-j'.  Graduate  mechanical  and  metallurgical  engineer, 
having  experience  in  all  branches  of  foundry  practice,  includ- 
ing loam,  dry  and  green  sand  molding,  machines,  the  cupola, 
mixtures,  etc.     Location  immaterial. 

B-73  Assistant  to  Consulting  Engineer.  Cornell  M.E., 
1912,  age  27,  past  three  and  one  half  years  employed  as  me- 
chanical engineer  in  an  Eastern  plant,  has  made  plans  for  new 
buildings,  machinery  layouts  and  superintended  installation 
of  all  mechanical  and  electrical  apparatus.  Location  pre- 
ferred New  York. 

B-74  Assistant  to  Consulting  or  Contracting  Engi- 
neer, mechanical  engineer,  technical  graduate,  age  28,  has  had 
charge  of  responsible  mechanical  and  electrical  engineering 
work  for  consulting  engineer,  desires  position  along  similar 
lines.    Location  preferred  in  or  around  Philadelphia. 

B-75  Engineer  and  Executive,  mechanical  engineer,  ex- 
ecutive and  representative  ability,  twenty-five  years  experi- 
ence in  general  machinery  and  machine  tools,  desires  position. 
Has  been  granted  several  patents. 
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B-76  Executive,  graduate  M.E.,  age  38,  fifteen  years  en- 
gineeriug  experience,  of  wbich  nine  was  in  the  executive  ca- 
pacities of  chief  draftsman,  chief  engineer,  assistant  works 
manager,  and  works  manager  with  two  big  corporations  and 
operating  spelter  works,  machine  shop  and  ship  yards.  Has 
specialized  in  heavy  hydraulic  presses,  Diesel  oil  engines, 
blast  furnace  gas  engines,  suction  dredges  and  ships,  metal- 
lurgy of  steel,  and  electric  furnaces,  shop  layouts  and  organi- 
zation. Has  traveled  extensively,  conversant  with  European 
and  American  business  methods,  speaks  German,  French,  Eng- 
lish, Spanish  and  Russian,  desires  position  where  broad  the- 
oretical and  practical  experience  could  be  advantageously  ap- 
plied. 

B-77  Assistant  to  Superintendent,  Junior,  graduate 
Massachusetts  Institute  of  Technology,  five  years  experience 
as  assistant  to  the  mechanical  superintendent  in  a  manufac- 
turing plant  having  an  up-to-date  machine  shop,  thoroughly 
versed  in  tool  and  plant  maintenance,  desires  position. 

B-78  Executive  and  Production  Engineer,  age  34,  mar- 
ried, technical  man,  last  nine  years  engaged  as  executive  and 
production  engineer  for  large  manufacturing  concern,  has 
reached  limit  of  present  position  and  desires  to  become  asso- 
ciated with  live  concern  which  needs  an  executive  capable  of 
producing  systematic  results  at  maximum  efficiency. 

B-79  Assistant  to  Superintendent  or  Works  Manager. 
Mechanical  and  electrical  engineer,  technical  graduate,  ener- 
getic and  possessing  knowledge  of  shop  costs,  wage  systems 
and  efficiency  methods.  Has  worked  in  engineering  depart- 
ment, drafting  room  and  as  practical  machinist  with  large 
concern  manufacturing  refrigeration  and  electrical  machinery, 
also  chemical  plant  (pigment  manufacture)  experience,  de- 
sires position  as  assistant  to  superintendent  or  works  mana- 


ger of  a  growing  concern.     Salary  commensurate  with  posi- 
tion.    Location  preferred  Middle  West. 

B-80  Iron,  Steel  and  Coke  Engineer.  Member  with 
twenty-flve  years  practical  experience  in  the  manufacture  of 
iron  and  steel,  and  eight  years  in  the  manufacture  of  by-prod- 
uct coke,  invites  eoiTespondence  or  conference  with  parties  de- 
siring mature  advice  on  the  improvement  or  addition  to  [jlants ; 
on  efficiency,  metallurgical  or  heat-treatment  problems  in  iron 
and  steel  manufacture;  on  the  arbitration  of  technical  disputes 
between  producers  and  consumers;  on  patent  litigation,  etc. 
Prefer  to  work  in  cooperation  with  engineering  staff  of  com- 
jianies,  thus  attaining  maximum  benefits  at  minimum  expense. 

B-81  Office  Manager  or  Assistant  to  Manager,  open 
for  temporary  engagement  in  connection  with  sales  or  pur- 
chasing; extensive  experience  in  travelling  for  well  known  ma- 
chine builders. 

B-82  Executive,  graduate  engineer,  age  35,  thoroughly  ex- 
perienced in  all  methods  of  scientifie  management.  Previous 
work  has  been  in  the  manufacture  of  hoisting  and  conveying 
machinery,  textiles  and  fine  stationery.  Competent  to  take 
responsible  executive  position. 

B-83  Superintendent  or  Factory  Manager,  mechanical 
engineer,  graduate  of  Massachusetts  Institute  of  Technology, 
seventeen  years  experience  in  manufacture  of  water  tube  boil- 
ers, also  tanks,  stacks  and  kindred  products.  Has  also  had 
considerable  to  do  with  general  correspondence,  purchasing, 
accounting  and  cost  keeping  and  can  produce  results  that 
count. 

B-84  Power  Plant  Superintendent.  Graduate  engineer, 
age  36,  has  had  nine  years  power  plant  experience,  capable  of 
taking  charge  and  running  it  (especially  the  boiler  room),  on 
an  economical  basis. 
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Account  of  an  Excursion  for  the  Inspection  of  the  Work 
OF   Agricultural  Tractors   on   Private   Estates   in   the 
South  of  Russia  in  1912,  A.  B.  Treiwass  and  A.  A.  Bara-  ~ 
novski.     In  Russian.     St.  Petersburg,  1913.     Gift  of  Rus- 
sian Department  of  Agriculture. 

Applicability  of  Motoe-Dkiven  Plows  in  Russia,  A.  A.  Bara- 
novski.  In  Russiau.  1915.  Gift  of  Russian  Department 
of  Agriculture. 

Book  of  Definitions  and  Standard  Stock  Parts  fob  Use  of 
Otis  Elevator  Company,  John  H.  Buckley.  1915.  Gift 
of  author. 

Bureau  of  Farm  Mechanics  of  the  Russian  Department  of 
Agriculture.  Proceedings,  1913,  Tome  V,  pts.  6-8,  1914, 
Tome  VI,  pts.  1-6.  191Jrl5.  Gift  of  Russian  Department 
of  Agriculture. 

Business  Opportunities  of  Louisiana  and  Adjacent  States. 
Geo.  B.  Davis.  New  Orleans,  1915.  Gift  of  Ford,  Bacon 
and  Davis. 

The  Conservation  of  Energy.  A  Plea  for  the  language  of 
experiment  in  the  teaching  of  physics,  W.  S.  Franlilin  and 
Barry  Macnutt.  Reprint  from  Bulletin  of  the  Society 
for  the  Promotion  of  Engineering  Education,  vol.  VI,  no. 
3,  1915.     Gift  of  C.  W.  Rice. 

Columbia  University.  Department  of  Physics.  Four  lectures 
on  Mathematics,  delivered  in  1911,  by  J.  Hadamard.  Pub- 
lication no.  5. 

Eight  Lectures  on  Theoretical  Physics  delivered  in  1909, 

by  Max  Planck.    Publication  no.  3.    New  York,  1915.    Gift 
of  Department  of  Physics,  Columbia  University. 


Economic  Advantages  Resulting  from  Port  Development. 
Geo.  R.  Davis.  New  Orleans,  1915.  Gift  of  Ford,  Bacon 
and  Davis. 

The  Government  and  Business,  S.  O.  Dunn.  Gift  of  Bureau 
of  Railway  Economics. 

History  of  The  American  Society  of  Mechanical  Engineers 
from  1880-1915,  F.  R.  Button.     New  York,  1915.     Gift. 

Illinois  Society'  of  Engineers  and  Survey'ors.  Twenty-seventh 
Annual  Report,  1912.     Wheaton,  1912.     Gift  of  Society. 

The  Imperial  Valley  and  the  Salton  Sink,  H.  T.  Cory,  with 
introductory  monograph,  by  W.  P.  Blake.  San  Francisco, 
J.  J.  Newbegin,  1915.     Gift  of  H.  T.  Cory. 

This  is  an  account  of  Irrigation  and  river  control  in  the  Colorado 
River  delta,  a  reprint  of  a  paper  read  before  the  American  Society  of 
Civil  Engineers  in  January  1913,  to  which  certain  supplementary  mat- 
ter has  been  added.  W.  P.  C. 

Indiana  Engineering  Society'.  Proceedings  of  the  34th  and 
35th  Annual  Convention.  Indianapolis,  19H,  1915.  Gift 
of   Society. 

Indiana  Sanitary  and  Water  Supply  Association.  Proceed- 
ings of  the  6th-Sth  Annual  Convention.  1913-15.  Gift  of 
Association. 

Mabine  and  Stationary  Diesel  Engines,  A.  H.  Goldingham. 
New  York,  Spon  &  Ctiamierlain,  1915.    Gift  of  publishers. 

There  has  been  need  for  a  handbook  of  the  Diesel  engine,  as  the  lit- 
erature on  the  subject  has  never  been  properly  summarized.  The  pres- 
ent work  is  essentially  a  practical  one,  concise,  and  well  illustrated. 

W.  P.  C. 

Master  Cab  and  Locomotive  Painters'  Association.  Pro- 
ceedings of  46th  Annual  Convention.  Reading,  Mass.  1915. 
Gift  of  Association. 

The  Menace  to  National  Prosperity.  An  Address  by  New- 
man  Erb.     Gift  of   Bureau   of   Railway   Economics. 
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Motion  Models  ;  their  use  in  tlie  transference  of  experience 
and  tlie  presentation  of  comparative  results  in  educational 
methods,  Frank  B.  and  Lillian  M.  Gilbreth.  Paper  pre- 
sented before  American  Association  for  the  Advancement 
of  Science,  Dee.  27,  1915.     Gift  of  authors. 

Motor  Culture  of  Land,  Collection  of  Articles.     In  Russian. 

1913.  Gift  of  Russian  Department  of  Agriculture, 

Motor  Tractors  and  Plows  at  the  IV  International  Auto- 
mobile Exposition  in  St.  Petersburg,  A.  A.  Baranovski. 
In  Russian.  St.  Petersliurg,  1913.  Gift  of  Russian  Depart- 
ment of  Agriculture. 

Motor  Tractors  for  Transportation  of  Heavy  Loads  and 
Motor  Plows,  and  on  Tractors  and  Farm  Automobiles. 
In  Russian,  from  German.  St.  Petershurg,  1912.  Gift  of 
Russian  Department  of  Agriculture. 

National  Association  of  State  Universities  in  the  United 
States  of  America.  Transactions  and  Proceedings,  vol. 
13,  1915.     Gift  of  Association. 

National  Commercial  Gas  Associ.\tion.  Proceedings  of  the 
Tenth  Annual  Convention.  New  York,  191.'/.  Gift  of  Asso- 
ciation. 

The  Need  of  Educated  Men  in  Industrial  Affairs.  Lecture 
at  Cambridge  University,  May  15,  1911,  Frank  H.  Taylor. 
Gift  of  author. 

New  Orleans  Sewerage  and  Water  Board.  Twenty-ninth 
semi-annual  report,  1914.  Gift  of  Sewerage  and  Water 
Board. 

New   York    State   Engineer   and   Surveyor.     Annual   Report 

1914.  vol.   I.     Alhany,  1915.     Gift  of   State  Engineer  and 
Surveyor. 

Pavement  Guaranties.  Their  Use  and  Abuse,  J.  W.  Howard. 
Newark,  1907.     Gift  of  author. 

Paving  Brick  the  Necessity  of  Uniform  Quality.  Tests  for 
high  grade  paving  bricks,  J.  W.  Howard.  New  York,  1913. 
Gift  of  author. 

Permanent  Tariff  Commission.  "A  National  Business 
Policy."  Referendum  of  Commercial  Organizations,  715 
votes  for  9  votes  against.  Gift  of  U.  S.  Chamber  of  Com- 
merce. 

Portland  Cement,  Concrete  Pavements,  Causes  of  F.wlures 
AND  Possible  Basic  Defects,  J.  W.  Howard.  Gift  of 
author. 

Portland  Cement,  Concrete  Roads  from  a  Quarter  Century 
Practical  Experience,  J.  W.  Howard.  Neiv  York.  Gift 
of  author. 

Principles  and  Practice  of  Cost  Accounting,  Frederick  H. 
Baugh.  Baltimore,  piiilisJied  hy  author,  1915.  Gift  of 
author. 

This  is  a  treatise  on  cost  accounting  as  applied  to  manufactured 
articles,  and  treats  of  the  basic  principles,  and  their  application  in  a 
general  manner.  W.   P.  C. 

Prohibition  Movement,  Percy  Andreae.  Chicago,  1915.  Gift  of 
author. 

Programs  and  Methods  of  Testing  Agricultural  Machines 
and  Implements,  Book  I-III.  In  Russian.  St.  Petershurg, 
1911,  1912,  191!,.  Gift  of  Russian  Department  of  Agri- 
culture. 

Psycheometric  Tables  for  Cooling  Tower  Work.  Steam 
Tables  for  Condenser  Work,  ed.  3.  (1  vol.)  Carteret.  N.  J. 
Gift  of  Wheeler  Condenser  and  Engineering  Co. 

Railway  Motor  Cabs,  List  of  References,  Prepared  by'  the 
Bureau  of  Railway  Economics,  Nov.  30,  1915.  Gift  of 
Bureau. 

Relation  of  the  Railroad  and  Its  Securities  to  Land  V.\lues, 
Fairfax  Harrison.     Gift  of  Bureau  of  Railway  Economics. 

Safety  in  the  Foundry,  Magnus  W.  Alexander.  Chicago  Na- 
tional Founders'  Association,  1915.     Gift  of  publisher. 

The  Committee  on  Safety  and  Sanitation  of  the  National  Founders' 
.Association  have  carried  out  investigations  for  two  years,  and  this 
book-,  written  by  the  Chairman  of  that  Committee,  is  the  result.  It  is 
profusely  illustrated.  W.  P.  C. 

The  Second  Law  of  Thermodynamics,  W.  S.  Franklin  and 
Barry  Macnutt.  Reprint  from  Bulletin  of  the  Society  for 
the  Promotion  of   Engineering  Education,   vol.   VI.   no.   3, 

1915.  Gift  of  C.  W.  Rice. 

Some  Trade  Schools  in  Europe.  Frank  L.  Glynn.  U.  S.  Bureau 
of  Education,  Bulletin  no.  2.3.  Washington,  191-',.  Gift  of 
F.  L.  Glynn. 

Stijeet  Paving  and  Maintenance  in  European  Cities.     A  re- 


port by  Menry  Welles  Durham.     Dec.  31,  1913.    Neio  York, 
1913.     Gift  of  President  of  the  Borough  of  Manhattan. 

Structure  and  Properties  of  the  More  Common  Materials 
of  Construction,  G.  B.  Upton.  New  York.  John  Wiley  d 
Sons,  1916.     Gift  of  publishers.     Price  $2.50  net. 

The  worli  Is  restricted  almost  entirely  to  the  theoretical  discussion 
of  Ihe  subject.  It  is  an  outgrowth  of  lectures  given  at  Cornell  Univer- 
sity to  laboratory  students.  W.  P.  C. 

Testing  of  the  Comnick  Motor  Plow,  A.  B.  Treiwass.  In 
Russian.  1915.  Gift  of  Russian  Department  of  Agricul- 
ture. 

The  Testing  of  the  Hart-Parr  Tractor,  I.  B.  A.  Lintvareff. 
In  Russian.  1915.  Gift  of  Russian  Department  of  Agri- 
culture. 

The  Testing  of  the  Holt  Caterpillar  Tractor,  B.  A.  Lintva- 
reff. In  Russian.  St.  Petershurg,  1911,.  Gift  of  Russian 
I>epartment  of  Agriculture. 

Tests  of  Tractors  at  the  Sredne  Rog.vtski  Farm  of  the 
Bureau  of  Farm  Mechanics,  N.  Morozoff.  In  Russian. 
Gift  of  Russian  Department  of  Agriculture. 

Traveling  Engineers'  Association.  Proceedings  of  the  23d 
Annual  Convention,  1915.     Buffalo.     Gift  of  Association. 

Treatise  on  Safety  Engineering  as  Applied  to  Scaffolds. 
Hartford,  1915.    Gift  of  Travelers'  Insurance  Company. 

U.  S.  Army.  The  Service  of  Information.  Washington,  1915. 
Gift  of  U.   S.  Army. 

U.  S.  Interstate  Commerce  Commission.  Fourth  Annual  Re- 
port of  the  Chief  Inspector  of  Locomotive  Boilers,  1915. 
Washington,  1913.  Gift  of  U.  S.  Interstate  Commerce 
Commission. 

U.  S.  Lighthouses  Commissioner.  Annual  Report,  1915. 
Washington.  1915.    Gift  of  U.  S.  Lighthouse  Board. 

What  is  the  Matter  With  Railway  Regulation,  S.  O. 
Dunn.  Reprinted  from  North  American  Review,  Nov.  1915. 
Gift  of  Bureau  of  Railway  Economics. 

EXCHANGES 

National  Association  of  Cotton  Manufacturers.  Trans- 
actions, no.  98,  Boston,  1915. 

North  East  Coast  Institution  of  Engineers  and  Ship- 
builders Transactions,  vol.  XXXI.  Newcastle-upon-Tyne, 
1915. 

U.  S.  Naval  Observatory'.  Annual  Report,  1915.  Washington, 
1915. 

The  W-PVT  Chart,  Merl  R.  Wolfard  and  Charles  K.  Carpenter, 
New  York,  John  Wiley  and  Sons,  191.'>.  Gift  of  publisher. 
Price  50  cents. 

This  chart  contains  several  novel  features.  The  area  beneath  an  ex- 
ponential curve  has  betu  integrated  by  the  use  of  a  suitable  plotted 
scale  so  that  the  external  work  done  on  or  by  any  gas  may  be  read 
directly  from  the  chart  for  any  ratio  of  expansion  or  between  any  de- 
sired pressure  limits.  The  external  work  done  by  the  Rankine  Cycle 
in  a  steam  engine  or  by  any  similar  cycle  can  be  obtained  directly  in 
foot  pounds.  The  chart  can  be  used  directly  no  matter  in  what  units 
of  pressure,  temperature,  or  volume  a  problem  may  be  stated.  The 
chart  is  separated  into  two  quadrants  by  the  use  of  a  heavy  diagonal 
line  only,  so  that  the  PV  quadrant  is  brought  into  close  juxtaposition 
with  the  TV  quadrant,  xyhich  enables  one  to  determine  the  pressure, 
temperature,  and  volume  relations  throughout  any  gas  engine  or  air 
compressor  cycle.  Brief  instructions  are  given  for  the  use  of  the  chart 
and  several  examples  taken  from  actual  engineering  practice  are  given 
illustrating  the  methods  of  using  the  chart  which,  by  the  way,  may  be 
used  for  obtaining  the  cube,  cube  root  and  the  3/2  or  5/2  power  or 
root  of  any  number.  It  is  plotted  on  logarithmic  ordinate  paper  which 
was  engine  divided  to  a  10  in.  base.  G. 

TRADE    CATALOGUES 

Champion  Rivet  Company,  Cleveland,  0.  Addenda  to  scientific 
facts.     1916. 

Electric  Storage  Battery  Co..  Philadelphia,  Pa.  Bulletin  151. 
The  "  Exide,"  "  Hycap-Exide,"  "Thin-Exide"  batteries  for 
industrial  trucks  and  tractors.     Dec.  1915. 

152.     The  "  Exide "  batteries  for  electric  pleasure  and 

commercial  vehicles.     Nov.  1915. 

Flanneby  Bolt  Co.,  Pittshurgh,  Pa.     Staybolts.     Dec.  1915. 

Stephens-Adam  SON  Mfg.  Co.,  Aurora,  III.  Labor  Saver.  Dec. 
191.5. 

Texas  Company,  New  York,  N.  Y.     Lubrication.     Dec.  1915. 

Under-Feed  Stoker  Co.,  Chicago,  III.  Publicity  Magazine.  Dec. 
1915,  Jan.  1916. 

Valley  Iron  Works  Co.,  Applcton.  Wis.  The  Beater.  Dec. 
1915. 
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Aeronautical  journal,  v.  11,  nos.  41,  43-44,  1901 ;  v.  12,  uos.  45, 
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l>'Aerophile,  v.  13,  uos.  3,  1905;  v.  14,  no.  5,  1906;  v.  15,  nos.  8. 
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complete,  1908;  v.  3,  nos.  1-3,  6,  1909;  v.  4,  complete,  1910: 
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1-2,  5,  17-21,  23,  1910;  v.  2,  nos.  1-6,  8-24.  1911:  v.  .3.  uos. 
1-22,  24,  1912;  v.  5,  no.  2.  191',. 
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(3),  Walter  M.  McFarland  (4),  The  Secretary 


House 

William  N.  Dickinson  (1),  Frederick  A.  Scheffler  (2). 
James  W.  Nelson  (3),  Orrie  P.  Cummings  (4),  Maxwell 
M.  Upson  (5) 

Research 

Richard  H.  Rice  (1),  Ralph  D.  Mershon  (2),  R.  J.  S. 
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George  F.  Swain,  Chairman;  Charles  W.  Baker,  Luther 
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M.  Greene,  Jr. 

Engineer  Reserve  Corps 

William  H.  Wiley,  Chairman;  John  A.  Hill,  Vice-Chair- 
man;  W.  F.  M.  Goss,  H.  A.  Gillis,  Alex.  C.  Humphreys 

Engineering  Foundation 

W.  F.  M.  Goss,  Alex.  C.  Humphreys 

Expert  Testimony  Committee 

Francis   H.   Richards,    Chairman;   Wm.   H.   Boehm,   H. 
DE  B.  Parsons 

John  Fritz  Medal 

John  R.  Freeman   (1),  Ambrose  Swasey   (2),  John  A. 
Brashear  (3),  Frederick  R.  Hutton  (4) 

Naval  Consulting  Board  of  the  United  States 

W.  L.  R.  Emmet,  Spencer  Miller 

Standardization  of  Pipe  and  Pipe  Fittings  for  Fire  Protection 

Chas.  a.  Olson 

Trustees  United  Engineering  Society 

Alex.  C.  Humphreys  (1),  John  R.  Freeman  (2),  Henry 
G.  Stott  (3) 
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Administration 

Robert  M.  Dixon,  Chairman;  Leon  P.  Alpord,  Geo.  M. 
Baspord,  Geo.  M.  Forrest,  Jos.  W.  Roe 

Am.  Soc.  M.  E.  Junior  Prizes 

Robert  H.  Fernald,  Chairman;  Fred.  E.  Rogers,  George 
B.  Brand 

Am.  Soc.  M.  E.  Student  Prizes 

Frederick  R.  Hutton,  Chairman;  Robert  H.  Fernald, 
Dexter  S.  Kimball 

Boiler  Code  Committee 

John  A.  Stevens,  Chairman;  C.  W.  Obert,  Secretary;  Wm. 
H.  Boehm,  Rolla  C.  Carpenter,  Frank  H.  Clark,  Fran- 
cis W.  Dean,  Thomas  E.  Durban,  Carl  Ferrari,  Elbert 
CuRTiss  Fisher,  Chas.  E.  Gorton,  Arthur  M.  Greene,  Jr., 
Richard  Hammond,  A.  L.  Humphrey,  Chas.  L.  Hu.ston, 
D.  S.  Jacobus,  S.  F.  Jeter,  Wm.  F.  Kiesel,  Jr.,  W.  F. 
MacGregor,  Edward  F.  Miller,  M.  F.  Moore,  Irving  E. 
MouLTROP,  Richard  D.  Reed,  Henry  G.  Stott,  H.  H. 
Vaughan 

Depreciation  and  Obsolescence 

Alex.  C.  Humphreys,  Chairman;  J.  G.  Bergquist,  Charles 
J.  Davidson,  Alfred  E.  Forstall,  F.  W.  Kelley,  H. 
Struckmann 

Engineering  Education 

Alex.  C.  Humphreys,  Frank  H.  Clark 

Filter  Standardization 

George  W.  Fuller,  Chairman;  Jas.  C.  Boyd,  Philip  N. 
Engel,  W^m.  Schwanhausser 

Flanges  for  Hydraulic  Work 

Henry  G.  Stott,  Chairman;  A.  R.  Baylis,  Arthur  M. 
Houser,  Julian  Kennedy,  E.  A.  Stillman,  W.  M.  White 

Increase  of  Membership 

Irving  E.  Moultrop,  Chairman;  Fred  H.  Colvin,  James 
V.  V.  CoLWELL,  Robert  M.  Dixon,  Wm.  R.  Dunn,  Leigh 
A.  Hunt,  John  P.  Ilsley,  Edwin  B.  Katte,  Richard  B. 
Sheridan 


Chairmen  of  Sub-Committes  on  Increase  of  Membership 

Atlanta,  Park  A.  Dallis;  Boston,  A.  L.  Williston;  Buf- 
falo, W.  H.  Carrier;  Chicago,  Philip  N.  Engel;  Cincin- 
nati, John  T.  Faig;  Cleveland,  R.  B.  Sheridan;  Los  An- 
geles, 0.  J.  Root;  Michigan,  H.  H.  Esselstyn;  Milwaukee, 
Fred.  H.  Dorner;  Minnesota,  Max  Toltz;  New  Haven, 
E.  H.  Lockwood;  New  York,  J.  A.  Kinkead;  Philadelphia, 
T.  C.  McBride;  Rochester,  John  C.  Parker;  St.  Louis, 
John  Hunter;  San  Francisco,  Wynn  Meredith;  Seattle, 
Robert  M.  Dyer;  Troy,  Albert  E.  Cluett;  Worcester, 
Edgar  H.  Reed 

Joint  Committee  on  Standards  for  Graphic  Presentation 

WiLLARD  C.  Brixton,  Chairman;  Leonard  P.  Ayres,  N.  A. 
Carle,  Robert  E.  Chaddock,  F.  A.  Cleveland,  C.  B. 
Davenport,  Roland  P.  Falkner,  W.  S.  Gifford,  J.  Arthur 
Harris,  H.  E.  Hawkes,  J.  A.  Hill,  H.  D.  Hubbard,  Robert 
H.  Montgomery,  Alex.  Smith,  Judd  Stewart,  Wendell 
M.  Strong,  Edward  L.  Thorndike 

Local  Sections 

Elliott  H.  Whitlock,  Chairman;  W.  F.  M.  Goss,  Louis 

C.  Marburg,  Walter  Rautenstrauch,  D.  Robert  Yarnall 

National  Museum 

G.  F.  KuNz,  George  Mesta,  H.  G.  Reist,  Ambrose  Swasey 

Patent  Laws 

Wm.  H.  Blauvelt,  Carl  C.  Thomas,  Edward  Weston, 
W.  E.  WiNSHip,  Benjamin  F.  Wood 

Pipe  Threads  International  Standard 

Edwin  M.  Herr,  Chairman;  W^m.  J.  Baldwin,  Geo.  M. 
Bond,  Stanley  G.  Flagg,  Jr.,  L.  V.  Benet,  Paris  Repre- 
sentative 

Power  Tests 

Geo.  H.  Barrus,  Chairman;  E.  T.  Adams,  L.  P.  Brecken- 
RiDGE,  D.  S.  Jacobus,  William  Kent,  Edward  F.  Miller, 
Arthur  West,  Arthur  C.  Wood 

Refrigeration 

D.  S.  Jacobus,  Chairman;  P.  DeC.  Ball,  Edward  F.  Mir.- 
LER,  Gardner  T.  Voorhees 
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Research  Committee,  Sub-Committee  on  Fuel  Oil 

Raymond    H.    Danforth,    Chairman;    Lee    E.    Barrows, 
Andrew  M.  Hunt 

Researcli  Committee,  Sub-Committee  on  Investigation  of  the  Clinkering 
of  Coal 

Lionel  S.  Marks,  Chairman;  F.  C.  Hubley,  A.  V.  Blein- 
iNGER,  0.  W.  Palmenberg,  S.  W.  Parr 

Research  Committee,  Sub-Committee  on  Lubrication 

Albert  Ivingsbury,  Chairman;  A.  E.  Flower,  Mayo  D. 
Hersey,  George  B.  Upton 

Research  Committee,  Sub-Committee  on  Machine  Tools 

Leon  P.  Alpord,  Chairman;  A.  L.  DeLeecw,  E.  E.  Barney 

Research  Committee,  Sub-Committee  on  Materials  of  Electrical  Engineer- 
ing 

R.  D.  Mershon 

Research  Committee,  Sub-Committee  on  Safety  Valves 

Edward  F.  Miller,  Chairman;  Philip  G.  Darling,  Henry 
D.  Gordon,  Frederick  L.  Pryor,  Frederic  M.  Whyte 


Research  Committee,  Sub-Cotnmittee  on  Steam  Meters 

R.  J.  S.  PiGOTT,  Chamnan.  (Other  members  to  be  ap- 
pointed) 

Research  Committee,  Sub-Committee  on  Worm  Gearing 

Fred.  A.  Halsey,  Chairman.  (Other  members  to  be  ap- 
pointed) 

Spring  Meeting 

William    B.    Gregory,    Chairman;    Henry    L.    Hutson, 

Secretary 

Student  Branches 

Frederick  R.  Hutton,  Chairman;  George  M.  Brill,  Wil- 
liam KIent,  George  A.  Orrok 

Tellers  of  Election 

Robert  H.  Kirk,  Chairman;  Erwin  S.  Cooley,  Harry  A. 
Hey 

Tolerances  in  Screw  Thread  Fits 

Luther  D.  Burlingame,  Chairman;  Ellwood  Burdsall, 
Frederic  G.  Coburn,  Fred  H.  Colvin,  A.  A.  Fuller, 
James  Hartness,  W.  R.  Porter,  Frank  0.  Wells,  Walter 
F.  WoRTHiNGTON,  Chas.  D.  Young 


SUB-COMMITTEES  OF  THE  COMMITTEE  ON  MEETINGS 


Air  Machinery 

Carl  C.  Thomas,  Chairman;  B.  C.  Batchelder,  Hugh  V. 
Conrad,  Fred.  A.  Halsey,  O.  P.  Hood,  Frederick  W. 
O'Neil,  William  Prellwitz,  Richard  H.  Rice 

Cement  Manufacture 

H.  J.  Seaman,  Chairman;  G.  S.  Brown,  Vice-Chair  man; 
J.  G.  Bergquist,  W.  R.  Dunn,  F.  W.  Kelley,  Morris 
Kind,  F.  H.  Lewis,  W.  H.  Mason,  R.  K.  Meade,  Ejnar 
Posselt,  H.  Struckmann,  A.  C.  Tagge,  P.  H.  Wilson 

Fire  Protection 

John  R.  Freeman,  Chairman;  Edward  V.  French,  Vice- 
Chairman;  Albert  Blauvelt,  F.  M.  Griswold,  H.  F.  J. 
Porter,  T.  W.  Ransom,  Ira  H.  Woolson 

Gas  Power 

H.  J.  Freyn,  Chairman;  George  F.  Gebhardt,  Secretary; 
Charles  J.  Bacon,  C.  H.  Benjamin,  Alfred  D.  Blake, 
W.  D.  Ennis,  Frederick  R.  Hutton,  Wm.  T.  Magruder, 
J.  M.  Spitzglass,  H.  H.  Suplee 

Hoisting  and  Conveying 

C.  K.  Baldwin,  Alex.  C.  Brown,  Orton  G.  Dale,  P.  J. 
FiCKiNGER,  Frank  E.  Hulett,  Spencer  Miller,  A.  L. 
Roberts,  Harry  Sawyer,  Richard  B.  Sheridan 


Industrial  Buildings 

F.  A.  Waldron,  Chairman;  Harry  A.  Burnham,  Charles 
Day,  William  Dalton,  J.  0.  DeAVolf,  Charles  T.  Main 

Machine  Shop  Practice 

H.  K.  Hathaway,  Chairman;  H.  P.  Fairfield,  Secretary; 
L.  D.  Burlingame,  E.  P.  Bullard,  Jr.,  Fred  H.  Colvin, 
A.  L.  DeLeeuw,  W.  H.  Diefendorf,  F.  L.  Eberhardt,  R. 
E.  Flanders,  A.  A.  Fuller,  E.  J.  Kj;arney,  Wm.  Lodge, 
H.  M.  Lucas,  F.  E.  Rogers,  N.  E.  Zusi 

Protection  of  Industrial  Workers 

John  H.  Barr,  Chairman;  Melville  W.  Mix,  John  P. 
Jackson,  John  W.  Upp,  William  A.  Viall 

Railroads 

Edwin  B.  Katte,  Chairman;  Geo.  M.  Basford,  W.  G. 
Besler,  Frank  H.  Clark,  C.  E.  Etoleth,  W.  F.  M.  Goss, 
A.  L.  Humphrey,  Wm.  F.  Kiesel,  Jr.,  Norman  W.  Storer, 
H.  H.  Vaughan,  Royden  V.  Wright 

Textiles 

Charles  T.  Plunkett,  Chairman;  Edward  W.  TnoiiAS, 
Secretary;  D.  M.  Bates,  Albert  G.  Duncan,  E.  D.  France, 
Edwin  F.  Greene,  Franklin  W.  Hobbs,  W.  E.  Hooper, 
C.  R.  Makepeace,  Charles  H.  IVIanning 


LOCAL  SECTIONS  OF  THE  SOCIETY 


Atlanta 

Earl   F.    Scott,   Chairman;   Park   A.   Dallis,   Secretary; 
Oscar  Elsas,  Frank  H.  Neely,  L.  W.  Robert,  Jr. 

Birmingham 

Roy  E.  Brakeman,  Chairman;  Paul  Wright,  Secy-Treas. 

Boston 

H.  N.  Dawes,  Chairman;  W.  G.  Snow,  Secretary;  C.  H. 
Fish,  A.  L.  Williston,  C.  W.  E.  Clarke 

Buffalo 

David  Bell,  Chairman;  C.  H.  Bierbaum,  C.  A.  Booth,  S.  B. 
Daugherty,  Jas.  W.  Gibney 


Chicago 

H.  M.  Montgomery,  Chairman;  Joseph  Harrington,  V ice- 
Chairman;  Robert  E.  Thayer,  Secretary;  Harry  T.  Bent- 
ley,  Charles  E.  AVilson 

Cincinnati 

J.  B.  Stanwood,  Chairman;  John  T.  Faig,  Secretary;  W. 
G.  Franz,  G.  W.  Galbraith,  George  Langen 

Los  Angeles 

W.  W.  Smith,  Chairman;  William  A.  E.  Noble,  Vice- 
Chairman;  Ford  W.  Harris,  Secretary;  Frededick  C. 
FiNKLE,  0.  J.  Root 
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Milwaukee 

Louis  E.  Strothman,  Chairman;  Fred  H.  Dorner,  Secre- 
tary; M.  A.  Beck,  Walter  C.  Lindejiann,  R.  H.  Robinson, 
Arthur  Sijion,  Henry  Weickel 

Minnesota 

Charles  W.  Tubby,  Chairman;  John  V.  Martenis,  Viee- 
Chairman;  QuiNCV  A.  Hall,  Secii-Treas.;  Wir.  H.  Kava- 
NAUGH,  Max  Toltz 

New  Haven 

H.  B.  Sargent^  Chairman;  E.  H.  Lockwood,  Secretary; 
L.  P.  Breckenridge,  Henry  Brewer,  J.  A.  Norcross 

New  York 

H.  R.  COBLEIGH  (1),  Chairman;  John  P.  Neff  (2),  Secre- 
tary; J.  J.  Swan  (3),  Edwin  J.  Prindle  (4),  Alfred  D. 
Blake   (5) 


Philadelphia 

Robert  H.  Fernald,  Chairman;  William  R.  Jones,  Secre- 
tary; Ejoiett  B.  Carter,  Henry  E.  Ehlers,  James  E, 
Gibson,  Andrew  C.  ^'A^CLA1N 


St.  Louis 

Edward  Flad,  Chairman;  Geo.  R.  Wadleigh,  Secretary; 
Frederick  E.  Bausch,  Edwards  R.  Fish,  Ernest  L.  Ohle 

San  Francisco 

Frederick  W.  Gay,  Chairman;  Frank  H.  Vaeney,  ]' ice- 
Chairman;  C.  F.  Braun,  Secretary;  H.  L.  Terwilliger, 
J.  T.  Whittlesey 

Worcester 

Paul  B.  Morgan,  Chairman;  Edgar  H.  Reed,  Secretary; 
Carl  F.  Dietz,  Howard  P.  Fairfield,  Frederick  W.  Parks 


OFFICERS  OF  AFFILIATED   SOCIETY 

Providence  Association  of  Mechanical  Engineers 

AV.  H.  Paine,  President;  Arthur  H.  Axxan,   Vice-President;  J.  A.  Brooics,  Secretary;  A.  H.  Wiiatle;.  Treasurer 

OFFICERS   OF  THE   STUDENT   BRANCHES 


date 

institution 

authorized 

honorary  chairman 

CHAIRMAN    AND    SECRETARY 

BY  council 

Arkansas,  University  of,  Fayetteville,  Ark. 

1910 

B.  N.  AVilson 

W.  G.  Horton 
J.  C.  Moody 

Armour  Institute  of  Tech.,  Cliioago,  III. 

1909 

G.  F.  Gebhardt 

J.  M.  Byanskas 

E.  S.  Echliu 

BuckneU    College,  Lewisburg,  Pa. 

1916 

F.  E.  Burpee 

T.  L.  James 
C.  E.  Lewis 

California,  University  of,  Berkeley,  Cal. 

1912 

Joseph  N.  LeConte 

C.  Sebastian 
E.  Eichler 

Carnegie  Institute  of  Tech.,  Pittsburgh,  Pa. 

1913 

W.  Trinks 

Beuj.  Schwartz 
John  T.  Eaton 

Case  School  of  Applied  Science,  Cleveland,  0. 

1913 

F.  H.  Yose 

Geo.  S.  Baldwin 
Louis  H.  Ashniuu 

Cincinnati,  University  of,  Cincinnati.  0. 

1909 

J.  T.  Faig 

A.  J.  Langhammer 
W.  T.  Cowell 

(Colo.)  State  Agri.  College,  Fort  Collins,  Colo. 

1914 

J.  W.  Lawrence 

A.  T.  Johnson 
T.  H.  Sackett 

Colorado,  University  of,  Boulder,  Colo. 

1914 

John  A.  Hunter 

Edison  B.  Good 
'\\'ilfred  Sawyer 

Columbia  University,  New  Yoi'k,  N.  Y. 

1909 

Chas.  E.  Lucke 

L.  H.  Nielsen 

Chas.  W.  Sengstaken 

Cornell  University,  Ithaca,  N.  Y. 

1908 

R.  C.  Carjjenter 

A.  R.  Cota 

W.  F.  Courtney 

Georgia  School  of  Tech.,  Atlanta,  Ga. 

191,5 

J.  S.  Coon 

R.S.  Fleet 

P.  N.  Johnson 

Illinois,  University  of,  Urbana,  III. 

1909 

-W.  F.  M.  Goss 

R.  C.  Malev 
E.  B.  Stout 

Iowa,  State  University  of,  Iowa  City,  la. 

1913 

R.  S.  Wilbur 

C.  W.  Harrison 
^'ictor  Johnson 
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Kansas  State  Agri.  College,  Manhattan,  Kan. 

Kansas,  University  of,  Lawrence,  Kan. 

Kentucky,  State  University  of,  Lexington,  Ky. 

Lehigh  University,  South  Bethlehem,  Pa. 

Leland    Stanford    Jr.    University,    Stanford 
University,  Cal. 

Louisiana  State  University,  Baton  Eouge,  La. 

Maine,  University  of,  Orono,  Me. 

Massachusetts  Institute  of  Tech.,  Boston,  Mass. 

Michigan,  University  of,  Ann  Arbor,  Mich. 

Minnesota,  University  of,  Minneapolis,  Minn. 

Missouri,  University  of,  Columbia,  Mo. 

Nebraska,  University  of,  Lincoln,  Neb. 

New  York  University,  New  York,  N.  Y. 

Ohio  State  University,  Columbus,  0. 

'Pennsylvania  State  College,  State  College,  Pa. 
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AT  the  beginning  of  the  present  war  there  used  to  occur 
considerable  delays  in  the  delivery  of  foreign  period- 
icals to  the  library  of  the  Engineering  Societies,  due,  as  ex- 
plained at  the  time,  partly  to  the  disorganization  of  the  ocean 
mail  service  and  partly  to  irregularities  in  the  issue  of  pe- 
riodicals themselves.  Then  for  a  time  foreign  periodicals,  not 
excepting  German  and  Austrian  ones,  used  to  come  with  a 
fair  regularity.  Of  late,  however,  there  has  begun  to  occur  again 
great  delays,  so  that  some  of  the  important  periodicals,  espe- 
cially from  the  Central  Empires,  practically  stopped  commg. 
Attention  is  called  to  this  fact  to  explain  the  comparatively 
small  number  of  articles  re- 
ported from  periodicals  in 
the  German  language. 


This  Month's  Abticles 

An  illustrated  abstract  of 
an  article  on  the  utilization 
of  exhaust  heat  from  internal 
combustion  engines  is  given, 
of  interest  because  it  refers 
to  methods  of  utilizing  this 
exhaust  heat  in  prime  movers. 

In  the  section  Machine 
Shop  Processes  is  given  an 
abstract  on  an  article  on  the 
production  of  die-pressed 
castings.  Other  abstracts  re- 
fer to  the  manufacture  of 
brass  cartridge  cases. 

The  Machine  Tool  section 
deals  mainly  with  machinery 
for  shell  manufacture,  a  sub- 
ject to  which  particular  at- 
tention is  paid  in  Canadian 
trade  papers.  Two  abstracts 
of  properties  of  materials  are 
given.  One  on  the  recrystal- 
lization  of  cold  worked  brass  on  annealing,  of  particular  in- 
terest because  of  the  insight  which  the  experiments  described 
give  on  these  variations  in  the  structural  constitution  of  brass. 
The  article  on  the  rusting  of  iron  and  steel  describes  interest- 
ing experiments  which  may  help  to  make  clear  the  still  uncer- 
tain processes  which  take  place  when  iron  and  its  alloys 
"  rust." 

In  the  section  Mechanics  are  reported  several  articles  to 
which  particular  attention  is  called.  F.  L.  Fairbanks,  in  a 
paper  on  the  lubrication  of  bearings  and  cylinders,  discusses 
some  of  his  experiences  in  the  design  of  bearings,  cylinders, 
and  pistons,  expressing  rather  novel  views  on  what  actually 
occurs  between  two  surfaces  in  friction  with  one  another  sup- 
posedly protected  by  a  film  of  oil.  A  mathematical  article  on 
the  bending  of  a  shaft  having  two  bearings  is  reported  from 
a  French  paper,  while  in  another  article  is  discussed  the  prob- 
lem of  the  centrifugal  action  as  it  affects  helical  springs. 

In  the  section  on  Power  Generation  and  Transmission  is 
rejjorted  a  suggestion  made  by  Dugald  Clerk  concerning  a 
turbine  driven  by  gas  through  a  hydraulic  medium,  and  the 
question  of  comparative  costs  of  compressed  air  and  electricity 
in  mine  stop  haulages  is  discussed,  as  well  as  that  of  the  com- 
parative merits  of  geared  turbine  and  turbo-electric  means  for 


mai-ine  propulsion.  In  the  last  of  these  abstracts  is  given  a 
formula  for  a  power  constant  by  which  the  performance  of 
gears  may  be  compared. 

In  the  section  Steam  Engineering  are  abstracted  two  articles, 
one  on  the  discovery  of  leaks  in  surface  condensers  by  chem- 
ical and  electi'ical  means,  and  the  other  on  the  design  and  use 
of  steam  engines  with  very  high  back  pressures  up  to  and 
perhaps  over  60  lb. 

In  this  article,  by  the  way,  the  author  calls  attention  to  the 
unfortunate  practice,  still  adhered  to  in  many  cases,  of  letting 
the  consulting  engineer  design  the  jjower  plant  and  then  con- 
necting up  in  a  "  traditional  " 
way  the  appliances  using 
live  and  exhaust  steam  in  the 
various  manufacturing  proc- 
esses carried  in  the  plant.  He 
shows  further  how  much  bet- 
ter results  can  be  obtained 
when  the  entire  plant  is 
treated,  as  it  ought  to  be,  as 
a  unit,  and  the  power  end  de- 
signed with  a  clear  under- 
standing of  what  the  exhaust 
steam  is  to  be  used  for. 

In  the  same  article  the  mat- 
ter of  waste  cylinder  conden- 
sation, with  special  reference 
to  engines  working  with  high 
back  pressures,  is  discussed 
in  detail. 

The  question  of  pipe  coup- 
lings with  special  reference 
to  their  use  on  gas  line  is 
taken  up  in  an  article  ab- 
stracted from  the  Natural 
Gas  Journal.  Among  other 
things  is  described  a  new 
type   of  a  pipe  coupling  in 


SUBJECTS  OF  ARTICLES 

Utilization   of  Exhaust   Heat  from   Diesel   Engines   in 

tuiibines. 
Brass  Cartridges  for  18  Pdr.  Shells. 
Brass  Cartridge  Cases. 
Die-Pressed  Castings. 
Herringbone  Gear  Hobeing  Machine. 
Tools  and  Devices  for  Shell  Making. 
Ci'TTiNu-oFF  Machine  foe  Shell  Work. 
Expanding  Chuck. 
Waving  and  Band  Cutting  Fixture. 
Nosing  Presses. 
Mechanical  Plug  Wrench. 
Painting  Machine. 

Recristallization  of  Cold  Worked  Brass. 
Kusting  of  Iron  and  Steel. 
Bending  of  a  Shaft  with  Two  Bearings. 
Lubrication  of  Bearings  and  Cylinders. 
Equations  of  Plotted  Curves. 
Helical  Springs  Under  Centrifugal  Action. 
Gas-Water  Turbine. 
Farm  Engines. 
Ueared  Turbine. 
Power  Constant  of  Gears. 
High  Pressure  Exhaust  Steam. 
Leaks  in  Surface  Condensers. 
Pipe  Couplings. 
Permutit  Water  Softening. 
Packing  Metal  Shavings. 
Smoke  and  Railway  Electrification  in  Chicago. 


which  the  outer  flange  is  entirely  done  away  with,  and  the 
ring  is  an-anged  in  such  way  that  it  cannot  bend  between  the 
bolts. 

A  plant  in  Brooklyn,  N.  Y.,  is  described,  where  the  entire 
feed  water  for  the  boilers  and  water  for  bathing  and  washing 
puri)oses  is  treated  by  the  Permutit  process.  The  installation 
is  of  interest  especially  because  a  capacity  of  about  500  cu.  ft. 
takes  care  of  60,000  gallons  per  day  of  very  hard  well  water, 
and  only  about  2000  gallons  of  brine  (common  unrefined  salt) 
is  used  to  treat  it. 

From  a  German  publication  is  abstracted  a  paper  on  eco- 
nomic methods  of  packing  metal  shavings.  The  day  is  not  far 
away  when  a  lathe  hand  used  to  be  proud  of  getting  a  shav- 
ing of  record-breaking  length.  Now  the  problem  is  how  to 
make  it  as  short  as  possible,  and  the  paper  describes  a  number 
of  ways,  some  apparently  of  proven  practicability,  of  achiev- 
ing this  result. 

The  question  of  railway  electrification  as  a  solution  of  the 
smoke  problem  in  Chicago  is  referred  to  in  the  last  abstract. 
It  is  noteworthy  in  this  connection  that  after  a  very  thorough 
investigation,  including  an  examination  of  a  recent  Diesel  en- 
gine locomotive  in  Switzerland,  no  type  has  been  found  that 
could,  even  at  a  liigher  cost  of  operation,  take  the  place  of  the 
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steam  locomotive  in  work  as  heavy  as  that  in  the  Chicago  term- 
inal zone. 

Internal  Combustion  Engineering 

Utilization  of  Exhaust  Heat  from  Ixterxal  Combustion 
Engines,  W.  Gentsch 
The  problem  of  utilization  of  the  exhaust  heat  from  internal 
combustion  engines  has  become  of  importance  especially  in 
connection  with  the  introduction  of  Diesel  engines  for  ship 
propulsion.  It  must  be  also  remembered  that  in  many  cases 
a  mixed  Diesel  engine  and  steam  propulsion  has  been  found 
advisable.  Thus  Thornyeroft,  on  torpedo  boat  destroyers,  have 
found  it  convenient  to  drive  both  screws  by  Diesel  engines 
during  maneuvering  with  about  1200  h.p.,  while  in  straight 


during  the  slow  run  of  the  pistons  the  exhaust  gases  still  pos- 
sess a  sufficient  power  of  expansion  to  drive  the  turbine  di- 
rectly, without  the  use  of  a  superheater  or  similar  device.  The 
arrangement  is  shown  in  detail  in  the  figure.  Each  of  the 
working  cylinders  E  rotating  about  the  axis  B  is  provided 
with  an  exhaust  passage  m  governed  by  a  valve  M.  In  a  disc 
C  rotating  together  with  the  cylinder  is  provided  a  passage  to', 
which  foi-ms  the  continuation  of  the  passage  m.  The  turbine 
P  is  provided  with  blades  a  only  over  one  half  of  its  circum- 
ference. Since  the  engine  works  on  the  four  stroke  cycle,  the 
exhaust  gases  from  each  cylinder  can  flow  to  the  blades  a  only 
during  one  half  of  one  revolution.  The  valves  A  are  governed 
by  the  toothed  wheel  .V.     On  the  two  opposite  points  of  the 
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EiG.  1    Apparatus  fok  Utilizing  Exhaust  Heat  from   Internai,  Combustion  Engines  in  Prime  Movers 


runs  15,000  h.p.  are  supplied  to  the  shafts  by  steam  turbines. 

It  is  fairly  clear  that  the  exhaust  gases  cannot  well  be  di- 
rectly utilized  in  a  turbine,  since  the  driving  medium  possesses 
low  specific  gravity  and  comparatively  low  ^•elocity,  in  addi- 
tion to  which,  because  of  its  low  initial  pressure,  the  velocity 
of  the  exhaust  gases  varies  only  very  little. 

An  an-angement  proposed  by  A.  Burdin  and  M.  Mutel  is 
shown  in  Fig.  1  A  and  B.  An  explosion  engine  with  rotary 
cylinders,  and  a  turbine  in  series  with  it,  rotate  about  a  rigidly 
held  shaft,  and  the  exhaust  valves  of  the  cylinder  are  aiTanged 
in  such  a  manner  that  the  exhaust  gases  are  discharged  after 
each  two  revolutions  of  the  cylinder  during  the  period  of  % 
of  one  revolution.     The  purpose  of  this  arrangement  is  that 


disc  C  are  rotatably  located  two  other  geared  wheels  N'  and 
N",  each  of  which  has  twice  as  many  teeth  as  the  wheel  N  with 
which  they  are  in  engagement,  so  that  when  the  working  cylin- 
der makes  two  revolutions,  they  make  one  revolution.  The 
two  wheels  A"  and  N"  have  a  roller  n  wliich  during  one  quarter 
of  a  revolution  of  the  geared  wheels  N  and  N"  (that  is  during 
one  half  of  a  revolution  of  the  rotating  working  cylinder)  acts 
on  the  guide  .V  of  a  guiding  frame,  lifts  it  and  thereby  opens 
the  exhaust  valve  M  connected  with  it.  The  roller  n  operates 
in  such  a  manner  that  the  exhaust  valves  are  alternately  opened 
during  one  half  of  one  revolution  of  the  working  cylinder,  and 
during  each  complete  revolution  of  the  latter  these  exhaust 
sases  are  once  directed  towards  the  turbine  blades  o. 
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In  the  ilesign  [iroposed  by  H.  Giiinewald  (  Kig.  C),  station- 
ary cylinders  working  on  the  four  sti'oke  cycle  are  used,  the 
shaft  of  which  rotates  a  ring  a  provided  with  curved  parts. 
This  ring,  in  its  turn,  operates  the  cocks  v  through  which  fresh 
mixture  is  delivered  by  suction  into  the  cylinder  and  the  ex- 
haust gas  is  liberated  during  the  last  stroke.  During  this  de- 
livery of  the  exhaust  gas  the  fresh  mixture  which  still  remains 
in  the  cocks  is  ignited  so  that  the  gases  still  having  a  certain 
amount  of  energy  ai'e  delivered  into  the  running  wheel  of  the 
turbine. 

It  is,  of  course,  entirely  feasible  to  utilize  both  the  waste 
heat  of  the  cooling  jacket  and  the  heat  from  the  exhaust  gases, 
and  this  may  be  done  separately,  so  as  to  have  both  sources 
of  waste  heat  connected,  so  to  speak,  in  parallel.  Fig.  D  shows 
diagramatieally  such  an  arrangement  proposed  by  C.  H.  J. 
Stuart,  in  which  the  heat  carriers,  steam  from  the  cooling 
water  and  gases  work  separately  in  the  turbines,  but  previous 
to  the  delivery  of  the  work  there  occurs  between  them  an  ex- 
change of  heat.  The  reciprocating  engine  a,  the  gas  turbine 
h,  and  the  steam  turbine  c  work  on  the  same  shaft.  The  ex- 
haust gases  from  the  reciprocating  engine  a  go  through  piping 
d  into  the  beater  e  and  from  there  through  pipe  /  into  the 
turbine  6,  from  which  they  finally  exhaust  through  pipe  //. 
The  pump  h  through  pipe  /  delivers  water  into  the  cooling 
jacket  of  the  reciprocating  engine,  which  this  water  leaves, 
partly  mixed  with  steam  and  material  heated  up,  through  pipe 
A-  and  from  there  enters  in  the  form  of  a  spray  the  heater  e 
through  nozzles  I.  Here  a  complete  vaporization  of  this  watei' 
takes  place,  accompanied  by  a  cooling  down  of  the  exhaust 
gases,  this  occurring  in  such  a  manner  that  the  superheated 
steam  flows  through  pipe  n  to  turbine  c.  The  exhaust  of  the 
latter  goes  to  the  condenser  o  out  of  which  the  pump  /*  delivei'S 
it  as  water  of  condensation  back  to  the  cooling  jacket.  These 
three  sets  of  machinery  may  be  distributed  between  ship  siiafts 
in  such  a  manner  that  the  middle  shaft  is  driven  by  the  recip- 
rocating engines  while  the  two  turbines  drive  the  side  shafts. 
This  arrangement  has  the  advantage  that  each  working  me- 
dium operates  under  conditions  most  suitable  for  it,  but  its 
disadvantage  lies  in  the  complicated  arrangement  which  mate- 
rialy  increases  the  prime  cost  as  compared  with  the  gain  in 
heat  efficiency,  {tjber  die  Verwertung  der  Ahwdrme  von  Ver- 
hretnningsmaschinen  in  Turhinen,  Wilhelm  Gentsch,  Zeit- 
schrift  fiir  das  gesamte  Turhinenwesen,  vol.  12,  no.  33  and  34, 
pp.  385  and  397,  November  30  and  December  10,  1915.  8  pp., 
14  figs,    d.) 

Machine  Shop  Processes 

]yi.4NUPACTURiNG  Brass  Caetridge  Cases  FOE  18  Lb.  Shells 

When  the  problem  of  producing  brass  cartridge  cases  first 
came  before  Canadian  manufacturers,  one  of  the  chief  draw- 
backs to  immediate  output  was  the  inability  to  secure  the  nec- 
essary equipment.  The  existing  machinery  of  plants  had  to 
be  adapted  to  the  purpose,  with  eminent  success  in  some  cases, 
one  of  which  is  described  here. 

The  work  of  producing  brass  cartridge  eases  for  18  lb.  shells 
is  characterized  by  some  interesting  drawing  operations  which 
with  the  annealing  processes  constitute  the  greater  part  of 
the  work,  especially  in  view  of  the  fact  that  the  metal  from 
which  these  cases  are  made  has  to  conform  to  close  physical 
specifications  after  being  worked  and  the  finished  case  has  also 
to  pass  a  rigid  inspection  and  answer  to  very  exacting  require- 
ments. The  article  describes  the  processes  of  cupping,  an- 
nealing the  shells,  first  and  second  redrawing  operations,  first 
indenting,  third  and  fourth  redrawing  and  second  indenting, 
fifth  redraw  and  preliminary  trimming,  final  trimming,  head- 


ing the  cases,  aimealing  and  tapering,  macliining  the  headed 
end,  and  inspection  at  the  various  stages  of  manufacture.  The 
interesting  feature  of  the  manufacture  described  is  that  it  is 
done  not  on  special  tools  but  with  the  usual  equipment  of  a 
well-found  machine  shop.  (Canadian  Machinery,  vol.  14,  no. 
27,  p.  595,  December  30,  1915,  6  pp.,  17  figs,    dp.) 

Making   Cartridge  Cases  on  Bulldozees  and  Planers, 
Douglas  T.  Hamilton 

The  manufacture  of  cartridge  cases  on  bulldozers  and  plan- 
ers is  described  in  detail  step  by  step.  A  very  interesting  table 
is  also  given  covering  such  data  as  the  character  of  each  oper- 
ation, the  sizes,  type  of  machine  used,  type  and  temperature 
of  furnace  used,  bath,  scleroscope  reading,  and  production  per 
hour.  The  description  and  sizes  refer  mainly  to  the  18  lb. 
British  cartridge  case,  but  would  be  of  equal  interest  for  ar- 
ticles of  approximately  the  same  sizes  with  suitable  modifica- 
tions in  the  dies.  (Machinery,  New  York,  vol.  22,  no.  5,  p. 
386,  January  1916,  5  pp.,  13  figs.) 

The   Production  op  Die-Pressed   Castings,  Edward   K. 
Hammond 

The  production  of  die-pressed  castings  is  a  comparatively 
recent  method  of  manufacture.  Until  recently,  the  production 
of  many  machine  parts  was  limited  practically  to  one  of  two 
methods:  either  turning  the  pieces  from  bar  stock,  or  casting 
them  in  sand  molds.  The  disadvantage  of  the  former  method 
lies  in  the  large  proportion  of  the  material  that  is  converted 
into  scrap,  while  castings  produced  in  sand  molds  are  apt  to 
be  defective  from  several  causes.  The  method  of  making  die- 
pressed  castings  gives  castings  which  can  be  brought  extremely 
close  to  the  required  dimensions  of  the  part  with  a  smooth 
surface  and  uniform  structure  of  the  metal,  and  still  be  free 
from  such  defects  as  blow  holes,  pin  holes,  etc.  Brass,  bronze, 
copper,  aluminum,  nickel  and  other  metals  lend  themselves  to 
this  treatment. 

The  article  describes  in  considerable  detail  the  dies  used  for 
this  method  and  gives  many  suggestions  in  regard  to  the  de- 
sign of  the  dies,  such  as  methods  for  determining  the  unit 
pressure  which  the  die  will  be  called  to  resist.  It  discusses 
also  the  design  of  dies  made  in  halves  for  the  case  where  the 
metal  is  completely  enclosed. 

Tungsten  steel  is  the  material  best  adapted  to  the  require- 
ments of  making  dies  for  pressing  hot  metal,  but  on  account 
of  its  cost  the  expedient  has  been  adopted  of  making  the  inner 
part  of  the  die  of  tungsten  steel  and  shrinking  one  or  more 
machine  steel  collars  around  it  to  give  it  the  required  strength. 

The  type  of  power  press  used  for  applying  pressure  to  the 
dies  is  further  discussed.  The  author  particularly  recommends 
the  "  percussion  "  type  of  power  press  for  use  in  the  manu- 
facture of  die-pressed  castings  and  describes  certain  types  used 
in  Germany  and  recently  introduced  into  this  country.  The 
importance  of  performing  pressing -operations  at  a  suitable 
speed  is  emphasized. 

In  this  connection  the  author  calls  attention  to  the  interest- 
ing fact  that  the  lend  of  the  driving  screw  does  not  govern  the 
force  of  the  blow  which  is  delivered  by  the  ram.  By  reducing 
the  lead  of  the  screw  the  speed  of  the  ram  and  the  value  of 
its  kinetic  energy  are  correspondingly  reduced,  but  this  loss  of 
power  is  offset  by  the  fact  that  the  screw  of  more  gradual  lead 
has  a  greater  mechanical  driving  power.  In  practice  the 
presses  are  designed  to  take  advantage  of  the  maximum  me- 
chanical dri\'ing  power  which  can  be  obtained  from  the  screw, 
and  so  the  lead  is  made  as  small  as  possible,  the  limiting  con- 
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dition  being  that  point  where  the  inclination  of  the  thread  is  so 
gradual  that  the  screw  will  tend  to  bind  in  the  nut. 

The  raw  materials  of  the  industry  are  further  discussed  and 
a  shop  equipped  for  making  die-pressed  castings  is  described. 
(Machinery,  New  York,  vol.  22,  no.  5,  p.  363,  January  1916, 
8  pp.,  16  figs,    d.) 

Machine  Tools 

The   Largest    Herringbone   Gear   Hobbixg   ISIachine, 
E.  K.  H. 

Description  of  a  special  machine  designed  and  built  by  the 
Falk  Co.  of  Milwaukee,  Wisconsin,  for  generating  herringbone 
gears  of  the  Wuest  type. 

Tor  a  description  of  the  Wuest  type  see  Transactions,  Vol- 
ume 33,  page  681.  The  machine  is  equipped  with  two  hubs 
carried  by  heads  located  at  opposite  sides  of  the  table  on  which 
the  work  is  mounted.  (Machinery,  vol.  22,  no.  5,  p.  396,  Janu- 
ary 1916,  3  pp.,  7  fig.    d.) 

Typical  Tools  and  Devices  from  Canadian  Shell  Shops 

The  Canadian  Pacific  Railroad  Angus  Shops  have  developed 
a  method  for  milling  the  back  ends  of  the  shell  forging  on  a 
vertical  milhng  machine  by  means  of  a  special  fixture  not  fully 
described.  It  requires  about  two  minutes  to  complete  one  base 
and  the  operation  is  practically  continuous  as  finished  shells 
can  be  removed  and  rough  ones  put  in  place  whUe  the  machine 
is  limning. 

The  Montreal  Locomotive  Co.  is  using  a  planer  for  facing 
off  the  bases  of  4.5  shells.  A  heavy  forging  ha\'ing  a  series 
of  V's  or  notches  cut  in  it  is  clamped  to  the  jjlaner  bed.  The 
shells  are  placed  in  the  V's,  three  shells  to  each,  and  are  gaged 
for  length  by  having  the  noses  "  butt "  against  the  bar  fast- 
ened to  the  inside  edge  of  the  forging.  They  are  then  se- 
curely clamped  by  a  heavy  bar  extending  along  the  top.  In 
machining  the  bases  the  side-head  with  vertical  feed  is  used. 

The  Toronto  Structural  Steel  Works  use  an  interesting  de- 
sign of  centering  jig.  It  consists  of  an  upright  arbor  fast- 
ened to  a  block  which  slides  in  V's  formed  on  the  table  of  the 
drill  press.  A  bushing  shaped  to  conform  to  the  rough  bore 
of  the  forging  near  the  base  slides  on  the  arbor  and  is  main- 
tained in  position  near  the  top  by  means  of  a  spring  resting 
upon  a  shoulder  formed  by  the  lower  part  of  the  arbor.  There 
is  also  provided  another  bushing  which  is  made  a  sliding  fit 
for  the  lower  part  of  the  arbor  and  is  also  held  in  its  highest 
position  by  means  of  a  spring.  This  bushing  is  made  with  a 
suitable  taper  so  as  to  rest  half  way  into  the  open  end  of  the 
forging.  When  the  rough  forging  is  placed  over  the  arbor  it 
centers  itself  on  the  two  bushings  which  compresses  the 
springs  until  the  weight  of  the  forging  is  taken  by  two  stop 
pins.  The  centering  proper  is  done  by  a  combination  drill  and 
center. 

A  number  of  expanding  mandrels  have  been  devised  for 
shell  manufacture.  The  Canadian  Ingersoll-Rand  Co.  uses  on 
an  engine  lathe  a  mandrel  operated  by  air.  A  hoUow  arbor 
has  a  tapered  shank  to  fit  the  lathe  spindle.  A  plug  screwed 
into  the  end  of  the  arbor  acts  as  a  locating  stop.  Two  sets 
of  jaws  are  operated  by  means  of  a  hollow  sleeve  and  shaft. 
These  sets  of  jaws  are  operated  by  a  small  air  cylinder  placed 
on  the  end  of  the  lathe.  When  the  air  is  turned  on,  the  piston 
is  forced  back  in  conjunction  with  the  shaft  and  sleeve.  The 
tapered  portions  on  the  end  of  these  engage  with  the  taper 
jaws,  forcing  them  out  against  the  wall  of  the  shell.  E.  T. 
Spidy  has  designed  a  mandrel  to  average  up  the  hole,  to  take 
care  of  cases  when  a  long  hole  is  not  perfectly  straight.    ( Cana- 


dian Machinery,  vol.  14,  no.  27,  p.  650,  December  30,  1915, 
5  pp.    d.) 

New  Machines  and  Appliances  Evolved  by  Canadian 
Firms 

Description  of  new  machines  and  appliances  evolved  in 
Canada  mainly  in  connection  with  the  manufacture  of  shells. 

John  H.  HaU  &  Sons  have  redesigned  their  cutting-off  ma- 
chines so  as  to  adapt  them  to  shrapnel  and  high  explosive 
shell  work.  The  bed  of  the  machine  is  heavily  constructed  and 
to  it  is  bolted  the  head  stock.  The  spindle  rests  in  ample  bear- 
ings, the  whole  being  entirely  inclosed  by  a  cast  iron  cover. 
The  cut-off  slide  is  provided  with  two  tools  working  in  oppo- 
site directions,  and  power  feed.  Longitudinal  travel  of  the 
tool  slide  is  obtained  by  means  of  a  screw  and  star  wheel  lo- 
cated at  the  end  of  the  machine. 

The  Hamilton  Gear  and  Machine  Co.  have  also  redesigned 
their  cutting-off  machine.  An  annular  chuck  with  automatic 
jaws  grips  the  shell  body  leaving  both  ends  exposed.  Two 
tool  slides  are  pz-ovided,  one  on  each  side  of  the  chuck,  the 
slide  at  the  back  carrying  a  tool  which  removes  excess  metal 
from  the  shell  base,  while  the  front  slide  carries  a  cutting-off 
tool  which  trims  the  shell  to  correct  length. 

The  R.  McDougall  Co.  makes  an  expanding  chuck  with  the 
hand  wheel  fitted  to  a  rod  which  extends  through  the  hollow 
lathe  sjjindle.  Two  sets  of  three  jaws  expand  and  tighten 
against  the  shell,  which  is  pushed  on  the  chuck  untU  the  end 
of  the  lathe  which  acts  as  a  stop,  comes  in  contact  with  the  bot- 
tom of  the  shell.  The  jaws  are  caused  to  expand  by  two  taj)- 
ered  lengths  of  the  central  spindle  of  the  chuck.  First,  a  stiff 
spiral  spring  which  acts  as  a  means  of  adjustment,  is  placed 
between  the  two  tapered  portions.  As  the  small  pair  of  jaws 
is  designed  to  seize  just  before  the  larger,  the  spring  allows 
the  tapered  portion  of  the  spindle  to  continue  to  tighten  the 
larger  jaws.  Flat  steel  springs  withdraw  the  jaws  from  the 
work  when  the  hand  wheel  is  turned. 

John  Bertram  &  Sons  Co.  have  designed  a  waving  and  hand- 
cutting  fixture  which  may  be  attached  to  any  style  of  lathe. 
A  triple  faced  cam  is  attached  to  the  face  chuck  holding  the 
shell.  The  tool  holders  are  bolted  to  the  ways  of  the  lathe, 
the  front  holder  supporting  the  waving  tools  and  the  rear 
holder  the  under  cutting  tools,  cams  imparting  an  oscillating 
motion  and  giving  a  wave  to  the  ribs.  A  stop  in  the  center 
of  the  fixtures  regulates  the  depth  of  cut  for  all  the  tools. 

Two  new  nosing  presses  have  been  put  on  the  market,  one 
by  the  Brown-Boggs  Co.,  a  standard  gear  straight  side  press 
with  a  heavy  nosing  die  attached  to  the  end  of  the  ram,  and 
the  other  by  the  Canadian  Locomotive  Company,  who  found 
a  way  to  convert  their  banding  press  into  a  nosing  press  sim- 
ply by  inserting  a  steel  plug  in  the  center  of  the  machine. 
This  plug  is  provided  with  a  shank  which  extends  down  and 
rests  on  top  of  the  piston  from  whence  it  gets  its  motion.  The 
nosing  die  is  held  in  a  fixture  mounted  on  the  center  of  the 
machine.  The  shell  is  placed  on  the  plug  and  moved  upward, 
the  nose  coming  in  contact  with  the  die  which  forms  it  to  the 
desired  shape. 

A  machine  of  novel  design  is  the  mechanical  plug  wrench 
developed  by  the  Holden-Morgan  Co.  for  screwing  home  the 
plugs  in  the  bases  of  the  shells.  The  bed  of  the  machine  is  a 
hollow  iron  casting  supporting  two  spindle  bearings  and  a 
table  for  the  vise.  A  large  spur  gear  is  keyed  to  the  end  of 
the  spindle  and  is  driven  by  a  pinion  on  the  clutch  shaft 
placed  at  the  side  of  the  bed.  The  chuck  on  the  spindle  is 
made  to  take  the  square  end  of  the  base  plug. 

The  Canadian  Locomotive   Company  has  also  designed  an 
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interesting  type  of  painting  machine  in  the  sliape  of  a  huge 
drum  on  the  top  of  which  is  mounted  a  circuhir  table  resting 
on  five  rollers,  three  of  which  are  made  of  laminated  leather 
and  imjiart  a  revolving  motion  to  the  table.  Mounted  around 
the  outer  edge  of  the  table  of  the  machine  are  sixty  hinged 
bolts.  The  brass  sockets  which  are  screwed  into  the  shell  nose 
are  then  slipped  over  the  bolts,  nose  down.  A  bracket  to  carry 
the  paint  can  be  slipped  over  the  central  stationary  spindle  of 
the  machine  and  can  be  moved  around  to  any  desired  position. 
The  operator  swings  the  shell  inward  upon  the  hinged  bolts 
and  this  causes  the  beveled  surface  of  the  brass  casting  in  the 
shell  nose  to  come  in  contact  with  the  large  central  revolving 
disk.  The  shell  is  thus  rotated  and  the  paint  applied  with 
great  ease.  Steam  coils  are  placed  in  the  center  of  the  ma- 
chine which  permits  the  shell  to  be  dried  very  quickly.  (Cana- 
dian Machinery,  vol.  14,  no.  27,  p.  641,  December  30,  191.5,  3 
pp.     d.) 

Materials  of  Construction 

Eecrtstallization    op  '  Cold-Worked    Alpha    Brass    on 
Annealing,  C.  H.  Mathewson  and  Arthur  Phillips 

The  paper  is  devoted  to  a  limited  report  of  some  tests  on 
the  mechanical  properties  and  micro-structure  due  to  anneal- 
ing under  uniform  conditions  of  certain  types  of  commercial 
roUed  brass.  Since  these  experiments  were  conducted  with  the 
active  cooperation  of  the  Bridgeport  Brass  Co.,  involving  free 
use  of  its  product,  and  have  thus  furnished  information  which 
is  characteristic  of  some  of  its  special  mixtures,  the  author 
does  not  consider  justifiable  the  full  publication  of  the  numer- 
ical relationships  and  comparative  results  encountered.  The 
present  paper  reports,  therefore,  only  some  of  the  general  fea- 
tures of  the  work  done,  especially  the  characteristics  of  re- 
crystallization  as  related  to  the  degree  of  hardening  by  strain 
and  the  ordinary  annealing  variables. 

The  paper  reports  fully  the  results  obtained  by  the  French 
engineer,  Grard,  in  1909,  as  well  as  the  experiments  of  Ben- 
gough  and  Hudson  in  1910.  It  also  describes  the  various 
methods  used  in  the  present  tests. 

The  author  states  that  the  precise  nature  of  the  changes 
which  take  place  in  worked  metal  as  a  result  of  exposure  to 
very  moderate  temperatures  or  even  spontaneously  is  not  un- 
derstood. Any  attempt  to  study  these  changes  with  the  aid 
of  the  microscope  is  certain  to  faU  because  the  accompanying 
structural  alterations  are  too  minute  or  too  indefinite  to  be 
followed.  Since  no  alteration  of  structure  can  be  associated 
with  these  effects  they  must  be  of  a  mechanical  nature  (Heyn) 
or  must  be  due  to  some  reorganization  of  the  jsarticles  which 
does  not  suffice  to  change  the  etching  characteristics  of  the 
metal. 

As  reported  in  the  paper,  the  investigation  covered,  in  the 
first  place,  the  determination  of  the  time  required  at  a  number 
of  different  temperatures  between  225  deg.  cent,  and  325  deg. 
cent,  to  produce  a  drop  of  three  points  in  scleroscopic  hard- 
ness in  the  ease  of  70/30  brass  which  has  received  a  40  per 
cent  reduction  by  rolling  after  a  dead  soft  anneal  in  the  mill. 
The  author  calls  attention  to  the  fact  that  from  a  practical 
standjjoint,  if  we  are  to  speak  of  a  critical  temperature  at 
which  softening  will  begin  in  any  particular  mixture  that  has 
been  given  a  stated  reduction  by  cold  working,  certain  quali- 
fications have  to  be  considered.  Any  set  of  curves  giving  the 
physical  properties  of  a  commercial  mixture  having  anneal 
for  a  fixed  period  of  time  following  a  given  reduction  by  cold 
working,  requires  that  a  stated  period  of  anneal  be  rigidly 
adhered  to  within  the  critical  range  of  incipient  effects,  in 


order  that  the  results  of  the  test  may  be  jjroperly  duplicated. 
At  high  temperatures  approximate  equilibrium  values  are 
reached  in  comparatively  brief  periods  of  time.  Thus  in  the 
case  of  cartridge  brass  (70/30  -)-  3)  which  has  received  a  heavy 
reduction,  at  all  temperatures  above  325  deg.  cent.,  variation 
of  the  annealing  period  between  14  hour  and  1  hour  will  not 
bring  about  any  material  change  in  properties. 

As  regards  the  earlier  stages  of  recrystallization  in  material 
which  has  received  a  high  degree  of  reduction  by  cold  work, 
microscopic  examination  under  high  power  is  necessary  as  the 
first  visible  elements  of  recrystallization  are  extremely  minute. 
The  intergranular  secondary  construction  due  to  deformation 
consists  in  the  main  of  groups  of  curved  or  wavy  lines  which 
possess  the  same  general  direction  in  each  grain  or  homo- 
geneous portion  of  a  twinned  grain  and  increase  in  number 
and  prominence  with  the  degree  of  reduction.  It  appears  that 
in  the  squeezing  of  the  grains  between  the  roUs,  the  most  de- 
structive movements  affecting  the  integrity  and  homogeneity 
of  the  grain-substance  have  occurred  chiefly  along  the  gliding 
planes  which  in  any  grain  are  nearest  at  right  angles  to  the 
direction  of  elongation.  The  author  calls  them  lines  of  de- 
formation. 

In  a  recrystallized  structure  free  from  mechanical  altera- 
tion each  homogeneous  member  or  grain  shows  its  individuality 
on  etching  by  reason  of  its  directional  properties  which  deter- 
mine selective  etching  with  boundary  distinction  or  selective 
reflection  with  contrasting  effects.  When  the  grains  are 
strained  beyond  the  limit  of  elasticity  their  temperature  range 
of  existence  without  visible  change  of  form  is  restricted,  and 
on  heating  to  a  high  enough  temperature  they  appear  to  dis- 
integrate into  smaller  grains.  An  increase  in  surface  energy 
due  to  "  spontaneous "  disintegration  must  have  developed 
as  a  result  of  the  strain,  that  is,  in  the  form  of  inner  surfaces 
between  blocks  or  groups  of  the  grain  substance,  but  this  me- 
chanical dislocation  of  the  grain  substance  is  not  indicated  in 
any  way  by  etching  except  in  cases  of  severe  strain.  We  can- 
not see  the  inner  surfaces,  all  we  can  do  is  to  speculate  as  to 
their  nature ;  in  fact,  a  sample  of  brass  which  has  been  heated 
to  750  deg.  so  as  to  develop  a  coarse  grain  and  then  strained 
so  as  to  show  numerous  slip  bands  on  the  polished  surface 
gave  little  or  no  evidence  of  recrystallization  after  annealing 
at  approximately  600  deg. 

On  the  whole,  after  a  heavy  reduction  of  metal  by  rolling, 
recrystallization  begins  in  the  more  severely  strained  areas  at 
low  temperature  the  exact  values  of  which  in  any  ease  depend 
upon  the  degree  of  reduction  and  time  of  exposure.  As  the 
temperature  of  anneal  increases  under  otherwise  uniform  con- 
ditions, additional  etch  bands  break  down  or  granulate,  the 
existing  recrj'stalUzation  units  coalesce  and  grow  and  at  no 
very  elevated  temperature  the  entire  pre-existing  grain  struc- 
ture becomes  replaced  by  a  secondary  refined  structure. 

A  few  special  experiments  were  made  for  the  purpose  of 
revealing  the  characteristics  of  recrystallization  in  metal  which 
has  received  very  light  reduction.  From  the  standpoint  of 
potential  recrystallization  the  chief  distinction  between  metal 
which  has  received  a  heavy  reduction  and  metal  which  has 
received  a  light  reduction  lies  in  the  vast  difference  between 
the  number  of  inner  surfaces  which  have  develo]3ed  in  the  two 
cases.  These  inner  surfaces  cannot  remain  permanently  in  ex- 
istence under  changing  conditions  and  as  the  temperature  is 
raised  they  give  way  to  more  stable  configurations  in  accord- 
ance with  equilibrium  requirements  which  take  into  account 
their  number,  character  and  distribution  along  with  the  other 
variables  encountered.  Two  neighboring  jiarticles  with  sepa- 
rate surface  boundaries  will  tend  to  flow  together  under  the 
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influence  of  forces  wliioh  operate  to  reduce  the  surface  area 
and  surface  energy  to  a  minimum. 

This  tendency  is  opposed  by  forces  which  bring  about  a  cer- 
tain degree  of  rigidity  of  the  grain-substance  or  determine 
directional  properties  which  each  particle  tends  to  retain. 
In  this  way  there  tends  to  be  established  a  condition  of  equi- 
librium beyond  which  further  decrease  of  surface  area  is  ef- 
fectively opposed  by  the  forces  in  question.  This  form  of 
equilibrium  renders  the  size  of  particles  of  a  number  of  inner 
surfaces  chiefly  a  function  of  the  temperature.  In  order  that 
reorganiaztion  within  the  grain-substance  may  proceed  at  a 
low  temperature,  there  must  be  a  high  order  of  development 
of  inner  surfaces,  but  where  the  metal  has  received  a  light 
reduction  there  are  no  inner  surfaces  of  this  order  and  the 
first  units  to  reerystallize  will  be  comparatively  large. 

As  to  the  principal  relations  between  deformational  treat- 
ment and  structural  characteristics  after  anneal,  the  author 
states  that  no  direct  indication  of  the  size  or  shape  of  the 
ultimate  secondary  units  can  be  obtained  and  as  far  as  direct 
observation  goes  these  new  structural  elements  are  latent  only. 
In  order  that  the  annealing  effect  may  be  felt  at  the  given 
temperature,  the  mechanical  destruction  of  the  original  grain 
must  have  been  sufficiently  pronounced  to  produce  fragments 
inferior  in  size  to  the  reerystallized  grain  characteristic  of 
this  temperature.  In  general  the  grain  fragments  produced  by 
defoi-mational  processes  will  vary  widely  in  size,  so  that  certain 
of  them  will  be  able  to  coalesce  below  the  given  temperature, 
while  others  will  remain  unaffected,  the  particular  factors 
which  apply  in  any  given  deformational  process  will  combine 
to  determine  a  curve  of  fragmental  resolution  of  grains  for 
this  particular  process  in  which  the  cumulative  percentage  of 
fragments  below  a  given  size  appears  as  a  function  of  the  size 
of  the  fragments. 

As  the  degree  of  deformation  increases  through  mechanical 
working,  the  curve  of  fragmental  resolution  recedes  in  the 
direction  of  maximum  resolution,  a  specific  condition  for  each 
metal  or  alloy  beyond  which  furtlier  destruction  of  grain  will 
bring  about  fracture.  Tliere  is  for  each  metal  or  alloy  a  mini- 
mum temperature  at  which  recrystalhzation  will  start  from 
a  condition  of  maximum  resolution  into  fragments  of  mini- 
mum size.  On  the  other  hand,  in  metal  which  has  received 
very  light  deformational  treatment,  the  curve  of  fragmental 
resolution  assumes  a  form  in  which  the  percentage  of  coarse 
fragments  will  very  likely  exceed  the  percentage  of  fine  frag- 
ments. It  must  be  borne  in  mind,  however,  tliat  the  curves  of 
fragmental  resolution  are  purely  hypothetical.  The  precise 
form  of  any  cur\'e  will  be  determined  by  the  nature  and  in- 
tensity of  the  deformation  sustained  by  the  metal. 

The  paper  contains  an  interesting  discussion  of  the  struc- 
tural changes  developed  in  70/30  cartridge  brass  by  unifoi-m 
anneal  at  six  different  temperatures  within  the  range  350  to 
800  deg.  cent,  after  reductions  of  2,  4,  8,  12,  15  and  25  per 
cent  respectively.  The  characteristics  of  rolled  structures  are 
illustrated  by  photomicrographs.  (Bulletin  of  the  American 
Institute  of  Milling  Engineers,  no.  109,  p.  1,  January  1916, 
50  pp.,  4  figs  and  11  plates.    etA.) 

Ku.STixG  OF  Iron  and  Steel,  .James  Scott 

Discussion  of  the  subject  of  rusting  of  iron  and  steel  based 
on  obsei-vations  made  on  iron  fixed  so  that  the  surface  rust 
can  develop  undisturbed. 

Invisible  globules  of  moisture  falling  uijon  iron  react  with 
the  particles  in  tlieir  vicinity.  Should  several  of  these  glob- 
ules run  together  they  form  a  small  pool  in  which  the  specks 
of  rust  are  so  deposited  that  when  all  parts  are  dry  there  is 


an  elevation  inside  the  crater  resembling  a  minute  exhausted 
volcano.  (Fig.  2.)  When  iron  oxidizes,  it  increases  in 
bulk  so  that  it  becomes  capable  of  forcing  any  covering  off. 
Particles  of  rust  may  emerge  from  invisible  cracks  in  an  ap- 
parent protective  coating.  The  continuous  spreading  of  the 
rust  causes  the  paint  to  peal  away,  giving  rise  to  the  opinion 
that  this  latter  substance  is  at  fault.  Actually  iron  expands 
and  contracts  according  to  temperature,  and  unless  the  paint 
which  covers  it  has  the  same  elasticity  it  will  split  at  various 
points  and  thereby  enable  the  globules  of  steam  to  settle  down 
on  the  granules  of  the  metal;  if  neglected  the  final  result  will 
be  disastrous. 


Fig. 


JlAciNiFiEn  Globules  of  Rust  ox  Iron  and  Steel 


The  less  disturbed  the  metal  is,  the  more  perfect  become  the 
rust  spheres  and  "  necklaces."  The  inside  of  the  eye  of  a  rusty 
needle,  for  instance,  where  the  substance  is  shielded  from  dis- 
lodgment,  will  generally  present  a  series  of  elevated  necklaces 
and  the  same  objects  can  be  purposely  obtained  within  a  few 
days  on  any  kind  of  iron. 

It  is  usual  to  refer  to  the  wet  rust  as  ferric  hydroxide  and 
to  dry  rust  as  ferric  oxide.  The  author  claims  that  when  iron 
rusts  it  has  fii-st  to  pass  into  a  ferrous  condition  (green  in 
color)  which  then  rapidly  oxidizes  to  the  red  or  ferric  condi- 
tion. These  changes  can  be  watched  by  immersing  a  strip  of 
iron  for  a  few  days  in  a  small  jar  of  water  the  upper  portion 
being  allowed  to  project. 

A  very  beautiful  experiment  may  be  undertaken  to  empha- 


February 
1916 


ENGINEERING  SURVEY 


.185 


size  the  electrolytic  theory.  Soften  some  pure  gelatine,  such 
as  agar-agar  in  hot  distilled  water.  Exactly  neutralize  the  so- 
lution with  1/100  normal  caustic  potash,  meantime  using  phe- 
nol phthaleine  as  an  indicator.  Then  add  a  few  drops  of  po- 
tassium ferrocyanide  to  the  jelly  and  pour  a  layer  of  the 
compound  in  a  shallow  dish  standing  in  ice  water,  which  will 
rapidly  stiffen  it.  Lay  a  strip  of  clean  iron  in  the  jelly  and 
cover  some  more  over  it  so  as  to  wholly  immerse  the  metal. 
Keep  the  whole  in  a  cool,  dry  place;  the  moisture  in  the  gela- 
tine will  be  sufficient  to  induce  oxidation. 

Within  a  short  time  the  electric  action  will  begin.  Dark 
blue  patches  of  color  in  the  form  of  spheres  and  ellijtsoids 
(Fig.  3)  will  appear  and  indicate  the  positive  poles,  while 
dark  pink  zones  somewhat  hazy  and  glistening  will  denote  the 
negative  poles.  The  blueness  is  caused  by  the  combination  of 
ferros  iron  with  the  ferrocyanide,  making  what  is  practically 
Prussian  blue.  The  pink  is  the  infused  oxide  rendered  deli- 
cate by  the  presence  of  the  gelatine.  The  blue  areas  gradu- 
ally become  red  owing  to  the  deposition  therein  of  the  true 
ferric  oxide.    The  changes  in  color  will  continue  until  exliaus- 


Fin.  3     Spheres  and  "  Necklaces  "  of  Rust 

tion  sets  in.  The  less  pure  the  iron  is  the  sharper  will  be  the 
definition.  (Railway  Engineer,  vol.  36,  no.  431,  p.  329,  De- 
cember 1915,  3  pp.,  3  figs,    et.) 

Mechanics 

Bendixg  op  a  Shaft  Having  Two  Bearings,  J.  Cabrol 
Assume  a  shaft  of  any  shape  whatsoever,  subject  to  a  certain 
number  of  vertical  loads,  Pj,  P,,  etc.,  distributed  in  any  man- 
ner whatsoever,  and  producing  counter  reactions  T',,  F,,  etc. 
The  supports  are  assumed  to  be  free.  We  use  the  following 
notation : 
X,  abscissa  of  a  section  X  measured  from  the  axis  of  the  left 

bearing, 
y,  deflection  of  the  shaft  from  the  lead-line  of  that  section, 
31,  moment  of  bending, 
7,  moment  of  inertia  of  the  section. 

T^-    .  2-5  '^1 

where  E  is  the  modulus  of  elastiicty  of  the  metal  of  the  shaft. 

The  calculation  of  the  shaft  reduces  itself  therefore  to  the 

integration  of  this  differential  equation  of  the  second  order 

in  which  the  second  member  is  a  function  of  x.    This  is  usually 

done  either  graphically  or  by  successive  differentiations,  but  the 

author  gives  a  method  which  simplifies  it  to  a  certain  extent. 

M  M 

=y-  or  -j~  is  a  function  of  x,  and,  as  shown  in  Fig.  4,  is  of 

quite  irregular  shape.  We  can,  however,  consider  it  as  a  first 
half -period  of  a  periodic  function   (period  21),  and  as  such 


.12 


develop  it  into  a  Fournier  series.  There  is  nothing  to  prevent 
us  from  assuming  that  the  second  half-period  will  be  similar 
to  the  first  one,  and  hence  the  developed  series  will  contain 
only  odd  harmonics.    We  have,  therefore : 

M  .    irx      ,     .    Sttx      ,     .    Htx 

— i^=.4i  sm -y- -|-./l3sm -7--|-j46sm  — 7--|-  .  .  . 

TTX     „         Sttx    _  Sttx 

+Bi  cos  -J  +B3  cos  —r-  +Bi  cos  -,- 

In  this  equation,  by  the  way,  the  cosine  terms  will  disap- 
pear  only  when  the  curve  —  is  symmetrical  to  the  perpendicu- 
lar section  of  the  shaft  through  its  support,  which  is  an  ex- 
ceptional case.    But,  from  equation  [1] 
M     _Ed''y 
I  ~        dx^ 
By  integrating  it  twice  we  get 


1  /  '\"r  i     .    TTX     A3   .    Sttx    Ai    .    irx 

y=E\w)  i^'«'°T+¥''""r+25^'"T 


D  „„„"■;!;  ,  B3        Sttx  ,  Bt  „„„  57rx  ,  1 

BiCos^--f-,ppcos— ,    +or  <=os_^-l-  ...  I. 


V  . . 13] 

I    '9    ""°    I     '25'"1     '    ■  ■  ■  J+C-'^  +  i'— j 
C  and  D  are  constants  of  integration.     To  determine  them, 
we  take  that  y  becomes  zero  when  x  =  0  and  when  x  =  I. 
This  gives  us : 


Fig.  4    Curves  op  M/EI  and  BI/I  for  a  Shaft  Having  Two 
Bearings 
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D      Bz    Bi 
-^'-9-25-   •  • 

.  .    +CI+D 

hence 

^=-i(^yKt+f5+- 

c  =  -?? 

If  we  substitute  these  values  into  eqaution  [2],  we  obtain 


A,  .in  ^^+-i=  ^m3lP+^  sin  -^  + 
/        9  I       25         I 
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If  we  take  x  =— ^   we  have  an  expression  for  the  flexure 

at  equal  distances  from  the  supports  which  is  particularly 
simple  and,  in  general,  sufficiently  close  for  all  practical  jiur- 
poses  to  the  value  of  maximum  deflection: 

^=10' [-^-t+&^s'+ ■  ■  ■  ■  ] '^i 
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The  terms  with  B  disappear  entirely.  It  is  therefore  after 
all  a  problem  of  resolving  a  periodic  curve  into  its  harmonies 
which  can  be  done  in  several  ways  which  the  article  discusses. 
Methode  de  calcul  de  la  fleche  d'wii  arbre  reposant  sur  deux 
tourillons,  J.  Cabrol,  La  Lumiere  Electrique,  vol.  37,  no.  49, 
p.  265,  3  pp.,  1  fig.    m.) 

Lubrication  of  Bearings  and  Cylinders^  F.  L.  Fairbanks 

The  author  discusses  some  of  his  experiences  in  the  matter 
of  lubrication  of  beai-ings  and  cylinders  and  describes  what 
he  considei-s  the  correct  methods  of  design  of  bearings.  He 
also  reports  certain  experiments  with  various  kinds  of  lubricat- 
ing oils. 

In  the  fii'st  place,  he  tried  to  determine  the  probable  thick- 
ness of  the  film  of  oil  under  a  joint  or  piston.  He  found  that 
under  normal  running  conditions  the  average  film  of  oil  under 


strength"  (viscosity),  different  results  were  had,  which  indi- 
cates that  there  are  two  qualities  that  represent  the  lubricating 
properties  of  oil,  viscosity  (which  the  author  calls  also  "ten- 
sile strength")  and  adhesiveness  to  the  metal  surfaces.  As 
animal  oil  is  more  adhesive  it,  instead  of  slipping  on  the  sur- 
faces, is  carried  under  the  shaft,  but  beyond  a  certain  tempera- 
ture point  animal  oils  lose  their  viscosity  faster  than  the  min- 
eral oils.  Russian  oil  was  found  to  be  more  viscous  and  hence 
preferable  to  American  oil. 

The  author  describes  how  the  bearings  are  made  and  cal- 
culated in  his  plant.  To  further  insure  safety,  all  of  his  bear- 
ings now  have  a  special  bronze  with  diagonal  babbitt  inserted 
( Fig-.  B ) .  He  takes  a  bottom  shell  and  runs  diagonal  strips 
of  babbitt,  the  idea  being  that  these  strijjs  will  wear  usually 
under  the  surface  of  the  bronze  as  the  oil  apparently  has  a 
greater  affinity  for  a  good  babbitt  than  for  brass.     Besides 


iVet^'S/ierpe 


B 


D 


Fig.  5    Lubrication  of  Bearings  and  Cylinders 


the  shaft  was  from  0.002  to  0.003  in.  and  that  the  thickness  of 
the  film  depended  considerably  upon  the  rotative  or  circum- 
ferential speed,  the  thickness  increasing  with  the  speed  prob- 
ably because  more  oil  is  pumped  or  pulled  in  between  the 
journal  and  the  bearing  as  the  speed  mcreases.  As  a  result 
of  this  experiment  the  plant  with  which  the  author  is  con- 
nected gives  the  average  journal  0.005  in.  clearance  and  to 
eliminate  hand  work,  machines  the  bearings  0.005  large  and 
then  takes  out  the  shims  that  are  placed  between  the  cheek 
pieces  and  the  upper  and  lower  shell  after  the  machining. 
This  gives  a  shape  of  bearing  almost  identical  with  the  hand 
shaped  bearing. 

The  author  objects  to  the  use  of  the  usual  type  of  oil 
gi-ooves  in  bearings.  He  says  that  several  babbitted  bearings 
which  ran  warm  did  not  begin  to  run  cool  until  after  they 
started  the  babbitting  and  filled  the  oil  grooves.  He  believes 
that  the  average  oil  grooves  are  of  comparatively  little  value 
because  they  represent  usually  a  journal  with  square  edges. 

To  make  the  groove  more  efficient  the  author  decided  to  cut 
it  as  shown  in  Fig.  5  A  so  as  to  get  rid  of  the  corner  at  the 
edge  of  the  groove  and  obtain  a  wedge  shaped  opening  from 
either  side  down. 

In  experiments  with  oils  of  approximately  the  same  "  tensile 


if  an  oiler  through  carelessness  allowed  the  bearings  to  run 
dry  or  with  too  little  oil  to  carry  the  film  around  the  shaft 
these  diagonal  inserts  of  babbitt  would  melt  and  immediately 
become  a  lubricant.  Incidentally  they  raise  the  shaft  and  pro- 
tect it  from  the  bronze  bearing.  In  this  connection  the  author 
describes  the  particular  case  of  babbitt  melting  through  the 
fact  that  an  oiler  apparently  dropjied  a  piece  of  waste  into  the 
hole  on  a  bearing  of  a  1000  ton  compressor  before  replacing 
the  strainer. 

The  author  describes  also  an  interesting  ease  where  kerosene 
added  to  the  lubricant  caused  serious  trouble.  The  oiler  held 
that  an  engine  running  constantly  will  get  "  gummed  up."  He 
thought  it  a  good  idea  to  put  in  kerosene  and  wash  out  the 
bearings  which  he  did  by  pouring  in  a  pint  to  the  center  crank 
pin  bearing  with  the  compressor  working  at  200  lb.  pressure. 
The  engine  soon  stopped  and  on  inspection  it  was  found  that 
everj'  bit  of  babbitt  in  that  center  crank  pin  was  wound  around 
the  shaft.  The  hearing  looked  worse  than  if  the  box  had  been 
filled  with  gravel,  but  after  the  babbitt  was  filed  off  there  was 
hardly  a  scratch  under  it.  The  author  thinks,  therefore,  that 
the  babbitt  is  the  best  safety  valve  for  friction  that  he 
knows  of. 

The  question   of  cylinder  lubrication  has  been  also  treated 
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in  the  same  manner.  The  author  had  a  60  in.  low  pressure 
cylinder,  out  of  which  hardly  ever  more  than  three  months'  use 
was  obtained.  Tlie  cylinder  tarried  a  very  heavy  piston  weigh- 
ing 3  to  5  tons  with  its  portion  of  the  rod.  The  average  en- 
gine builder  carefully  bores  out  cylinders,  in  fact,  some  grind 
them,  and  then  turn  up  the  pistons  with  1/32  to  1/16  in. 
clearance  which  gives  a  circle  within  a  circle,  and  as  both 
elements  are  cylinders,  the  weight  is  borne  on  a  line.  The 
result  is  that  the  builder  has  anywhere  from  a  few  pounds  to 
5  or  6  tons  per  sq.  in.  projected  area  and  it  is  the  distortion 
of  the  cylinder  that  really  helps,  by  increasing  slightly  the 
bearing  surface.  As  the  cylinder  approaches  the  original  tem- 
perature of  the  casting  it  goes  back  to  the  original  shape,  the 
distortion  being  proportional  to  the  difference  in  tempera- 
ture and  dependent  upon  the  construction  of  the  cylinder.  If 
this  is  true  why  waste  time  grinding  cylinders? 

Instead  the  shop  turned  tlie  piston  which  was  0.003  to  0.004 
in.  larger  than  the  cylinder,  jacked  it  off  center  and  relieved 
it  as  in  Pig.  C,  giving  the  maximum  of  150  deg.  The  old 
piston  has  a  little  over  7  sq.  in.  of  bearing.  With  a  new  piston 
nearly  9  sq.  ft.  were  obtained. 

On  investigation  the  author  found  that  the  average  low 
pressure  cylinder  is  running  in  water.  That  is,  there  is  water 
between  the  piston  and  the  cylinder.  He  found  that  there  is  a 
film  of  water  anywhere  from  14  to  V2  in.  in  depth  being  pushed 
aliead  of  the  piston.  If  this  is  true  the  oil  must  be  on  the 
surface  and  is  not  lubricating  the  point  between  the  piston  and 
the  cylinder.  To  prevent  this  condition  the  cylinder  was  bored 
out  leaving  tool  marks  with  16  threads  to  the  inch  and  looked 
something  like  Fig.  D.  A  60  in.  piston  was  put  in  and  has 
been  running  for  the  last  nine  years.  To-day  these  tool  marks 
are  black  and  the  piston  and  cylinder  do  not  touch  as  the 
former  runs  on  an  oil  film.  The  junk  ring  carries  one  ring  of 
packing  in  the  center  as  black  as  can  be ;  where  it  overruns  the 
packing  ring  the  oil  is  gummed  as  it  is  on  the  back  of  a  Corliss 
valve.  The  same  principle  is  used  on  ammonia  machines  with 
24  threads  to  the  inch. 

It  was  found  that  viscosity  is  lower  in  summer  than  in 
winter.  The  oil  systems  are  logged  every  hour  and  once  in  24 
hours  the  viscosity  and  the  gravity  are  taken.  The  reports 
come  to  the  oflSee  every  morning  and  are  filed,  the  engineer 
being  notified  of  every  drop  in  gravity  of  one  degree  and  a 
drop  in  viscosity  of  10  points.  This  gives  quite  valuable  in- 
formation. The  viscosity  of  oils  are  measured  at  100  deg. 
which  is  taken  as  a  standard  temperature.  By  testing  the 
viscosity  of  each  oil  at  temperatures  near  or  up  to  the  working 
temperature  it  was  found  in  the  case  of  two  oils  that  up  to 
350  deg.  fahr.  the  viscosity  of  both  the  oils  was  the  same  but 
at  a  slightly  higher  temperature  the  viscosity  of  one  of  them 
dropped  40  points  behind  the  other.  (The  Isolated  Plant,  vol. 
8,  no.  1,  p.  21,  January  1916,  4  pp.,  4  figs,    e/l.) 

Fitting  Equations  to  Plotted  Curves,  Assistant  Professor 
J.  B.  Kommers 

The  paper  describes  methods  intended  as  an  assistance  for 
determining  the  equations  which  will  fit  curves  obtained  from 
experimental  work. 

The  author  begins  by  simple  curves  having  no  constant 
terms,  parabolic,  hyperbolic,  and  logarithmic,  and  shows  how 
such  curves  can  be  converted  into  straight  lines  by  plotting 
them  on  logarithmic  or  semi-logarithmic  paper.  He  proceeds 
then  to  the  consideration  of  equations  of  the  same  types  but 
having  one  or  more  constant  terms.  Such  equations,  when 
plotted  on  logarithmic  or  semi-logarithmic  paper,  do  not  re- 
sult in  straight  lines,  and  for  handling  them,  the  author  sug- 


gests the  method  of  selected  points  which  makes  use  of  aa 
many  sets  of  co-ordinate  points  on  the  curve  as  there  are  con- 
stants in  the  equation.  Solving  the  simultaneous  equation  ob- 
tained by  substituting  these  values,  gives  the  complete  trial 
equation  which  should  then  be  tried  for  various  values  of  x 
to  see  if  it  fits  the  other  points  on  the  curve.  If  say  three 
sets  of  points  are  chosen,  they  should  be  taken  from  the  be- 
ginning, middle,  and  end  of  the  curve  so  as  to  cover  the  whole 
range  fairly  well.  The  author  gives  several  examples  to  show 
the  application  of  the  method  of  selected  points  to  experimen- 
tal curves  taken  from  various  publications  and  therefore  tjrpi- 
cal  of  the  kind  that  are  met  with  in  practical  work.  (The 
Wisconsin  Engineer,  vol.  20,  no.  3,  p.  106,  December  1915,  11 
pp.,  6  figs,    p.) 

Helical  Springs  Under  Centrifugal  Action,  John  S.  Myers 

Investigation  of  a  speed-limit  device  under  conditions  of 
operation  where  the  weight  of  the  spring  is  an  important 
factor. 

Most  high  speed  machinery  is  now  equipped  with  speed- 
limiting  devices,  the  action   of  which  usually  depends  on  a 


Fig.  6 


Safety  Speed  Limit  Device  Where  Spring  is  Acted 
Upon  by  Centrifugal  Force 


spring  being  deflected  by  the  centrifugal  force  of  a  rotating 
weight ;  since  the  centrifugal  force  of  the  spring  due  to  its 
own  weight  varies  as  the  square  of  the  velocity,  the  weight 
of  the  spring  becomes  of  considerable  importance  at  even 
moderately  high  speeds.  The  article  presents  a  mathematical 
investigation  of  this  matter  and  derives  the  following  formula 
for  the  total  centrifugal  force  of  the  spring  (Fig.  6) : 
/  =  KivN'CA  L  -  1/2  A )  +  KwN'C/,  L  —  VzA) 
f  =  KwN'(y2L  —  A) 

Where  K  =  centrifugal  force  constant  =  0.0000284;  w  = 
weight  of  spring;  A^  =  r.p.m.  of  devices  about  center  0;  L  = 
length  of  spring  in  place  under  its  initial  strain;  A  =  dis- 
tance from  the  center  of  rotation  to  inner  end  of  spring  as 
shown  in  Fig.  6. 

In  this  equation  (Vo  L  —  .4)  is  the  distance  from  the  center 
of  rotation  to  the  center  of  gravity  of  the  spring.  The  author 
also  discusses  other  forces  acting  on  the  spring,  as  well  as 
gives  an  equation  for  the  deflection  of  the  spring.  He  pro- 
ceeds then  to  a  statement  of  the  usual  method  of  handling  the 
designing  of  a  spring  and  gives  a  numerical  example  illus- 
trating it.  (Machinery,  vol.  22,  no.  5,  p.  400,  January  1916, 
4  pp.,  2  figs.) 
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Power  Generation  and  Transmission 

Reciprocating  and  Rotary  Principles  in  Prijie  Movers, 
Dugald  Clerk 

The  paper  is  a  rei^roductiou  of  cue  of  the  Thomas  Hawksley 
lectures,  this  time  on  the  world  supply  of  fuel  and  motive 
power.  Among  other  things  the  author  expresses  an  opinion 
that  as  far  as  he  can  see  there  is  no  hope  of  an  indefinite  in- 
crease in  power  using  recijjrocatiug  pistons  in  internal  com- 
bustion engines.  Something  must  be  done  to  introduce  the  ro- 
tary principle.  So  far  the  gas  engine  has  not  proved  to  be  a 
success,  but  other  methods  of  dispensing  with  the  reciprocating 
piston  and  cyilnder  are  quite  practicable.  The  large  Hum- 
phrey engine  dispenses  with  pistons,  but  is  necessarily  heavy 
for  a  given  power.  It  aj^pears,  however,  possible  to  use  water 
in  another  manner  by  filling  a  chamber,  exploding  a  com- 
pressed mixture  above  the  water,  and  forcing  the  water 
through  a  jet  to  operate  a  turbine  of  the  Pelton  type.  Ar- 
rangements would  be  made  to  allow  for  the  varying  velocity 
of  the  water  due  to  the  falling  of  pressure  by  expansion,  and  it 
would  be  quite  possible  to  obtain  an  efficiency  between  the  ex- 
l)losion  chamber  and  the  Pelton  wheel  of  about  80  per  cent. 
Such  a  turbine  could  be  made  to  work  using  the  same  water 
repeatedly  and  high  efficiency  combined  with  light  weight  is 
possible.  A  brake  efBcieney  of  30  per  cent  is  possible,  but  be- 
fore such  engines  could  compete  for  the  highest  power  reached 
by  the  steam  turbine,  gas  producers  must  be  considerably  modi- 
fied and  improved.  Producers  will  require  to  be  designed 
which  avoid  the  huge  scrubbing  plant  required  now  in  all 
bituminous  producers. 

The  author  gives  the  following  interesting  table  showing  the 
progress  in  the  work  of  the  engineer  during  the  nineteenth 
and  twentieth  centuries. 

INDICATED    THERMAL    EFFICIENCY    OF    STEAM    AND    INTERNAL-COMBDSTION 

ENGINE.  Indicated 

steam.  Efflciencv. 

Per  Cent. 
Boulton  and  Watt  Condensing  Low-Pressure,  about  1820. . . .        3.S 

Cornish  Engine,  about  1850 9.0 

Triple  Expansion,  about  1910 17.0 

Parsons  Turbine,  about  1914 23.0 

I  Dternal-Combustion. 

Lenoir,    about   1860 4.0 

Compression-Constant  Volume  (two  or  four  stroke)  : 

1876 16.0 

1905 35.0 

Compression-Constant  Pressure   (Diesel),  1910 40.0 

The  indicated  efficiency  refers  to  the  proportion  of  the  total 
heat  of  the  steam  of  working  fluid  given  to  the  engine  con- 
verted into  indicator  work,  f  Thomas  Hawksley  Lecture.  The 
World's  Supply  of  Fuel  and  Motive  Power,  Dugald  Clerk, 
The  Journal  of  the  Institution  of  Mechanical  Engineers,  Part 
I  (1),  December  1915,  34  pp.    g.) 

Some  Notes  on  the  Comparative  Costs  op  Compressed  Air 

AND  Electricity  for  Use  in  Mine  Stop  Haulages 

A.  E.  Middleton 

While  admitting  the  superior  economy  of  electricity  over 
compressed  air  for  use  on  main  and  auxiliary  underground 
haulages,  the  author  questions  the  economy  of  electric  drive 
on  winches.  He  beUeves  that  although  a  considerable  field  is 
open  for  electrically  driven  winches  in  the  flat  mines  on  the 
eastern  Rand,  the  heavy  cost  of  cables  is  the  chief  adverse  fac- 
tor as  regards  their  adoption.  An  electric  coal  cutter  uses 
about  the  same  horse  power  but  works  for  longer  hours,  dis- 
places expensive  hand  labor  and  can  therefore  carry  a  much 
higher  first  cost  for  cables.  A  substitute  for  the  present  safe 
and  efficient,  but  expensive,  paper  or  bitumen  armored  cable 
is  highly  desirable.    The  cost  of  ]iower  is  decidedly  in  favor 


of  electricity,  but  the  first  cost  is  likely  to  be  in  favor  of  air. 
The  air  has  to  be  carried  long  distances  to  the  working  faces 
and  the  extra  length  and  cross  section  required  at  any  point 
for  a  winch  is  practically  negligible,  while  apart  from  pumps 
and  haulages  generally  situated  on  the  main  arteries  of  the 
mine,  no  electric  power  is  available  and  the  cost  of  extra  cab- 
ling has  to  be  debited  entirely  to  the  electric  winch.  (The 
Transactions  of  the  South  African  Institute  of  Electrical  En- 
gineers, vol.  6,  Part  8,  p.  254,  October  1915,  4  pp.    cp.) 

Farm  Machinery  Exposition 

Description  of  the  Exposition  of  the  Smithfield  Club  at  the 
Royal  Agricultural  Hall  in  Islington. 

The  Smithfield  Club  is  mainly  an  agricultural  organization, 
but  at  its  Annual  Shows  farm  machinery,  tractors,  and  prime 
movers  are  exhibited.  Among  the  machines  shown  this  year, 
attention  is  called  to  the  3  to  4  ton  gasoline  wagon  built  by 
Clayton  and  Shuttleworth.  The  engine  is  a  four  cylinder 
machine  developing  45  b.h.p.  when  running  at  a  speed  of  1000 
r.p.m.  The  worm  reduction  gear  is  of  the  friction  type.  Power 
is  transmitted  from  the  propeller  shaft  by  means  of  a  worm 
and  worm  wheel  to  the  difflerential  casing.  The  propeller  shaft 
is  enclosed  in  a  steel  tube  having  ball  joints  at  the  rear  end  of 
the  gear  box  thus  relieving  the  springs  of  all  driving  strain. 
This  tube  takes  the  whole  of  the  torque  or  drive  of  the  rear 
axle.  Roller  and  ball  journals  and  thrust  bearings  are  used 
throughout.  Another  of  Clayton  and  Shuttleworth's  exhibits 
is  a  five  ton  steam  wagon  fitted  with  rubber  tires.  The  makers 
claim  that  in  designing  this  vehicle  special  attention  has  been 
paid  to  steering  capacity,  the  proportioning  of  parts  and  the 
distribution  of  load. 

Ruston,  Proctor  &  Co.,  Ltd.,  show  among  other  things  a  ten 
b.h.p.  engine  for  working  with  paraffin.  It  is  one  of  the  so- 
called  convertible  engines.  It  is  fitted  with  a  magneto  and 
sparking  plug  and  is  started  with  gasoline.  No  starting  torch 
is  used.  The  engine  may  readily  be  converted  to  work  with 
fuels  such  as  benzole,  gasoline,  kerosene,  producer  and  town 
gas. 

Petters  exhibited  a  light  agricultural  tractor  for  general 
farming  work.  The  engine  which  starts  on  gasoline  and  after- 
wards runs  on  kerosene,  is  an  8  to  10  h.p.  machine  and  can  be 
fitted  with  a  pulley  for  driving  stationary  machinery.  Battery 
ignition  is  used  for  starting  purposes.  (The  Smithfield  Club 
Show,  The  Engineer,  vol.  120.  no.  3128.  p.  .550,  December  10, 
1915,  3  pp.,  7  figs.,  articles  not  finished,    d.) 

The  Geared  Turbine  and  the  Turbo-Electric  Systems  of 
Marine  Propulsion,  John  H.  Macalpine. 

Data  on  design  of  transmission  gears  in  geared  turbine 
marine  propulsion  systems  and  a  discussion  of  the  comparative 
merits  of  the  geared  turbine,  and  turbo-electric  ship  drives. 

The  author  derives  what  he  calls  the  Power  Constant  by 
which  the  performance  of  gears  should  be  compared.     It  is 

1000  P 


C  = 


D'  R 

where  C  =  power  constant,  P  =  horsepower  transmitted  by 
the  gear,  D  =  diameter  of  pinion  in  inches,  R  =  revolutions 
per  minute  of  pinion.  The  factor  1000  is  introduced  to  make  C 
fall,  usually,  between  unity  and  10.  In  similar  gears  loaded  at 
corresponding  points  to  the  same  intensity  of  stress  the  value 
of  C  is  constant  and  with  similar  gears  on  a  turbine  of  given 
power  and  speed,  the  weight  per  horsepower  is  inversely  pro- 
portional to  the  value  of  C ;  hence  the  higher  the  value  of  C 
which  can  safely  be  carried  the  better  the  design  or  type  of  the 
gear  and  the  more  advantageous  for  adoption  on  board  ship. 
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The  "  floating  frame  "  was  introduced  to  raise  tlie  safe  value 
of  C  by  producing  and  automatically  maintaining  very  uniform 
distribution  of  pressure  between  the  teeth  and  thus  preventing 
great  local  rise  of  stress  through  slight  errors  of  alinement  of 
the  gear  and  pinion.  With  the  floating  frame,  errors  of  aline- 
ment imless  far  outside  the  limits  which  would  ever  be  allow-ed 
to  occur  m  practice,  produce  no  sensible  effect.  The  Westing- 
house  Machine  Co.  gradually  raised  this  constant  until  C  =  4 
is  regarded  as  a  proper  value  for  marine  work.  Then  by  re- 
ducing the  pitch  diameters  of  the  Neptune's  pinions  to  7  in., 
C  was  raised  to  over  5  with  complete  success.  It  is  worth  re- 
membering that  the  highest  result  for  rigid  gears  is  about  3 
on  the  S.S.  Vespasian.  For  a  given  power,  the  high  value  of  C 
allows  either  a  much  smaller  and  lighter  gear  for  a  given  ratio 
of  reduction  or.  with  a  given  diameter — of  large  gear,  of  a 
greater  ratio  of  reduction,  reducing  the  speed  of  the  propeller 
or  increasing  the  speed  and  consequently  reducing  the  size 
and  the  weight  of  the  turbine,  and  thus  increasing  the  eflfieieney 


increased  cost  of  the  equipment  installed  would  ordinarily  be 
more  than  offset  by  the  reduction  in  size  of  the  equipment  re- 
quired;  because  of  the  reduced  size  of  piping  the  total  loss 
would  probably  be  no  greater;  as  regards  the  increased  danger 
of  accident,  at  the  present  time  the  use  of  higher  pressure  has 
already  led  to  the  development  of  construction  fully  meeting 
the  conditions  and  in  a  high  pressure  plant  accidents  may  be 
as  rare  as  in  a  low  pressure  plant.  In  fact,  the  purer  condi- 
tion of  feed  water  in  high  pressure  plants  has  often  resulted 
in  the  decrease  of  accidents  because  of  the  practical  elmination 
of  scale. 

It  seems  to  be  the  common  practice  wliere  steam  for  manu- 
facturing purposes  is  required  at  a  pressure  of  40  lb.  or  more 
to  use  live  steam  direct  from  the  boilers  while  the  engine 
exhaust  is  run  to  the  air  or  to  a  condenser.  This  is  probably 
due  to  the  usual  separation  of  power  design  from  the  design 
of  factory  equipment.  The  consulting  engineer  is  often  re- 
tained to  design  the  power  house,  and  his  duty  ends  with  run- 
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Fig.  7    Layout  of  a  Plant  Using  Exhaust  Steam  at  60   Lb.  Pressure,  axd  Copies  op  Indicator  Cards  Taken  at  60 

TO  70  Lb.  Back  Pressure 


of  the  installation.    (International  Marine  Engineering ,  vol.  21, 
no.  1,  p.  4,  January  1916,  5  pp.,  2  figs,    dc.) 

Steam  Engineering 

Application  op  High  Pressure  Exhaust  Steasi  to  Manu- 
FACTUEiNG  Purposes,  James  M.  Taggart 

The  article  compares  the  application  of  high  pressure  and 
of  low  pressure  exhaust  steam  to  manufacturing  purposes 
from  the  point  of  view  of  safety  and  economy  and  describes 
a  plant  in  which  exhaust  steam  is  used  at  a  pressure  of  60  lb. 
per  sq.  in. 

The  necessity  for  the  use  of  high  pressure  steam  in  various 
manufacturing  processes  is  due  to  the  need  of  high  tempera- 
tures. As  examples  may  be  cited  the  boiling  down  of  certain 
liquids,  melting  of  solids  such  as  asphaltum,  vulcanizing,  dry- 
ing, and  rapid  evaporation.  Among  the  objections  raised  to 
the  use  of  high  pressure  exhaust  have  been,  first,  that  the  in- 
crease in  initial  pressure  would  increase  the  cost  of  equipment; 
second,  that  the  higher  initial  pressure  would  result  in  lower 
boiler  efficiency  and  greater  loss  through  radiation  in  the 
piping;  and  third,  that  the  higher  pressure  involves  an  in- 
creased danger  of  accident  or  breakdown. 

These  objections  are  answered  somewhat  as  follows :     The 


ning  a  steam  line  to  supply  live  steam  for  the  factory,  then  the 
various  appliances  are  connected  up  according  to  standanl 
practice  for  the  industry  involved. 

The  author  had  a  case  in  which  the  manufacturing  condi- 
tions apart  from  the  engine  required  steam  at  a  pressure  of 
60  lb.,  the  amount  of  steam  used  in  the  processes  being  nor- 
mally twice  what  would  be  needed  for  power.  The  computation 
showed  that  all  the  exhaust  could  be  easily  utilized  provided 
the  initial  pressure  was  not  lower  than  140  lb.  per  square  in. 
At  that  time  the  investigation  failed  to  disclose  any  instance 
where  such  back  pressure  had  been  used. 

The  installation  was  made  as  proposed  and  worked  in  prac- 
tice as  anticipated,  in  fact,  with  the  cylinder  condensation 
even  lower  than  expected.  The  engine  used  was  of  the  high 
speed  automatic  balanced  slide  valve  type  and  the  general  ar- 
rangement of  the  plant  is  shown  in  Fig.  7A. 

Fig.  B  shows  some  copies  of  indicator  cards  taken  from  the 
engine  at  various  loads  and  at  65  to  70  lb.  back  pressure.  At 
the  lower  loads  the  expansion  line  falls  below  the  back  pressure 
lines  but  flattens  out  when  10  to  12  lb.  below.  It  was  found  that 
this  point,  namely  10  or  12  lb.  below  the  back  pressure,  was 
about  the  limit  to  which  the  expansion  curve  fell  no  matter 
how  light  the  load.  It  seems  that  the  pressure  must  have  been 
held  up  by  evaporation,  as  the  engine  was  tested  for  leakage. 
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The  article  gives  a  table  showing  the  various  quantities  com- 
puted from  the  tests  and  fully  discusses  the  methods  of  compu- 
tation. The  matter  of  waste  cylinder  condensation  is  carefully 
considered  on  the  basis  of  tests  made  at  the  Sheffield  Scientific 
School  of  Yale  University  in  December,  1914,  by  Prof.  F.  P. 
Breckenridge  and  Prof.  E.  H.  Lockwood,  as  well  as  the  tests 
made  by  Callender  and  Nicholsen.  The  author  figured  the 
weight  of  condensation  on  the  actual  weight  obtained  per  h.p. 
because  seemingly  the  inefficiency  of  the  engine  or  the  steam 
used  per  hp-hr.  should  not  affect  the  condensation  due  to  radia- 
tion for  similar  sized  cylinders  and  similar  power  development. 

In  table  1  the  quantities  computed  are,  for  convenience,  aU 
based  on  the  assumption  that  V  N,  or  the  volume  of  the  cylin- 
der times  the  number  of  revolutions,  is  equal  to  100.  For  any 
special  use,  the  quantity  in  the  table  multiplied  by  the  re- 
spective V  N  and  divided  by  100  will  give  the  equivalent  quan- 
tity {Steam,  vol.  17,  no.  1,  p.  7,  January,  1916,  5  pp.,  3  figs. 
ed.) 

TABLE  1.  VALUES    FOR    T'.V=100 


Initial 

Exhaust 

Cut-oS 

Mean 

In- 

Steam 

Thermal 

Cost 

pressure, 

pressure, 

in  per 

effective 

dicated 

per 

efficiency 

per 

lb.  per 

lb.  per 

cent  of 

pressure, 

horse- 

hp-hr.. 

of 

hp-hr.. 

sq.  in. 

sq.  in. 

stroke 

lb.  per 
sq.  in. 

power 

lb. 

system, 
per  cent 

lb. 

200 

20 

19.5 

78.3 

68.3 

20.5 

64 

0.49 

200 

40 

28.0 

81.8 

71.2 

27.1 

63 

0.50 

200 

60 

37.0 

83.1 

72.5 

33. S 

62 

0.51 

200 

80 

47.0 

79.5 

69.3 

42. S 

61 

0.52 

180 

20 

19.5 

74.1 

64.7 

21.7 

65 

0.49 

180 

40 

30  0 

76  0 

66.3 

28.9 

64 

0.50 

WO 

60 

43  0 

75.2 

65.6 

37,3 

62 

0.51 

180 

80 

53.0 

69.3 

60.5 

48.7 

61 

0.52 

160 

20 

25.0 

69.1 

60.6 

22.7 

?5 

0.49 

160 

40 

33.5 

69.2 

60.3 

31.5 

64 

0.50 

160 

60 

48. 0 

66  7 

,'iS.2 

41.5 

62 

0.51 

160 

SO 

59.0 

58.2 

50.8 

57  3 

62 

0.52 

110 

20 

29. C 

64.0 

55.8 

24.3 

66 

0.49 

140 

40 

39  0 

61.8 

54.0 

34.7 

64 

0.50 

140 

60 

54.0 

56.9 

49.6 

48. 1 

63 

0.50 

140 

80 

65.0 

45.8 

40.0 

71.8 

62 

0.51 

120 

20 

33  0 

57. S 

50.3 

26.6 

66 

0.4S 

120 

40 

44.0 

53.3 

46.5 

39.9 

65 

0.49 

100 

20 

39.0 

50.5 

44.1 

29.9 

67 

0.48 

100 

40 

52.0 

43.2 

37.7 

48.4 

66 

0.49 

HuxTiNG  FOR  Leaks  in  Surface  Condensers,  Otte 

The  development  of  the  steam  turbine  has  led  to  an  in- 
creased use  of  surface  condensers  instead  of  the  formerly 
more  extensive  use  of  jet  condensers.  One  of  the  great  dif- 
ficulties which  is  encountered  in  the  use  of  surface  condensers 
is  that  of  keeping  the  condenser  space  watertight  with  respect 
to  the  cooling  water,  since  with  even  a  few  leaky  places  quite 
considerable  amounts  of  cooling  water  may  penetrate  into  the 
water  of  condensation.  This  entails  the  following  undesirable 
consequences : 

1.  The  condenser  pump  is  loaded  higher  than  it  should  be, 

since,  in  addition  to  the  water  of  condensation,  it  has 
also  to  take  care  of  the  inleaking  cooling  water. 

2.  The  air  pump  also  is  required  to  carry  an  extra  load  be- 

cause the  cooUng  water  leaking  into  the  condenser  usually 
carries  much  air. 

3.  The  vacuum  is  reduced  because  of  the  overload  on  the  pump 

handUng  the  water  of  condensation,  and  on  the  air  pump. 
In  addition  to  that  the  steam  side  of  the  cooling  surface 
is  soiled  by  deposits  from  the  cooling  water  and  the  cool- 
ing action  is  thereby  considerably  impaired,  especially 
because  of  the  fact  that  its  cleaning  is  difficult. 

4.  The  water  of  condensation  is  contaminated  by  the  addition 


of  cooling  water  and   becomes  unsatisfactory   for  boiler 
feeding  purposes;  if  the  cooling  water  is  hard,  scale  is 
formed,  and  if  it  is  salty   (sea  water),  carrying  over  of 
water  by  the  steam  is  apt  to  occur. 
5.  The  determination  of  steam  consumption  by  measuring  the 
amount  of  water  of  condensation  becomes  unreliable  as 
the  apparent  steam  consumption  is  higher  than  the  actual 
one. 
There  are  several  ways  of  testing  the  watertightness  of  sur- 
face condensers.  The  simplest  way  is  to  start  the  condenser  in- 
stallation working  while  the  turbine  is  shut  off.     If  the  con- 
denser pump  continues  to  deliver  water,  that  shows  that  there 
is  a  leak.    In  most  cases,  however,  it  is  desirable  to  be  able  to 
test  the  watertightness  of  the  condenser  plant  without  stop- 
ping the  steam  turbine.     Most  of  the  methods  suggested  for 
this  purpose  are  based  on  the  assumption  that  as  the  steam  is 
clean,  the  water  of  condensation   coming   from  a   perfectly 
watertight  condenser  may  be  considered  as  distilled  water,  and 
any  leakage  of  cooling  water  into  it  will  cause  chemical  and 
physical  changes,  the  magnitude  of  which  may  be  used  for  in- 
dicating the  amount  of  leak. 

One  of  the  chemical  properties  of  cooling  water  which  is 
often  used  for  discovering  leaks  in  condensers  is  its  contents 
of  dissolved  calcium  and  magnesium  salts.  The  hardness  of 
water  may  be  determined,  for  example,  by  the  Clark  method, 
which  consists  in  adding  to  the  water  being  investigated, 
while  well  shaken,  a  solution  of  soap  in  alcohol  of  known 
strength.  A  deposit  of  insoluble  calcium  and  magnesium 
soaps  is  then  formed  and  its  amount  indicates  the  contents 
of  the  salts  in  the  water. 

This  is  a  very  simple  process,  but  not  always  sufficiently 
precise.  A  more  reliable  method  is  that  of  Prof.  C.  Blacher,  in 
which  the  hardness  of  the  water  is  determined  by  titration  with 
sodium  palmitate.  The  amount  of  cooling  water  leaking  into 
the  condenser  per  hour  may  be  determined  from  the  following 
formulae : 

h 
K  =  Q  .       and  D  =^  Q  —  H 
3 

Where  Q  =  the  amount  of  gases  in  the  water  passing  per  hour 
through  the  condenser  pump,  including  the  cooling  water  which 
has  leaked  in;  K  =  the  amount  of  cooUng  water  which  leaks 
in  per  hour;  D  =  the  amount  of  steam  condensed  per  hour; 
H  =  the  degree  of  hardness  of  the  cooling  water  (one  degree 
of  hardness  means  one  milligram  of  CaO  in  100  cm'  of  water) , 
h  the  degree  of  hardness  of  the  mixture  Q. 

For  example,  the  apparent  amount  of  water  of  condensation 
per  hour  of  a  15,000  kw.  turbine  with  a  load  of  .'lOOO  kw. 
amounted  to  40  metric  tons  or  8  kg.  (17.6  lb.)  per  kw-hr. 
The  hardness  of  the  cooling  water  was  20  deg.  while  the  hard- 
ness of  the  water  delivered  by  the  condenser  pump  was  1.5, 
hence  from  the  above  formula  the  amount  of  the  leak  of  cool- 

1  5 

ing  water  was  40  X  orT^  3  m^  The  real  consumption  of  steam 

of  the  turbine  was,  therefore,  37  metric  tons  or  7.4  kg.  per 
kw-hr. 

If  sea  water  is  used  for  cooling  in  a  surface  condenser,  the 
leak  may  be  discovered  through  the  difference  in  specific  grav- 
ity by  means  of  hygrometers.  The  German  Navy  employs 
such  instruments  which  permit  of  reading  the  sea  water  con- 
tent in  the  water  of  condensation  directly  in  percentages. 

The  English  house,  Digby  &  Diggs,  have  placed  on  the  mar- 
ket a  device  for  determining  the  quantity  of  salt  solutions  in 
water  by  measuring  the  electrical  resistance  of  the  liquid. 
This  method  has  these  disadvantages,  first,  that  correction  must 
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be  made  for  the  temperature  of  the  solution,  aud,  second,  that 
errors  are  apt  to  occur  because  of  polarization  phenomena  at 
the  electrodes  of  the  measuring  apparatus. 

Some  such  tests  ought  to  be  made  in  well  conducted  plants 
at  least  once  a  day.  (Die  Feststellung  von  Undiehtigkeiten  an 
Oberflcichenkondensatoren,  Otte,  Zeits.  fiir  Dampfkessel  und 
Maschinenhetrieh,  vol.  38,  no.  48,  p.  393,  November  26,  1915, 


pp.    p.) 


Varia 


Pipe  Couplings,  R.  S.  Lord 


The  paper  discusses  the  question  of  pipe  couplings  with  par- 
ticular regard  to  their  use  on  gas  lines. 

The  essentials  of  a  good  pipe  coupling  are  tightness,  flexi- 
bility, allowance  of  expansion  and  contraction,  strength,  aud 
rigidity.  The  apparent  contradiction  between  the  require- 
ments of  flexibility  and  rigidity  is  due  to  the  fact  that  while 
the  ability  to  make  bends  easily  is  a  very  important  matter  to 
a  pipe  line  builder,  the  degree  of  flexibility  must  be  controlled 
by  something  in  the  joint  itself,  or  by  proper  anchorage.  In 
the  matter  of  strength,  present  day  demands  require  a  very 
high  standard  as  in  natural  gas  pipe  lines  pressures  run  in 
some  eases  up  to  1200  or  even  1400  lb.  Fortunately  these  ex- 
treme pressures  are  never  carried  any  distance  from  the  well, 
or  for  any  length  of  time  without  natural  reduction  due  to  ex- 
pansion into  the  large  space  of  a  big  pipe  line. 

The  fluids  to  be  carried  have  an  important  bearing  on  the 
requirements  of  a  pipe  coupling.  Natural  gas  has  no  appre- 
ciable effects  on  rubber  gaskets  used  on  plain  end  pipe  unless 
it  be  saturated  with  oil  or  gasoline.  Artificial  gas  is  also  prac- 
tically harmless  when  dry,  but  the  coal  distillate  known  as 
drip  oil  and  often  found  in  it,  is  even  worse  than  gasoline  in 
its  effect  on  coupling  gaskets. 

In  the  use  of  cast  iron  pipe  only  three  classes  of  joints  are 
common,  bell  and  spiggot,  flanged,  and  machined  or  universal. 
The  bell  joints  depend  upon  cement  or  a  soft  metal  such  as 
lead  for  sealing.  Cement  does  not  permit  of  any  variation 
from  the  alinement  given  the  pipe  when  laid  and  this  may 
cause  strain  sufficient  to  break  the  pipe.  The  weakness  of 
lead  lies  largely  in  the  fact  that  when  once  compressed  or 
forced  out  of  position  it  lacks  any  elastic  power  that  would 
tend  to  return  it  to  its  position.  In  recent  years  lead  wool  has 
been  hammered  into  bells  to  form  a  more  solid  packing  than 
that  made  by  pouring  molten  lead  and  then  caulking  the  face. 

The  joints  in  use  on  wrought  iron  pipe  have  until  recent 
years  been  threaded.  The  author  vigorously  opposes  the  state- 
ment often  made  that  a  properly  laid  screw  line  will  not  leak. 
He  believes  that  it  will. 

The  article  describes  in  some  detail  the  following  joints: 
Van  Stone,  E.  C.  Converse,  H.  Sellers  McKee,  and  the  Mathe- 
son. 

As  regards  rubber  packed  couplings,  the  author  divides 
them  into  two  general  classes,  those  intended  to  be  packed 
by  the  pressure  of  fluid  carried,  and  those  packed  by  force 
applied  externally  working  against  the  pressure  within.  The 
author  also  describes  the  Gillespie  and  the  Custer  pipe  coup- 
lings as  well  as  the  design  placed  on  the  market  by  the  Ham- 
mond Coupler  Co.,  in  which  the  outer  flange  is  entirely  done 
away  with,  the  bolts  holding  themselves  on  by  a  hook  at  the 
head  and  a  clip  at  the  nut  end.  The  bolts  rest  directly  against 
the  broad  band  of  the  ring  in  semi-circular  notches  made  for 
the  purpose  of  locating  them.  The  hooks  coming  behind  these 
rings  make  the  pull  as  direct  against  the  gasket  as  it  is  possi- 
ble to  get  it.  The  strength  of  the  ring  is  made  in  the  direction 
of  this  pull  of  the  bolts  so  that  it  cannot  be  bent  between  the 


bolts.  The  author  discusses  also  the  plain  end  pipe  coupling 
and  the  gaskets  used  in  that  connection.  {The  Natv/ral  Gas 
Journal,  vol.  9,  no.  12,  p.  556,  December  1915,  6  pp.    cd.) 

Water  Softening  by  Perjiutit 

Description  of  the  isolated  plant  of  the  new  Central  Y.  M. 
C.  A.  in  Brooklyn,  N.  Y.  An  interesting  feature  of  the  j)lant 
is  the  Permutit  plant  for  water  softening.  The  water  comes 
from  an  Artesian  well  and  is  very  hard  having  a  content  of 
lime  and  magnesium  270  parts  to  the  million.  It  was,  there- 
fore, quite  unsuitable  for  boiler  feed  and  even  for  bathing 
purposes  inasmuch  as  it  would  not  form  soap  lather  to  any 
extent.  It  did  not  readily  lend  itself  to  the  lime-soda  method 
of  treatment  either.  The  high  content  of  magnesium  salts  in 
the  water  would  require  a  tremendous  excess  of  lime  and  soda 
ash  and  a  time  of  reaction  of  from  4  to  6  hours.  In  addition 
to  that,  as  the  salts  formed  in  the  lime  soda  method  of  treat- 
ment are  partially  soluble  in  water  at  ordinary  temperatures, 
there  would  always  remain  in  the  treated  water  besides  an 
excess  of  chemicals  a  certain  hardness  expressed  as  calcium 
carbonate,  and  in  the  boilers  this  would  be  precipitated  and 
the  result  would  be  a  bad  scale  in  the  heating  coils,  heaters, 
pipe  lines,  and  boilers  themselves.  Furthermore  a  huge 
settling  tank  of  about  3500  eu.  ft.  would  be  required  for  the 
lime-soda  softener. 

.  Instead  of  that  a  small  compact  Permutit  plant  of  about 
500  cu.  ft.  was  installed.  The  filtering  medium  is  an  artificial 
silicate  which  has  the  property  of  absorbing  all  of  the  calcium 
and  magnesium  salts  from  the  water  passing  through  it  and 
substituting  for  them  its  sodium  base.  When  the  total  amount 
of  zero  water  for  which  the  plant  is  designed  is  realized  the 
filters  are  restored  to  their  original  softening  efficiency  by  in- 
troducing a  solution  of  unrefined  salt  (sodium  chloride).  This 
solution  is  allowed  to  remain  in  contact  with  the  Permutit  for 
a  period  of  10  hours,  it  is  then  washed  directly  into  the  sewer 
and  the  filter  is  again  ready  for  the  next  day's  run. 

The  plant  installed  is  capable  of  handling  60,000  gal.  per 
day  of  the  very  hard  well  water.  This  capacity  is  divided  be- 
tween two  filters.  After  30,000  gal.  have  been  filtered  through, 
each  filter  is  regenerated  by  passing  about  1000  gal.  of  brine 
through  it.  (Model  Plant  in  Brooklyn  Y.  M.  C.  A.,  The  Iso- 
lated Plant,  vol.  8,  no.  1,  p.  3,  Januarj'  1916,  2  pp.,  2  figs,   d.) 

Economic   Methods   of   Prepaeing   Metal    Shavings    for 
Packing,  R.  Philipp 

A  paper  read  before  the  Lower  Rhine  Section  of  the  Verein 
deutscher  Ingenieure  on  the  economic  methods  of  handling 
metal  shavings  with  special  regard  to  the  best  ways  of  pre- 
paring them  for  packing. 

One  of  the  great  difficulties  in  the  shipment  of  metal  shav- 
ings is  that  unless  they  are  mixed  with  a  sufficient  amount  of 
very  fine  material,  they  occupy  a  volume  out  of  proportion 
with  their  weight  which  naturally  increases  freight  charges, 
sometimes  to  a  prohibitive  extent,  or  in  any  case  materially 
reduces  the  price  which  a  shop  can  get  for  its  waste  metal. 

Of  late  (for  about  six  years)  serious  efforts  have  been  made 
to  prepare  the  shavings  at  the  plant  for  economic  shipment. 
Jones  and  Lamson  of  Springfield,  U.  S.  A.,  have  provided  on 
their  turret  lathes  an  arrangement  for  breaking  up  the  shaving 
as  it  originates.  This  device  consists  of  a  little  bridge  over 
which  the  shaving  has  to  run ;  at  the  end  of  it  the  shaving  is 
sharply  deflected  into  another  direction  and  broken  thereby. 
This  device  did  not  prove  practical. 

Another  attempt  was  to  arrange  the  cutting  itself  in  such 
a  manner  as  to  prevent  the  fonnation  of  long  shavings.    This 
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may  be  done  by  giving  the  tool  a  peculiar  shape  such  as  spoon 
shape,  which  prevents  the  cutting  from  coming  out  in  a  smooth 
ribbon,  prevents  it  from  twisting,  and  forces  it  to  run  in  a 
plane.  This  gives  the  shaving  bends  which  with  many  kinds 
of  steel  make  it  brittle.  This  process  has  only  a  very  limited 
application. 

Another  proposal  belonging  to  the  same  class  was  to  set  the 
cutting  edge  of  the  tool  at  right  angles  to  the  axis  of  rotation. 
For  heavy  work  and  for  many  kinds  of  steel  this  is  not  adapt- 
able because  it  increases  the  power  consumption  and  does  not 
pre^■ent  the  formation  of  long,  strong  shavings.  It  was  at- 
tempted to  destroy  the  elasticity  of  the  shavings  by  annealing 
and  hardening  them  which  would  make  them  brittle,  but  this 
process  proved  to  be  too  expensive. 

Attempts  to  cut  the  shavings  themselves  likewise  did  not 
prove  successful  because  thin  shavings  can  be  cut  only  with 
very  sharp  tools,  and  unless  the  tools  are  quite  sharp  the  shav- 
ings begin  to  bend  and  clog  the  machinery.  Further,  cutting 
requires  rapid  and  uniform  feeding  of  the  shavings  which  is 
not  always  possible,  and  even  if  all  these  difficulties  have  been 
Shavings  feed  hopper 


Operator's  stand 


Shavings  discharge 


mesh  from  tup  outward.  At  the  outer  sides  of  the  rollers  are 
located  sharp  deflectors.  One  of  the  advantages  of  this  con- 
struction is  that  it  can  take  care  of  large  bales  of  shavings 
because  the  rolling  breaks  up  the  bales.  On  the  other  hand, 
however,  this  construction  did  not  prevent  the  shavings  from 
twisting  all  about  the  rolls  even  though  the  deflector  could 
be  made  very  strong  and  could  be  placed  quite  close  to  the 
rigidly  held  rolls. 

The  Lauchhammer  Company  in  Reise  uses  another  process, 
namely,  of  baling  the  shavings  which  must  be  in  this  case 
mixed  with  a  certain  amount  of  thin  sheet  iron  pieces  and 
wire.  The  baling  press  consists  in  this  case  of  a  large  box 
with  four  movable  holes.  After  this  box  has  been  filled  with 
shavings  by  means  of  a  lifting  magnet,  the  cover  is  mechan- 
ically forced  on  and  then  first  one  of  the  side  holes  and  next 
two  more  touching  it  are  gradually  forced  in.  The  press  con- 
sumes about  175  h.p.,  25  h.p.  for  forcing  on  the  cover,  50  h.p. 
to  move  the  first  side  hole,  and  100  h.p.  to  force  in  the  other 
two  holes  in  contact  with  the  first  one.  Six  bales  can  be  made 
in  this  way  per  hour.  In  order,  however,  that  they  should 
maintain  their  shape  the  bottom  of  the  box  must  be  covered 
with  sheet  iron  or  wire;  then  the  shavings  come  in  the  middle 
and  the  top   is  again   covered  with  sheet   iron   or   wire.     In 


Fig.  8    Metal  Shavings  Crusher 


overcome,  the  output  even  at  the  high  speed  of  cutting  will  be 
quite  small. 

Another  process  which  is  used  to  a  certain  extent  by  briquet- 
ting  concerns  outside  of  Germany  consists  in  allowing  the 
shavings  to  get  rusted.  This  makes  them  somewhat  brittle  so 
that  they  can  be  broken  up  in  a  rolling  mill  or  coal  crusher. 
Before,  however,  they  can  be  sent  to  the  briquetting  presses 
they  must  be  passed  through  a  screen  so  as  to  eliminate  large 
lumps  and  pieces  of  shavings  which  might  injure  the  presses. 
One  of  the  disadvantages  of  this  process  is  that  the  metal, 
being  partly  rusted,  is  of  lower  quality. 

Hammer  mills  can  be  also  used  for  this  purpose  but  the 
disadvantage  of  such  types  of  mills  lies  in  the  fact  that  the 
shavings  are  apt  to  roll  about  the  rollers  sometimes  to  such  an 
extent  that  it  requires  a  hammer  and  chisel  to  get  them  away. 

The  application  of  scrapers  does  not  entirely  eliminate  this 
evU,  besides  it  is  necessary  for  various  reasons  to  make  one 
of  the  rolls  adjustable  which  complicates  the  use  of  scrapers. 

The  locomotive  factory  of  Henschel  &  Son  in  Kassel,  Ger- 
many, has  built  for  its  own  use  a  kind  of  rolling  mill  consisting 
of  two  geared  rollers,  a  characteristic  feature  of  this  construc- 
tion being  that  both   rollers   are   of   the   same   diameter   and 


machine  shops  this  process  is,  therefore,  not  applicable  since 
there  is  no  sheet  iron  or  wire  waste  available  in  the  first  place, 
and  in  the  second  place  the  space  required  and  the  cost  of 
operation  are  prohibitive. 

The  locomotive  factory  of  Henschel  &  Son  build  the  shav- 
ings breaker  shown  in  Fig.  8  A,  while  Fig.  B  shows  the  feeding 
hopper  of  the  same  machine.  Tough  shavings  have  the  un- 
desirable ability  of  wrapping  themselves  around  the  rolls.  This 
property  has  been  made  use  of  here.  The  roll  of  peculiar 
shape  rotates  in  a  funnel  which  is  provided  with  spirally 
located  guides  forming  as  they  go  downward,  channels.  Ribs 
on  the  roller  gradually  force  the  shavings  into  the  passage 
where  they  are  more  and  more  compressed  and  shifted  out- 
ward. By  an  appropriate  formation  of  the  ribs  in  the  funnel 
and  on  the  roU,  the  shavings  are  uniformly  distributed 
through  all  the  channels  over  the  entire  cross  section  of  the 
roll.  With  say  30  r.p.m.  of  the  roll  with  8  ribs  in  the 
fimnel  and  20  on  the  roll  itself,  4800  cuts  are  made  per  minute. 
To  this  must  be  added  that  by  being  compressed  in  the  chan- 
nels the  shavings  are  broken  to  pieces:  there  is  practically  no 
actual  cutting  which  is  necessary  only  in  the  case  of  very 
tough  shavings  or  pieces  of  wire  and  sheet  metal.     Because 
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of  the  very  low  velocity  of  the  rolls  which  is  from  20  to  25 
r.p.m.  and  has  at  most  a  diameter  of  200  mm.  (say  8  in.) 
there  are  no  violent  blows  and  this  reduces  the  work  of  the 
apparatus.  The  power  consumption  varies  quite  materially. 
It  was  found  that  the  average  power  consumption  of  the 
larger  units  for  an  output  of  2500  to  3000  kg.  (5500  to  6600 
lb.  per  hr.)  was  only  13  kw.  The  largest  output  obtainable 
from  one  engine  was  3500  kg.  (7700  lb.  of  manganese  copper 
in  25  minutes)  which  was  obtained  with  the  engine  driven  by 
an  electric  motor  rotated  at  25  h.p.  The  cost  of  breaking  up 
the  shavings  is  approximately  1  mark  per  ton  (say  24c  per 
2200  lb.).  The  main  elements  of  this  cost  are  power  con- 
sumption and  wages  for  bringing  the  material  in  and  taking 
it  away.  The  wear  of  the  machine  itself  does  not  amount  to 
anything  for  all  practical  purposes.  (Wirtschaftliche  Be- 
handlung  der  Eisen-  und  Metallsptine,  R.  Philipp,  Zeits.  des 
Vereines  deutscher  Ingenieure,  vol.  59,  no.  17,  p.  962,  3  pp., 
3  figs,    dp.) 

Railway  Electrification  axd  the  Solution  op  the  Smoke 
Problem  in  Chicago 

The  article  presents  an  abstract  of  the  report  submitted  as 
a  result  of  an  investigation  begun  four  and  a  half  years  ago 
by  the  Chicago  Association  of  Commerce. 

The  investigation  was  at  first  in  charge  of  Horace  E.  Burt 
and  after  his  death  in  1913  was  conducted  by  W.  F.  M.  Goss 
as  Chief  Engineer  of  the  Committee.  The  report  is  quite 
voluminous  (1177  pages),  and  only  the  most  important  con- 
clusions can  be  here  reported. 

The  Chicago  electrification  would  equal  the  combined  elec- 
trifications of  the  whole  world,  would  involve  problems  never 
heretofore  met,  and  would  be  the  first  ever  undertaken  for  air 
betterment  where  terminals  were  adequate  from  an  operating 
viewpoint.  At  the  same  time  the  steam  locomotive  stands  only 
third  among  smoke  producing  services  and  its  elimination 
would  reduce  the  gaseous  pollution  of  the  air  only  5  per  cent 
and  the  solid  pollution  less  than  4  per  cent,  some  of  the  other 
worst  offenders  from  the  point  of  view  of  smoke  production 
being  high  pressure  steam  plants,  metallurgical  and  other 
manufacturing  furnaces,  and  domestic  fires. 

Smoke  regulation  in  many  places  erred  in  confining  itself 
to  the  visible  aspects  of  smoke,  whereas  the  really  harmful 
factors  are  invisible  gases  and  the  solids  of  combustion,  sul- 
phurous gas  and  mineral  dust  in  particular. 


The  researches  of  the  Committee  disclosed  a  significant  fact 
by  emphasizing  the  relatively  great  importance  of  the  solid 
constituents  of  smoke.  The  cloud  effects  are  of  secondary  im- 
portance as  compared  with  the  effects  produced  by  the  soot 
and  dust  of  smoke.  The  problem  of  smoke  abatement,  there- 
fore, is  not  entirely  or  largely  a  problem  of  suppressing  visible 
smoke,  but  is  one  of  suppressing  the  shower  of  soot,  dust,  and 
cinders  constantly  falling  from  a  smoke  polluted  atmosphere. 
Owing  to  the  finely  divided  state  of  the  solids  emitted  in  the 
smoke  of  steam  high-pressure  stationary  power  and  heating 
plants,  the  resulting  pollution  may  be  regarded  as  affecting 
wide  areas  since  such  materials  are  easily  carried  by  the  wind 
and  air  currents. 

No  type  has  been  found  except  straight  electrification  which 
could  provide  a  substitute  for  steam  locomotives.  The  power 
requirements  of  heavy  traffic  such  as  is  met  in  and  around  Chi- 
cago are  still  beyond  the  gasoline  driven  engine.  The  Diesel 
and  oil  burning  marine  engine  have  the  power,  but  neither 
type  is  self-starting,  an  imperative  requirement  for  switching 
work.  A  new  Diesel  experimental  locomotive  was  examined 
in  Switzerland.  Much  has  been  hoped  from  it,  but  the  in- 
ventor himself  was  doubtful  of  its  success  in  such  heavy  yard 
switching  work  as  would  be  required  here.  The  storage  bat- 
tery appears  to  lack  power,  to  be  too  expensive,  and  to  share 
with  electrification  the  disadvantage  of  producing  power  house 
smoke.  Compressed  air  and  hot  water  motors  were  found  im- 
practical. Their  use  is  suggested  on  those  sections  of  the 
Chicago  track  which  cannot  be  electrified.  Finally  electrifica- 
tion itself  in  Chicago  must  depend  upon  the  existence  and 
operation  of  a  steam  driven  electric  generating  station  which 
would  give  off  enough  smoke  to  counterbalance  at  least  part 
of  the  advantages  gained  by  the  electrification. 

On  the  whole  it  seems  to  be  clearly  the  opinion  of  the  Com- 
mittee that  the  results  obtained  would  not  warrant  the  ex- 
tremely large  investment  (close  to  $275,000,000)  to  abate  only 
a  comparatively  small  part  of  the  visible  smoke  of  the  city. 
It  recommends,  therefore,  the  organization  of  a  Pure  Air  Com- 
mission, the  business  of  which  would  be  to  eliminate  such  pol- 
lution of  air  by  dust  or  smoke,  not  by  railroads  only  but  from 
all  sources,  including  domestic  fires,  as  can  be  avoided  with 
reasonable  expenditure  in  money  and  trouble.  ($600,000 
Inquiry  Finds  Electrification  Will  Not  Solve  Chicago's  Smoke 
Problem,  Engineering  Record,  vol.  72,  no.  24,  December  11, 
1915.  p.  727,  5  pp.,  2  figs,    gd.) 
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HEATING    BY    FORCED    CIRCULATION 
OF  HOT  WATER  IN  TEXTILE  MILLS 

BY  ALBERT  GREENE  DUNCAN,  BOSTON,  MASS. 
Member  of  the  Society 

SINCE  the  days  of  the  old  coal  stove,  three  methods  of  heat- 
ing textile  mills  have  been  in  use:  First,  direct  circula- 
tion of  live  or  exhaust  steam  at  low  pressure;  second,  fan  or 
indirect  hot  air  system,  using  either  live  or  exhaust  steam  in 
heating  coils  aiTanged  in  a  central  battery  to  heat  the  air ;  and 
third,  use  of  hot  water  through  direct  heating  surface  in  the 


of  10,354,000  cu.  ft.  They  present  a  somewhat  typical  condi- 
tion ill  cotton  mills,  where  buildings  have  been  built  of  various 
types  over  a  period  of  many  years.  The  mills  under  consid- 
eration still  use  a  building  of  three  stories  put  up  in  1837,  and 
they  occupy  subsequent  buildings,  including  their  largest  mill, 
consisting  of  five  stories  with  basement,  built  in  1876. 

The  heating  system  was  divided  into  two  sections  for  con- 
venience of  regulation.  The  general  direction  of  the  mills 
was  north  and  south,  and  the  east  side  of  the  longer  mill  was 
on  the  top  of  a  bluff  80  ft.  above  the  river  and  exposed  to 
extremely  high  winds.  The  mills  being  located  in  a  northern 
latitude,  where  atmospheric  temperatures  of  20  deg.  fahr.  be- 
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Fig.  1    Plan  of  Harmony  Mills,  Cohoes,  N.  Y. 


various  rooms,  heating  the  water  with  either  live  or  exhaust 
steam  in  closed  heaters.  This  paper  treats  of  the  last  method, 
which,  with  the  widely  distributed  areas  encountered  in  large 
textile  mills,  involves  forced  circulation  of  the  hot  water.  It 
describes  the  manner  of  handling  the  problem  of  properly 
heating  the  widely  separated  units  of  the  textile  mills '  shown 
in  Fig.  1. 

A  system  of  forced  circulation  of  hot  water  was  decided 
upon  for  three  reasons :  o  The  miUs  are  primarily  driven  by 
water  power,  and  the  auxiliary  steam  plant  which  is  in  daily 
operation  to  carry  about  20  per  cent  of  the  mill  load,  reaching 
a  maximum  of  50  per  cent  in  times  of  low  water,  is  located  at 
a  central  point,  the  distribution  of  power  being  by  electricity. 
h  The  central  plant  arrangement  necessitated  the  carrying  of 
heat  over  long  distances,  c  As  certain  of  the  mills  were  lo- 
cated below  the  level  of  the  power  plant,  a  gi'avity  system  of 
return,  either  of  hot  water  or  steam,  was  impracticable. 

The  mills  consist  of  seven  buildings,  varying  in  size  from 
40  by  100  to  1073  by  76  ft.,  and  an  ofiSce  building;  they  con- 
tain 825,434  sq.  ft.  of  floor  surface  and  have  a  cubic  content 
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low  zero  are  not  uncommon,  the  question  of  different  exposures 
of  various  portions  of  the  plant  was  a  special  problem. 
Further  than  this,  the  plant  naturally  divided  itself  by  its  con- 
figuration into  two  manufacturuig  groups  approximately  equal 
in  area ;  and  consideration  was  given  to  the  possibility  of  shut- 
ting down  either  of  these  groups  and  running  the  other  at  full 
capacity. 

It  was  early  determined  that  the  regulation  of  the  heat  in 
the  various  departments  should  not  be  left  to  the  individual 
overseers,  but  should  be  placed  under  the  charge  of  the  engi- 
neer in  the  power  house,  long  distance  reading  thermometers 
being  installed  so  that  the  temperature  in  different  portions 
of  the  plant  could  be  read  there.  By  this  method,  the  two 
primary  factors  of  heat  control,  namely,  the  temperature  of 
the  water  and  the  speed  of  its  circulation,  could  be  accurately 
regulated  in  accordance  with  outside  temperature. 

While  there  was  no  engineering  objection  to  solving  the 
problem  by  any  one  of  the  modern  systems  of  direct  steam 
heating,  it  was  felt  that  the  ability  to  control  the  temperature 
of  water  from  a  range  of  100  to  240  deg.  fahr.  gave  a  flexi- 
bility to  the  system  impossible  of  attainment  in  any  other 
way.  Practically  stated,  a  steam  system  will  operate  econom- 
ically only  at  full  load,  while  a  forced  circulation  of  hot 
water  can  be  readily  regulated  to  meet  all  manufacturing  and 
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weather  conditions,  and  will  maintain  its  efficiency  at  any  de- 
gree of  temperature. 

The  method  of  determining  the  amount  of  radiating  sur- 
face required  in  various  departments  for  a  forced  circulation 
system  of  hot  water  does  not  differ  materially  from  the  well- 
known  methods  employed  in  determining  the  heating  sm-face 
of  the  number  of  heat  units  required  for  any  other  method  of 
heating.  Well-known  factors  were  used  in  the  installation 
described,  and  those  in  Table  1  are  submitted  as  a  basis  for 
future  determinations,  bearing  in  mind  tliat  many  modifying 
conditions  apply  which  must  be  decided  for  each  individual 
case. 

The  difference  in  temperature  figured  in  the  case  under  con- 
sideration was  70  deg.  and  the  heat  as  that  required  to  heat 
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the  mills  to  70  deg.  in  zero  weather  with  temperature  of  water 
212  deg.  For  temperatures  below  zero,  it  was  considered  that 
the  ability  to  heat  water  to  240  deg.  and  the  heat  given  off 
by  mill  machinery  in  operation  were  ample  margins  of  safety. 


TABLE  1     HEAT  LOSS  IN  B.T.U.  PER  HR.  PER  SQ.  FT.  OF  EXPOSED 
OUTSIDE  SURFACE  OF  BUILDING  FOR  1  DEG.  FAHR.  DIFFER- 
ENCE IN  TEMPERATURE  BETWEEN  INSIDE  AND  OUTSIDE  AIR 


Medium 


8  in.  solid  brick  wall 

12  in.  solid  brick  wall 

16  in.  solid  brick  wall 

20  in.  solid  brick  wall 

24  in.  solid  brick  wall 

28  in.  solid  brick  wall 

Single  window 

Double  window 

Slate  on  tight  wood  roof 

Standard  mill  roof  2^  in.  plank  T.  and  G, 


Heat  loss 

B.t.u. 

0.40 

0.31 

0.26 

0,23 

0.21 

0.19 

1.00 

0.50 

0.30 

0.18 

The  engineer  will  find  plenty  of  opportunity  for  the  exer- 
cise of  his  judgment  in  determining  the  percentage  loss  of 
heat  to  allow  for  leakage,  window  exposure,  roof  exposure, 
and  other  factors  depending  in  each  case  upon  the  location 
of  the  individual  building,  and  many  other  problems  arise 
from  the  character  of  cotton  miU  operation. 

In  comparing  the  cost  of  a  forced  circulation  hot  water 
system  with  that  of  a  good  exhaust  steam  system,  it  may  be 
said  that  with  the  exception  of  the  additional  cost  of  the 
pumping  plant  required  by  the  former,  the  cost  of  installa- 
tion of  either  is  about  the  same.  The  cost  of  maintenance  of 
the  hot  water  system  is  believed  to  be  much  the  lower  by  vir- 


tue of  gradual  rather  than  sudden  changes  of  temperature  of 
radiating  surface  and  absence  of  water  hammer. 

The  amount  of  radiation  in  the  case  at  point  was  also  calcu- 
lated on  the  basis  that  the  system  would  be  adequate  to  heat 
up  the  mill  following  a  shutdown  of  several  days  at  zero  tem- 
perature. On  this  account,  no  allowance  was  made  for  the 
well  known  fact  that  cotton  machinery  gives  off  a  great  deal  of 
heat  during  operation.  Consequently,  the  theoretical  water 
temperature  necessai-y  to  heat  the  mills  was  found  to  be  many 
degrees  too  high  during  ordinary  running  conditions. 

Fig.  2,  which  refers  to  one  of  the  largest  of  the  mill  units, 
will  make  clear  the  proportioning  of  heating  coils.  The  de- 
partments in  this  five  story  mill  are  shown  in  transverse  sec- 
tion, together  with  the  location  of  the  heating  coils  on  the 
side  walls  or  ceilings.  In  this  building  there  are  about  1500 
belt  openings  between  the  first  and  second  floors. 

Experience  with  the  system  later  showed  that  more  coils 
were  placed  upon  the  top  floor  and  fewer  upon  the  lower 
floor  than  were  actually  needed,  this  being  due  to  belt  open- 
ings mentioned  and  to  the  natural  effect  of  heat  leaking  up 
through  elevator  shafts  and  other  passages  to  the  top  floor  of 
the  mill,  which  also  contained  the  spinning  machinery,  the 
kind  of  cotton  machinery  producing  the  most  heat. 

The  heart  of  a  forced  circulation  hot  water  system  is  the 
pumping  plant.  The  pumping  layout  in  these  mills  is  shown 
in  Fig.  3.  The  essentials  of  each  unit  are  a  closed  heater,  of 
the  feedwater  type,  and  a  pump.  Two  pumps  are  used  nor- 
mally, one  for  each  section  of  the  mills.  Each  is  connected 
to  its  own  heater  and  is  so  arranged  that  in  case  of  breakdown 
the  third  pump  or  heater  shown  can  be  used  interchangeably 
with  either  of  the  two  sections  of  the  system.  As  to  the  type 
of  heater,  one  with  a  short  coil  is  preferable,  to  be  run  with 
the  steam  inside  the  coils  surrounded  by  the  water  in  the 
shell;  this  is  an  essential  feature  of  the  system,  as  the  heater 
coil  must  be  so  proportioned  as  to  clear  itself  readily  of  the 
water  of  condensation,  which,  at  times  of  starting-up 
especially,  is  large  in  volume. 

The  lieaters  for  this  installation  were  of  extra  large 
capacity  and  adapted  to  use  exhaust  steam  to  heat  the 
circulating  water  in  any  but  the  most  extreme  weather,  when 
live  steam  is  used.  Their  strength,  however,  was  proportioned 
to  receiving  steam  at  full  boiler  pressure  of  180  lb.,  so  that 
in  case  of  an  accident  to  a  valve  when  using  live  steam  no 
danger  could  arise  from  explosion. 

The  three  heaters  were  installed  in  connection  with  a  boiler 
feedwater  heater  of  the  same  size;  and  by  a  proper  arrange- 
ment of  valves,  a  greater  or  less  amount  of  the  exhaust  steam 
furnished  by  the  pumping  plant  and  auxiliaries  of  the  station 
could  be  used  in  the  circulating  water  heaters  or  the  feed- 
water  heater  as  was  required.  The  temperature  of  the  cir- 
culating water  could  thus  be  maintained  at  any  desired  value. 

Whether  the  heaters  were  using  live  or  exhaust  steam,  the 
drips  were  collected  in  an  open  heater  to  which  the  make-up 
water  of  the  boiler  plant  was  added  and  thus  were  pumped 
back  through  the  closed  feedwater  heater  to  the  boilers. 

In  the  present  instance,  the  heating  plant  was  installed  in  a 
station  used  only  as  an  auxiliary  unit,  and  a  large  amount 
of  exhaust  steam  from  auxiliaries  was  not  available  at  all 
times,  the  main  steam  turbine  being  run  condensing  under 
high  vacuum.  For  this  reason  steam  driven  pumps  were  in- 
stalled, and  it  was  found  in  practice  that,  except  in  extreme 
weather,  they  furnished  sufficient  steam  to  heat  properly  the 
circulating  water.  As  the  returns  from  the  heaters  were  im- 
mediately delivered  to  the  boilers,  very  little  loss  occurred  in 
the  transference  of  heat  to  the  circulating  water. 
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It  can  be  readily  seen  that,  in  cases  where  a  power  station 
is  used  as  a  primary  source  of  power,  where  large  amounts  of 
steam  are  used  for  service  pumps  or  other  purposes,  an  elec- 
trically driven  or  other  form  of  power  driven  pump  might 
prove  most  desirable.  But  it  is  the  author's  opinion  that,  un- 
less the  power  plant  in  question  operates  on  a  twenty-four 
hour  basis,  a  method  of  pumping  by  steam  for  a  portion  of 
each  day  should  be  installed,  as  it  is  the  universal  experience  of 
textile  mills  that  the  larger  proportion  of  the  heat  required 
during  the  twenty-four  hour  day  must  be  supplied  when  the 
mill  is  not  running.  With  the  exception  of  a  few  depart- 
ments, such  as  weaving,  in  any  but  the  most  extreme  weather 
the  heat  engendered  by  the  machinery  is  sufficient  to  keep 
the  rooms  at  working  temperature  after  8  or  9  A.  M. 

As  the  system  centers  round  the  pumping  plant,  this  was 
necessarily  installed  at  an  additional  cost  over  what  would 
be  required  for  a  system  of  direct  steam  heating,  but  the  ad- 
vantages of  centralized  control  and  steady  and  uniform  tem- 
peratures more  than  offset  the  additional  cost  entailed.  In 
the  example  under  consideration,  the  pumping  plant  cost  29 
per  cent  of  that  of  the  total  system. 

To  obtain  records  showing  the  result  of  the  system  in  actual 
service,  the  steam  pipe  supplying  the  turbine  pumps,  from 
which  also  the  live  steam  was  taken  for  the  heaters  in  case  of 
need,  was  furnished  with  a  steam  meter  and,  as  a  check,  all 
other  lines  in  the  power  plant  leading  to  the  main  turbine, 
for  mill  uses  and  other  purposes,  were  also  metered.  The 
total  result  was  checked  by  a  venturi  meter  on  the  feedwater 
side,  and  over  a  period  of  years  the  sum  of  these  metered 
results  checked  within  approximately  5  per  cent,  an  amount 
which  could  be  easily  accounted  for  by  boiler  blow-offs,  leak- 
age, emptying  of  boilers,  and  other  minor  losses.  Another 
meter  was  placed  in  the  branch  line  feeding  the  circulating 
pumps  alone,  so  that  by  subtracting  the  amount  of  steam  re- 
quired to  drive  the  pumps,  the  steam  going  direct  to  the 
heaters  could  be  accurately  determined.  A  third  meter  in  con- 
nection with  the  heating  system  was  installed  in  the  exhaust 
pipe  as  a  check  upon  both  the  amount  and  the  direction  of 
flow  of  steam,  as  to  whether  or  not  the  heaters  were  receiving 
exhaust  steam  from  power  plant  auxiliaries,  or  whether  ex- 
hause  from  the  circulating  pumps  was  being  put  into  the 
feedwater  heater  supplying  the  boilers.  Furthermore,  two 
other  flow  meters  measured  all  the  water  circulating  through 
each  of  the  two  parts  of  the  system,  and  these  two  main  pipe 
lines  were  equipped  with  recording  thermometers,  giving  the 
temperature  of  flow  and  return  in  each. 

A  summary  of  the  records  for  the  heating  season  1914-15,  is 
given  in  Table  2.  The  figures  giving  the  average  boiler  hoi'se- 
power  for  twenty-four  hours  are  significant,  and  the  author 
believes  that  no  such  result  has  ever  before  been  accomplished 
in  a  textile  mill  of  this  size.  Previous  experience  in  other  mills 
of  about  half  the  size  of  the  one  under  consideration,  heated  by 
a  combination  system  of  direct  steam  and  indirect  hot  air,  gave 
results  expressed  in  boiler  horsepower  of  approximately  twice 
the  horsepower  required  in  proportion  to  the  size  of  the  re- 
spective mills. 

After  the  operation  of  the  system  had  become  thoroughly 
standardized,  a  marked  saving  in  temperature  of  water  and 
consequently  in  coal  was  effected.  This  result  was  accom- 
plished after  careful  study  of  the  amount  of  heat  given  off 
by  manufacturing  and  machinery,  attention  to  double  windows 
over  80  per  cent  of  the  mill,  elimination  of  draughts  through 
stairways  and  elevator  shafts,  and  any  other  conditions  which 
prevented   the   system  working  at  its   best  efficiency.      This 


proves  the  chief  claim  that  centralized  control  of  heating  in 
textile  mills  is  the  method  for  the  most  efficient  results. 

Fig.  4  shows  a  plot  of  the  total  steam  consumption  per  day 
with  different  outside  temperatures  during  all  full  working 
days  when  the  system  was  in  operation  during  the  past  '^/i 
years,  Mondays  and  the  days  following  holidays  excluded.  It 
is  noted  that  500  boiler  h.p.  is  required  to  heat  the  mills  in 
zero  weather.    No  heat  whatever  is  required  when  the  outside 
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Fig.  3    Heating  System  Puhping  Plant 


temperature  is  above  50  to  55  deg.,  yet  a  temperature  of  75 
deg.  is  maintained  throughout  the  mills.  It  must  be  remem- 
bered that  about  7000  h.p.  is  used  to  drive  the  machinery; 
all  this  power  is  dissipated  in  heat  from  the  spinning  frames 
and  other  machinery,  and  its  total  heat  equivalent  is  about 
180,000,000  B.t.u.  per  10-hr.  day,  or  substantially  180,000 
lb.  of  steam.  Therefore,  if  this  heat  equivalent  is  added  to 
that  supplied  to  the  heating  system,  we  find  the  upper  dotted 
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line  extended  to  the  base  line  would  indicate  no  heat  required 
with  an  outside  temperature  of  74  deg.  fahr.,  which  is  sub- 
stantially the  average  mill  temperature  maintained. 

Fig.  5  gives  a  plot  of  heat  supplied  to  the  miUs  duiiug  Sun- 
days and  holidays  during  the  past  2%  years  when  the  system 
was  in  service.  It  was  not  the  intention  to  maintain  full 
working  temperature  of  the  mills  when  they  were  not  running 
and  a  room  temperature  drop  of  5  to  10  deg.  usually  took 


careful  watching  of  losses  of  heat,  which  can  be  most  readily 
accomplished  by  having  the  plant  under  centralized  control. 

Losses  in  heat  arise  from  many  causes.  Our  experience 
shows  that  the  benefit  of  double  windows  offsets  their  cost 
many  times,  not  only  on  the  side  of  the  miU  exposed  to  pre- 
vailing winds  but  on  all  sides;  in  the  case  in  question  80  per 
cent  of  the  null  windows  are  double  windows.  Openings  from 
the  heated  rooms  to  entry  waj's  and  elevator  shafts  are  a  con- 


TABLE  2     OPERATION  OF  HARMONY  MILLS  HEATING  SYSTEM   1914-191.'; 


No.  1  Group  of  Mills 

No.  3  Mill 

Average 
Outside 

Total 

Steam  to 

Average 
Boiler 

Total 
Heat  in 

Per  Cent 

Total 

Tempera- 

Tempera- 

Mill 

Per  Cent 

Total 

Temper- 

Temper- 

MiU 

Week 

Temper- 

Pumps and 

H.p. 

Steam 

Time 

Pumpage 

ature 

ature 

Temper- 

Time 

Pumpage 

ature 

ature 

Temper- 

Ending 

ature 

Heaters 

Equiva- 

Million 

System 

Million 

Water 

Drop 

ature 

System 

Milhon 

Water 

Drop  in 

ature 

Deg. 

Thousand 

lent 

B.t.u. 

in 

Lb. 

Flow 

in  Deg. 

Deg. 

in 

Lb. 

Flow 

Return 

Deg. 

Fahr. 

Lb. 

24  Hr. 

Service 

Water 

Deg.  Fahr. 

Fahr. 

Fahr. 

Service 

Water 

Deg.  F. 

Deg.  F. 

Fahr. 

Nov.    7... 

49 

242 

43 

240 

27 

20.2 

117 

7.2 

73 

18 

15  3 

108 

5.8 

75 

14... 

39 

569 

100 

563 

58 

43.3 

125 

10.6 

72 

43 

39.7 

111 

7.8 

74 

21... 

33 

961 

170 

952 

78 

63.1 

136 

13.1 

73 

71 

57.1 

117 

8.8 

73 

28... 

32 

1,333 

236 

1,320 

97 

72.0 

150 

26.4 

74 

89 

70.5 

128 

11.8 

77 

4  weeks. . . 

38 

3,105 

137 

3,075 

65 

198.6 

132 

73 

55 

182.6 

116 

75 

Dec.     5... 

41 

638 

113 

632 

76 

49.4 

137 

23.0 

74 

66 

43.1 

110 

5.3 

80 

12... 

31 

1,203 

212 

1,191 

96 

69.4 

153 

28.1 

74 

86 

63  1 

126 

12.7 

80 

19... 

24 

1,667 

294 

1,650 

100 

70.7 

173 

27.8 

76 

95 

73.9 

127 

15.1 

77 

26... 

16 

1.972 

348 

1,952 

100 

68.4 

173 

32.7 

73 

99 

75.6 

142 

18.8 

77 

Jan.     2... 

20 

2,379 

419 

2,355 

100 

74  0 

169 

14.2 

75 

100 

85.5 

157 

15.5 

78 

5  weeks. . . 

28 

7.859 

277 

7,780 

94 

331.9 

161 

.... 

74 

89 

341,2 

132 

78 

Jan.     9... 

27 

1,623 

286 

1,607 

88 

64.8 

154 

11.4 

75 

87 

69.2 

143 

10.7 

77 

16... 

31 

1,323 

234 

1,310 

87 

63.1 

149 

9.5 

73 

83 

65.8 

139 

7.0 

81 

23... 

32 

1,103 

194 

1.094 

73 

51.5 

153 

11.2 

75 

67 

.53.1 

136 

6.7 

78 

30... 

23 

1,424 

252 

1,410 

84 

55.3 

155 

11.1 

74 

81 

60.7 

146 

10.2 

78 

4  weeka. . . 

28 

5,473 

241 

5,421 

83 

234.7 

153 

74 

80 

248.8 

141 

79 

Feb.     6. . . 

20 

1,876 

331 

1,857 

87 

57.3 

160 

11.4 

76 

82 

60.7 

152 

11.3 

83 

13... 

26 

1,399 

246 

1,385 

95 

58.4 

146 

10.7 

74 

91 

65.1 

131 

7.9 

77 

20... 

32 

1,202 

212 

1,190 

83 

47.2 

148 

11.2 

76 

74 

53.3 

134 

10.0 

82 

27... 

36 

750 

132 

743 

63 

35.1 

128 

10.2 

76 

48 

34.0 

124 

9.6 

84 

4  weeks. . . 

29 

5,227 

230 

5,175 

81 

198.0 

146 

75 

74 

213  1 

135 

82 

Mar.    6... 

25 

1,529 

270 

1,514 

92 

52  9 

152 

13.0 

75 

79 

63.4 

133 

8.4 

80 

13... 

33 

972 

171 

962 

81 

50.3 

138 

11.1 

I       73 

68 

52.8 

126 

8.6 

78 

20... 

35 

1,066 

188 

1.055 

93 

57.4 

147 

10.4 

75 

64 

43.1 

125 

9.6 

80 

27... 

38 

917 

161 

908 

77 

44.8 

145 

9.8 

71 

61 

46.1 

125 

8.0 

80 

Apr.     3... 

34 

1,082 

191 

1,073 

90 

55.1 

144 

9.3 

65 

50.3 

132 

8.3 

81 

5  weeks... 

35 

5,566 

196 

5,512 

87 

260.5 

145 

74 

67 

255.7 

128 

80 

Apt.  10... 

48 

422 

74 

418 

41 

25.1 

141 

9.4 

24 

17.3 

121 

5.6 

17... 

50 

275 

48 

272 

28 

15.4 

141 

10.3 

24 

17.5 

121 

6.0 

24... 

56 

95 

17 

94 

10 

6.5 

122 

11.0 

5 

2.7 

102 

8.6 

3~week8. . . 

51 

795 

46 

784 

29 

47.0 

135 

21 

37.5 

115 

25 "weeks. . 

35 

28,025 

198 

27,747 

73 

1.270.7 

145 

... 

74 

64 

1,278.9 

128 

79 

place,  which  was  made  up  on  the  day  following;  therefore, 
the  amount  of  heat  on  these  days  was  less  than  that  required  to 
maintain  a  uniform  temperature  and  that  supplied  on  Mon- 
days and  the  days  following  holidays  was  greater.  An  aver- 
age Une  through  the  plotted  points  intersects  the  base  line 
at  an  outside  temperature  of  about  70  deg.  and  shows  con- 
clusively that  more  heat  was  supplied  to  the  miUs  on  Sundays 
and  holidays  than  on  full  working  days,  even  though  the 
same  temperature  was  not  maintained. 

The  results  from  the  operation  of  this  system  have  demon- 
strated two  facts:  that  the  proper  heating  of  textile  miUs  is 
based  on  the  one  hand  on  a  thorough  understanding  of  the 
engineering  problems  involved,  and  on  the  other  hand  on  a 


stant  cause  of  loss,  especially  at  night,  and  during  the  first 
years  of  this  system  constant  vigilance  was  necessary  to  im- 
press upon  night  watchmen  the  importance  of  keeping  all 
such  openings  closed.  Non-enforcement  of  this  regulation 
means  that  all  the  heat  of  the  mill  becomes  centered  in  the 
upper  story,  where  it  is  lost  by  the  opening  of  windows, 
made  necessary  to  keep  the  room  at  a  working  temperature. 
If  study  and  proper  regulation  is  made  along  the  above  in- 
dcated  lines,  except  in  extreme  weather,  heating  can  be  con- 
fined in  the  daytime  to  the  lower  floors  of  the  mill,  to  the 
weaving  and  carding  departments,  and  to  portions  of  the  mill 
where  very  little  maeliinery  is  in  operation. 

Certain   other  general   subjects   naturally   fall   within   the 
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limits  of  the  above  discussion.  The  relative  merits  of  heating 
circulating  water  by  live  steam  and  exhaust  is  a  matter  to 
be  decided  entirely  by  the  individual  plant,  as  already  indi- 
cated, and  is  based  upon  the  conditions  of  the  power  plant 
operation  and  the  available  supply  of  exhaust  steam.  Where 
the  amount  of  steam  required  for  heating  or  other  pui-poses 
is  a  small  percentage  of  the  amount  required  for  power,  it  is 
not  good  judgment,  in  the  author's  opinion,  to  interfere  with 
the  highest  possible  efficiency  of  power  production  by  the  use 
of  a  small  portion  of  the  exhaust  steam  from  the  main  power 
unit  for  heating  purposes,  and  the  question  involved  in  that 
can  usually  simmer  down  to  a  matter  of  figures. 

Offices  or  other  rooms  which  require  more  heat  or  heat  at 
different  times  of  the  day  than  is  required  in  the  mills  and 
which  do  not  share  in  receiving  heat  from  manufacturing  and 
machinery,  must  be  separately  provided  for.  These,  how- 
ever, represent  usually  but  a  small  percentage  of  the  total 
heat  required  that  the  general  problem  of  mill  heating  is  not 
affected  by  them. 

In  the  mill  in  question,  the  office  building  is  a  detached 
structure,  and  during  the  first  year  of  operation  it  is  safe  to 
say  a  large  amount  of  heat  was  wasted  by  having  this  con- 
nected to  the  main  mill  system,  as  heat  was  required  in  offices 
on  mild  days  when  none  should  have  been  used  in  the  mills. 
This  difficulty  was  overcome  by  installing  a  siphon  system  of 
heating  and  circulating  the  water  in  this  building  by  a  special 
form  of  ejector  or  steam  siphon  which  could  be  operated  or 
closed  off  entirely  independent  of  the  mill  system. 

In  the  installation  described  another  method  of  running 
circulation  coils  would  have  been  preferable  to  the  one  used. 
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Fig.  4    Steam  Consumption  Per  Day 

The  method  used  was  the  standard  one,  running  the  supply 
mains  to  the  top  floor  of  the  respective  mills  and  then,  after 
distribution  through  the  coils  on  this  floor,  returning  the 
water  through  return  drops  to  the  return  mains  placed  in  the 
bottom  story ;  in  other  words,  the  distribution  was  in  a  vertical 
dii-ection.  Although  not  affecting  the  efficiency  of  the  heating 
system,  a  method  of  circulating  the  water  through  each  floor 
or  department  by  itself,  leading  out  of  and  returning  to  ver- 
tical risers  and  return  mains  is  preferred  in  a  cotton  mill 
using  different  processes  on  each  floor,  as  it  enables  the  heat 
to  be  put  on  and  taken  off  of  each  department  by  the  opera- 
tion of  the  fewest  possible  valves. 

DISCUSSION 

Charles  H.  Bigelow  said  he  noted  that  live  steam  was 
used  for  heating  hot  water  part  of  the  time,  and  the  location 
of  the  heater  required  that  all  the  condensation   should  be 


returned  to  the  boilers  through  the  feed  pumps,  which  caused 
an  extra  expense,  which  could  have  been  avoided  if  a  closed 
heater  was  located  in  the  upper  part  of  the  boUer  house  at  a 
sufficient  distance  above  the  water  line  of  the  boilers,  so  that 
the  condensed  steam  would  return  into  the  boiler  by  gravity, 
which  would  eliminate  the  expense  of  handling  that  steam,  and 
thus  make  a  further  saving  in  the  operation.  As  the  upper 
floors  of  the  mUl  would  be  above  the  Ideation  of  this  heater 
the  pumps  for  handling  the  hot  wat<>i  could  be  located  on  the 
boiler  room  floor  and  would  not  '^ave  any  extra  work  to  do 
in  handling  the  circulating  hot  water  on  account  of  the  heater 
being  elevated.     This  should  be  the  most  economical  method 
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Fig.  5    Heat  Supplied  Sundays  and  Holidays 

of  heating  the  hot  water  as  the  steam  would  give  up  its  latent 
heat  of  vaporization  and  return  to  the  boUer  without  any  work 
being  done  on  it.  In  fact  it  would  probably  be  more  economi- 
cal than  trying  to  use  exhaust  steam  part  of  the  time,  for  as 
Mr.  Duncan  states,  and  as  the  speaker  himself  has  noted  con- 
siderable of  the  heating  is  required  when  no  exhaust  steam  is 
available. 

In  a  case  of  one  large  mill  a  hot  water  system  was  installed 
with  the  intention  of  heating  the  water  by  means  of  steam 
bled  from  a  turbine.  A  reducing  valve  was  also  provided  for 
use  when  the  turbine  was  shut  down.  The  condensation  had 
to  be  returned  to  the  boilers  through  pumps,  which  was  a  con- 
stant expense,  and  it  worked  out  in  practice  that  live  steam 
was  used  a  great  deal  more  than  the  bled  steam  from  the  tur- 
bine, and  that  portion  of  the  installation  was  not  as  economi- 
cal as  had  been  expected. 

F.  W.  Parks  said  that  a  point  the  paper  did  not  bring  out 
was  the  comparison  of  coal  cost. 

There  are  very  few  industries  that  permit  of  a  unit  of  heat- 
ing cost  comparison  as  well  as  does  the  textile  industry.  Mills 
running  on  the  same  grade  of  goods,  and  located  in  about  the 
same  climate,  can  be  roughly  compared  in  their  heating  costs 
on  the  basis  of  spindles,  or  looms,  or  production.  In  few 
other  industries  can  such  a  comparison  be  made. 

The  cost  of  heating  the  mill  which  the  paper  refers  to  is 
just  about  half  that  of  any  other  mill  that  he  knew  of,  on  any- 
where near  the  same  grade  of  goods,  with  the  same  necessary 
processes  of  manufacture.  He  said  this  statement  was  par- 
ticularly true  of  the  coal  costs  which  he  had  of  mills  in  New 
England  that  are  doing  their  heating  by  exhaust  steam  or  live 
steam,  and  that  he  based  it  on  figures  he  had  for  Mr.  Duncan's 
mills  of  the  cost  per  spindle,  the  cost  per  square  foot,  the  cost 
per  cubic  foot,  and  the  cost  per  loom. 


202 


PRIVATE  AND  PURCHASED  ELECTRIC  POWER,  F.  W.  REYNOLDS  AND  D.  ADAMS 


The  Journal 
Am.Soc.M.E. 


A.  F.  Ernst  asked  whether  the  heating  and  control  of  the 
atmosphere  in  the  mill  is  automatic,  or  whether  it  is  left  to 
the  operating  engineer.  He  asked  also  whether  there  is  any 
attempt  made  to  control  the  humidity  of  the  mill,  and  if  so, 
what  is  the  means  of  humidifying. 

The  Author.  In  answer  to  the  question  whether  the  heaters 
could  not  be  placed  on  top  of  the  boilers,  fed  with  live  steam 
and  the  drips  returned  to  the  boilers  by  gravity,  I  would  say 
that  this  plan  was  considered  and  in  fact  has  been  adopted  by 
the  author  in  a  previous  installation  in  a  smaller  plant.  In  the 
present  case,  however,  it  was  desired  to  arrange  the  heaters  so 
that  they  could  be  readily  operated  either  by  live  or  exhaust 
steam  without  the  use  of  traps  or  other  complicated  devices. 

The  power  plant  in  this  mill  is  a  steam  turbine  and  it  was 
considered  at  the  outset  whether  exhaust  steam  should  not  be 
bled  from  the  main  turbine  exhaust  for  heating.  The 
knowledge,  however,  that  most  of  the  heating  would  be  done 
when  the  turbine  was  not  in  operation,  decided  against  this 
plan. 

The  power  plant  has  steam  driven  auxiliaries  and  in  addi- 
tion to  the  usual  boiler  feed  pumps  and  the  circulating  pumps 
for  the  heating  system,  a  combination  motor  and  steam  driven 
unit,  consisting  of  centrifugal  injection  and  air  pumps  for  the 
main  turbine  condenser.  We  had  consequently  a  large  and 
varied  amount  of  exhaust  steam  from  auxiliaries  and  never 
attempted  to  use  steam  from  the  main  unit.  By  dividing  the 
load  of  about  150  horsepower  between  the  motor  and  steam 
turbine  driving  the  condenser  pumps,  the  amount  of  exhaust 
steam  can  be  accurately  limited  to  the  amount  that  the  feed 
water  heaters  and  the  heaters  of  the  heating  system  can  con- 
dense without  excessive  back  pressure.  We  can  also  easily 
adjust  the  amount  of  steam  going  to  the  feedwater  heater  or 
the  heaters  of  the  heating  system.  These  heaters  were  also 
placed  high  up  in  the  plant  and  drained  by  gravity  to  an  open 
heater  to  which  make-up  water  was  added  and  the  feed  pumps 
located  lower  than  this  open  heater,  took  their  suction  from  it 
under  a  head.  Another  reason  we  did  not  put  the  heater  on  top 
of  the  boilers  and  limit  their  use  to  live  steam,  was  because  we 
found  during  zero  weather  our  water  power  was  so  irregular 
that  calls  on  the  steam  plant  were  made  to  its  full  capacity; 
consequently,  at  such  a  time  our  auxiliaries  are  running  full 
blast  and  have  plenty  of  exhaust  steam  which  can  be  utilized 
in  the  heating  system  and  the  water  condensation  easily 
pumped  back  to  the  boilers  through  the  arrangement  of  an 
open  heater  as  mentioned  before. 

In  regard  to  the  question  by  Mr.  Ernst,  the  control  of  the 
heating  in  this  mill  is  not  automatic,  but  is  done  by  the  en- 
gineer in  the  power  plant  using  a  chart  showing  the  tempera- 
ture of  water  to  be  carried  in  relation  to  outside  temperature. 
In  times  of  very  mild  weather,  additional  regulation  can  be 
secured  by  running  the  circulating  pumps  at  reduced  speed. 
We  have  found  this  method  amply  able  to  take  care  of  the 
varying  requirements  for  heat  at  different  times  during  the 
day  in  the  different  rooms  of  a  textile  mill  without  the  expense 
and  complication  involved  in  automatic  control  of  either  water 
temperature  or  flow.  The  humidity  control  is  left  in  the  hands 
of  the  foreman  of  the  different  departments  and  is  non-auto- 
matic. 


The  United  States  Bureau  of  Standards  has  made  an  in- 
vestigation of  the  causes  of  failure  and  deterioration  of  fusible 
tin  boiler  plugs  in  service.  The  report  of  this  investigation  is 
embodied  in  Technologic  Paper  No.  53,  issued  by  the  Bureau. 
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THE  rivalry  between  the  isolated  jjlaut  and  the  central  sta- 
tion has  called  forth  many  valuable  and  interesting  pa- 
pers, usuallj'  prepared  by  those  most  vitally  interested  either  in 
the  isolated  plant  or  the  central  station.  It  is  perhaps  safe  to 
state  that  it  is  difficult  to  prove  the  general  proposition  en- 
tirely in  favor  of  one  side  or  the  other.  Each  case  is  a  prob- 
lem to  be  decided  on  its  own  merits,  and  the  correct  solution 
can  be  assured  only  by  a  correct  evaluation  of  all  the  various 
technical  and  financial  factors  involved. 

RELATIVE  COST  OF  PRIVATE  AND   PURCHASED  POVCER 

Figs.  1  and  2  give  the  cost  of  purchased  power  for  ordinary 
textile  mill  conditions  for  any  load  up  to  2000  kw.  These 
curves  are  plotted  from  the  published  schedules  of  public 
service  corporations,  one  in  New  England  and  one  in  the  Mid- 
dle West.  While  rates  as  good  as  these  cannot  be  obtained  in 
all  localities,  still  these  are  actual  and  representative  rates. 
For  comparison,  the  cost  of  private  power  has  been  plotted, 
using  in  each  case  the  price  of  coal  obtainable  in  the  district 
served.  The  cost  is  for  power  delivered  at  the  point  of  dis- 
tribution at  550  volts  in  all  cases.  No  provision  is  made  for 
use  of  steam  other  than  for  power,  and  where  such  use  is 
considerable,  the  relative  cost  of  private  power  may  be  much 
lower  than  given.  While  the  cost  of  purchased  power  given 
is  actual,  the  cost  of  private  power  is  theoretical,  and  is  not 
intended  to  give  more  than  an  approximate  and  general  com- 
parison, but  is  based  on  known  actual  conditions. 

In  an  actual  private  plant  the  power  cost  very  often  ex- 
ceeds that  given.  The  investment  as  stated  is  too  low  to  cover 
any  reserve  or  relay  capacity,  and  therefore  the  reliability 
must  be  considered  somewhat  inferior  to  that  of  those  central 
stations  which  were  used  for  this  comparison.  Also,  the  in- 
vestment will  not  take  care  of  any  disadvantageous  conditions, 
such  as  expensive  foundations  or  difficulty  in  obtaining  con- 
densing water;  and  no  cost  items  are  included  for  land  or  for 
coal  in  storage.  AU  of  these  items  are  too  indefinite  to  be 
included  in  a  general  cost  estimate,  but  are  always  encountered 
to  some  extent.  The  operating  costs  assumed,  while  no  better 
than  should  be  obtained,  are  really  somewhat  lower  than  the 
average.  Nothing  has  been  included  for  supervision  other 
than  the  actual  power  plant  labor,  but  this  supervision  is 
usually  a  legitimate  item  of  expense. 

A  textile  mill  load  is  properly  considered  somewhat  more 
favorable  than  the  average  industrial  load  on  account  of  its 
very  stead}'  demand  for  power,  not  only  throughout  the  work- 
ing period  of  each  day,  but  also  throughout  the  year  and  over 
a  period  of  years.  For  this  reason,  special  power  rates  can 
be  obtained  by  textile  mills  in  some  localities,  notably  in  the 
South,  and  to  some  extent  in  New  England.  Under  these  spe- 
cial rates,  power  usually  costs  about  1%  cents  per  kw-hr.  for 
demands  from  1000  to  2000  kw.  and  about  1  cent  above  2000 
kw.  Such  rates  leave  little  financial  inducement  for  the  mill 
to  build  its  own  power  plant. 

It  will  be  seen  that  the  curves.  Figs.  1  and  2,  are  very  nearly 
parallel.     This  means  that  the  size  of  the  demand  has  little 
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effect  oil  the  relative  cost.  The  larger  plants  show  a  slightly 
larger  proportional  saving  than  the  smaller  ones,  and  the  very 
small  plants — under  200  kw. — camiot  compete  with  the  pur- 
chased power  rates  given. 

Figs.  3  and  4  have  been  prepared  from  the  same  data  as 
Figs.  1  and  2,  to  show  the  effect  of  load  factor  on  the  cost  of 
jjower  in  the  case  of  a  1000-kw.  demand.  It  will  be  seen  that 
the  curves  for  private  and  purchased  power  costs  follow  the 
same  general  direction.  It  appears,  then,  that  load  factor  also 
has  little  effect  on  the  relative  cost  of  power. 

There  is  a  striking  similarity  between  the  curves  shown  for 
private  and  purchased  power,  both  when  the  variable  is  the  size 
of  the  demand  and  when  it  is  the  load  factor.  The  inference 
is  that  these  power  rates  were  devised  to  compete  with  iso- 
lated plants  rather  than  from  actual  costs,  or  desired  rates,  of 
the  central  station  power.  This  is  entirely  logical,  being  sim- 
ply an  application  of  the  law  of  supply  and  demand.  If  it 
be  true  that  the  cost  of  central  station  power  is  determined  by 
the  cost  of  generating  in  isolated  plants,  then  it  will  be  unnec- 
essary to  discuss  further  the  relative  cost.  It  is  improbable 
that  the  central  station  will  sell  cheaper  than  the  average 
isolated  plant  cost,  and  if  its  rates  are  very  much  higher,  it 
cannot  sell  much  power. 

The  above,  of  course,  applies  only  in  the  case  of  new  plants. 
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engaged  in  scouring,  bleaching  or  finishing.  Dye  houses,  fin- 
ishing mills,  print  works,  and  textile  mills  which  finish  their 
product  are  included  in  the  second  class,  and  have  a  large  but 
variable  demand  for  steam  in  the  process. 

Slashing  may  be  taken  as  typical  of  a  small  demand  for 
manufacturing  steam.  Very  often  exhaust  steam  is  used  in 
this  process.  The  pressure  desired  varies  from  5  to  12  lb., 
which  is  a  suitable  pressure  to  bleed  from  an  engine  receiver  or 
bleeder  turbine.  Only  in  rare  cases  would  it  be  economical 
to  run  non-condensing  apparatus  to  supply  slashers  on  account 
of  the  high  back  pressure  required  and  the  relatively  small 
demand.  In  the  case  of  a  bleeder  turbine,  the  saving  in  live 
steam  amounts  to  about  30  to  40  per  cent  of  the  steam  bled. 
This  saving  is  reduced  by  additional  fixed  charges  on  extra 
cost  of  turbine  and  exhaust  piping,  for  a  relatively  small 
service,  and,  in  a  large  plant  with  a  long  run  of  pipe,  may  be 
negative.  For  a  rough  figure,  applicable  to  average  conditions, 
the  gi'oss  saving  will  be  about  $200  per  year  for  each  1000  lb. 
per  hour  bled,  with  coal  at  $4.00  per  ton.  This  figures  out 
about  $0.0001  per  kw-hr.  in  the  case  of  a  large  cotton  mill, 
or  about  1/50  of  1  per  cent  of  the  cost  of  production. 

While  there  is  no  doubt  that  exhaust  steam  can  be  and  is 
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Figs.  1  axd  2    Relative  Cost  of  Power  for  Loads  up  to  2000  kw. 


where  power  can  be  purchased  without  any  sacrifice  of  existing 
investment,  and  where  steam  is  needed  only  for  power.  Also, 
it  must  be  remembered  that  the  individual  plant  may  depart 
widely  from  the  average. 

All  that  has  preceded  is  a  comparison  of  purchased  and 
private  power  where  the  private  plant  is  not  yet  built.  But, 
in  the  case  of  a  going  plant,  the  purchase  of  power  would  save 
operating  expense  only,  and  would  not  wipe  out  fixed  charges 
on  investment  already  made.  Fig.  5  shows  the  cost  of  private 
and  purchased  power,  as  in  Fig.  1,  but  without  including  fixed 
charges.  This,  then,  is  a  comparison  between  purchased  power 
and  a  going  plant  under  good  working  conditions.  The  differ- 
ence in  cost  is  so  great  that  it  appears  improbable  that  central 
stations  can  cause  existing  plants  to  shut  down  unless  in  the 
case  of  important  changes  or  additions,  or  the  necessary  re- 
newal of  considerable  apparatus,  or  because  of  extremely  poor 
operating  economy. 

EFFECT  OP  USE  OF  STEAM  ON  COST  OF  POWER 

Every  textile  mill  uses  some  steam  for  heating  and  manu- 
facturing. This  factor  is  of  great  importance,  and  should 
always  be  weighed  accurately  in  considering  purchased  power. 
In  general,  textile  mills  may  be  divided  into  two  classes  in 
this  respect.  The  first  contains  those  mills  using  only  a  rela- 
tively small  amount  of  steam  in  manufacturing,  and  includes 
most  silk  and  knitting  mills  and  cotton  and  woolen  mills  not 


successfully  used  in  slashers  and  similar  machines,  still  live 
steam  at  reduced  pressure  has  a  tendency  to  reduce  operating 
difficulties  and  increase  production.  When  exhaust  is  used, 
there  are  apt  to  be  occasional  periods  when  results  are  not 
satisfactory,  due  to  a  temporary  drop  in  pressure  or  excessive 
condensation  or  to  adverse  atmospheric  conditions. 

As  regards  steam  for  heating,  there  are  two  factors,  often 
ignored,  which  militate  against  the  use  of  exhaust  in  textile 
mills,  especially  in  cotton  and  woolen  mills.  One  is  the  large 
amount  of  heat  liberated  from  the  machinery  during  working 
houi-s  and  the  second  is  the  diversity  in  time  between  the  use 
of  power  and  of  steam  for  heating. 

In  some  cases,  the  machinery  provides  more  than  half  of  all 
the  heat  required  in  zero  weather,  and  for  much  of  the  heating 
season  no  extra  heat  whatever  is  needed  during  working  hours, 
except  in  the  storehouse  and  basements. 

In  a  weaving  mill  in  northern  Massachusetts,  where  the 
power  used  per  cubic  foot  of  space  is  much  less  than  in  a  bal- 
anced mill,  the  heating  system  was  actually  in  operation  only 
25  hours  per  week  average  during  working  hours  during  the 
heating  season,  or  about  %  of  the  entire  yearly  operating  time 
of  the  mill.  Of  course,  aU  heat  used  outside  of  working  hours 
— nights  and  week  ends — must  be  live  steam.  If  exhaust  is 
to  be  used  the  rest  of  the  time,  as  a  general  rule,  it  is  proper 
to  count  on  a  demand  only  about  one-half  of  the  maximum, 
since  the  machinery  provides  the  remainder,  and  this  quantity 
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probably  will  not  be  used  more  than  700  hr.  per  year.  The 
only  way  to  meet  a  demand  for  exhaust  of  this  character  with 
economy  is  by  bleeding  from  an  engine  or  turbine.  In  a  cotton 
mill  cited  above,  bleeding  steam  for  heating  would  effect  a  sav- 
ing amounting  to  $0.00005  per  kw-hr.,  a  little  less  than  in  the 
case  of  slashers.  In  knitting  and  silk  mills,  the  saving  wUl 
be  relatively  greater,  but  in  warmer  climates  much  less. 

It  appears,  then,  that  the  coal  saving  effected  by  using  ex- 
haust steam  for  heating  and  slashing  is  very  small — smaller, 
in  fact,  than  the  unavoidable  errors  in  estimating  the  total  cost 
of  power.  There  is,  however,  some  further  saving  due  to  econ- 
omy in  investment.  It  is  apparent  from  the  foregoing  that  if 
steam  for  these  demands  is  bled,  the  extra  boiler  capacity  nec- 
essary to  meet  them  is  reduced  approximately  one-half.  Also, 
it  is  cheaper  to  get  this  extra  boiler  capacity  as  part  of  a  larger 
plant  built  for  power  generation  than  to  provide  it  in  a  sep- 
arate plant  by  itself  as  would  be  necessary  if  power  were 
purchased. 

This  matter  was  investigated  in  the  case  of  a  fairly  large 
cotton  mill.  It  was  foimd  that  the  complete  power  plant  would 
cost  $65.00  per  kw.,  but  if  the  cost  of  an  independent  steam 
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exhaust  was  provided  by  a  non-condensing  turbine.  For  com- 
parison, the  steam  fed  to  the  turbine  was  measured  on  one  day 
and  plotted.  For  the  other  days,  the  steam  to  turbine  was 
averaged  from  the  kilowatt-hour  readings.  The  curves  show 
how  the  demand  for  steam  varies  from  hour  to  liour  and  day 
to  day,  and  also  lags  behind  the  power  load. 

The  demand  for  steam  in  a  dye  house  is  light  early  in  the 
forenoon,  but  persists  for  two  hours  or  more  after  the  miU  is 
shut  down.  The  dye  house  does  not  run  at  all  on  Saturday 
mornings,  which  is  a  custom  not  uncommon.  The  result  is  a 
very  large  surplus  of  exhaust  which  must  be  wasted,  and  in 
spite  of  this,  considerable  live  steam  make-up  is  required,  as 
shown  by  the  curves.  It  is  obvious  that  such  conditions  result 
in  great  inefficiency.  Actually  less  coal  would  have  been 
burned  if  a  standard  condensing  turbine  had  been  installed 
and  Live  steam  exclusively  used  in  the  dye  house.  The  expected 
result  of  this  installation  was  that  power  would  be  furnished 
as  a  by-product  at  a  purely  nominal  cost.  The  actual  result 
was  that  the  power  cost  was  considerably  higher  than  in  a 
plant  having  no  use  for  steam  in  the  process.  This  ease  is 
especially  worthy  of  study  because  it  is  a  typical  balanced 
worsted  mill  of  fairly  large  size  doing  its  own  dyeing;  there 
were  no  special  or  unusual  features  involved;  the  installation 


y. 

V 

r 

Usual  Load  Factor  in 

feft/e  Mills 

\ 

^ 

~~~-5pi2££°\5»22 

Ha  fen 

f> 

/vote  p^ ■ 

"'  '^P'^l^^sfb?, — 

50  40  50  60  70 

LOAD  FACTOR  In  PERCENT 


Figs.  3  and  4    Relative  Cost  of  Power  for  Load  Factors  10  to  100  per  cent 


plant  for  heating  and  slashing  were  deducted,  the  cost  would 
have  come  out  about  $58  per  kw.,  this  latter  being  the  figure 
used  in  comf)arison  with  purchased  power. 

While  it  is  entirely  unsafe  to  apply  average  figures  to  indi- 
vidual cases,  it  is  desirable  to  form  a  clear  conception  of  the 
relative  importance  of  the  various  factors,  and  we  may  say 
that,  in  general,  the  entire  fuel  and  investment  saving  due  to 
the  bleeding  of  steam  for  heating  and  slashing  wOl  range  from 
$0.0005  to  $0.0010  per  kw-hr.  A  saving  of  this  size  cannot 
have  a  very  important  influence  on  a  decision  for  or  against 
purchased  power.  Nevertheless,  the  matter  should  always  be 
considered. 

A  very  different  result  is  obtained  in  those  mills  having  a 
large  demand  for  steam  for  boiling  water  and  drying  cloth. 
In  such  cases,  a  large  proportion  of  the  prime  mover  exhaust 
may  be  utilized.  In  some  cases,  all  power  is  produced  in  non- 
condensing  apparatus,  and  all  exhaust  utilized,  and  manufac- 
tured power  becomes  then  so  cheap  that  no  central  station  can 
compete.  It  is  seldom,  however,  that  a  textile  plant  can  utilize 
all  of  its  exhaust  aU  the  time.  This  is  because  of  diversity 
in  time  and  amount  between  the  use  of  steam  and  use  of  power. 
The  importance  of  this  can  best  be  shown  by  citing  an  actual 
ease. 

Figs.  6  to  11  give  curves  showing  the  demand  for  steam  in 
a  worsted  miU  dye  house  for  one  week's  operations.  These 
curves  are  plotted  from  actual  flow  meter  readings  in  exhaust 
main,  which  were  taken  everv  fifteen  minutes.    In  this  case  the 


was  actually  made,  and  the  results  as  given  were  determined 
by  careful  tests. 

The  reasons  and  calculations  leading  to  the  installation  of 
this  non-condensing  turbine  are  not  known  to  the  authors,  but 
there  is  no  reason  to  doubt  that  the  installation  promised  to  be 
very  profitable.  The  total  steam  used  in  the  dye  house  was 
considerably  in  excess  of  that  to  be  supplied  by  the  turbine, 
and  it  was  apparently  safe  to  assume  that  all  exhaust  would 
be  utilized.  With  the  turbine,  there  would  be  no  trouble  from 
oil,  and  the  exhaust  pressure  was  taken  at  10  lb.  to  give  good 
service. 

The  factors  which  made  this  attempt  a  failure  were 
a  The  diversity  in  time  and  variable  demand  for  steam 
6  The  deterioration  of  turbine  which  gradually  increased  its 

steam  consumption 
c  It  was  found  by  experience  that  a  few  of  the  processes  in 
which  the  use  of  exhaust  steam  was  tried  suffered  either 
in  quality  or  speed  of  production.     For  this  reason  the 
actual  demand  for  exhaust  probably  was  not  as  great  as 
that  estimated,  although  this  difference  was  not  very  large. 
It  is  evident  that  all  of  these  factors  may  be  encountered  in 
any  similar  installation  and  must  be  allowed  for  in  the  esti- 
mates. 

It  is  interesting  to  inquire  if  it  would  have  been  possible  to 
make  this  installation  efficient  and  still  use  exhaust  steam.  The 
demand  is  so  variable  that  it  is  hardly  probable  that  a  non- 
condensins:  turbine   could  be   satisfactorv.     It   would   lie   im- 
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possible  to  avoid  surplus  exhaust  at  times  and  live  steam  make- 
up at  others.  A  bleeder  turbine  appears  to  meet  the  situation 
better,  but  is  not  without  its  difficulties.  The  required  output 
of  the  turbine  is  about  1200  kw.  The  maximum  amount  that 
can  be  bled  at  that  load  from  a  1200-kw.  machine  is  about 
12,000  lb.  per  hr.,  but  the  greatest  demand  for  exhaust  steam 
in  the  dye  house  is  50,000  lb.  per  hr.  If  the  turbine  has  differ- 
ent characteristics,  involving  practically  a  2400-kw.  steam  end, 
aU  the  exhaust  needed  could  be  bled,  but  the  turbine  would 
run  at  half  load  economy.  It  would  be  better  to  use  an  inter- 
mediate size  and  bleed  what  steam  is  possible,  supplying  the 
dye  house  peaks  with  live  steam  make-up. 

Table  1  gives  the  total  steam  used  pel-  week  during  the  oper- 
ating time  of  the  mill  for  turbine  and  dye  house  for  the  opera- 
tion as  actually  observed;  as  it  would  have  been  if  guaranteed 
steam  rate  of  turbine  had  been  maintained ;  if  a  condensing 
turbine  had  been  installed;  and  with  a  1600-kw.  bleeder  tur- 
bine. 

These  fleures  show  that  the  condensing  turbine  is  cheaper  to 
operate  than  the  scheme  installed,  and  is  not  much  more  ex- 
pensive than  any  of  the  schemes.  It  is  safe  to  state  that  the 
condensing  turbine  would  have  been  the  lowest  of  all  in  first 


mill  buying  power  reports  interruptions  totaling  45  min.  in 
five  years.  In  this  case  the  transmission  line  was  less  than 
half  a  mile  long.  Reports  from  several  central  stations  give 
total  interruptions  on  the  individual  lines  ranging  from  12 
min.  to  4  hr.  per  year. 

A  hydroelectric  company  in  the  South,  which  sells  to  many 
mills,  reports  that  interruptions  of  service  to  textile  mills  from 
all  causes  have  averaged  less  than  2/5  of  1  per  cent  for  the 
last  nine  years.  Such  records  are  doubtless  better  than  the 
average.  A  large  number  of  managers  of  representative  mills 
in  the  South  purchasing  hydroelectric  power  state  that  they 
consider  this  more  reliable  than  private  steam  power. 

In  most  cases,  purchased  power  is  transmitted  electrically  by 
pole  lines.  Where  these  lines  are  short,  well  constructed  and 
in  duplicate,  the  reliability  is  very  good.  On  the  other  hand, 
a  single  line  many  miles  in  length  and  fed  at  a  long  distance 
from  the  consumer  is  subject  to  interruptions  and  regulation 
troubles.  It  is  fair  to  state,  however,  that  great  improvements 
have  been  made  in  the  reliability  of  transmission. 

The  reliability  of  generation  is  usually  better  in  a  large 
central  station  than  in  an  isolated  plant,  and  this  is  especially. 


TABLE  1     STEAM  USED  FOR  POWER  AND  MANUFACTURING 


High  Pressure 

High  Pressure 

Total 

Steam  to 

Steam  Make-up 

High  Pressure 

Turbine 

in  Dye  Ho. 

Steam 

Lb.  per  Wk.* 

Lb.  per  Wk. 

Lb.  per  Wk. 

Present  operation,  1200  kw.  non- 

3,110,000 

3,110,000 

Same    with    guaranteed    steam 

rate  of  turbine  maintained. . . . 

2,466,000 

47,000 

2,513,000 

With  1200  Itw.  cond.  turbine. . . . 

1,120,000 

1,580,000 

2,700,000 

With  1600  kw.  bleeder  turbine. . 

2,294,000 

273,000 

2,567,000 

*  Includes  turbine  auxiliaries.     Condenser  driven  by  motor. 

cost  and  the  most  satisfactory  from  the  standpoint  of  dye 
house  operation. 

In  this  particular  case,  then,  a  large  demand  for  steam  in 
the  process  has  little  influence  on  the  relative  cost  of  private 
and  purchased  power.  If  power  generation  in  a  condensing 
turbine  with  live  steam  used  in  the  process  is  as  economical  as 
the  use  of  exhaust  steam,  the  comparison  previously  made  be- 
tween purchased  and  private  power  where  there  is  no  demand 
for  steam  is  approximately  true  in  this  case.  There  would  be 
some  investment  saving  in  providing  steam  capacity  for  manu- 
facturing as  a  part  of  a  larger  plant. 

It  is  hardly  possible  to  give  general  figures  of  any  value  to 
show  the  effect  of  large  steam  demands  on  the  cost  of  power. 
In  many  cases,  the  factor  is  of  less  importance  than  has  com- 
monly been  supposed.  Nevertheless,  it  seems  entirely  improb- 
able that  purchased  power  can  compete  successfully  in  very 
many  eases  of  this  kind.  The  success  of  the  private  installa- 
tion, however,  depends  very  largely  on  the  skill  and  thorough- 
ness of  the  preliminary  study  of  conditions,  with  special  atten- 
tion paid  to  the  diversity  factor  and  to  the  variations  in  de- 
mand. 

RELIABILITY,  DESIRABILITY,  ETC. 

In  textile  work,  the  reliability  of  power  is  usually  of  greater 
importance  than  its  cost.  This  is  because  the  cost  of  power  is 
a  very  small  item  in  the  cost  of  manufacturing,  whereas  reli- 
ability affects  the  earning  power  of  the  whole  mill  at  its 
foundation.  It  is  rather  difficult  to  collect  satisfying  statistics 
on  power  reliability  by  each  method  of  supply.     One  cotton 
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Fig.  5    Relative  Cost  op  Power,  without  including  Fixed 

Charges 


true  when  a  number  of  stations  are  tied  to  the  same  system. 

In  considering  the  purchase  of  power,  reliability  should  be 
treated  as  a  very  important  factor,  and  carefully  investigated. 
If  there  is  any  serious  question  on  this  point,  the  private  plant 
would  be  the  wise  decision  in  most  cases. 

Assuming  that  reliable  power  can  be  purchased  at  a  cost 
approximating  that  of  private  power,  it  is  not  apparent  that 
there  are  any  attending  disadvantages.  There  are,  rather, 
many  points  in  its  favor.  The  saving  of  investment  for  a 
power  plant  often  is  considered  important,  especially  when 
that  money  can  be  invested  to  better  advantage  in  the  manu- 
facturing plant. 

Specialization  in  manufacture  of  product  only  is  worth 
something.  A  considerable  part  of  the  effort  of  the  engineer- 
ing department  of  a  mill  is  devoted  to  keeping  the  power  plant 
running  efficiently.  Where  cost  of  power  is  only  2  or  3  per 
cent  of  the  cost  of  manufacturing,  the  services  of  the  engineer- 
ing department  would  probably  be  of  greater  value  to  the 
mill  if  devoted  solely  to  keeping  the  producing  machines  run- 
ning efficiently. 

In  the  case  of  a  new  development  subject  to  future  growth, 
the  central  station  offers  a  perfectly  flexible  source  of  power. 

When  a  radical  change  in  existing  conditions  is  introduced 
it  is  inevitable  that  there  will  be  some  wrong  applications. 
Whenever  the  purchase  of  power  proves  undesirable,  or  too 
expensive,  it  is  easy  to  give  it  up.  The  fact  that  so  very  few 
plants  have  gone  back  to  privato  power  after  once  purchasing 
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POWEB   CONTRACTS 


Conditions  governing  the  use  of  power  in  textile  mills  are 
such  that  power  companies  often  offer  them  special  rates  at 
a  flat  price  per  horsepower-year  or  per  kilowatt-hour,  with  a 

TABLE  2     POWER  PURCHASED  FOR  TEXTILE  MILLS 
From  U.  S.  Census  Report  for  1910 


Industry 

Total  h.p. 
Dsed 

Total  h.p. 
Purchased 

Per  Cent 
Purchased 

Cotton    goods,    including   small 

1.296,517 
103,709 

97,947 

362,209 

108,512 
13,286 

10,354 

13.783 

8.4 

12.8 

Silk    and    silk    goods   including 

10.6 

Woolen,  worsted  and  felt  goods 
and  wool  liats 

3.8 

Total       

1.860,382 
18,675,376 

145.935 
1,749,031 

7.8  Average 

9.4 

DISCUSSION 


Fred  N.  Bushnell  (written).  One  notable  feature  of  the 
paper  stands  out  prominently,  and  that  is  the  absence  of  any 
attempt  to  show  the  relative  value  between  mechanical  and 
electrical  drives,  which  indicates  that  material  progress  has 
been  made  in  the  trend  of  thought  and  state  of  mind  with 
which  engineers,  closely  in  touch  with  textile  problems,  now 
view  the  application  of  the  electric  motor  to  this  class  of  work. 

One  of  the  greatest  difficulties  encountered  in  any  attempt 
to  show  comparative  costs,  and  one  that  nearly  always  places 
purchased  power  at  a  disadvantage,  is  the  incomplete  knowl- 
edge of  all  the  facts  entering  into  the  cost  of  private  plant 
manufacture,  and  the  necessity  of  assuming  economies  which 
may  or  may  not  be  realized  in  practice. 

The  authors  frankly  point  out  that  in  an  actual  private 
plant  the  power  cost  very  often  exceeds  that  given;  that  the 
investment  as  stated  is  too  low  to  cover  any  reserve  or  relay 
capacity;  that  the  investment  wiU  not  take  care  of  any  disad- 
vantageous conditions,  such  as  expensive  foundations  or  diffl- 
eulty  in  obtaining  condensing  water,  also  that  no  cost  items  are 
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Figs.  6  to  11      One  Week'.s  Steam  Deiiand  in  Worsted  Mill  Dye  House 


guaranteed  minimum.  Such  a  contract  would  be  received  more 
favorably  by  the  average  mill  man  than  one  based  on  demand 
and  monthly  use  of  demand  with  various  discounts,  even 
though  the  final  results  were  identical. 

Contracts  for  purchased  power  should  be  carefully  studied 
in  all  detail  before  signing,  as  there  are  many  technical  fea- 
tures which  are  sometimes  made  to  react  to  the  disadvantage 
of  the  consumer.  In  general,  power  companies  show  a  tendency 
to  get  the  consumers  point  of  view  and  to  make  their  contracts 
more  simple  and  more  liberal. 

purchased  power  in  the  textile  industry 

The  figures  in  Table  2  from  the  1910  U.  S.  Census  show 
the  total  and  relative  amounts  of  power  purchased  in  the  vari- 
ous textile  industries,  and  also  the  total  figures  for  all  in- 
dustries, for  the  year  1909. 

It  will  be  seen  that  the  hosiery  and  silk  industries  purchase 
relatively  more  power  than  the  average  textile  mill,  and  this 
•might  be  attributed  to  the  comparatively  small  demand  for 
power  in  these  mills.  The  small  use  in  woolen  mills  is  prob- 
ably due  to  the  generally  large  use  of  steam  in  this  industry. 
Since  these  figures  were  compiled,  the  capacity  of  central  sta- 
tions has  more  than  doubled.  It  will  be  interesting  to  observe 
from  later  census  reports  if  the  use  of  purchased  power  in  the 
textile  industry  has  increased  proportionately. 


included  for  land  or  for  coal  in  storage,  aU  of  which  must  be 
taken  into  consideration  in  studying  the  curves. 

On  the  other  hand  a  price  named  for  purchased  power  is  a 
definite,  unequivocal  and  positively  known  quantity  about 
which  there  is  and  can  be  no  question,  and  this  fact  should 
also  be  borne  in  mind  in  any  attempt  at  comparison. 

We  have  now  reached  a  period  of  highly  developed  special- 
ized knowledge  in  matters  immediately  affecting  our  principal 
activities,  and  a  tendency  has  very  naturally  developed  to 
eliminate  all  problems  of  minor  importance,  not  directly  con- 
nected with  our  principal  article  of  manufacture. 

The  shoe  manufacturer  is  seldom  a  tanner  of  the  leather  or 
a  weaver  of  the  cloth  he  uses,  the  toolmaker  does  not  mine  or 
produce  the  steel  he  needs,  nor  the  miller  the  wheat  he  grinds, 
and  the  day  is  approaching  when  the  textile  mill  will  find  no 
more  reason  for  manufacturing  its  own  power  than  it  will  for 
the  study  of  the  intricacies  and  uncertainties  of  agriculture  in 
order  to  supply  its  raw  cotton. 

The  authors  are  to  be  congratulated  upon  the  evident  fair- 
ness with  which  they  discuss  the  subject. 

John  A.  Stevens  (written).  Although  this  paper  purports 
to  be  an  unbiased  comparison  of  isolated  and  central  station 
electric  power,  it  conveys  the  impression  that  the  latter  is 
preferable. 
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As  the  autiiors  state,  each  ease  is  a  i)roblem  to  be  deeided 
on  its  own  merits,  and  the  correct  solution  can  be  assured  only 
by  a  correct  evaluation  of  aU  the  various  technical  and  finan- 
cial factors  involved.  Each  is,  in  other  words,  strictly  a  tech- 
nical and  financial  problem  which  requires  careful  study  in- 
dicating economies  brought  about  by  a  certain  investment,  of 
which  the  savings  affected  by  the  increased  economies  repre- 
sent a  certain  earning.  Sometimes  the  balance  is  in  favor  of 
isolated  power  and  sometimes  of  central  station  power. 

A  proper  comparison  of  the  two  systems  of  power  must  in- 
clude the  following  items,  which  are  very  often  slighted,  mis- 
represented or  omitted :  To  the  price  of  purchased  power 
must  be  added  the  fixed  costs  of  all  transforming  equipment, 
including  housing,  transformation  losses  and  cost  of  at- 
tendance; and  if  an  existing  plant  is  superseded,  its  fixed 
charges  must  also  be  included  at  full  value. 

The  cost  of  isolated  power  should  include  every  item  asso- 
ciated with  the  power  plant,  that  is  light,  heat  and  power  and 
all  thereto  connected,  due  reduction  being  made  for  use  of 
steam  for  heating  and  manufacturing  purposes.  The  (ixed 
charges  on  the  investment,  12  per  cent  of  its  initial  value  being 
sufficient,  should  include  heavy  foundation  waterways  and  coal 
handling  apparatus  along  with  the  other  plant  equipment. 

It  should  be  brought  out  here  that  careful  design  of  the 
private  industrial  plant  is  of  prime  importance  if  central  sta- 
tion power  is  to  be  competed  with.  In  numerous  cases  of  in- 
dustrial plants  having  been  pronounced  failures,  more  atten- 
tion was  paid  toward  making  the  plant  attractive  than 
economical. 

The  question  of  reliability  has  often  been  brought  up.  A 
prime  mover  is  as  reliable  in  an  isolated  plant  as  it  is  in  a 
central  station,  and  if  the  isolated  plant  possesses  more  than 
one  unit,  reliability  is  not  a  factor.  The  prime  movers  in  a 
well  run  plant  are  the  most  reliable  parts  of  the  plant.  The 
weakest  part  of  a  central  station  system  is  its  distribution,  and 
from  this  source  the  prospective  purchaser  of  power  will  ex- 
perience the  most  inconvenience. 

The  authors'  examples  of  power  costs  clearly  represent 
special  cases  in  which,  with  study  from  different  aspects,  the 
favor  might  be  swung  back  to  isolated  service.  In  the  case  of 
the  dye  house,  for  example,  numerous  factors  are  not  consid- 
ered. Low  pressure  steam  requires  piping  much  larger  than 
does  high  pressure.  A  combination  of  a  condensing  and  ex- 
haust steam  turbine  will  greatly  help  out  the  diversity  of 
steam  and  power  demand,  and  at  the  same  time  eliminate 
some  of  the  losses  in  bleeder  turbines. 

One  of  the  most  important  features  not  mentioned  is  an  ab- 
solutely controllable  supply  of  low  pressure  or  stage  exhaust 
steam  at  some  predetermined  pressure.  That  is  to  say,  whether 
or  not  a  low  pressure  system  can  be  installed  in  a  jtlant  de- 
pends on  the  amount  of  low  pressure  steam  to  be  used,  the 
amount  of  power  to  be  used  and  the  cost  of  installation  of  the 
low  pressure  system,  including  the  additional  rates  imposed  on 
the  steam  plant  by  the  low  pressure  system.  A  suggested 
method  of  approach  is  a  complete  analysis  of  light,  heat  and 
power  in  its  every  minute  detail,  including  the  land  occupied 
by  the  equipment  as  against  the  purchased  power,  where  prac- 
tically no  space  would  be  absorbed  by  an  isolated  plant. 
Further,  it  is  to  be  specifically  recommended  that  in  every  case 
power  be  purchased  in  the  form  of  energy,  that  is,  on  the 
basis  of  kUowatt-hours  used. 

R.  J.  S.  PiGOTT.  The  authors  conclude  that  for  small  power 
plants  there  is  very  little  chance  for  the  isolated  plant  to  make 
good.    In  the  small  plant,  the  duties  for  the  men  operating  it 


are  small  and  cannot  occupy  their  whole  time.  A  low  grade 
man  is  very  frequently  employed,  and  only  works  part  of  his 
time  in  the  power  plant,  causing  the  reliability  to  suffer. 

For  a  fair  comparison  between  the  isolated  plant  and  the 
central  station  another  point  which  must  be  known  is  whether 
or  not  proper  reserve  is  carried  in  the  former.  The  authors 
state  that  in  few  industrial  plants  is  a  proper  reserve  carried, 
and  this  has  been  my  own  experience.  Enough  engine  or  tur- 
bine power  is  put  in  to  run  the  plant  when  all  the  machines 
are  operating,  but  no  spare  units  are  carried.  Such  a  plant 
is  not  in  a  position  to  be  compared  fairly  with  purchased 
power,  because  it  is  not  as  reliable  as  a  central  power  station. 
If  the  central  station  carries  a  20  or  25  per  cent  reserve,  tlie 
isolated  plant  ought  to  carry  that  much,  if  the  reliability  is  to 
be  the  same. 

In  the  cotton  industry  there  is  stated  to  be  very  little  eiiance 
for  the  use  of  exhaust  steam,  which  seems  extraordinary.  It 
is  possible  that  the  temperature  demand  is  such  that  live  steam 
direct  to  the  machines  must  be  used,  but  it  would 
appear  well  for  mill  owners  to  remodel  their  processes  so  as 
to  use  low  pressure  steam  wherever  possible  in  place  of  high 
pressure  steam. 

In  the  works  where  I  am  now  engaged,  nearly  half  the  steam 
put  through  the  turbines  is  employed  either  in  the  processes 
or  for  heating.  The  power  plant  has  a  capacity  of  13,000  kw. 
In  this  particular  plant,  low  pressure  steam,  15  lb.  gage,  drawn 
from  bleeder  turbines,  is  supplied.  Whatever  steam  is  not 
required  for  pressures  or  heating  in  the  main  plant  is  passed 
on  to  the  condensers,  with  the  consequent  benefit  of  com- 
paratively high  economy  on  whatever  steam  is  not  used  in  the 
bleeder  system.  The  steam  consumption  would  be  very  nearly 
doubled  if  we  were  to  use  high  pressure  steam  drawn  from 
the  boilers,  and  condense  all  the  steam  sent  through  the  tur- 
bines. 

We  have  remodelled  a  number  of  our  processes  in  order  to 
make  use  of  low  pressure  steam;  the  effect  upon  kw-hr.  cost 
is  very  pronounced,  as  the  power  from  bleeder  turbines  is  pro- 
duced at  75  to  90  per  cent  thermal  efficiency.  The  case  is  anal- 
ogous to  that  of  steam  auxiliaries  exhausting  into  a  feed  water 
heater. 

From  an  inspection  of  most  of  the  industrial  plants  which 
make  use  of  steam  in  processes,  it  would  appear  that  not  suffi- 
cient attention  is  given  to  the  ability  of  the  bleeder  turbine  to 
furnish  steam  at  a  very  low  cost ;  and  for  those  who  are  inter- 
ested in  the  question  of  private  or  purchased  power  for  in- 
dustrial works,  it  would  be  very  advisable  to  give  serious 
consideration  to  the  remodelling  of  their  processes  and  heating 
eonditons,  to  make  as  much  use  as  possible  of  bleeder  turbines. 
The  growth  of  sales  of  this  type  of  turbine  in  the  last  two  or 
three  years  indicates  that  the  advantages  of  low  pressure 
steam  for  industrial  purposes  are  being  realized. 

F.  J.  Bryant.  This  problem  of  exhaust  steam  came  up 
when  we  enlarged  the  power  plant  of  our  cotton  finishing 
works,  where  a  large  portion  of  the  steam  generated  is  used 
for  drying.  We  considered  the  bleeder  turbine  very  carefully 
and  decided  that  it  did  not  meet  our  needs. 

We  have  at  present  a  number  of  5  to  10  h.  p.  "  Twin-angle 
steam  engines,"  which  drive  drying  machines  and  serve  a  dou- 
ble purpose  of  speed  regulator  and  reducing  valve.  The  part  of 
the  machine  which  these  engines  control  consists  of  a  set  of 
drying  cylinders  over  which  the  cloth  passes  after  it  has  been 
partly  dried  over  steam  coils.  The  steam  in  these  cylinders, 
and  the  amount  of  steam  in  them,  depends  upon  the  weight  of 
the  goods  which  they  are  drying  and  the  amount  of  moisture 
in  them.    As  the  engines  discharge  their  exhaust  into  a  header 
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which  supplies  the  cylinders  of  several  machines,  very  good 
economy  is  secured.  If  the  pressure  falls  too  low  more  is  ad- 
mitted by  a  reducing  valve,  and  if  it  gets  too  high  a  safety 
valve  lets  it  off.  A  turn  of  the  throttle  valve  speeds  up  the 
work  and  lets  more  steam  into  the  system.  All  drips  and  con- 
densations are  trapped  to  a  hot  well  and  then  returned  back 
to  the  boiler. 

As  we  now  have  a  surplus  of  low  pressure  steam,  we  are 
considering  the  substitution  of  an  alternate  current  motor  and 
variable  speed  transmission  for  one  of  the  engines,  and  thus 
cut  down  the  exhaust. 

Arthur  L.  Williston.  In  this  paper  the  author  has  as- 
sumed that  there  are  three  objections  to  the  isolated  plant: 
first,  the  lack  of  opportunity  to  use  the  exhaust  steam;  sec- 
ond, lack  of  margin  in  the  plant;  and  third,  lack  of  reliabil- 
ity. These  are  serious  shortcomings  for  any  plant  to  have,  but 
I  think  it  is  important  that  we  should  not  associate  them  with 
any  particular  type  of  plant.  I  am  sure  that  we  all  know  cen- 
tral stations  that  have  at  least  one  of  these  defects;  and  in 
some  instances  all  three  may  be  present.  It  is  also  true  that 
isolated  plants  may  be  so  designed  and  operated  as  to  have 
none  of  them.  The  point  that  seems  to  me  to  need  special 
emphasis  is  the  fact  that  the  same  high  quality  of  skill  and 
judgment  that  is  usually  bestowed  upon  the  design  of  the 
central  station  is,  as  a  rule,  equally  important  for  the  isolated 
plant. 

For  example,  there  is  not  the  slightest  reason  why  the  iso- 
lated plant  should  not  have  as  large  a  margin  as  is  needed.  It 
surely  is  not  necessary  to  go  to  a  central  station  in  order  to 
get  a  wide  margin.    It  may  be  obtained  in  any  plant. 

Likewise,  it  is  not  necessary  to  go  to  the  central  station  to 
get  reliability.  In  the  isolated  plants  with  which  T  have  had 
experience  for  the  past  twenty-three  years  (which  happen  to 
have  been  plants  in  educational  institutions)  we  have  had  as 
great  a  degree  of  reliability  as  we  could  reasonably  expect  to 
have  from  central  stations.  In  the  last  plant,  since  it  was 
started  five  years  ago,  we  have  had  practically  perfect  relia- 
bility. A  central  station  does  not  always  give  an  absolute  100 
per  cent  of  reliability. 

During  the  previous  discussion  it  has  been  pointed  out  that 
in  an  isolated  plant  processes  may  often  be  remodeled  so  as 
to  use  exhaust  steam  in  place  of  high  pressure  steam,  and  that 
when  this  is  done  there  is  distinct  economy  in  favor  of  the  iso- 
lated plant  as  compared  with  the  price  of  power  furnished 
from  a  central  station.  In  educational  plants  there  is  little 
opportunity  to  use  steam  for  special  processes,  but  they  do 
use  large  quantities  of  exhaust  steam  for  heating. 

Our  shop  and  laboratory  buildings  at  Wentworth  Institute 
contain  equipment  not  verj'  different  from  that  found  in  a 
great  many  manufacturing  plants,  and  are,  for  illustration, 
in  almost  every  way  quite  typical  of  the  small  plants  in  a 
great  many  industries.  It  is  our  experience  that  the  exhaust 
steam  used  for  heating  alone  consumes  all,  or  very  nearly  all, 
the  exhaust  of  our  power  plant,  for  six  months  in  the  year. 
There  is  during  the  other  six  months  a  certain  amount  of 
waste,  but  for  one-half  of  the  year  the  only  cost  of  light  and 
power  is  a  small  depreciation  charge  for  the  engine  d3mamo 
and  the  renewal  of  the  lamps.  A  very  distinct  economy  will 
usually  be  found  in  favor  of  the  isolated  plant  wherever  con- 
ditions approaching  these  can  be  found. 

In  a  great  many  instances  wrong  conclusions  have,  I  think, 
been  drawn  when  making  comparisons  between  isolated  plants 
and  central  stations  because  persons  have  relied  on  data  drawn 
from  improperly  designed  isolated  plants  rather  than  from 


the  results  that  would  be  obtained  from  well-designed  isolated 
plants  with  thoroughly  up-to-date  equipment  and  with  all  op- 
portunities for  economy  taken  adavntage  of, 

Charles  H.  Bigelow  said  that  in  connection  with  the  prob- 
lem of  isolated  plants,  he  had  had  some  experience  in  using 
exhaust  steam  at  a  textile  plant  where  there  was  a  large  de- 
mand for  low  pressure  steam.  A  500  kw.  non-condensing  tur- 
bine was  first  installed,  and  the  exhaust  steam  used  from  that 
at  about  8  lb.  pressure.  The  demands  for  the  exhaust  steam 
were  very  variable,  as  well  as  the  loads  on  the  turbine;  part 
of  the  time  steam  would  be  escaping  through  the  exhaust 
pipe  into  the  atmosphere,  and  at  others  the  required  amount 
would  have  to  be  made  up  through  a  reducing  valve  from 
the  high  pressure  line. 

They  have  since  put  in  a  1000  kw.  bleeding  turbine,  the 
load  having  increased,  and  installed  a  recording  steam  flow 
meter  on  the  supply  pipe  to  the  factory.  The  load  on  the 
turbine  was  the  factory  load  with  a  four  or  five-ear  traction 
load  superimposed,  the  latter  varying  from  nothing  to  300 
kw.  almost  instantaneously. 

It  was  found  from  the  charts  that  the  demands  for  power 
as  well  as  low  pressure  steam  were  very  variable,  but  the 
bleeding  turbine  holds  the  pressure  steady,  at  10  lb.,  varying 
one  pound  each  side  of  it  as  shown  on  the  recording  chart. 
The  broad  line  is  as  straight  as  it  could  be  drawn,  showing 
that  the  regulating  mechanism  for  holding  the  pressure  steady 
in  the  first  stage  of  the  turbine  is  doing  its  part  of  the  work, 
although  it  takes  about  two  pounds  variation  in  pressure  to 
make  it  work. 

Incidentally  there  is  an  indicating  steam  flow  meter  on  the 
supply  pipe  to  the  turbine,  and  this  swings  from  perhaps 
15,000  to  30,000  lb.  per  hour,  back  and  forth,  depending  on 
the  load  and  the  demands  for  steam.  The  bleedmg  turbine 
seems  in  this  case  to  be  solving  the  problem  of  supplying  a 
variable  amount  of  low  pressure  steam,  without  loss  to  the 
atmosphere  as  was  formerly  the  ease.  The  balance  of  the 
steam  passes  to  the  surface  condenser  through  which  the  cir- 
culating water  flows  by  gravity  from  a  pond  owned  by  the 
company  and  under  winter  conditions  operates  at  over  29 
in.  vacuum.  The  condensate  flows  over  a  V-notch  which  in- 
cidentally gives  a  check  on  the  two  other  measurements  of  in- 
put and  the  balance  of  output. 

In  regard  to  processes  for  using  low  pressure  steam,  there 
is  a  good  deal  of  tradition  in  the  pressure  required  for  manu- 
facturing processes.  What  is  generally  really  required  is 
temperature,  and  he  wondered  whether  anything  has  ever  been 
done  to  superheat  low  pressure  steam  when  used  in  manu- 
facturing processes. 

Walter  N.  Polakov.  In  this  very  interesting  paper,  the 
figures  and  curves  are  based  on  averages  of  actual  perform- 
ance, but  the  question  is  whether  what  has  been  done  in  the 
past  is  necessarily  giving  information  as  to  what  should  have 
been  done. 

It  has  been  pointed  out  in  the  discussion  that  in  mill  plants 
the  power  plant  employes  are  usually  of  not  very  high  grade. 
The  owners  try  to  hire  the  cheapest  kind  of  help  they  can  get, 
and  in  my  experience  I  have  found  that  on  an  average  between 
30  and  40  per  cent  of  the  cost  of  power  generation  can  usually 
be  saved  merely  by  a  proper  method  of  operation,  as  it  is  not 
very  uncommon  to  see  firemen  in  a  miU  wasting  say  5  tons  of 
coal  a  day. 

Comparing  cost  curves  of  private  and  purchased  power,  and 
assuming  that  large  public  utility  power  plants  are  also  not 
as  efiBcient  as  they  might  be,  the  rate  for  purchased  power 
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will  probably  be  reduced  in  the  future  by  20  per  cent,  on  the 
average;  whereas,  private  power  cost  will  also  probably  go 
down  some  50  per  cent.  In  other  words,  the  dillerence  be- 
tween the  costs  of  private  and  purchased  power,  as  shown 
in  Figs.  1  and  2,  will  be  much  more  pronounced  in  the  future 
than  the  authors  pointed  out  from  actual  experience  of  the 
past. 

Dan  Adams.  This  paper  was  intended  to  be  a  discussion 
of  the  relative  value  of  private  and  purchased  power,  as  ap- 
•  plied  to  the  textile  industry  only,  and  the  conclusions  are  not 
applicable  to  any  other  industry,  such  as  machine  shops.  Mr. 
Pigott  has  shown  the  great  savings  which  can  be  made  from 
bleeder  turbines  in  this  latter  industry,  which  is  very  different 
from  the  textile  industry. 

The  chief  dift'erenee  in  regard  to  the  heating  has  been 
brought  out  very  clearly  in  Mr.  Duncan's  paper.  Simply 
there  is  no  demand,  or  I  will  say  only  a  small  demand,  for 
heating,  coincident  with  the  demand  for  power;  and  that  is 
due  to  the  large  amount  of  heat  liberated  from  textile  mill 
machinery,  which  I  think  is  peculiar  to  that  industry. 

Prof.  Williston  mentioned  the  saving  by  heating  from  ex- 
haust in  an  institution,  but  the  same  thing  holds  true  there. 
Of  course  there  is  a  very  large  saving  from  the  use  of  exhaust 
«team  for  heating  in  any  plant  where  the  demands  for  power 
or  light  and  heating  coincide,  such  as  office  buildings  or  edu- 
■eational  institutions. 

It  was  pointed  out  by  Mr.  Bryant  and  Mr.  Bigelow  that 
there  are  difficulties  in  controlling  the  use  of  exhaust  steam 
in  a  testUe  plant,  in  order  to  obtain  economical  results. 
Usually  these  problems  can  be  solved,  and  it  is  a  fact  that 
most  textile  mills  of  this  character  use  exhaust  steam  very 
generally.  It  was  not  intended  in  this  paper  to  discount  the 
savings  which  can  be  made  from  using  exhaust  steam  when 
conditions  are  suitable,  but  it  was  intended  to  point  out  some 
■of  the  difficulties;  and  we  feel  that  some  expensive  mistakes 
have  been  made  when  it  has  been  attempted  to  apply  exhaust 
steam  to  these  processes,  without  an  absolutely  clear  and  de- 
tailed analysis  of  all  the  conditions. 

Mr.  Bigelow  also  cites  the  case  of  the  bleeder  turbine,  which 
is  running  very  successfully,  and  there  are  many  such  cases. 
The  bleeding  of  steam  through  a  turbine  is  undoubtedly  very 
economical  when  conditions  are  suitable. 

In  the  case  cited  in  the  paper  we  could  not  seem  to  pro- 
duce very  economical  results  by  using  a  bleeder  turbine,  and 
this  was  owing  to  the  relation  between  the  demand  for  ex- 
haust steam  and  the  demand  for  power.  It  was  found  that 
At  times  the  demand  for  exhaust  steam  was  more  than  could 
be  bled  from  a  standard  bleeder  turbine  of  the  right  capacity. 
For  instance,  the  power  output  was  1200  kw.  and  the  total 
•demand  for  steam  at  times  reached  50,000  lb.  per  hour.  All 
that  can  be  bled  from  a  1200  kw.  turbine  is  about  12,000  lb. 
per  hour,  which  was  inadequate. 

Now,  if  you  use  a  large  bleeder  turbine  for  the  sake  of 
heing  able  to  supply  exhaust  steam,  you  will  necessarily  re- 
duce the  economy  of  the  turbine,  when  it  is  not  bleeding,  be- 
cause you  are  then  running  it  at  part  load  economy. 

In  this  particular  case,  there  was  no  use  for  exhaust  steam 
whatever  for  something  over  10  per  cent  of  the  time.  The 
dye  house  was  shut  down  on  Saturday  morning,  which  is  quite 
common  in  worsted  mill  dye  houses.  The  combination  of  all 
these  factors  resulted  in  a  very  small  saving  in  this  case,  but 
it  does  not  necessarily  follow  that  it  would  be  so  in  all  eases. 

Mr.  Williston  mentioned  the  fact  that  isolated  plants  can 
produce  power  as  reliably  as  central  stations,  and  this  point 
was  also  brought  out  in  the  paper,  that  isolated  power  is  ab- 


solutely reliable  if  the  isolated  plant  has  sufficient  relay  ca- 
pacity. It  should  be  remembered,  however,  that  if  small 
plants  are  provided  with  relay  capacity,  the  investment  charges 
run  up  very  fast  and  the  cost  of  power  then  approximates  or 
exceeds  the  cost  of  purchased  power. 

Mr.  Polakov  brings  out  the  point  that  the  private  power 
cost  given  in  the  paper  is  subject  to  material  reductions. 
While  it  is  true,  as  he  states,  that  industrial  power  plants  can 
on  the  average  be  improved  very  materially,  this  is  less  true 
of  the  textile  industry  than  of  most  industries.  In  other 
words,  I  believe  that  the  textile  mills  have  devoted  more  at- 
tention to  the  economical  generation  of  power,  and  this  is 
perhaps  due  to  the  fact  that  they  are  very  large  consumers 
of  power. 

THE  ENGINEER  AND  THE  BUSINESS  OF 
FIRE  INSURANCE 

BY  JOSEPH  P.  GRAY,'  BOSTON,  MASS. 
Non-Member 

THE  large  Factory  Mutual  Companies  are  today,  almost 
without  exception,  managed  by  engineers  who  were  edu- 
cated and  trained  in  their  professions.  The  engineer's  connection 
with  the  fire  insurance  business  was  first  brought  about  by 
changing  conditions  in  the  manufacturing  field,  which  demon- 
strated the  need  of  more  scientific  methods  for  the  prevention 
of  loss  by  fii-e.  Previous  to  1880  or  1885,  the  fu-e  insurance 
business  had  been  carried  on  wholly,  even  by  the  management 
of  the  Factory  Mutual  Companies,  in  an  empirical  manner. 
The  management  of  the  Stock  Insurance  Companies  devoted 
little  or  no  attention  to  questions  relating  to  construction  and 
l)rotection  of  property.  Their  efforts  were  devoted  entirely  to 
trying  to  estimate  or  guess  what  was  the  hazard  connected 
with  a  particular  piece  of  property  and  to  obtain  from  the 
owners  a  sufficient  amount  of  premium  not  only  to  cover  the 
hazard,  but  also  to  protect  the  company  against  losses  incurred 
on  other  property  where  their  guess  had  not  been  correct. 

The  management  of  the  Factory  Mutual  Companies  was  of 
a  somewhat  broader  character.  Their  efforts  had  been  devoted 
largely  to  advising  their  members  how  to  care  for  their  prop- 
erty and  to  giving  them  what  advice  they  could  on  how  to 
protect  themselves  against  the  fire  hazard.  At  that  time,  the 
fire  hazard  connected  with  manufacturing  was  much  less  than 
at  present,  due  to  slower  running  machinery,  less  haste  for 
product,  and  lack  of  volatile  oils.  The  fire  protection  at  the 
mills  was  of  a  rather  primitive  character,  consisting  of  a  few 
standpipes,  to  which  hose  was  attached,  and  to  which  were 
connected  force  pumps  of  limited  capacity,  usually  located 
inside  the  mill.  In  some  cases  perforated  pipe  sprinklers  had 
been  provided  over  the  more  hazardous  portions  of  the  prop- 
erty. 

I  must  make  one  exception  to  my  statement  that,  previous 
to  1880,  the  fire  insurance  business  had  been  carried  on  wholly 
in  an  empirical  manner.  That  exception  was  in  Lowell,  and 
an  engineer,  James  B.  Francis,  the  father  of  hydraulic  engi- 
neering in  this  country,  was  responsible  for  it.  In  1850,  the 
ten  corporations  located  in  that  city  formed  a  mutual  agree- 
ment for  the  payment  of  all  losses  incurred  by  fire.  This 
mutual  agreement,  which  was  really  an  insurance  company  in 
itself,  was  in  effect  for  thirty-seven  years.    Mr.  Francis,  who 
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at  that  time  was  engineer  and  agent  of  the  power  company  in 
Lowell,  which  in  turn  was  owned  by  the  ten  corporations  in 
question,  was  given  full  power  to  lay  out  what  protection,  in 
his  opinion,  the  mills  needed,  and  to  adjust  all  losses  which 
occurred.  He  made  a  scientific  study,  the  first  of  its  kind,  of 
the  question  of  fire  prevention  in  mills.  Under  his  direction, 
a  large  reservoir  was  constructed  on  Belvidere  Heights  and 
was  connected  by  12-in.  pipes  with  the  hydrant  and  standpipe 
systems  in  all  the  mill  yards.  He  also  had  a  series  of  tests 
made  of  the  flow  of  water  in  small  pipes  and  through  small 
orifices.  From  the  results  obtained,  a  scientific  system  of  per- 
forated pipe  sprinklers  was  devised,  and  the  mills  were 
equipped  with  it.  Mr.  Francis'  efforts  were  to  such  good 
effect  that  the  average  yearly  fire  loss  during  the  period  of 
thirty-seven  years  that  the  mutual  agreement  was  in  effect  was 
only  five  cents  on  each  one  hundred  dollars  of  capital  stock 
of  the  corporations  covered  by  the  agi'eement.  As  the  prop- 
erty value  was  largely  in  e.xcess  of  the  capital  stock,  the  actual 
loss  per  hundred  dollars  of  value  was  even  less  than  five  cents. 
I  think  it  can  be  truly  stated  that  Mr.  Francis,  in  addition  to 
being  the  father  of  hydraulic  engineering  in  this  country,  was 
also  the  father  of  fire  prevention. 

In  1878,  Edward  Atkinson  assumed  the  presidency  of  the 
Boston  Manufacturers  Mutual  Fire  Insurance  Co.  He  very 
soon  realized  that  the  changing  conditions  in  manufacturing 
required  a  more  scientific  study  of  the  fire  hazards  connected 
with  it  than  had  been  given  in  the  past.  He  also  realized  that 
better  means  must  be  provided  for  the  extinguishment  of  fires, 
which,  due  to  manufacturing  operations,  were  constantly  oc- 
curring in  our  manufacturing  plants. 

Fires  had  been  very  disastrous  in  woolen  and  paper  mill 
plants,  resulting  frequently  hi  the  complete  destruction  of  the 
plants.  Many  insurance  companies  were  reluctant,  and  some 
refused  to  grant  any  insurance  on  these  two  classes  of  prop- 
erty. The  investigations  which  Mr.  Atkinson  instituted  re- 
sulted in  determining  that  the  cause  of  the  trouble  in  woolen 
mills  was  largely,  if  not  wholly,  due  to  the  character  of  the  oil 
used  in  oiling  the  stock,  and  in  the  paper  mills  was  due  largely 
to  fires  which  originated  from  hot  bearings  located  in  dark  and 
badly  constructed  basements.  He  then  employed  Professor 
Ordway,  of  the  Massachusetts  Institute  of  Technology,  and 
one  of  the  leading  chemical  engineers  of  the  country,  to  make 
a  thorough  investigation  of  wool  and  lubricating  oils.  Pro- 
fessor Ordway's  investigation  was  a  most  complete  one  and 
resulted  in  new  types  and  mixtures  of  oils  for  use  in  oiling 
wool  stock.  Safer  types  of  lubricating  oils,  also  better  meth- 
ods of  using  them,  were  devised  by  Professor  Ordway.  His 
report  was  submitted  to  the  manufacturers  of  oils,  with  the 
request  that  they  carry  out  the  suggestions  contained  therein. 
Further,  it  was  printed  and  distributed  to  the  members  of  the 
Mutual  Companies  with  the  request  that  they  buy  only  such 
oils  as  it  advocated,  and  that  they  send  samples  of  such  oils 
to  the  insurance  company  for  test.  The  final  result  of  Pro- 
fessor Ordway's  work  and  the  putting  of  his  recommendations 
into  effect  by  Mr.  Atkinson  was  the  bringing  of  the  woolen 
mill  into  the  class  of  preferred  risks  and  reducing  largely  the 
hazard  of  fire  due  to  friction  of  machinery  in  paper  mills, 
metal  works,  and  other  places  where  heavy  losses  had  occurred 
from  hot  bearings. 

At  about  the  time  that  Mr.  Atkinson  assumed  the  executive 
management  of  the  Factory  Mutual  Companies,  electric  light- 
ing was  invented  and  arc  lights  had  been  installed  in  some  of 
the  mills,  the  current  being  conveyed  to  the  lights  over  bare 
copper  wires.  Realizing  the  hazard  connected  with  this 
method  of  lighting,  Mr.  Atkinson  employed  the  best  electrical 


talent  available  to  make  a  study  of  the  problem.  The  result 
was  the  first  set  of  rules  for  electric  wiring  ever  devised. 

The  automatic  sprinkler  had  been  invented  just  previous  to 
Mr.  Atkinson's  entering  the  field  of  fli-e  insurance.  Investiga- 
tions instituted  by  Mr.  Atkinson  clearly  demonstrated  the 
value  of  that  piece  of  apparatus  for  extinguishing  fires.  At 
the  time  there  was  only  one  sprinkler  construction  company,- 
and  the  pipe  sizes  adopted  by  that  company  were  much  too 
small  and  wholly  inadequate.  Many  of  the  miUs  were  equipped 
with  a  type  of  fire  pump  which  was  constantly  failing.  Fire 
hose  was  also  proving  defective. 

The  Inspection  Department  connected  with  the  Factory 
Mutual  Companies  at  this  time  was  made  up  of  men  who, 
while  they  had  an  excellent  knowledge  of  manufacturing  oper- 
ations, had  but  little  or  no  experience  along  engineering  or 
scientific  lines.  It  was  evident  to  Mr.  Atkinson  that  the  de- 
partment should  be  reorganized  along  engineering  lines.  One 
of  the  fiist  men  brought  in  by  Mr.  Atkinson,  and  one  to  whom 
the  success  of  the  department's  reorganization  was  largely 
due,  was  John  R.  Freeman. 

Scientific  investigations  were  made  of  all  kinds  of  ap- 
paratus. Specifications  for  the  Underwriter  fire  pump  were 
devised  and  put  into  effect  to  such  an  extent  that  to-day  that 
pump  is  the  standard  fire  pump  the  world  over.  Rules  and 
requirements  for  installation  of  automatic  sprinkler  apparatus 
were  also  laid  down.  A  laboratory  was  organized  for  the  test- 
ing of  all  kinds  of  apparatus,  this  laboratory  being  the  first 
of  its  kind  in  the  world.  Mr.  Atkinson  lived  long  enough  to 
see  this  inspection  department  become  the  largest  and  most 
successful  one  in  the  world,  and  he  is  largely,  if  not  wholly, 
responsible  for  bringing  the  engineer  into  the  insurance  field. 

The  gi'eat  success  attending  the  work  of  the  engineers  in  the 
Inspection  Department  resulted,  as  changes  were  made  in  the 
management  of  the  companies  themselves,  in  the  transfer  of  a 
number  of  these  engineers  to  executive  positions,  until  to-day 
the  executive  management  of  nearly  all  of  these  companies  is 
in  the  hands  of  engineers. 

The  fire  insurance  business  of  the  country  is  today  in  a 
much  safer  condition  than  it  ever  had  been  in  the  past.  It 
will,  I  think,  be  acknowledged  that  this  condition  has  been 
brought  about  by  the  work  of  the  engineer,  and  his  mfluence 
upon  the  insurance  business  of  the  country  is  greater  to-day 
than  ever. 


In  the  manufacture  of  brass  and  brass  products,  the  weight 
of  the  finished  product  leaving  the  plant  is  much  less  than  the 
total  weight  of  copper  and  zinc  entering.  A  small  part  of 
this  discrepancy  is  due  to  the  unavoidable  oxidation  of  the 
metals  in  melting,  but  by  far  the  largest  part  of  the  loss  is  in 
the  foi-m  of  metallic  particles  of  copper,  zinc  and  brass.  These 
losses  occur  principally  at  three  points  in  the  process :  (a)  in 
the  casting-shop  ashes;  (b)  in  the  slags  from  furnaces  melting 
scrap  brass;  (c)  in  material  spilled  on  the  floor  throughout 
the  manufacturing  process.  The  amount  of  these  products  in 
some  plants  is  nearly  100  tons  per  24  hours. 

In  general  the  problem  of  reclaiming  this  metal  has  been  to 
free  the  metal  from  adhering  slag  and  separate  it  from  the 
associated  slag,  coal  and  cinders.  On  its  face,  this  problem 
appears  simple.  That  it  is  not  simple,  however,  is  attested  by 
the  concentrations  of  fine  metaUic  particles  in  the  sewers  and 
stream  beds  of  the  New  England  brass  manufacturing  districts. 

In  the  February  A.  I.  M.  E.  Bulletin  are  described  tests  car- 
ried out  on  a  Hardinge  conical  ball  mill  for  grinding  the  slag 
while  allowing  the  brass  to  be  separated  by  screening. 
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FOUR-WHEEL  TRUCKS  FOR 
PASSENGER   CARS 

BY  ROY  V.  WRIGHT,  NEW  YORK 
Member  of  the  Society 

THE  Pennsylvania  Railroad  uses  four-wheel  trucks  under  ail 
of  its  passenger  coaches,  although  the  P  70  class,  70  ft.  in 
length  and  having  a  seating  capacity  of  88,  weigh  Light  from 
118,000  to  122,000  lb.;  loaded  with  passengers  they  weigh 
about  135,000  lb.,  and  never  more  than  140,000  lb. 
It  is  the  standard  practice  on  that  system  to  use  such 
trucks  under  all  passenger  equipment  cars  weigh- 
ing less  than  120,000  to  125,000  lb.,  except  for  so- 
called  load  carrying  cars,  including  baggage-express, 
mail,  baggage-mail,  etc.,  which  are  designed  to 
weigh   over   140,000   lb.    when   loaded.      The   light 


under  bodies  weighing  more  than  85,000  lb.  and  many  of  them 
using  six-wheel  trucks  under  bodies  weighing  even  less  than 
this. 

In  designing  the  trucks  for  a  passenger  coach  four  features 
must  be  kept  in  mind,  and  generally  in  the  following  order  as 
to  importance,  although  there  may  be  some  question  as  to  the 
relative  value  of  the  last  two. 
a  They  must  be  designed  for  safety. 

b  They  must  ride  smoothly,  for  travelers  are  particular  as  to 
this  in  these  days  and  will  desert  a  road  with  rough  riding 
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Fig.     1    Original     Foue-Wheel 

Steel  Passenger  Car  Truck 

Before    Application    of 

Clasp   Brakes 


Fig.  2  Original  Four-Wheel  Steel  Passenger  Car  Truck  with 
Clasp  Brakes  Applied:   Pennsylvania  Railroad 


weight  of  the  bodies  of  the  Pennsylvania  P  70  coaehes^and 
these  are  now  standard  on  that  system — varies  from  93,000  to 
96,000  lb.  It  is  assiuned  that  these  cars  regularly  carry  as 
much  weight  in  passengers  and  hand  baggage  as  coaches  on 
other  roads,  inasmuch  as  they  seat  88  persons,  or  several  more 
than  the  maximum  provided  for  in  the  standard  coaches  of 
most  roads.  It  is  the  practice  on  the  great  majority  of  rail- 
roads to  use  six-wheel  trucks  under  coach  bodies  weighing  much 
less  than  this,  comparatively  few  roads  using  four-wheel  trucks 
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cars  if  a  competitor  furnishes  better  service.  With  heavy 
steel  cars  operated  in  long  trains  at  high  speed  and  with 
the  locomotives  taxed  to  the  limit  of  their  capacity,  it  is 
difficult  to  operate  and  brake  the  trains  without  occasional 
roughness  and  jolts,  and  a  factor  such  as  truck  design 
cannot  be  allowed  to  contribute  further  to  the  rough 
riding. 

The  weight  of  the  truck  must  be  kept  to  a  minimum  if  for 
no  other  reason  than  the  effect  on  the  cost  of  conducting 
transportation. 

The  truck  should  be  designed  with  a  view  to  keeping  the 
cost  of  maintenance  as  low  as  possible.     Here,  as  in  the 
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requirement  for  safety,  it  is  desirable  to  have  as  few  parts 
as  possible  and  of  simple  construction. 

How  does  the  four-wheel  truck  meet  these  requirements 
under  the  heavy  passenger  equipment  on  the  Pennsylvania 
Railroad? 

a  The  four-wheel  track  of  modern  steel  construction  which 
has  been  in  use  on  that  system  for  a  number  of  years  has  given 
splendid  satisfaction  so  far  as  safety  is  concerned.  As  on 
other  roads,  some  trouble  has  been  experienced  with  hot  boxes 
and  it  was  at  first  thought  that  the  journal  bearing  area  was 
too  small.  The  use  of  large  bearing  areas  does  not  seem  to 
have  materially  improved  conditions  and  it  is  now  believed 
that  tlie  difficulty  is  entirely  due  to  dirt  or  gritty  matter  enter- 


FiG.   3     Present    Staxdard   Four-Wheel    Steel   Passenger    Car 
Truck;  Pennsylvania  Railroad 


ing  the  journal  boxes.  The  problem  then  becomes  one  of  im- 
proving the  journal  box  lid  and  dust  guard  to  prevent  this, 
rather  than  to  increase  the  diameter  or  length  of  the  journals. 

There  has  been  no  breakage  of  axles,  except  for  three  eases 
due  to  defective  material  when  the  first  steel  trucks  were  intro- 
duced many  years  ago.  No  physical  weakness  has  developed 
in  any  of  the  parts  in  the  ten  years  the  trucks  have  been  in 
service,  so  that  as  far  as  safety  is  concerned  there  can  be  no 
question.  The  possibility  of  accident  would  seem  to  be  less 
with  the  four-wheel  truck  because  of  the  smaller  number  of 
parts  required. 

6  There  seems  to  be  a  feeling  on  the  jiart  of  some  mechan- 
ical engineers  that  the  four-wheel  truck,  with  its  shorter  wheel 


base  (7  or  8  ft.  as  compared  with  10  to  11  ft.  for  the  six-wheel 
truck)  wiU  ride  less  easily  than  the  six- wheel  truck.  With 
coil  springs  over  the  journals,  elliptical  springs  under  the 
bolster,  and  isrovision  for  lateral  motion  of  the  bolster,  it 
would  seem  that  there  ought  not  be  much  difference  in  this 
respect. 

Experiments  show  that  much  of  the  rough  riding  or  jolting 
on  passenger  coaches  has  been  due  to  the  method  of  anchoring 
the  top  of  the  dead  lever  to  the  truck  frame.  The  unbalanced 
forces  in  the  truck  when  the  brakes  are  applied  tend  to  tilt 
the  truck  frame  out  of  horizontal  alignment,  thus  causing  a 
■'  jerky "  action.  By  anchoring  the  dead  lever  to  the  body 
underframe  this  is  eliminated.  This  development  is  compara- 
tively recent  and  affects  the  sis-wheel  as  well 
as  the  four-wheel  truck.  The  effect  of  anchor- 
ing the  dead  lever  to  the  truck  frame  has 
possibly  been  more  noticeable  on  the  four-wheel 
truck,  because  1 —  to  — 1  dead  levers  are  used, 
resulting  in  a  greater  pull  on  the  frame  than 
in  the  case  of  the  six-wheel  truck ;  then,  too,  the 
resisting  moment  is  less  because  of  the  shorter 
wheel  base  of  the  four-wheel  truck.  This  im- 
provement has  been  patented. 

c  There  is  a  wide  variation  in  the  weights  of 
different  types  of  steel  passenger  car  trucks, 
but  it  is  probably  fair  to  state  that  a  pair  of 
four-wheel  trucks  will  weigh  from  10,000  to 
15,000  lb.,  or  more,  less  than  a  pair  of  six-wheel 
trucks  having  the  same  carrying  capacity.  In 
other  words,  for  the  same  total  weight  of  car 
the  one  with  four-wheel  trucks  will  carry  10,000 
to  15,000  lb.  more  lading  or  body  weight,  or 
with  the  same  weight  of  body  the  total  weight 
of  the  car  with  four-wheel  trucks  will  be  from 
10,000  to  15,000  lb.  less  than  the  one  with  six- 
wheel  trucks.  For  a  car  weighing  120,000  lb. 
and  equipped  with  four-wheel  trucks  this  means 
a  saving  of  from  8  to  11  per  cent  in  total 
weight  as  compared  with  what  it  would  be  if 
six-wheel  trucks  were  used.  On  most  roads  it 
is  the  practice  to  carry  car  bodies  weighing 
more  than  85,000  lb.  on  six-wheel  trucks,  which 
weigh  fuUy  15,000  lb.  per  car  more  than  four- 
wlieel  trucks.  A  locomotive  that  can  haul  eight 
ears  equipped  with  such  six-wheel  trucks  over 
a  given  division  will  haul  nine  cars  of  the  same 
seating  capacity  having  four-wheel  trucks — a 
sa\dng  much  to  be  desired. 

d  Roughly  speaking,  the  cost  of  maintenance 
of  a  steel  passenger  car  truck  may  be  said  to 
be  very  nearly  in  proportion  to  the  number  of 
its  wheels  and  axles,  those  with  the  brake  shoes 
being  the  parts  subjected  to  the  greatest  wear  and  requiring 
frequent  repairs  and  renewals.  While  no  exhaustive  data  are 
available  as  to  the  comparative  cost  of  repairs  and  mainte- 
nance of  six-wheel  and  four-wheel  trucks  of  the  same  carry- 
ing capacity,  they  are  said  by  those  who  have  checked  these 
costs  to  be  at  least  50  per  cent  greater  for  the  six-wheel  truck. 
As  a  partial  check  on  these  conclusions,  it  is  proposed  to 
review  briefly  the  development  of  the  four-wheel  steel  truck 
for  passenger  cars  on  the  Pennsylvania  Railroad.  IVom  the 
outset  and  throughout  this  development  the  aim  has  been  to 
reduce  the  number  of  parts  to  a  minimum  and  make  the  con- 
stniction  as  simple  as  possible. 

In  designing  the  first  four-wheel  steel  trucks  in  the  early 
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part  of  1905,  it  was  aimed  to  use  them  under  the  largest  coach 
possible  and  keep  within  the  M.C.B.  load  limits  for  5-in.  by 
9-iu.  axles.  Shortly  after  the  trucks  had  been  placed  Ln  serv- 
ice, three  of  the  axles  broke  in  the  wheel  seat  where  the  stress 
is  least.  Investigation  finally  showed  that  the  breakage  was  due 
to  defects  in  manufacturing  caused  by  a  faulty  furnace  which 
had  been  discarded  shortly  after  these  axles  were  made.  In 
the  meantime,  however,  as  a  measure  of  absolute  safety,  it  was 
decided  to  increase  the  axles  on  existing  cars  V2  in.  in  diameter 
and  on  new  cars  to  go  to  the  next  larger  size  standard  M.C.B. 
axle,  the  5H-in.  by  10-in.  Because  of  hot  box  troubles  the 
length  of  journal  was  afterward  increased  to  11  in.,  although 
experience  has  since  indicated,  as  previously  noted,  that  the 
trouble  was  probably  due  more  to  dirt  getting  into  the  journal 
box  than  the  lack  of  journal  bearing  area.  The  5%-in.  by 
11-in.  journal  is  now  standard  for  all  four-wheel  and  six- 
wheel  trucks. 

In  going  from  the  wood  to  the  steel  construction  spring 
planks,  axle  guards  and  brake  beams  were  done  away  with, 
the  brake  levers  being  attached  directly  to  the  brake  heads. 
Each  side  frame  was  formed  of  two  10-in.  20-lb.  channels,  with 
the  flanges  turned  inward  and  forming  a  box  girder  construc- 
tion. The  channels  were  spaced  so  as  to  measure  9  in.  overall. 
This  was  done  to  provide  sufficient  strength  for  resisting  the 
lateral  stresses,  a  requirement  which  has  been  overlooked  in 
some  designs.  To  check  or  limit  the  lateral  motion  or  swaying 
of  the  bolster  a  spring  arrangement  was  used,  as  shown  in  the 
drawing  (Fig.  2). 

The  subsequent  use  of  clasp  brakes  made  it  necessary  to 
modify  this  design  somewhat.  Fig.  2  shows  the  details  of  this 
modified  design,  which  in  general  is  practically  the  same  as  the 
original  design,  other  than  the  braking  arrangement,  except 
for  changes  in  the  end  construction  of  the  frame  to  provide 
for  the  outside  brakes.  The  detail  of  the  original  end  con- 
struction is  shown  in  Fig.  1.  The  end  rail  in  the  original  de- 
sign, which  was  formed  of  a  %-in.  plate  pressed  in  the  form  of 
an  inverted  U,  6  in.  in  width,  was  changed  to  make  room  for 
the  brake  levers.  The  outside  brakeheads  in  the  ease  of  the 
clasp  brakes  are  attached  to  the  lower  ends  of  the  brake  levers, 
which  are  anchored  at  the  top  to  castings  riveted  to  the  ends 
of  the  side  frames.  A  6-in.  channel  with  flanges  turned  down- 
ward connects  these  castings  and  forms  the  end  rail.  It  was 
also  necessary  to  add  brakehead  tie  bars  because  of  the  impos- 
sibility of  connecting  the  tension  rods  for  the  outer  brakeheads 
direct  to  the  brake  lever.  It  should  be  noted,  however,  that 
this  brakehead  tie  bar  is  a  simple  rectangular  bar  and  that  the 
brake  tension  rod  connects  to  it  as  close  to  the  brakehead  as 
possible.  Obviously  the  weight  and  the  cost  of  maintenance 
of  this  tie  bar  is  much  less  than  for  a  brakebeam  where  the 
force  is  applied  at  the  middle.  AU  of  the  brake  levers,  in- 
cluding the  dead  and  live  levers,  are  of  the  same  size  and 
interchangeable  except  for  drilling. 

The  peculiar  form  of  the  outer  brakehead  is  noticeable.  In 
the  first  application  of  the  clasp  brakes  the  ordinary  tjrpe  of 
brakehead  was  used  with  springs  to  hold  it  balanced  when 
hanging  loose.  These  springs  were  difficult  to  maintain  and 
were  done  away  with  by  redesigning  the  brakehead  and  adding 
the  tail  piece.  When  the  brakehead  hangs  loose  this  tail  piece 
rests  against  a  casting  which  is  riveted  to  the  underside  of  the 
end  rail.  When  the  brake  is  applied  there  is  a  clearance  of 
Yz  in.  between  the  brakehead  tail  piece  and  the  rest.  This  de- 
vice has  given  most  satisfactory  results. 

The  next  development  was  a  modification  of  this  design  to 
provide  for  the  application  of  a  motor  for  use  under  motor 
cars  on  electrified  divisions.    To  do  this  it  was  found  necessary 


to  increase  the  wheel  base  from  7  ft.  to  8  ft.  6  in.  Transoms 
were  also  added  to  support  the  lip  of  the  motor  and  the  bolster 
design  was  modified  slightly;  otherwise  the  same  parts  were 
used  as  in  the  original  design. 

The  next  development  was  a  radical  one,  the  box  girder  side- 
frame  being  replaced  by  a  Bethlehem  10-in.  54-lb.  H-beam, 
thus  simplifying  the  design  as  to  construction  by  reducing  the 
number  of  parts  and  still  providing  sufficient  moment  to  resist 
the  side  stresses.  As  shown  in  Fig.  3,  the  journal  box  pedestal 
casting  has  a  projection  to  which  the  top  of  the  lever  for  the 
outside  brake  is  anchored  and  which  also  supports  the  end 
raU,  a  6-in.  H-beam.  The  H-beam  which  forms  the  side  frame 
has  its  lower  flange  and  web  cut  away  over  part  of  the  journal 
box  pedestal  casting  and  is  strongly  riveted  to  it  through  both 
the  upper  and  lower  flanges.  The  casting  which  was  formerly 
used  on  the  end  rail  to  balance  the  brakehead  was  replaced 
by  a  steel  clip  which  is  sprung  over  and  welded  to  the  lower 
flanges  of  the  end  rail. 

Another  noticeable  change  was  the  shortening  of  the  bolster 
hangers,  thus  limiting  the  amount  of  side  swing  and  making  it 
possible  to  do  away  with  the  complicated  spring  mechanism 
which  was  formerly  used  to  cheek  and  limit  the  lateral  motion 
of  the  bolster  with  the  longer  hangers.  Before  making  this 
change,  the  springs  were  gradually  blocked  and  finally  wedged 
solid  on  a  number  of  the  ears.  As  this  had  no  noticeable  effect 
on  the  smooth  riding,  it  was  decided  to  discard  the  springs 
entirely. 

The  more  important  of  these  changes,  that  is,  the  side  frame 
construction  and  the  change  in  the  hanging  of  the  bolster,  were 
first  made  on  four-wheel  trucks  for  suburban  cars,  several  hun- 
dred of  which  were  built.  These  trucks,  however,  were  of 
lighter  construction  than  those  used  under  the  standard  coaches 
and  are  not  considered  in  this  discussion.  The  details  of  this 
improved  truck  as  designed  for  use  under  standard  coaches 
are  shown  in  Fig.  3. 

The  paper  concludes  with  a  description  of  a  modification  of 
this  standard  truck  made  necessary  by  the  Philadelphia-PaoU 
electrification  of  the  main  line  of  the  Pennsylvania  Railroad. 

DISCUSSION 

Geo.  R.  Henderson  (written).  In  reading  Mr.  Wright's 
very  interesting  paper,  the  writer's  thoughts  followed  the 
abandonment  of  the  equalizers  which  for  so  many  years  were 
considered  necessary  for  easy  riding,  especially  on  rough  track. 
It  is  well  known  that  the  Pennsylvania  track  is  nearly  perfect 
and  it  is  a  question  whether  these  trucks  and  loads  would  be 
satisfactory  on  average  track.  This  accounts  for  a  considera- 
ble saving  in  weight,  as  the  equalizer  and  spring  seats  were 
quite  massive  for  heavy  cars. 

It  is  still  the  practice  of  many  roads  to  use  equalizers  under 
tenders  of  passenger  locomotives  and  also  under  high  speed 
electric  cars,  and  it  is  an  interesting  question  as  to  just  how- 
far  we  can  go  in  this  respect  and  still  not  interfere  with  the 
comfort  of  the  passengers.  The  condition  of  the  track  is  a 
very  important  part  of  the  problem  in  the  writer's  estimation 
and  should  not  be  overlooked  when  considering  this  question. 

S.  G.  Thomson  said  that  the  clasp  brake  as  used  on  the 
Philadelphia  and  Reading  Railway,  to-day,  was  giving  most 
excellent  satisfaction,  and  has  done  so  ever  since  it  was  devel- 
oped. One  hundred  and  fifty  or  more  cars  have  been  in  service 
for  a  number  of  years,  and  little  or  no  difficulty  has  been 
experienced.  The  brake  is  highly  efficient  and  the  stops  seem 
to  be  very  much  easier  and  shorter  than  with  the  single  shoe 
and  higher  brake-shoe  pressure. 


214 


FOUR-WHEEL  TRUCKS  FOR  PASSENGER  CARS,  R.  V.  WRIGHT 


The  Journal 
Am.Soc.M.E. 


In  regard  to  the  question  of  journal  lubrication,  he  had 
found  that  at  80  or  90  miles  per  hour,  some  trouble  was  expe- 
rienced from  hot  boxes.  Careful  readings  of  journal  box 
temperatures  seemed  to  indicate  that  the  temperatures  build 
up  during  closely  consecutive  runs,  the  wheels  and  journals 
not  having  had  time  to  cool  down  before  the  return  trips. 
During  the  rush  season  it  was  often  necessary  to  schedule  cer- 
tain cars  for  six  trips  per  day,  equal  to  300  miles  or  more. 
The  cars  were  all-steel,  weighing  about  118,000  lb.,  which  seem 
to  be,  in  his  judgment,  about  the  limiting  weight  for  four- 
wheel  trucks  at  these  high  speeds,  particularly  where  they 
are  closely  consecutive. 

He  thought,  therefore,  that  the  factor  of  speed  seems  to  have 
a  fundamental  bearing  on  the  question  of  the  use  of  the  four 
or  six-wheel  trucks  on  modern  passenger  equipment,  and  that 
the  four-wheel  truck  should  prove  entirely  satisfactory  for 
anything  less  than  the  weights  or  high  speeds  on  consecutive 
trips  as  has  just  been  mentioned. 

L.  R.  PoMEROY  said  it  was  astonishing  how  much  money 
railroads  spend  to  get  another  ear  on  a  train,  to  be  hauled 
with  the  same  engine,  where  the  cost  is  more  than  it  would  be 
to  run  cars  with  logical  trucks.  He  thought  it  was  quite  true 
that  six-wheel  trucks  have  been  developed  more  generally  in 
the  West,  and  it  is  only  in  recent  years  that  they  have  become 
general  on  ordinary  passenger  coaches. 

In  the  West  some  of  the  reasons  why  the  six-wheel  truck 
was  adopted  on  cars  which  would  now  be  considered  light  were 
the  very  light  gravel  ballast,  light  rails  (from  60  to  70  lb.), 
and  cast  iron  wheels. 

He  presented  the  following  figures  of  weights  of  four  and 
six-wheel  steel  trucks  under  steel  cars: 

Four-wheel  trucks  on  the  Han-iman  Lines,  5x9  journals; 
weight  26,500  lb.  complete.  AVestern  Pacific,  51/0  x  10  jour- 
nals; 31,120  lb.  complete.  Barney  &  Smith  special  built-up 
truck,  similar  to  the  Atlantic  Coast  Line,  5x9  journals;  27,- 
600  lb.  complete.  N.  Y.,  N.  H.  &  H.  R.  R.  standard  trucks, 
31,400  lb.  complete. 

Six-wheel  steel  trucks  on  the  Harriman  Lines,  5x9  jour- 
nals ;  42,000  lb.  complete.  Rock  Island,  5x9  journals ;  41,220 
lb.  complete.  Commonwealth,  5x9  journals;  40,900  lb.  com- 
plete. Pullman  standard  truck,  5x9  journals;  43,720  lb.  com- 
plete. New  York  Central  latest  form  of  steel  truck,  45,000  lb. 
complete.  The  latter  weighs  considerably  more  than  the  aver- 
age of  the  others,  and  is  partly  accounted  for  by  being  equipped 
with  clasp  brakes.  Barney  &  Smith  built-up  truck,  5x9  jour- 
nals; 42,000  lb.  complete.  Canadian  Pacific  trucks  under  70- 
ft.  diners,  41,200  lb.  complete.  Canadian  Pacific  under  sleep- 
ers 72  ft.  8  in.  long,  40,900  lb.  complete ;  under  sleepers  70  ft. 
3  in.  long,  41,800  lb.  complete ;  under  sleepers  74  ft.  long,  41,- 
800  lb.  complete. 

He  did  not  think  that  even  under  ordinary  conditions  of 
service,  there  is  any  justification  whatever  for  a  six-wheel 
truck  under  a  suburban  car,  and  yet  a  great  number  are  run- 
ning on  these  trucks.  He  said  he  had  never  yet  come  across 
a  70-ft.  car  of  the  ordinary  passenger  coach  type  where  the 
six-wheel  truck  was  justified  with  the  track  in  use  to-day. 

The  Wabash  has  a  60-ft.  all-steel  mail  ear,  5x9  journals, 
six-wheel  trucks,  total  weight  124,000  lb.  The  trucks  weigh 
42,000  lb.  With  four-wheel  trucks,  27,000  lb.,  the  total  weight 
would  be  109,000  lb.  We  have  a  great  many  cars  that  weigh 
as  much  as  124,000  lb.  running  successfully  with  four-wheel 
trucks. 

There  are  two  classes  of  six-wheel  steel  passenger  cars  on 
the  New  York  Central,  the  earlier  form  with  equalizers,  in  con- 


nection with  Commonwealth  frames,  and  the  latter  with  half 
elliptic  springs  over  boxes  and  short  equalizers  between  the 
springs.  The  total  weight  of  the  car  is  142,000  lb.  and  that 
of  the  six-wheel  trucks  42,000  lb.  With  four-wheel  trucks  the 
total  weight  would  be  127,000  lb.  There  are  a  number  of  cars 
of  no  greater  weight  running  to-day  on  four-wheel  trucks. 

On  the  63-ft.  78-passenger  cars  of  the  Central  Railroad  of 
New  Jersey,  Commonwealth  trucks,  with  5V'2  x  10  journals, 
are  used.  The  total  weight  is  115,800  lb.  With  six-wheel 
trucks  the  total  weight  would  be  131,800  lb. 

The  body  of  the  N.  Y.,  N.  H.  &  H.  R.  R.  1914-schedule  70- 
ft.  88-passenger  ear  weighs  89,000  lb.  Add  the  weight  of  a 
six-wheel  truck,  42,000  lb.,  and  the  total  weight  would  be  131,- 
000  lb.  In  later  ears  the  four-wheel  standard  type  truck  was 
substituted.  The  heavy  four-wheel  truck  weighs  31,400  lb.  and 
has  a  51/2  X  10  journal,  and  it  brings  the  total  weight  of  the 
car  to  121,400  lb.  on  four-wheel  trucks.  These  cars  are  giving 
excellent  satisfaction  in  respect  to  freedom  from  hot  boxes,  and 
comfortable  riding. 

The  Grand  Trunk  composite  steel  frame  wood  finish  car,  74 
ft.  long,  seating  97  passengers,  weighs  137,000  lb.  Deducting 
the  weight  of  the  six-wheel  truck,  40,000  lb.,  leaves  97,000  lb. 
Adding  the  weight  of  the  four-wheel  truck,  27,000  lb.,  makes 
124,000  lb.  Those  figures  are  well  within  the  capacity  of  the 
four-wheel  truck. 

The  total  weight  of  the  Union  Pacific  69-ft.  steel  truck  bag- 
gage car  is  106,000  lb.  With  six-wheel  truck  it  would  weigh 
122,000  lb. 

The  Postal  60-ft.  four-wheel  truck  car  has  a  total  weight  of 
111,600  lb.,  which  would  be  increased  to  127,600  with  the  six- 
wheel  truck. 

The  Lehigh  Valley  has  a  steel  well  flat  car,  with  a  capacity 
of  220,000  lb.  The  light  weight  is  91,900  lb.,  making  the  total 
loaded  weight  311,900  lb.  The  car  has  a  six-wheel  truck,  with 
6  X  11  journals,  and  yet  the  ratio  of  total  weight  of  the  car 
against  the  projected  area  of  the  journal  is  only  475. 

The  Santa  Fe  has  a  70-ft.  83-passenger  all-steel  car  which 
weighs  134,000  lb.  and  has  six-wheel  trucks;  with  four-wheel 
trucks  it  would  weigh  118,000  lb.  The  70-ft.  76-passenger 
chair  car  on  the  same  road  weighs  136,000  lb.  and  has  six- 
wheel  tracks;  with  four-wheel  trucks  it  would  weigh  120,000 
lb.  It  will  be  seen,  also,  that  these  cars  could  be  properly 
put  on  four-wheel  trucks. 

Geo.  W.  Rink.  I  would  ask  Mr.  Thomson  whether  the  type 
of  truck  which  gave  trouble  with  hot  journals  was  that  with 
the  coil  spring  over  the  journal  box.  We  had  this  type  of 
truck'  in  service  on  twenty-eight  63-ft.  passenger  cars  weighing 
101,400  lb.  The  trucks  had  dVz  by  10-in.  journals  and  clasp 
brakes  and  weighed  14,500  lb.  each. 

The  wheel  beam  is  made  up  of  an  eye  beam  and  two  chan- 
nels and  the  transoms  of  cast  steel  riveted  to  the  wheel  beam. 
The  elliptic  springs  are  carried  in  a  cradle  suspended  by  U- 
shaped  spring  hangers.  Pedestals  are  of  cast  steel,  riveted  to 
wheel  beams,  and  are  provided  with  spring  pocket.  On  trucks 
of  this  type  it  is  very  essential  that  holes  be  reamed  and  the 
rivets  fill  the  holes,  otherwise  there  wUl  be  trouble  in  mainte- 
nance. 

We  had  a  number  of  cases  of  hot  journals  on  these  trucks 
when  first  placed  in  service.  There  is  a  tendency  in  this  con- 
struction to  so  distribute  the  pressirre  on  top  of  box  as  to  cause 
an  excess  pressure  per  square  inch  on  the  journal  bearing. 
We  also  found  a  strong  tendency  for  the  journal  boxes  to 
bind  in  such  a  manner  that  they  were  thrown  in  or  out,  due  to 
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the  action  of  the  coiled  spring  over  the  box,  resulting  in  ex- 
cessive wear  of  box  flange  and  pedestals.  This  truck  also  gave 
trouble  from  loose  rivets. 

We  are  now  using  on  our  63-ft.  steel  coaches  and  combina- 
tion cars,  weighing  116,000  lb.  and  seating  78  and  51  passen- 
gers respectively,  a  cast  steel  truck'  with  5!  2  by  10-in.  axle, 
and  with  wheel  beams,  transoms  and  end  sills  cast  in  one  piece. 
The  truck  weighs  16,100  lb.,  and  with  generator  and  truck  sus- 
pension 17,600  lb.  These  trucks  have  east  iron  pedestals  of 
heavy  pattern  bolted  to  the  wheel  beams,  and  have  the  long 
equalizer  with  coil  sisring  adjacent  to  the  journal  boxes  and 
the  same  type  of  clasp  brake  as  used  on  the  built-up  truck. 
We  do  not  use  the  same  type  of  clasp  brake  as  used  by  the 
Pennsylvania  Railroad,  but  use  standard  brake  beams. 

These  trucks  ride  very  smoothly  and  seldom  have  heated 
bearings.  We  now  have  126  steel  coaches  in  service  with  this 
truck  giving  excellent  results,  fully  complying  with  the  four 
important  features  as  mentioned  by  the  author — safety,  smooth 
riding,  minimum  weight,  and  low  cost  of  maintenance. 

Alphonse  a.  Adler  asked  whether,  in  car  truck  journals, 
the  resistance  of  friction  is  dependent  on  the  load,  or  whether 
it  is  possible  to  so  adjust  the  load  that  there  is  perfect  film 
lubrication  and  the  resistance  is  only  proportional  to  the  size 
of  the  journal. 

E.  B.  Katte  said  that  while  they  have  made  several  attempts 
to  design  a  six-wheel  motor  car  truck,  they  have  not  arrived  at 
a  design  which  is  satisfactory  from  either  a  mechanical  or  an 
electrical  standpoint,  and  he  did  not  know  of  any  six-wheel 
motor  car  trucks  in  high  sj^eed  service. 

C.  D.  Young.  Railroads  have  been  too  prone  in  recent 
years  to  use  six-wheel  trucks,  based  upon  their  experience  with 
four  and  six-wheel  trucks  in  the  days  before  the  advent  of 
the  steel  truck.  Due  to  the  flexure  in  the  wooden  trucks  it 
was  necessary  to  go  to  the  six-wheel  truck.  As  far  as  the 
probable  cost  and  maintenance  are  concerned,  due  to  the  fewer 
parts,  the  four-wheel  truck  is  preferable  to  the  six-wheel  truck, 
provided  it  gives  satisfactory  service. 

With  the  use  of  the  steel  truck  the  total  weight  which  will 
be  satisfactorily  carried  on  the  four-wheel  truck  car  can  be 
materially  increased.  Ninety-eight  per  cent  of  the  railroads 
in  this  coimtrj'  use  four-wheel  trucks  under  heavy  passenger 
locomotive  tenders,  with  axle  loads  as  high  as  45,000  lb.,  yet 
when  a  passenger  car  is  designed  there  is  hesitancy  about  put- 
ting 31,000  lb.  on  the  same  axle. 

To  ascertain  what  effect  on  the  train  resistance  the  two  extra 
axles  of  the  six-wheel  truck  oar  would  have,  we  took  the  same 
ear  bodies  in  a  train  of  10  cars  and  compared  the  resistance 
of  the  train  when  carried  on  four-wheel  trucks,  similar  to  that 
illustrated  in  the  paper,  with  that  when  these  cars  were  carried 
on  the  six-wheel  standard  trucks  of  the  Pennsylvania  Railroad. 
The  trains  were  run  at  35,  50  and  65  miles  per  hour.  Three 
round  trips  were  made  and  the  resistance  of  the  cars  was  ob- 
tained. It  was  found  that  13  six-wheel  truck  cars  offered  the 
same  resistance  as  14  four-wheel  truck  ears ;  in  other  words,  if 
on  a  train  of  13  ears  the  equipment  is  changed  from  six-wheel 
trucks  to  four-wheel  trucks,  one  more  four-wheel  truck  car  can 
be  hauled  without  increasing  the  resistance  over  that  of  the  13 
six-wheel  truck  cars. 

The  author  shows  the  development  of  the  clasp  brake  for  the 
four-wheel  truck  cars,  which  came  about  as  a  result  of  clasp 
brakes  used  on  the  Philadelphia  &  Reading  Railway.     In  this 
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connection,  two  or  three  points  which  were  brought  out  in  a 
series  of  tests  made  by  the  Pennsylvania  Railroad  of  clasp  and 
single  shoe  brakes,  are  of  interest. 

The  single  shoe  brake  has  a  total  weight  of  3682  lb.  per 
car  and  the  movable  parts  weigh  3084  lb.  The  clasp  brake 
has  a  total  weight  of  4433  lb.  per  car,  the  movable  parts  weigh- 
ing 3152  lb.,  showing  an  increase  in  total  weight  of  the  clasp 
brakes  of  24  per  cent.  It  was  developed  in  our  tests  that  it 
was  desirable  to  have  as  low  weight  in  the  moving  parts  of  the 
bi'ake  rigging  as  possible  to  overcome  the  effect  of  inertia  on 
the  first  ajDplication  of  the  brakes,  for  obviously  the  heavier 
the  moving  parts  the  more  inertia  and  the  longer  it  takes  to 
get  full  braking  pressure  at  the  wheel  with  a  given  pressure 
in  the  brake  cylinder.  With  equal  weights  of  movable  parts, 
it  would  be  expected  that  full  braking  power  would  be  de- 
velojsed  as  quickly  with  the  clasp  brake  as  with  the  single  shoe 
brake,  but  for  a  given  braking  power  a  higher  coefficient  of 
brake  shoe  friction  is  obtained  with  the  clasp  brake  car  and, 
therefore,  the  stops  are  shorter  than  with  the  single  shoe  brake 
car. 

To  illustrate  this,  at  60  miles  an  hour  with  125  per  cent 
nominal  braking  power  the  clasp  brake  car  made  a  stop  in 
808  ft.,  probably  the  shortest  stop  ever  made  on  a  passenger 
ear  under  that  braking  power.  The  corresponding  stopping 
distance  for  a  single  shoe  is  about  1250  ft.,  so  that  with  24 
per  cent  increase  in  weight  of  brake  rigging  there  is,  with  the 
clasp  brake  car,  a  much  larger  per  cent  decrease  in  the  stop- 
ping distance. 

Another  point  which  cannot  be  ignored  is  that  the  use  of 
the  clasp  brake  is  economical  in  brake  shoe  material.  A  series 
of  road  tests  of  brake  shoes  shows  a  saving  in  brake  shoe  ma- 
terial of  about  30  per  cent  with  clasp  brakes  over  single  shoe 
brakes. 

In  reply  to  Mr.  Adler,  the  friction  of  the  journals  of  a  car 
running  at  50  miles  an  hour  offers  such  a  small  resistance  com- 
pared with  the  resistance  due  to  wind,  flange,  oscillation  and 
other  causes,  that  it  has  a  small  value  in  any  empirical  formula 
used  to  determine  total  resistance. 

The  Author.  Six-wheel  trucks  are  used  extensively  and 
there  must  be  good  reasons  for  this.  These  reasons  have  not, 
however,  been  brought  out  in  the  discussion.  It  is  a  severe  in- 
dictment of  the  mechanical  departments  of  our  railroads  if  the 
use  of  six-wheel  trucks  under  modern  railway  equipment  has 
simply  come  about  because  in  tlie  days  gone  by,  when  wooden 
trucks  were  in  use,  it  was  found  desirable  to  use  six-wheel 
trucks  under  much  of  the  equipment. 

Mr.  Henderson's  discussion  brings  up  a  point  which  might 
account  for  the  use  of  the  six-wheel  truck  in  the  Far  West, 
and  that  is  that  where  road  conditions  are  poor,  there  is  a 
possibility  that  the  six-wheel  truck  may  ride  more  easily.  On 
most  of  the  sections  of  the  roads  in  the  East  which  still  have 
poor  roadbeds,  old  light  wooden  cars  with  four-wheel  trucks  are 
used.  There  is,  however,  a  grade  of  track  between  the  mag- 
nificent roadbed,  which  we  have  on  the  high  traffic  eastern 
lines,  and  the  very  poor  condition ;  and,  generally  speaking,  on 
that  kind  of  track  the  four-wheel  trucks  ride  just  as  easily  as 
do  the  six-wheel  trucks. 

The  latest  type  of  standard  four-wheel  passenger  car  truck, 
modified  for  use  under  motor  cars  on  the  electrified  district  of 
the  Pennsylvania  Railroad  at  Philadelphia,  is  illustrated  in  the 
paper,  and  it  is  interesting  to  note  how  skillfully  the  designers 
have  taken  advantage  of  the  standard  design  and  modified  it 
only  slightly  to  allow  for  the  motors,  which  are  the  largest  thus 
far  used  under  motor  cars. 
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THE   FLOW   OF   AIR    THROUGH    THIN 
PLATE  ORIFICES 

BY  ERNEST  O.  HICKSTEIN,  STAPLETON,  N.  Y. 
Junior  Member  of  the  Society 

rHIS  paper  reports  an  interesting  and  instructive  inves- 
tigation made  by  a  Junior  Member.  It  bears  the  dis- 
tinction of  being  the  Junior  Prize  paper  for  1915,  and  is  the 
first  paper  to  receive  a  prize  from  the  Society,  the  fund  from 
ibhich  it  was  awarded  having  been  established  in  1914. 

This  paper  describes  in  some  detail  the  methods  used  by  a 
large  pipe-line  company  in  the  Mid-Continental  field  in  the 
calibrating  of  its  orifice  meter  discs. 

An  orifice  meter  consists  of  a  calibrated  disc  in  a  pipe-line, 
with  pressure  line  connections  running  to  two  indicating  or 
recording  gages;  one  gage  is  for  measuring  the  static  pressure 
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UNDER  Temperature  Changes.    First  24-hr.  Test 


of  the  flowing-  gas  and  the  second  the  differential  drop  of 
pressure  across  the  orifice  disc. 

The  discs  tested  are  machined  out  of  quarter-inch  boiler 
plate.  The  edge  of  the  orifice  is  flat  for  -^  in.  and  bevelled 
at  45  deg.  for  the  remainder  of  the  thickness.  The  disc  is  in- 
serted in  the  flange  union  with  the  bevel  facing  the  outlet  side. 

The  ordinary  practice  in  orifice  meter  installations  is  to  have 
the  gage  line  connections  right  at  the  flange,  that  is,  the  inlet 
and  the  outlet  pressures  ai-e  taken  within  an  inch  or  two  of 
the  orifice  disc.  In  this  particular,  the  meters  of  the  type 
tested  show  a  departure  from  common  practice.  The  high 
pressure  connection  was  2I/2  times  the  diameter  of  the  pipe 
line  ahead  of  the  disc,  and  the  low  pressure  connection  was  8 
times  the  diameter  of  the  pipe  line  behind  the  disc.  This 
means  that  in  an  orifice  meter  installation  on  a  10-in.  line,  for 


example,  the  high  pressure  connection  is  25  in.  in  front  of  the 
disc,  and  the  low  pressure  connection  80  in.  behind  it,  regard- 
less of  the  size  of  the  orifice  in  the  line. 

The  paper  deduces  the  following  general  formula  for  the 
flow  of  air  through  an  orifice  disc : 


§„  =  C.\/hF^ 


where 


Presented  at  the  annual  meeting  of  The  American  Societt  of 
Mechanical  Engineees,  New  York,  December  1915.  Pamphlet  copies 
without  discussion  may  be  obtained ;  price  10  cents  to  members.  20 
cents   to   non-members. 


^o  =  volume  at  standard  temperature  and  pressure 
C.  =  so-called  "  air  constant,"  found  experimentally 
h    =  differential  in  in.  of  water 
P,  =  pressure  at  inlet  of  orifice 

The  tests  were  carried  out  at  Joplin,  Mo.  The  discs  were 
calibrated  against  the  displacement  of  air  from  an  old  arti- 
ficial gas  holder  at  that  place.  The  holder  was  a  two-lift 
holder,  water  sealed  and  of  250,000  cu.  ft.  nominal  capacity. 
Roughly  speaking,  its  dimensions  were  90  ft.  in  diameter  by 
40  ft.  total  height.  The  lower  lift  only  was  used  in  the  tests; 
this  lift  has  a  capacity  of  110,000  cu.  ft. 

Of  the  several  original  outlets  from  the  holder,  all  but  one 
were  securely  blanked.  The  remaining  12-in.  outlet  was  led 
into  a  long  building,  and  connected  to  a  straight  run  of  some 
40  ft.  of  pipe,  near  the  center  of  which  was  the  orifice  flange. 
The  air  passing  out  of  the  holder  went  through  the  orifice 
disc,  and  discharged  into  the  atmosphere  perhaps  20  ft.  be- 
yond. A  motor  driven  blower  was  used  to  fill  the  holder  with 
air  previous  to  each  test. 

Leakage  Tests  on  Holder.  The  first  tests  made  were  to  de- 
termine the  rate  of  leakage  from  the  holder.  In  order  to  ob- 
tain a  fair  average,  a  number  of  such  tests  were  run  at  the 
start,  with  the  holder  at  varying  heights.  Leakage  tests  were 
also  run  at  intervals  throughout  the  whole  work,  to  make  sure 
that  the  leakage  figure  first  obtained  had  not  materially 
changed. 

The  first  leakage  tests  were  unsatisfactory  on  account  of  the 
large  diSerence  between  temperature  conditions  at  the  start 
and  finish  of  test.  To  avoid  this  difiBculty,  tests  of  24  hours 
duration,  starting  at  about  midnight,  were  made,  and  better 
results  obtained.  The  average  of  three  long  leakage  tests 
showed  103  eu.  ft.  leakage  per  hr.  The  correction  used  in  all 
the  Joplin  tests  was  taken  as  100  cu.  ft.  per  hr.  The  result 
of  later  leakage  tests  showed  practically  the  same  leakage  as 
the  above  average,  the  highest  value  in  any  24-hr.  test  being 
115  cu.  ft.  per  hr. 

Changes  of  Volume  in  Holder  with  Temperature  Variation. 
During  the  leakage  tests,  it  was  noticed  that  the  rise  and  fall 
of  the  holder  with  temperature  changes  was  a  greater  factor 
than  had  been  anticipated.  A  4-ft.  rise  from  midnight  to  noon 
was  not  uncommon  during  the  hot  weather.  It  was  necessary, 
therefore,  to  ascertain  very  accurately  the  proper  correction 
to  apply  for  temperature  changes  taking  place  during  a  test. 

It  was  found  that  the  changes  in  volume  as  observed  were 
always  greater  than  a  calculation  based  on  the  ratio  of  absolute 
temperatures  alone  would  give.  After  some  little  study  and 
debating,  it  was  decided  that  this  was  due  to  the  presence  of 
aqueous  vapor  in  the  holder. 

In  studying  the  correction  to  be  applied  for  varjdng  tem- 
peratures, taking  account  of  the  effect  of  the  vapor  tension, 
it  was  found  in  the  study  of  the  volume  variation  with  tem- 
perature that  the  observed  rise  and  fall  of  the  holder  during 
the  test  corresponded  with  a  temperature  change  equal  to  the 
sum  of  two-thirds  the  atmospheric  temperature,  plus  one- 
third  the  "  top  "  temperature,  the  "  top  "  temperature  being 
the  reading  found  by  lowering  a  thermometer  2  ft.  or  so  into 
the  holder  through  a  bolt  hole  in  top.    This  simply  means,  of 
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course,  that  the  average  temperature  of  the  holder  air  is  that 
combination  of  the  two  observed  temperatures. 

Fig.  1  shows  a  test  of  the  correctness  of  this  average  tem- 
perature of  the  holder  air.  The  dotted  curve  shows  the  com- 
puted theoretical  rise  and  fall  of  the  holder,  using  the  tempera- 
ture correction  just  described,  and  based  on  the  so-called 
"  combined  "  temperature.  The  heavy  curve  shows  the  actual 
rise  and  fall  observed.  These  two  curves  follow  each  other 
fairly  well,  except  for  a  lag  during  the  middle  of  the  day. 
They  bear  the  closest  relation  during  the  period  between  9  p.m. 
and  6  a.m.,  when  the  effect  of  the  sun  shining  down  on  the 
black  holder  top  is  not  present.  During  the  afternoon  it  is 
evident  that  the  "  top  "  temperature  has  a  greater  proportion- 
ate effect  on  the  average  temperature  of  the  air  in  the  holder 
than  the  "  combined  "  temperature  allows. 

PEOCEDURE  DURING  TESTS 

Table  1  shows  a  sample  page  of  the  observations  and  cal- 
culated results  of  one  orifice  test.  These  tests  were  made  with 
a  flying  start,  that  is,  the  air  was  started  discharging  through 
the  meter  orifice  several  minutes  before  the  first  tank  level 
reading  was  taken.  The  final  tank  level  reading  was  taken 
under  similar  conditions.  Half-hourly  readings  of  atmos- 
pheric temperature,  "  top  "  temperature,  tank  level,  water  level 
in  seal,  differential  drop  in  inches  of  water  across  orifice  disc, 
and  the  temperature  of  the  discharged  air  were  taken.  To 
facilitate  calculation,  the  tank  level  reading  was  taken  by  a 
gage  stick,  marked  off  in  cubic  feet  displacement.  The  exact 
diameter  of  the  lower  lift  was  found,  and  from  this  it  was 
computed  that  a  displacement  of  100  cu.  ft.  corresponded  with 
a  holder  drop  of  0.1835  in.  This  100-ft.  graduation  was  the 
smallest  on  the  gage  stick.  The  space  could  readily  be  divided 
visually  into  quarters,  so  the  content  of  the  holder  at  any 
moment  could  be  read  to  the  nearest  25  cu.  ft.  Differences 
between  two  consecutive  half-hourly  tank  level  readings  would 
therefore  give  the  uncorrected  (or  apparent)  quantity  of  air 
passing  out  in  that  period.  Preliminary  corrections  have  to 
be  applied  to  this  value  as  follows:  (1)  holder  leakage,  at 
the  rate  of  100  cu.  ft.  per  hr.,    (2)   variation  of  the  water 


level  in  seal,  due  to  leakage  out,  evaporation,  or  pump- 
ing in  of  fresh  water,  (3)  temperature  change  during  test. 
With  these  corrections  applied,  the  correct  quantity  of  air 
passing  through  the  orifice  is  obtained.  This  quantity,  how- 
ever, is  expressed  at  holder  pressure,  and  at  some  definite 
temperature,  varying  from  day  to  day,  i.e.,  the  "  combined " 
temperature.  A  reduction  is  necessary  in  order  that  the 
quantity  of  air  passing  through  the  orifice  may  be  expressed 
in  cubic  feet  at  standard  conditions  of  pressure  and  tempera- 
ture, (29.4  in.  of  mercury  or  14.41  lb.  per  sq.  in.,  and  60  deg. 
fahr.). 

SUMMARY    OP   RESULTS 

About  one  hundred  and  sixty  tests  on  8  and  10-in.  orifice 
meter  discs  were  run  at  Joplin  during  1913-1914.  A  summary 
of  some  of  the  results  of  these  tests  is  included  in  Tables  2 
and  3.     A  note  on  the  system  used  in  numbering  the  discs 
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TABLE  I 


readings  and  calculated  results  of  a  sample 

HOLDER  test  ON  ORIFICE  METER  DISC 


Tempera- 
tures 

•3  a 

Pa 

Calculated  (Ap- 
parent) Displace- 
ment in  H  hr. 

h  . 
■1% 

a  i 

£  d 
o  S 
OS 

I 

i 

a 
< 

\ 

g 

•c 
o 

Calculations 

8.15  66      66 

66 

252,675  4.39! 66 

8.45  67M  ....  65 

244,050  4.39      8,625  66 

o! 

9.1567      66      65 

1         '         1 

236,350  4.38       7,700  66=, 

1 

330  Apparent  total 108,976 

ISeal  water  correc- 

9.45  66      ....64}^ 

228,125  4. 37 1      8,225  66 

—320 

tion —140 

I0.15'66      64,1^64 

219,725  4.36'      8,40o'65H 

—230 

Leakage  corr — 650 

10.45  66     ,....64 

210,950  4.36'      8,775  65M 

0 

Temperature  corr..    — 960 

I1.15  65.U63K'63}^ 

202,325  4.35       8,625  65 

—210 

11.45'6SV<; 'e.'?!^ 

193,700  4.35       S.B2S  B5 

O'Net  total 107,225 

12.15 

65M  63      63  ^^ 

185,625  4.34 

8,075 

64H 

—20ol Average  flow 8,248 

12.45 

65     i . . . .  63H 

177,175  4.32 

8,450 

64M 

0  Calculated  Ck 520 

1.15 

65      63      63H 

168,850  4.30 

8,325 

64H 

0  Calculated  Cv 67.3''; 

1.45 

64}^  ... .  63 

160,425  4.28 

8,425 

64 

—170 

(spe  footnoted 

2.15 

64      62}^  63 

1 
152,070  4.26 

8,350 

63H 

— IBO 

2.45  64       ....'63 

1 

143,700 

4.24|      8,375  63M 

0 

64 

4.34  108,975  65 

—960 

Test  No  227,  Not.  12, 1913.    Orifice  Disc  No.  8301.    Barometer  29.35  in. 

Cv  =  so-called  "velocity  coeflBcient"  depending  on  size  and  shape  of  disc.      Cv  = 
11.55      Ck    ^    D' 


will  make  the  summary  self-explanatory.     The  first  one   or 
two  digits  indicate  the  size  of  the  pipe  line  in  which  the  disc 


TABLE  2     summary  OF  SOME  HOLDER  TESTS  ON  8-IN.  ORIFICE 

METERS 


Observed 

Date  of 

Avg.  Corr. 

U-Tube 

Temp. 

Test 

No.  of 

Test  and 

Rate, 

Read- 

Baro- 

Calc. 

No. 

Meter 

Duration 

Cu.  ft. 

ing,   In. 

meter, 

Flow 

"Com- 

Ck 

Disc 

in  Hr. 

/30m. 

Water 

bined" 

201 

8401 

Sept.  25  IM 

15,503 

4.07 

29.3 

58 

52 

1.035 

202 

8501 

26  2 

25,361 

3.31 

29.3 

62 

66 

1.868 

203 

8301 

26  3 

8,178 

4.415 

29.3 

58 

54 

0.522 

204 

8351 

27  3 

11,671 

4.26 

29.3 

62 

60 

0.752 

205 

8451 

27  3 

20,223 

3.82 

29.3 

62 

60 

1.375 

206 

8451 

28  2 

20,589 

3.79 

29.2 

64 

61 

1.409 

207 

8351 

28  3 

11,668 

4.33 

29.2 

61H 

60 

0.747 

208 

8401 

28  2K 

15,796 

4.11 

29.2 

61 

58 

1.041 

209 

8351 

30  2H 

11,850 

4.31 

29.3 

66 

62 

0.759 

210 

8451 

30  2 

20,421 

3.83 

29.3 

64 

59 

1.394 

211 

8501 

Oct.     2  1}^ 

26,647 

3.36 

29.3 

70 

67 

1.914 

212 

8501 

2  IM 

26,187 

3.40 

29.3 

67>^ 

63 

1.883 

213 

8401 

2  2H 

15,839 

4.14 

29.3 

65 

60  V^ 

1.038 

214 

8301 

3  2H 

6,124 

2.355 

29.3 

70 

69 

0.527 

215 

830 1 

4  6H 

8,496 

4.41 

29.2 

70 

70  H 

0.,'>32 

21S 
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TABLE  3     SUMMARY  OF  SOME  HOLDER  TESTS  ON  10-IN.  ORIFICE 

METERS 


Teat 

No.  of 

No. 

Meter 

Diso 

401 

10401 

402 

10501 

403 

10501 

404 

10801 

405 

10751 

406 

10801 

407 

10801 

408 

10751 

409 

10501 

410 

10401 

411 

10551 

412 

10551 

413 

10751 

414 

10801 

415 

10501 

Date  of 

Test  and 

Duration 

inHr. 


Avg.  Corr. 
Rate. 
Cu.  ft. 

/30m. 


Deo 


20  3 

13.978 

20  2 

23,156 

20  2 

23,138 

26  1 

53,855 

21  1 

49,513 

21  1 

53.975 

22     K 

55,595 

22  1 

50,575 

23  2 

23,209 

23  3M 

14.189 

22  IK 

29,042 

26  IH 

28.223 

27  1 

48,850 

27     H 

55,220 

27  2 

21,080 

U-Tube 

Baro- 

Read- 

meter, 

ing,  In. 

In.  Hg. 

Water 

4.345 

29.4 

3.94 

29.5 

3.94 

29.4 

1.38 

29.4 

1.89 

29.5 

1.38 

29.3 

1.43 

29.2 

1.95 

29.2 

3.95 

29.2 

4.38 

29.2 

3.89 

29.2 

3.68 

29.4 

1.90 

29.4 

1.39 

29.4 

3.28 

29.4 

Observed 
Temp. 


Fow 


"Com- 
bined" 


48 
47 
48H 

45 
48 
50 

48 
49 
49 

48 
48 
45 

48 
49 
49 


32 

32>-2 

31 

29  J^ 
33H 
35 

36 
35 

32M 

33 

3oi4 

26K 

36M 

37 

35M 


Calc. 
Ca 


0.9286 

1.611 

1.620 

6.384 
4.983 
6.370 

6.429 
5.025 
1.626 

0.9406 

2.035 

2.055 

4.976 
6.450 
1.605 


is  inserted;  the  next  two  digits,  the  size  of  the  orifice;  the  re- 
maining digits,  the  serial  number  of  the  disc.  For  example, 
8473  would  represent  an  8-in.  meter  disc,  4%-in.  orifice; 
104211  is  a  10-in.  disc,  414-iii.  oritice,  etc.  It  was  found  neces- 
sary to  discard  perhaps  half  a  dozen  tests,  on  account  of  their 
disagreeing  widely  from  the  averages  of  the  remainder.  In 
two  or  three  of  these  discarded  tests,  a  shower  or  a  fall  of 
snow  during  the  test  furnishes  a  possible  explanation ;  in  other 
tests,  no  explanation  was  found. 

It  is  worthy  of  special  note  that  in  these  tests  the  standard 
used  is  an  actual  measurable  volume,  and  not  a  standardized 
pitot  tube  or  other  indirect  method  of  measurement.  The  ad- 
vantage of  being  able  to  calibrate  directly  against  displace- 
ment is  a  most  important  feature  of  these  holder  tests.  A 
second  feature  of  the  tests  is  the  ability  to  automatically  secure 
a  practically  constant  flow,  without  regulation  of  any  kind. 

Another  point  deserving  mention  is  the  fact  that  duplicate 
discs  of  sizes  already  tested  at  Jopliu  require  no  calibration 
of  any  kind.  It  is  merely  necessary  to  micrometer  the  orifice 
and  to  correct  mathematically  for  any  small  deviation  from 
the  nominal  diameter.  For  example,  if  a  new  8-in.  by  4-in. 
orifice  disc  micrometers  4.004  in.  in  diameter,  and  the  result 
of  the  Joplin  tests  on  the  master  8-in.  by  4-in.  orifice  be  1.034, 

TABLE  4  SUMMARY  OF  VALUES  PLOTTED 


Joplin  8-in. 

JopUn 

lo-in. 

Ciiarlottenburg  aK  in. 

d/D 

C. 

d/D 

Cv 

d/D 

Cv 

0.187s 

64.9 

0.15 

6a.  I 

0.25 

53.5 

o.aiQ 

64.2 

0.175 

61. 1 

0.30 

64.0 

0.2S 

64.7 

0.2s 

62.8 

0.40 

5s. S 

o.3i»S 

66.9 

0.30 

65.6 

0.50 

73  0 

0  37S 

67.9 

0  35 

66.9 

0.60 

81.0 

04375 

71. 1 

0.40 

67.9 

0.70 

96.0 

o.so 

75  3 

0  45 

70.4 
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79.0 
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74.9 
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82.2 
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78.7 

0.635 

86.6 

0.60 
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0.6SS 

91.3 

0.625 

84.6 

0.6875 

95  3 

0.65 

86.5 

0.7187 

100.7 

0.70 

9S  9 

0.75 

107.0 

0.7S 
0.80 

103. 5 
115.6 

the  value   of   C.   for   the   slightly   oversized   disc    would   be 
1.034  (4.004 -f- 4.000)=  or  1.036. 

The  only  published  report'  of  tests  made  on  orifice  discs 
similar  to  those  tested  at  Joplin  gives  the  values  of  the  velocity 
coefficient,  C\,  for  3^-in.  pipe  found  in  tests  made  at  Char- 
lottenburg,  Germany.  Fig.  2  shows  graphically  the  values 
found  at  Ciiarlottenburg  compared  with  the  Joplin  results  for 
8  and  10-in.  pipe.  The  Joplin  curves  agree  fairly  well  with 
the  Charlottenburg  values,  especially  if  the  difference  in  the 
pipe  sizes  is  taken  into  account. 

CONCLUSION 

Nearly  fifty  orifice  meters  have  been  installed  and  are  now 
in  operation,  their  deliveries  of  high  pressure  gas  being  cal- 
culated from  the  air  constants  found  in  the  Joplin  tests. 
Experiments  which  are  now  in  the  course  of  completion,  show 
conclusively  that  these  constants  (with  the  proper  correction 
applied  for  the  gravity  of  the  gas  being  measured)  are  ac- 
curate to  a  very  satisfactory  commercial  degree,  and  it  is  con- 
fidently expected  that  with  some  little  further  study  and  ex- 
perimenting, particularly  along  the  lines  of  the  mechanical 
details,  the  orifice  meter  wiU  take  its  place  among  the  most 
reliable  of  the  various  methods  of  measuring  natural  gas  in 
large  quantities. 

'  Zeit.  des  Ver.  d.  Ing.,  Feb.  23, 1908. 

DISCUSSION 

P.  F.  Walker  (written).  The  experiments  made  at  Joplin 
go  far  in  establishing  the  use  of  the  orifice  meter  as  a  reliable 
instrument,  at  least  when  employed  with  conditions  essentially 
similar  to  those  which  obtained  at  that  time. 

It  is  well  known  that  for  a  gas  flowing  through  orifices  and 
nozzles  the  conditions  of  flow  may  be  treated  by  two  distinct 
methods:  first,  considering  the  relationships  existing  during 
the  expansion  which  takes  place  with  the  drop  in  pressure, 
and  second,  disregarding  expansion  and  treating  the  gas  as  a 
non-expansive  fluid.  The  second  method,  adopted  in  the  tests 
described,  depends  for  its  absolute  accuracy  upon  the  amount 
of  expansion  or  drop  in  pressure  in  proportion  to  the  static 
pressure  in  the  line  on  the  up-stream  side  of  the  orifice.  The 
application  of  constants  derived  under  one  set  of  conditions 
must,  therefore,  be  considered  with  care  when  conditions  are 
different  in  marked  degree.  Because  of  these  facts  the  cor- 
roborative tests  referred  to  in  the  last  paragraph  of  the  paper 
were  undertaken,  and  the  writer  has  been  associated  in  the 
work  of  analyzing  the  data  from  these  tests. 

The  question  which  every  engineer  will  ask,  probably,  is 
with  reference  to  this  matter  of  application  of  factors  derived 
at  substantially  atmospheric  pressure  with  a  drop  in  pressure 
of  but  3  to  5  in.  of  water  in  the  orifice,  to  pipe  line  conditions 
where  pressures  may  run  close  to  300  lb.  and  the  rates  of 
flow  may  vary  through  very  wide  limits,  and  so  cause  the  dif- 
ferential pressure  drop  to  vary  correspondingly. 

In  the  experiments  referi'ed  to  in  the  last  paragraph,  a  short 
section  (one  mile  or  more)  of  imused  pipe  line  was  cut  out 
and  used  as  a  reservoir.  From  this  the  natural  gas  was  allowed 
to  flow  through  orifices  arranged  much  as  in  the  tests  with  air, 
the  only  real  difference  being  that  the  amount  of  gas  flowing 
had  to  be  calculated  from  observations  on  the  drop  in  pres- 
sure in  the  reservoir.  Observations  could  be,  and  were,  made 
for  a  complete  range  of  static  pressures  up  to  the  values  ex- 
isting in  the  pipe  lines  at  the  time.  A  corresponding  varia- 
tion in  the  rates  of  flow  extended  the  investigation  over  the 
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desired  range  of  values  of  the  diiferential  pressure  across  the 
orifices. 

As  first  calculated,  and  this  is  as  far  as  the  work  has  pro- 
gressed up  to  date,  it  was  assumed  that  Boyle's  and  Gay  Lus- 
sac's  laws  for  perfect  gases  held  for  the  gas  in  use.  This  af- 
fects three  elements,  as  follows : 

a  the  ratio  P^TJP„T^  which  is  introduced  to  convert  the  meas- 
ured volume  at  the  measured  pressure  P^  to  an  equivalent 
volume  at  the  standard  pressure  and  temperature.  Since 
the  temperatures  varied  so  slightly  in  this  work,  as  is 
also  true  for  regular  operating  conditions,  no  sensible 
error  results  from  considering  only  the  possible  variation 
of  volume  ratio  from  the  inverse  pressure  ratio  at  a  con- 
stant temperature. 

b  the  pressure  which  occurs  in  the  denominator  of  the  radical 
expression,  in  conjunction  with  14.7  in  the  numerator,  to 
express  the  change  in  density  of  the  gas  from  standard 
to  existing  pressure. 

c  the  volume  flowing,  Q„,  which  is  determined  by  the  use  of 
the  pressure  ratio,  as  in  the  first  item. 

The  sum  total  of  these  elements  is  that  the  left  hand  side  of 
the  equation  of  flow  is  affected  by  the  pressure  ratio  in  the  unit 
power  and  the  right  hand  side  is  affected  in  the  one-half 
power. 

Dealing  with  all  values  as  for  perfect  gases,  the  value  of 
the  coefficient  designated  in  the  paper  as  the  "  air-coeflfieient  " 
was  calculated  for  each  observation,  the  value  for  air  being 
found  by  reducing  backwards  by  means  of  the  density  ratio  in 
order  to  compare  results  secured  with  gas  of  different  densi- 
ties. In  analyzing  this  mass  of  data,  three  main  variables  had 
to  be  considered :  static  pressure,  differential  drop  in  pressure 
or  the  dependent  quantity  AP,  under  the  radical,  and  the  ratio 
of  orifice  diameter  to  pipe  line  diameter.  By  reducing  all  to 
equivalent  values  of  the  coeflfleient  for  one  standard  area  of 
orifice,  the  element  of  variable  size  of  orifice  was  eliminated. 
A  total  of  1244  values  was  divided  into  12  groups  as  follows : 

Those  for  jDressures  over  100  lb.,  with  (hPJ^  over  40 
Those  for  pressures  over  100  lb.,  with  (/»P,)  *  from  21  to  40 
Those  for  pressures  over  100  lb.,  with  (7iP,)*  from  11  to  21 
Those  for  pressures  over  100  lb.,  with  (hPJi  below  11 
A  similar  set  of  four  for  pressures  from  50  to  100  lb. 
A  similar  set  of  four  for  pressures  below  50  lb. 

For  each  of  the  twelve  groups,  values  of  the  "  air-coeflS- 
cient "  were  plotted  against  ratio  of  diameters  of  orifice  and 
pipe,  and  an  averaging  curve  drawn.  From  these  average 
curves  values  of  the  coefficient  were  then  taken  and  plotted 
against  values  of  {hPJi  for  each  standard  orifice,  each  orifice 
thus  represented  fixing  a  characteristic  curve  for  its  particu- 
lar ratio  of  diameter  to  diameter  of  pipe. 

These  final  curves  establish  certain  laws,  or  tendencies.  For 
orifices  less  than  40  per  cent  of  pipe  diameter  the  coefficient  is 
essentially  constant.  For  larger  orifices  there  is  a  tendency 
toward  lower  values  for  the  greater  rates  of  flow  or  larger 
values  of  (hPJK  In  general  the  values  tend  to  become  less 
for  the  lower  static  pressures,  this  tendency  being  more  marked 
with  the  orifices  which  are  large  in  proportion  to  the  pipe.  In 
general,  too,  the  coefficients  have  values  slightly  below  the  cor- 
responding value  determined  for  air  in  the  Joplin  tests  which 
form  the  basis  of  the  paper. 

The  work  is  not  yet  finished,  but  laboratory  experiments  are 
under  way  to  determine  the  actual  pressure-volume  relation- 
ship, or  the  variations  from  Boyle's  Law,  for  the  natural  gas 
of  the  Mid-Continental  field.     When  these  are  completed  the 


results  will  be  re-ealculated.  In  a  surprising  degree,  consid- 
ering the  many  variables  between  quantities  and  relationships 
for  air  near  atmospheric  pressure  and  a  gas  far  from  the  ideal 
gas  on  which  the  laws  are  based  and  handled  at  wide  varia- 
tions in  pressure  and  rate  of  flow,  the  values  of  the  coefficients 
as  found  in  the  tests  with  the  gas  agree  with  the  values  found 
for  air.  The  variations  discovered  involve  so  small  a  percentage 
of  en-or,  and  are  themselves  subject  to  correction  in  such  de- 
gree, that  the  air  coefficients  determined  by  the  author  remain 
standard  for  their  purpose  to  date. 

E.  D.  Leland'  (written)  The  author  has  presented  a  valu- 
able record  of  results  obtained  by  a  reliable  method  of  cali- 
brating orifice  discs  in  connection  with  the  flow  of  air  at  low 
pressures,  and  the  painstaking  work  tends  to  increase  our  con- 
fidence in  the  accuracy  of  this  form  of  gas  measuring  device. 

It  would  be  an  interesting  check  upon  these  results  and  af- 
ford valuable  additional  information,  if  a  series  of  tests  were 
made  in  which  the  flow  of  gas  was  reversed,  using  the  same 
discs  and  the  same  holder,  but  a  range  of  pressures  materially 
higher,  of  course,  making  suitable  provision  for  restoring  the 


TABLE  5    COMPARISON  OF  ACCURACY  OF  METERS 


Cu.  Ft.  by  Venturi     Cu.  Ft.  by  Orifice 

Cu.  Ft.  by  Pitot 

Cu.  Ft.  by 
Proportional  Meter 

Six-hour  Test  of  Natural  Gas  at  Average  Pressure  of  130  Lb. 

3,885.000                   3,908,000 

i 

3,846,000 

3,958,000 

Eight-hour  Test  of  Natural  Gas  at  Average  Pressure  of  124  Lb. 

5,448,000 

5,416,000 

5,351,000 

5,393,000 

Volumes  given  are  at  10  oz.  and  62  deg.  fahr. 

loss  of  heat  due  to  expansion.  Higher  pressures  are  mentioned 
because  accurate  measurement  of  the  flow  of  gas  at  compara- 
tively high  pressures  is  an  important  matter  with  large  gas 
companies  and  has  been  receiving  their  careful  attention. 

The  author's  conclusion  that  the  orifice  meter  will  take  its 
place  among  the  most  reliable  of  the  various  methods  of  meas- 
uring natural  gas  in  large  quantities  is  in  harmony  with  re- 
sults obtained  by  F.  W.  ScheU'  from  recent  tests  near  Blacks- 
ville,  W.  Va.  In  August,  1915,  Mr.  Schell  conducted  a  long 
series  of  tests  with  special  reference  to  the  accuracy  of  the 
venturi  meter,  but  including  various  other  measuring  devices, 
and  the  results  which  are  given  in  Table  5,  include  the  per- 
formance of  the  orifice  meter  at  a  pressure  of  about  130  lb. 

In  these  tests  a  12  in.  x  6  in.  orifice  meter,  a  12  in.  Wylie 
proportional  meter,  and  5  in.  and  3  in.  calibrated  pitot  tubes 
were  connected  in  series  with  the  12  in.  x  6  in.  standard  ven- 
turi meter  in  use  at  that  point.  Before  using,  the  propor- 
tional meter  was  tested  by  means  of  a  standard  test  flowmeter 
and  found  to  be  accurate  and  in  good  condition. 

The  close  agreement  of  these  various  devices  was  very  sat- 
isfactory and  indicated  that  the  gas  was  being  measured  with 
a  degree  of  accuracy  well  within  the  requirements  of  the  Penn- 
sylvania State  Public  Utilities  Commission. 


*  Supt.  Comprpssiug  Stations.  Pliiladelphia  Co., 
^Mechaniial   F.iigineor,  Philndi'ipliia  Co. 
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H.  B.  Bernard  (-written).  I  wish  to  ask  the  author  whether 
he  has  any  trouble  due  to  erosion  of  the  orifice  on  account  of 
the  small  edge  employed.  The  more  common  form  of  orifice 
is  of  Ys  in.  stock,  with  a  flat  edge  for  the  entire  thickness  of 
the  plate.  Some  of  this  type  have  been  in  use  since  1911,  and 
to  date  have  shown  no  appreciable  increase  in  diameter. 

No  mention  is  made  in  the  paper  of  what  size  holes  are 
used  in  making  connections.  T.  R.  Weymouth,  Mem.Am.Soc. 
M.E.,  has  found,  by  numerous  investigations  that  a  saddle 
used  over  a  %-in.  drilled  hole  gives  the  best  results. 

I  cannot  agree  with  the  author  if  he  believes  the  distant 
connections  more  efficient  than  the  flange  connections.  With 
the  latter  the  coefficient  of  flow — ratio  of  diameters  curve — 
is  much  flatter  and  minimizes  an  error  in  not  having  the  exact 
internal  diameter  of  the  pipe.  Undoubtedly  eddying  occurs 
at  the  orifice,  but  I  know  of  no  installations,  not  made  near 
a  compressor,  where  the  accuracy  of  measurement  is  impaired. 
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Fig.  3    Velocity    Coefficients    of    Orifice    Meter   Discs 
PROM  Tests  bt  W.  T.  Young 


Of  course,  any  meter  will  invariably  read  high,  if  installed  on 
the  suction  or  discharge  line  close  to  the  compressor,  even 
though  deadeners  be  used  in  the  gage  Hne.  I  doubt  if  the 
connections  employed  by  Mr.  Hickstein  would  eliminate  this. 

In  a  test  by  W.  T.  Young,  at  the  Buffalo  Test  Station  in 
June,  1914,  an  effort  was  made  to  determine  the  recovery  of 
differential  in  an  orifice  meter.  A  Foxboro  type  flat  edge  ori- 
fice was  used.  Flange  connections  and  connections  as  de- 
scribed by  the  author,  giving  a  maximum  differential  and  a 
minimum  differential  respectively,  were  compared.  The  re- 
sults showed  a  recovery  close  to  17  per  cent  for  1.2  in.  differ- 
ential at  the  flange,  under  36.72  lb.  per  sq.  in.  absolute  pres- 
sure on  the  low  side,  and  increasing  at  the  rate  of  0.4  per  cent 
per  10  in.  increase  in  differential  under  constant  pressure.  It 
was  also  shown  that  there  was  a  slight  drop  between  the  inlet 
points,  the  percentage  decreasing  as  the  differential  increased. 

I  have  some  data  from  tests  performed  by  Mr.  Young  at  the 
Buffalo  Test  Station  in  June,  1914,  on  Mr.  Hickstein's  plates,  in 
which  distant  connections  were  used,  and  the  results  vary  con- 
siderably from  those  obtained  by  the  author.  The  tests  were 
conducted  at  practically  constant  pressure,  ranging  from  30 
lb.  gage  on  some  plates  to  50  lb.  on  others,  with  increasing 


differential  from  zero  to  17  in.  of  water  as  maximum  on  the 
largest  plate,  and  from  zero  to  27  in.  on  the  smallest  plate. 
The  efficiency  curve.  Fig.  3,  had  a  value  of  0.62  at  0.20  ratio 
of  diameters ;  the  curve  crossed  the  author's  curve  at  0.63  ratio 
of  diameters,  and  at  0.75  ratio  it  had  a  value  of  1.234.  The 
gas  was  measured  by  pitot  tubes  and  flange  connection  ori- 
fices, which  had  been  caUbrated  previously  against  gas  hold- 
ers by  natural  gas. 

In  the  comparison  of  the  author's  with  the  Charlottenburg 
tests,  I  cannot  understand  why  the  difference  in  pipe  sizes 
should  be  taken  into  account,  inasmuch  as  the  Charlottenburg 
curve  falls  outside  the  author's  curve  for  the  10-in.  line  for 
the  greater  portion  of  its  distance. 

Considerable  work  on  the  subject  of  flow  measurement  by 
the  orifice  method  has  been  done  by  T.  R.  Weymouth  and  by 
the  Foxboro  Company,  and  it  seems  that  in  no  great  length  of 
time  the  orifice  meter  wiU  be  adopted  by  artificial  gas  com- 
panies as  station  meters. 

G.  T.  Voorhees  said  that  some  years  ago  he  had  occasion 
to  make  a  number  of  observations  on  the  flow  of  gases  and 
liquids  through  very  tiny  orifices  and  at  very  high  pressure. 
As  he  remembered,  the  orifices  were  made  in  a  Vg  inch  plate 
and  some  of  them  were  drilled  as  small  as  1/100  of  an  inch. 
The  pipe  used  was  about  a  %  inch  pipe,  so  that  the  relation 
of  the  orifice  to  the  pipe  was  large.  He  found  that  the  coeffi- 
cient of  this  discharge  was  between  60  and  80  per  cent. 

He  asked  whether  the  coefficient  of  discharge  should  decrease 
with  the  size  of  the  orifice. 

J.  T.  Wilkin  said  that  in  the  manufacture  of  rotary  blow- 
ers and  gas  exhausters  there  comes  up  quite  often  the  question 
of  efficiency  tests  necessitating  the  accurate  measurement  of 
the  air  and  gases.  The  paper  shows  that  this  measurement  is 
a  very  delicate  thing  to  make  correctly  owing  to  temperatures, 
water  vapors  and  other  conditions. 

He  recited  an  instance  in  which  results  of  tests  on  a  large 
gas  holder  had  been  influenced  very  much  by  the  sun  shining 
on  the  holder. 

He  hoped  there  would  be  developed  some  standardized 
method  of  making  tests  on  the  efficiency  of  machines  that 
would  be  acceptable.  He  thought  the  paper  was  of  interest 
in  the  development  of  such  a  method. 

Cakl  C.  Thomas  said  that  the  difficulty  of  making  accurate 
holder  tests  is  very  great.  When  the  gas  comes  up  through  the 
water  and  is  collected  in  a  large  vessel  the  changes  in  volume 
due  to  humidity,  and  the  changes  in  humidity  resulting  from 
changes  of  temperature,  necessitate  very  considerable  correc- 
tions. He  had  had  quite  a  good  deal  to  do  with  holder  tests 
and  he  believed  that  the  only  accurate  way  to  conduct  these 
tests  was  to  wait  until  the  gas  inside  the  holder  had  attained 
as  nearly  as  possible  a  constant  temperature.  This  conditon 
does  not  occur  in  the  day  time  except  on  some  very  cloudy 
days,  and  then  the  results  are  not  so  good  as  at  night.  The 
best  results  he  had  seen  were  obtained  between  11  p.  m.  and 
4  a.  m.  He  would  have  some  doubt  about  computing  the  con- 
tents of  the  holder  by  using  some  function  of  the  temperature 
at  the  top  of  the  holder  and  that  at  the  bottom. 

With  regard  to  the  change  of  coefficients  with  different  sized 
orifices,  that  depends  upon  the  amount  of  gas  or  the  velocity 
of  gas  passing  through.  It  is  fairly  well  established  that  the 
coefficient  does  change  as  some  function  of  the  velocity  of  the 
gas  flowing  through  the  orifice,  but  accurate  experimental  data 
are  not  yet  available  showing  over  what  range  orifice  measure- 
ments are  reliable.  The  condition  of  the  orifice  has  a  great 
deal  to  do  with  the  matter.    He  has  been  interested  in  results 
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obtained  on  natural  gas  lines  connected  with  the  City  of  Los 
Angeles,  where  questions  had  arisen  which  were  evidently  de- 
pendent upon  the  maintenance  of  orifices  in  good  condition. 
The  velocity  flow  is  very  high, — sand  is  carried  along  with  gas, 
— and  other  influences,  such  as  corrosion,  deposit,  etc.,  affect 
the  readings. 

The  bevel  of  the  orifice  has  a  very  distinct  efEect  upon  the 
quantity  of  gas  which  will  flow  through  it,  so  that  some  stand- 
ard has  to  be  arrived  at  and  maintained  in  order  to  insure 
continuous  reliability. 

S.  A.  Reeve  said  that  he  had  made  considerable  use  of  a 
holder  for  commercial  tests  of  gas  flow  and  had  found  that  en- 
tirely satisfactory  conditions  could  be  obtained  by  using  a  cov- 
ered holder,  and  by  keeping  a  constant  flow  of  water  circu- 
lating over  the  bell  of  the  holder  from  the  tank.  The  air  was 
not  pumped  in  through  the  water  but  through  a  dry  pipe  so 
that  the  humidity  did  not  vary  considerably,  and  the  temper- 
ature in  the  building,  through  the  action  of  the  water  circula- 
tion, seemed  to  have  been  kept  constant.  The  holder  was 
about  30,000  cu.  ft.  capacity. 

Pkof.  a.  M.  Greene,  Jr.,  asked  whether  with  a  small  dif- 
ferential change  in  pressure  it  is  not  necessary  to  consider  the 
pressure  on  both  sides  of  the  orifice  or  some  function  of  that 
pressure. 

The  Author.  As  Mr.  Bernard  states,  one  type  of  meter 
disc  is  made  of  %  in.  stock,  with  a  flat  edge  for  the  entire 
thickness  of  the  plate.  Another  type,  on  the  other  hand,  is 
about  1%  in.  thick,  with  a  flat-edge  orifice.  What  is  prob- 
ably the  oldest  type  in  use  in  the  natural  gas  industry  is  about 
%  in.  thick,  with  the  orifice  edge  similar  to  those  tested  by  the 
author,  i.e.,  flat  for  a  very  short  distance,  and  then  beveled. 
These  last-mentioned  discs  are  case-hardened  before  being  put 
in  line.  As  was  brought  out  in  the  discussion,  the  fact  is  un- 
fortunate that  no  one  type  of  orifice  has  been  standardized. 

Mr.  Bernard  questions  if  the  size  of  the  orifice  increases 
after  disc  is  put  in  line.  Several  months  ago,  this  question 
was  well  answered  by  a  micrometer  measurement  of  the  diam- 
eter of  an  8-in.  x  5-in.  disc  through  which  possibly  fifteen  bil- 
lion cubic  feet  (twenty  million  a  day  for  about  twenty  months) 
of  natural  gas  at  between  250  and  400  lb.  line  pressure  had 
been  passed.  No  appreciable  increase  in  diameter  was  found, 
and  the  author  feels  that  there  is  little  ground  for  the  ap- 
parently common  misapprehension  that  the  orifice  diameter  in- 
creases when  a  disc  is  put  in  use.  One  disc  has  come  to  the 
author's  attention,  with  a  part  of  the  edge  (possibly  one  quar- 
ter the  size  of  a  finger  nail)  chipped  out.  This  was  a  case- 
hardened  disc;  and  the  presumption  is  that  the  damage  was 
caused  by  a  rock  traveling  with  the  gas  at  high  velocity.  It 
is  important,  however,  to  examine  the  disc  at  a  meter  station 
occasionally,  as  the  effective  area  of  the  orifice  may  be  altered 
by  some  object  lodging  in  front  of  it. 

The  connections  used  were  ordinary  %-in.  nipples  screwed 
into  the  pipe,  care  being  taken  that  the  nipple  did  not  extend 
further  than  the  inside  of  the  pipe.  This  method  of  connect- 
ing is  very  simple,  and  proved  as  satisfactory  as  more  compli- 
cated methods.  A  possible  explanation  of  Mr.  Bernard's  criti- 
cism of  the  fact  that  the  Charlottenburg  curve  falls  outside 
(below)  the  10-in.  Joplin  curve  may  be  found  in  the  error  he 
mentions  involved  in  not  using  the  exact  size  of  pipe  when 
d/D  was  calculated. 

A  long  discussion  of  the  distant  connections  versus  flange 
connections  question  is  hardly  in  place  here.  The  advantage 
of  having  a  flat  curve  "  to  minimize  an  error  in  not  having 


the  exact  internal  diameter  of  the  pipe  "  does  not  enter,  unless 
coefficients  found  for  one  size  of  pipe-line  are  arbitrarily  used 
on  some  other  size  of  Line. 

As  Professor  Walker  mentioned,  corroborative  tests  were 
made  before  the  Joplin  constants,  found  for  air  at  atmospheric 
pressure  and  with  low  differentials,  were  used  for  high  pres- 
sure gas  at  varying  differentials.  Very  probably  more  will  be 
said  about  these  tests  in  a  paper  to  be  presented  by  T.  P. 
Fisher  at  the  coming  New  Orleans  meeting  of  the  Society.  The 
results  of  Professor  Walker's  study  of  these  tests  are  most  in- 
teresting. His  handling  of  the  large  number  of  variables  that 
entered  into  the  tests  was  a  revelation  to  the  engineers  asso- 
ciated with  him  in  the  work. 

Mr.  Schell's  success,  as  reported  by  Mr.  Leland,  in  getting 
four  types  of  meters  to  run  so  closely  together,  is  unusual.  It 
is  an  indication  of  the  improved  methods  and  ideals  now  com- 
ing in  vogue  in  gas  measurement.  The  statement  that  it  is 
impossible  to  get  two  gas  meters  in  series  to  read  alike  is  still 
frequently  heard,  but  there  are  some  engineers  nowadays  who 
know  better. 

The  author  was  interested  in  Professor  Thomas'  comment  on 
his  experiences  with  holder  tests.  In  the  Joplin  tests,  it  is 
worthy  of  note  here,  the  air  did  not  pass  through  the  water, 
either  in  entering  or  in  leaving  the  holder,  as  several  of  the 
contributors  to  the  discussion  appear  to  have  in  mind.  The 
fact  that  Professor  Thomas  also  found  it  advisable  to  conduct 
the  tests  at  night  is  significant.  The  author,  when  he  de- 
scribed his  method  of  arriving  at  an  approximate  temperature 
of  the  air  inside  the  holder,  did  not  mean  to  establish  a  hard 
and  fast  rule  that  this  temperature  for  any  holder  could  be 
found  as  a  function  of  two  thermometer  readings.  All  he 
wanted  to  show  was  that  for  the  particular  holder  in  question, 
and  especially  during  the  hours  at  which  tests  were  made,  such 
a  function  of  two  other  temperatures  would  give  the  value  re- 
quired. 

The  question  of  the  variation  of  a  disc's  coefficient  with 
varying  pressures  and  differentials  is  mentioned  by  Professor 
Thomas.  Professor  Walker's  contribution  mentions  some  tests 
made  to  study  these  changes.  Apparently,  for  constant  pres- 
sure, a  variation  of  the  differential  between  commercial  limits 
(say  5  to  100  in.  of  water)  has  no  appreciable  effect.  The 
effect  of  varying  the  pressure  between  the  limits  found  in  pipe- 
lines has  a  slight  effect  (not  more  than  one  per  cent,  between 
0  and  250  lb.).  Sometimes  this  is  taken  care  of  by  the  use  of 
a  "  sliding  "  coefficient  for  the  orifice  disc. 

Professor  Greene  asks  if  it  is  not  necessary  to  consider  the 
pressure  on  both  sides  of  the  orifice,  or  some  function  of  that 
pressure.  This  question  is  often  asked  by  engineers  who  ex- 
]iect  to  see,  as  a  factor  in  the  equation,  a  square  root  of  the 
difference  of  two  squares  of  pressures.  However,  for  all  pur- 
poses, where  the  differential  reading  is  not  greatly  in  excess 
of  the  values  found  in  practice,  the  y/hP^  is  practically  equal 

to  Constant  times  VP'  —  P^,  where  h  =  differential  drop  in 
pressure,  P,  =  inlet  pressure  (absolute)  and  P^  =  outlet  pres- 
sure (absolute),  and  the  equation  involving  the  factor,  VhP^. 
is  in  a  more  convenient  form. 

In  some  orifice  meter  installations,  the  "  static "  pressure 
reading  is  taken  on  the  outlet  side  of  the  meter.  This  seems 
more  or  less  a  matter  of  preference,  with  the  restriction,  of 
course,  that  the  same  method  of  connecting  must  be  used  as 
when  the  disc  was  originally  calibrated. 

Mr.  Voorhees'  inquiry  is  as  to  whether  the  coefficient  of 
discharge  should  decrease  with  the  diameter  of  orifice.  Such 
is  the  case,  not  only  with  the  discs  of  the  type  tested  at  Joplin,, 
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but  with  orifice  meter  discs  of  every  type  with  which  the  au- 
thor is  familiar.  This  is  not  true,  however,  of  an  orifice  at  the 
end  of  a  pipe-line,  or  inserted  at  the  end  of  a  drum,  and  dis- 
charging into  the  atmosphere.  With  this  type  of  orifice,  an  in- 
crease of  the  orifice  diameter  causes  a  decrease  in  the  coeffi- 
cient. 

The  discussion  clearly  indicates  the  increased  interest  in  the 
subject  of  gas  measurement  by  orifices.  That  the  number  of 
commercial  orifice  meter  installations  now  in  use  for  measur- 
ing natural  gas  is  far  in  excess  of  one  thousand  is  believed  to 
be  a  conservative  estimate.  Since  the  paper  was  written  just 
about  a  year  ago,  at  least  one  additional  type  of  orifice  meter 
has  been  jslaced  on  the  market,  and  there  is  good  reason  to 
expect  that  several  more  are  to  follow. 

Probably  the  most  important  mechanical  development  of 
the  past  year  has  been  the  perfecting  of  a  recording  gage 
especially  suited  to  orifice  meter  use.  This  is  a  compound 
pressure  and  differential-pressure  gage,  i.e.,  two  records  are 
made  on  the  same  chart  by  two  pens  using  different  colored 
inks,  and  marking  over  the  same  scale.  This  means  that  just 
half  as  many  charts  have  to  be  handled  each  day,  and  also 
makes  possible  simplified  pipe  connections.  A  "  safety "  or 
blow-over  device  as  an  integral  part  of  the  gage — one  that 
really  prevents  damage  to  the  gage  on  excessive  differential 
readings — is  a  most  welcome  innovation.  This  gage  is  of  the 
mercury  float  type — the  principle  towards  which  the  author 
has  always  been  partial.  Altogether,  the  installation  of  some 
sixty  or  seventy  of  these  gages  has  gone  a  long  way  towards 
solving  his  gage  troubles  of  the  last  three  years. 


A  paper  by  F.  G.  Keyes  in  the  Journal  of  the  A.  S.  E.  E., 
January,  1916,  gives  equations  for  ammonia  based  on  new  ex- 
perimental material.  The  constants  of  the  equation  of  state 
were  determined  from  data  in  the  region  of  high  temperatures, 
and  then  by  means  of  the  equation,  comparisons  were  made  by 
calculating  the  volumes  of  the  measured  pressures  and  tem- 
peratures for  the  data  at  large  concentrations. 


There  is  some  discrepancy  between  various  published  coeffi- 
cients for  orifices.  Probably  the  sharpness  of  the  edge  has 
considerable  influence.  Since,  apart  from  this,  the  coefficient 
for  an  orifice  varies  with  the  pressure,  the  best  plan  for  the 
measurement  of  air-flow  by  means  of  this  type  is  evidently  to 
employ  a  short  convergent  nozzle  with  a  rounded  entrance, 
and  to  adopt  a  coefficient  of  0.98.  Capt.  T.  B.  Morley,  Proc. 
Inst.  Mech.  E.  (meeting,  January  21, 1916.) 


"  Ignition  by  compression,"  so  generally  and  superficially  ac- 
cepted as  the  fundamental  principle  underlying  Dr.  Diesel's 
invention,  was,  as  a  matter  of  fact,  merely  a  natural  corollary, 
and  was  not  even  claimed  by  him  as  his  original  conception, 
although  typical  of  the  engines  that  bear  his  name  and  suc- 
cessfully employed  in  them  alone.  Dr.  Diesel's  great  aim  was 
a  closer  realization  of  the  theoretical  efficiency  of  the  Carnot 
cycle  than  attainable  by  steam  engines  or  internal  combustion 
engines  of  the  ordinary  types.  And  although  his  aspirations 
were  crowned  with  only  partial  success,  it  is  scarcely  to  be 
doubted  that  they  created  a  heat  engine  that  has  the  highest 
efficiency  that  will  ever  be  attained  with  fuel.  Max  Rotter, 
Mem.  Am.  Soc.  M.  E.,  International  Engineering  Congress, 
1915. 


ELASTICITY  AND  STRENGTH  OF  STONE- 
WARE AND  PORCELAIN 

BY  JAMES  E.  BOYD,  COLUMBUS,  O. 

Member  of  the  Society 

THIS  investigation  was  undertaken  at  the  suggestion  of 
Ralph  D.  Mershon,'  Mem.Ajn.Soc.M.E.,  who  expressed 
the  behef  that  exact  knowledge  of  the  form  of  the  stress-strain 
diagrams  of  clay  products  in  tension  and  compression  would 
make  possible  the  design  of  insulators  of  greater  mechanical 
strength  and  more  definite  factor  of  safety. 

TEST  PIECES 

The  test  pieces  were  obtained  from  the  General  Electric  Co. 
and  the  Keasbey  Stoneware  Works.  Pieces  used  in  some  of 
the  later  tests  were  made  at  the  Ohio  State  University. 

Fig.  1  shows  the  shape  and  size  of  the  test  pieces  furnished 
by  the  General  Electric  Co.  and  the  Keasbey  Stoneware  Works. 
The  porcelain  pieces  from  the  former  were  all  of  one  composi- 
tion, while  the  stoneware  pieces  from  the  latter  were  of  five 


Fig.  1    EouKD  Test  Piece 


Fig.  2    Rectangular  Test  Piece 

different  types,  designated  by  the  manufacturer  as  W.  M.,  132. 
2x4,  53,  and  3  respectively. 

Fig.  2  shows  the  form  of  the  pieces  made  at  the  Univer- 
sity by  forcing  the  clay  through  a  rectangular  die,  and  then 
carefully  cutting  to  the  desired  form  in  the  hope  of  eliminat- 
ing internal  stresses. 

All  measurements  of  deformation  were  made  by  means  of  a 
lever  extensometer,  with  arms  approximately  0.25  in.  and  12.5 
in.  in  length  respectively.  Each  instrument  is  calibrated  by 
using  it  to  measure  the  pitch  of  a  micrometer  screw,  and  the 
longer  arm  is  adjusted  to  make  the  magnification  50. 

The  micrometers  are  supported  by  a  pair  of  wooden  bars 
clamped  to  the  test  piece  about  2  in.  above  the  clamp  support- 
ing the  levers. 

To  avoid  error  when  the  load  is  eccentric,  care  was  taken  to 
have  the  two  levers  at  equal  distances  from  the  test  piece,  and 
also  to  have  the  knife  edges  and  the  axis  of  the  test  piece  in 
the  same  vertical  plane. 

Contact  between  clamps  supporting  extensometer  levers  and 
test  pieces  was  made  through  soft  solder. 

1  Member  of  Research  Committee  and  Chairman  of  .Sub-Commit- 
tee on  Materials  of  Electrical  Engineering. 

Presented  at  the  Annual  Meeting  of  The  American  Society  of 
Mechanical  Engineers,  New  York,  December  1915.  Pamphlet  copies 
without  discussion  may  be  obtained  ;  price  10  cents  to  members ;  211 
cents  to  non-members. 
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GRIPS  FOR  TENSION  TESTS 


The  first  grip  tried  consisted  of  a  2-in.  pipe  coupliug  with  a 
reducer  bushing  at  the  end.  The  bushing  was  cut  in  halves  so 
that  it  could  be  fitted  around  the  test  piece  below  the  head  and 
then  screwed  into  place.  One  of  these  grips  is  shown  in  Fig. 
5  at  the  lower  end  of  the  vertical  rod  at  the  left.  Soft  ma- 
terial, usually  leather,  was  placed  between  the  bushing  and  the 
head  of  the  test  piece.  A  rod  with  a  spherical  head  was  passed 
through  a  second  bushing  (not  shown)  at  the  other  end  of  the 
coupling,  giving  the  effect  of  a  ball  and  socket  joint. 

Upon  using  this  grip  in  tension  tests,  the  extensometer  read- 
ings revealed  considerable  eccentricity  of  loading  due  to  lack 
of  perfect  symmetry  in  the  heads  of  the  test  pieces  and  want 
of  uniformity  in  the  soft  material  against  which  the  heads 
pressed.  This  eccentricity  might  have  been  eliminated  by  sup- 
porting each  grip  on  pairs  of  adjustable  knife  edges  at  right 
angles,  but  on  account  of  the  inconvenience  and  expense  this 
arrangement  was  not  adopted. 

Fig.  3  shows  another  form  of  grip  used  for  most  of  the  ten- 
sion tests  of  the  cylindrical  pieces.  This  consists  of  two  steel 
plates  held  together  by  three  bolts.  A  conical  depression  in 
each  plate  holds  some  soft  material — lead,  leather,  or  rubber— 
which,  in  turn,  grips  the  head  of  the  test  piece.  The  upper 
bolt  passes  through  the  puUing  rod  B,  forming  a  hinge  con- 
nection. The  rod  B  may  be  moved  along  the  bolt  to  adjust 
slightly  and  a  further  adjustment  may  be  made  by  loosening 
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Fig.  3    Grip  Used  in  Tension  Tests  op  Round  Rods 

the  bolts  and  changing  the  alignment  of  the  test  piece  and 
grip.  With  this  arrangement  it  is  practicable  to  so  reduce 
the  eccentricity  that  the  elongations  as  shown  by  the  two 
micrometers  become  nearly  equal.  There  still  remains,  of 
course,  the  possibility  of  eccentricity  at  right  angles  to  the 
plane  of  the  instruments,  which  may  only  be  determined  by 
means  of  a  third  lever. 

With  this  grip  it  was  found  that  practically  all  the  pieces 
still  broke  at  the  head.  (Four  of  these  shown  in  Fig.  5  illus- 
trate the  characteristic  failure.)  As  it  was  thought  that  this 
failure  might  be  caused  by  too  abrupt  change  of  section,  the 
form  of  test  piece  shown  in  Fig.  2  was  developed.  The  clamp 
for  this  piece  is  shown  in  Figs.  4  and  5.  Sheet  lead  was  first 
tried  as  the  soft  material  to  distribute  the  stress.  With  a  bear- 
ing area  of  about  4  sq.  in.  the  lead  failed,  principally  by  shear, 
when  the  pull  was  2900  lb.  Leather  failed  at  2400  lb.  It  is 
evident  that  the  slope  of  the  head  of  this  form  of  test  piece 
is  too  small  for  these  materials,  unless  the  ratio  of  the  bearing 


area  to  the  cross  section  of  the  stem  is  considerably  increased. 
Copper  and  aluminum  were  found  too  hard,  causing  the  por- 
celain to  chip  locally. 

These  test  2:)ieces  all  failed  at  the  head,  but  at  some  distance 
above  the  stem.  Fig.  5  shows  the  head  and  part  of  the  stem 
of  one  piece  with  a  characteristic  failure.  Sometimes  the  frac- 
ture was  a  little  below  the  lower  edge  of  the  bearing  area, 
sometimes  a  little  above. 

Two  explanations  are  suggested  for  this  method  of  failure. 
One  is  that  the  stress  is  concentrated  in  the  outer  fibers  of  the 
head  and  is  really  of  greater  intensity  here  than  in  the  smaller 
section  of  the  stem,  where  it  has  become  uniformly  distributed. 
As  stress  is  transmitted  from  the  outer  fibers  inward  in  the 
form  of  shear,  the  shearing  strength  and  modulus  become  fac- 
tors. The  other  expl^ination  is  that  the  tensile  stress  developed 
as  a  result  of  the  transverse  compressive  stress  makes  the  total 
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Fig.  4    Grip  Used  in  Tension  Tests  of  Rectangular  Rods 


stress  at  the  section  of  failure  much  greater  than  at  the  stem. 
Assuming  that  the  unit  compressive  stress  is  10,000  lb.  per 
sq.  in.  and  that  Poisson's  ratio  is  %,  the  compression  alone 
develops  a  tensile  stress  of  2500  lb.  When  this  is  added  to  a 
direct  tensile  stress  of  perhaps  2000  lb.  per  sq.  in.,  we  get  a 
stress  in  the  head  of  4500  lb.  per  sq.  in.,  which  easily  accounts 
for  the  failure.  It  is  probable  that  both  of  the  above  factors 
are  present  and  that,  combined  with  more  or  less  eccentricity 
of  loading,  they  each  contribute  to  the  failure. 

TABLE  1     TENSION  TEST  OF  STONEWARE  S3  I 


Area,  0.77  sq.  in. 

Feb.  7,  1913. 

Gaged  length,  12.57 

ID. 

Load,  in  Lb. 

Micrometer  Readino 

Elonqation  in  0.00001  In. 

Total 

Per  Sq.  In. 

Left 

Right 

Sum 

From 
10  1b. 

From 
No  Load 

Unit 

8 

10 

503 

384 

887 

0 

2 

154 

200 

526 

404 

930 

43 

45 

3.57 

308 

400 

558 

415 

973 

86 

88 

7.00 

462 

600 

567 

448 

1015 

128 

130 

10.34 

616 

800 

588 

467 

1055 

168 

170 

13.52 

770 

1000 

609 

489 

1098 

211 

213 

16.96 

924 

1200 

635 

501 

1136 

249 

251 

19.97 

1001 

1300 

648 

509 

1157 

270 

272 

21.64 

1078 

1400 

665 

521 

1186 

299 

301 

23.95 

1155* 

1500 

*  Broke  before  reading  could  be  taken. 


224 


ELASTICITY  AND  STRENGTH  OF  STONEWARE  AND  PORCELAIN,  J.  E.  BOYD 


The  JotTRNAL 
Am.Soc.M.E. 


RESULTS  OP  TENSION  TESTS 

Table  1  gives  the  results  of  one  tension  test.  In  this  test 
several  sets  of  readings  were  made  with  loads  up  to  800  lb. 
per  sq.  in.,  in  order  to  adjust  the  grips  to  reduce  eccentricity. 
In  these  preliminary  runs  several  readings  were  taken  at  each 
load.  As  these  showed  little  variation,  a  single  reading  only 
was  taken  at  each  load  for  the  last  set  which  is  given  in  the 
table. 

The  third  column  of  micrometer  readings  is  the  sum  of  the 
readings  of  the  two  instruments.  The  micrometers  read  in 
0.001  in.,  and  the  lever  magnification  is  50,  so  that  differences 


Fig.  5     Test  Pieces,  Showing  Grips  and  Typical  Fractures 

between  successive  readings  of  either  micrometer  represent 
0.00002  in.,  and  differences  between  figures  in  the  column  of 
sums  are  in  0.00001  in. 

The  results  of  this  test  are  shown  graphically  by  the  lower 

TABLE  2    tension  TESTS  OF  PORCELAIN 


Lb. 

Unit  Elonoation  In  0.00001  In. 

Modulus 

of 

Sq.  In. 

Elasticity 

I 

II 

III 

IV 

Average 

200 

2.06 

1.83 

1.90 

1,96 

1.94 

10,310.000 

400 

3.96 

3.74 

3.96 

4.16 

3.95 

10,130,000 

600 

6.10 

5.48 

5.86 

6  19 

5.91 

10,150,000 

800 

8.24 

7.24 

7.69 

8.47 

7.91 

10,110,000 

1000 

9.90 

9.07 

9.91 

10.35 

9.81 

10,190,000 

1200 

11.97 

10.75 

11.81 

12.23 

11.69 

10,260,000 

1400 

14.34 

12.89 

13,79 

14.43 

13.86 

10,100,000 

1600 

15.93 

14.57 

16.24 

16.39 

15.78 

10,140,000 

1800 

18.07 

16.72 

17.75 

18.74 

17.82 

10,100,000 

2000 

19.97 

18,39 

19.89 

20.71 

19.74 

10,130,000 

2100 

20.76 

Broke 

2200 

21.39 

21.31 

Broke 

2300 

22.58 

* 

2400 

23,53 

23.30 

2500 

24.64 

24.72 

2600 

26.16 

25.44 

2700 

27.10 

26.70 

2800 

27.97 

27.89 

2900 

28.76 

28,68 

2950 

Broke 

3000 

Broke 

curve  of  Fig.  6.  The  diagram  is  practically  straight  up  to 
1300  lb.  per  sq.  in.  The  broken  line  from  1400  to  1500  lb. 
per  sq.  in.  is  intended  to  show  that  it  carried  the  load  repre- 
sented by  the  ordinate  but  that  no  deformation  reading  was 
secured  above  1400  lb.  per  sq.  in.  The  modulus  of  elasticity,, 
calculated  from  the  single  reading  at  1000  lb.  per  sq.  in.,  is 
1000 


E  = 


=  5,900,000 


0.000170 

Besides  stoneware  53  I,  Fig.  6  represents  three  other  ten- 
sion tests,  porcelain  I,  stoneware  132  III  and  stoneware  2x4  I. 
In  each  case  the  particular  tension  test  represented  is  the  ona 
showing  the  highest  ultimate  strength,  as  may  be  seen  from 
Table  2. 

It  will  be  noticed  that  each  of  these  diagrams,  except  stone- 
ware 53  I,  is  practically  a  straight  line  giving  no  definite  indi- 
cation of  a  true  elastic  limit.  The  double  curve  in  the  por- 
celain diagram  is  probably  due  to  temperature  changes,  as- 
there  was  considerable  draft  on  the  apparatus  at  times  during- 
this  run. 
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TABLE  3     COMPRE.SSION  TESTS  OF  PORCELAIN  I  AND 
STONEWARE  W.M.II 


*  Broke  at  extensometer  clamp  at  point  where  solder  was  crushed  so  that  brass 
was  in  contact  with  porcelain. 


Lb. 

Unit  Compression  In  0.00001  In. 

MODOT-CS  OI 

Elasticitt 

per 

Sq.  In. 

Porcelain 

Stoneware 

Porcelain 

Stoneware 

1000 

9.4 

11.2 

10,640,000 

8,930,000 

11000 

104.8 

129.8 

10,500,000 

8,470,000 

12000 

116.0 

144  7 

10,340,000 

8,220,000 

13000 

125.7 

158.2 

10,340,000 

8,220,000 

14000 

135.3 

174,0 

10,350,000 

8,050,000 

15000 

145.6 

189.1 

10,300,000 

7.930.000 

15500 



196.5 

16000 

155.4 

Levers       \ 

17000 

166.4 

removed      / 

18000 

177.3 

FaUed  at  21500 

19000 

Failed 

lb.  per  sq.  in. 
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Table  2  gives  the  results  of  tension  tests  of  four  rods  of 
General  Electric  porcelain. 

COMPRESSION   TESTS 

For  compression  tests  rods  were  cut  off  to  a  length  of  16 
in.,  and  12  in.  was  used  as  the  gage  length.  Sheet  lead  was 
placed  between  the  ends  of  the  test  piece  and  the  plates  of  the 
testing  machine.  A  preliminary  test  was  made  on  a  rod  of 
stoneware  3.  This  rod,  8  in.  in  length,  failed  suddenly  with  a 
sharp  noise  under  a  load  of  15,000  lb.  per  sq.  in. 
It  flew  into  many  small  fragments  with  the  prin- 
cipal planes  of  fracture  parallel  to  its  length. 

Measurement  of  elongation  was  made  on  two 
pieces,  both  of  which  failed  by  splitting  length- 
wise. Both  rods  are  shown  in  Fig.  5.  The  porce- 
lain rod,  in  a  horizontal  position  in  the  front  of 
the  picture,  has  a  single  piece  split  off  for  almost 
its  entire  length.  The  split-off  jsiece  extends  from 
the  top  of  the  rod  to  the  position  of  the  lower 
«xtensometer  clamp.  The  other  rod  of  stoneware  W.M.  shown 
standing  at  the  right  of  Fig.  5  failed  at  the  ends.     Table  3 


pair  of  cone  pivots.  Brass  clamps  gripping  the  test  bar  are 
connected  to  the  stirrups  through  cone  pivots.  This  arrange- 
ment keeps  the  wooden  beam  parallel  to  the  line  joining  the 
upper  pivots  and  at  a  constant  distance  therefrom.  At  a  point 
midway  between  the  supports  a  third  clamp  is  attached  to  the 
test  bar  and  connected  to  the  extensometer  lever  by  a  short 
steel  rod.  As  the  middle  of  the  test  bar  rises  when  the  load 
is  applied,  the  test  may  be  carried  to  failure  of  the  piece  with- 
out danger  to  the  apparatus.     The  movement  of  the  longer 
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Steess-Strain  Diagrams,  Porcelain  and  Stoneware 


:gives  part  of  the  results  of  the  compression  tests  of  these  two 
pieces.  Fig.  7  gives  the  diagram  for  Table  3.  The  porcelain 
curve  varies  little  from  a  straight  line ;  there  is  a  slight  change 
of  slope  at  7000  lb.  per  sq.  in.  which  may  indicate  a  true  elas- 
tic limit.  The  stoneware  curve  bends  slightly  at  3000  lb.  and 
shows  considerable  change  of  slope  at  11,000  lb.  per  sq.  in. 

bending  tests 

Fig.  8  shows  the  arrangement  of  the  apparatus  for  bending 
tests.  The  test  bar  is  supported  at  two  points  B  and  B'  and 
loaded  equally  at  two  symmetrical  i^oints  A  and  A' .  The  ex- 
tensometer lever  is  carried  on  a  wooden  beam,  so  mounted 
that  it  practically  connects  two  points  on  the  neutral  surface 
of  the  test  bar  at  equal  distances  c  outside  the  load  points  A 
and  A' .  The  connection  between  test  bar  and  beam  is  made 
through  two  steel  stirrups,  of  which  the  right  one,  D,  is  rigidly 
fastened  to  the  beam  and  the  left  one,  E,  is  joined  through  a 


Fig.  8    Apparatus  Arranged  for  Bending  Tests 

arm  of  the  lever  is  measured  by  a  micrometer  attached  to  the 
wooden  beam. 

With  this  apparatus,  the  error  due  to  temperature  change  is 
very  small,  and  the  curves  obtained  are  more  satisfactory  than 
those  of  the  tension  tests. 

In  most  of  the  tests  the  distance  I  between  the  loads  was 
12.6  in.,  and  the  distance  a  from  AioB  and  from  A'  to  B'  was 
4.2  in.,  so  that  the  deflection  of  the  middle  of  the  bar  above  the 
line  joining  .4  and  A'  is  the  same  as  that  of  a  beam  supported 
at  the  ends  and  loaded  at  the  third  points.    This  deflection  is 

23  P  Z' 

where  P  is  the  total  load,  and  7  the  moment  of  inertia 

1296  E  I 

of  the  cross-section.  The  additional  deflection  at  a  distance  c 
from  A  is  the  product  of  the  length  c  multiplied  by  the  slope 
of  the  tangent  to  the  bar  at  A. 

Table  4  gives  the  results  of  one  test  of  a  stonewood  rod.  The 
stress  in  the  outer  fibers  has  been  calculated  in  the  usual  way. 
In  order  to  draw  curves  which  may  be  compared  with  the  ten- 
sion and  compression  diagrams,  the  unit  deformation  in  the 
outer  fibers  for  that  portion  of  the  bar  between  the  supports 
is  given  in  the  fourth  column. 

Fig.  9  gives  the  diagram  for  Table  4,  together  with  those  of 
two  other  kinds  of  stoneware  and  one  of  porcelain — the  same 
materials  which  are  shown  in  tension  in  Fig.  6.  It  wUl  be 
noted  that  the  diagram  of  porcelain  is  straight  while  those  of 
stoneware  132  and  53  bend  a  little.  The  diagram  of  stone- 
ware 2x4  seems  to  be  straight  when  drawn  to  this  scale,  but 

TABLE  4    BENDING  TEST  OF  STONEWARE  2%4  I 

Diameter,  0.945  in.  to  0.955  in.  Dec.  5,  1913. 

Average  diameter,  0.949  in. 

(  =  12.6  in.;  a=4.2in.;  (;=1.2ill. 


Load  in 

Deflection 

Unit  Stress 

Unit  Deformation 

Modulus 

Lb.. 

in  In., 

in  Outer 

in  Outer  Fibers 

of 

P 

V 

Fibers 

0.00001  In. 

Elasticity 

12 

0.00208 

300 

4.5 

6.670,000 

22 

0.00382 

551 

8.3 

6,660,000 

32 

0.00558 

801 

12.1 

6,650.000 

42 

0.00728 

1051 

15.7 

6,680,000 

52 

0.00904 

1302 

19.5 

6.660,000 

62 

0.01080 

1552 

23.4 

6,640,000 

72 

0.01256 

1802 

27.2 

6,630,000 

82 

0.01442 

2052 

31.2 

6,580,000 

92 

0.01618 

2303 

35.0 

6,580,000 

102 

0.01806 

2553 

39.0 

6,640,000 
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the  figures  of  Table  4  show  that  there  is  a  slight  curvature. 
Since  only  the  outer  fibers  in  the  middle  third  of  the  test  bar 
reach  the  calculated  stress,  it  is  evident  that  the  diagram  from 
the  bending  test  should  be  nearer  a  straight  line  than  the  cor- 
responding tension  curve. 

COMPARISON  OF  TESTS 

Fig.  10  gives  compression,  bending,  and  tension  diagrams 
for  G.  E.  porcelain.  It  will  be  seen  that  the  compression  curve 
for  porcelain  I  has  the  same  slope  as  the  bending  cuiTe  of 
porcelain  II,  while  the  tension  curve  for  II  has  a  little  higher 
and  the  tension  curve  for  I  a  Uttle  lower  slope.  Considering 
the  variation  in  the  tension  tests  as  shown  bj'  Table  2,  together 
with  the  fact  that  the  curve  for  bending  depends  upon  tension 
and  compression  jointly,  it  is  probable  that  the  modulus  of 
elasticity  in  tension  differs  little,  if  any,  from  the  modulus  in 
compression. 
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Fig.  9     Stress-Strain  Diagrams,  Bending  Tests 


If  the  bending  curve  for  this  porcelain  be,  as  it  seems,  a 
straight  line  with  the  same  slope  as  the  compression  curve,  it 
follows  that  the  ultimate  tensile  stress  is  the  same  as  the  modu- 
lus of  rupture,  or  7800  lb.  per  sq.  in.  If  the  bending  curve 
deviates  a  little  from  a  straight  line,  but  not  enough  to  show 
without  greater  refinement  of  measurement,  there  may  be  con- 
siderable deviation  in  the  upper  portion  of  the  tension  curve 
so  that  the  real  stress  at  rupture  may  be  somewhat  below  7800 
lb.  per  sq.  in.  In  any  case,  it  is  evident  that  the  tension  tests 
did  not  develop  the  full  tensile  strength. 

Table  5  gives  a  summary  of  all  the  tests  in  which  a  complete 
series  of  readings  were  taken.  The  third  column  of  this  table 
gives  the  unit  deformation  at  the  unit  stress  of  1000  lb.  per 
sq.  in.  Where  no  reading  was  taken  at  this  load,  the  deforma- 
tion has  been  computed  by  interpolation  from  the  two  nearest 
readings.  The  fourth  column  gives  the  modulus  of  elasticity 
calculated  from  the  stress  of  1000  lb.  and  the  deformation  of 
the  third  column.  The  fifth  and  sixth  columns  give  the  last 
unit  deformation  read  and  the  corresponding  unit  stress.    The 


modulus  of  elasticity  calculated  from  these  figures,  or  from  the 
difference  between  them  and  the  corresponding  deformation 
and  stresses  at  1000  lb.,  wiU  show  whether  the  curve  of  the 
material  deviates  from  a  straight  line. 

conclusions 

From  the  results  of  these  tests,  the  following  conclusions 
may  be  drawn  : 
a  The   modulus   of   elasticity   of   stoneware   and    porcelain   is 

practically   the.  same   in   tension   and   compression.     Its 

value  may  be  obtained  conveniently  by  a  bending  test. 
h  The  modulus  of  elasticity  of  porcelain  is  about  10,000,000. 

The    modulus    of    stoneware    ranges    from    6,000,000    to 

9,000,000,  depending  on  the  material. 

TABLE  5     summary  OF  TESTS  OF  STONEWARE  AND  PORCELAIN 


Test  Bar 


Kiod 

of 
Load 


Porcelain 

G.  E.  I   !  tens. 

G.  E.  II   i  tens. 

G.  E.  Ill  tens. 

G.  E.  IV  tens. 


G.  E. 
G.  E. 
G.  E. 


I 

II 
III 


Ohio  S.  U  III 
OUo  S.  U.  IV 
Ohio  S.  U.  IX 

Stoneware 
53  I 

53  II 

53  I 

53  II 


2s4 
2x4 
2x4 
2i4 

W.  M. 
W.  M. 
W.  M. 
W.  M. 
W.  M. 

3 
3 
3 
3 

132 
132 
132 
132 


I 

II 

III 

I 

I 

II 

III 

I 

II 

I 

II 
III 
II 

1 
II 
III 
II 


comp. 
bend. 


Unit  De- 
fonnation 
at  1000  Lb. 
per  Sq.  In. 


Modulus 

of 
Elasticity 


0.000099  110,100,000 

91  jll,000,000 
99    10,100,000 

103      9,700,000 

0.000094    10,600,000 

92  10,800,000 
10,300,000 


8,600,000 
8,300,000 
9,200,000 


bend, 
tens. 

97 
0.000116 

tens. 

121 

tens. 

108 

tens. 

0.000170 

tens. 

166 

bend. 

160 

bend. 

158 

tens. 

0.000157 

tens. 

158 

tens. 

155 

bend. 

150 

tens. 

0.000118 

tens. 

105 

tens. 

109 

bend. 

112 

comp. 

112 

tens. 

0.000173 

tens. 

177 

tens. 

161 

bend. 

169 

tens. 

0.000113 

tens. 

127 

tens. 

116 

bend. 

112 

5,900,000 
6,000,000 
6.250,000 
6,300,000 


Last  Unit 
Deforma- 
tion Head 


fAt  Last 
Reading 


0.000288 
184 
287 
207 

0.001773 
736 
646 

0.000330 
271 
329 


0.000240 
231 
441 
376 


6,400.000  0.000184 

6,300,000  178 

6,450,000  155 

6,700,000  390 


8,500.000 
9,500,000 
9,200,000 
8,900,000 
8,900,000 


0.000269 

201 

191 

395 

1965 


Unit  Stress 


5,800,000 

0.000244 

5,650,000 

177 

6,200,000 

250 

5,900.000 

384 

8,900,000 

0.000181 

7,900,000 

152 

8,600,000 

219 

8,900,000 

328 

2900 
2000 
2900 
2000 

18000 

7822 
6448 

2600 
2200 
2800 


1400 
1400 
2666 
2291 

1200 
1100 
1000 
2553 

2150 
1800 
1800 
3444 
15500 

1400 
1000 
1500 
2231 

1600 
1200 
1900 

2848 


At 
Failure 


2950 
2100 
3000 
2200 

19000 
7822 
6448 

2700 
2400 
2900 


1500 
1500 
2666 

2291  + 

1200-1- 
1200 
1100 
2553 

2200 
1900 
1900 
3444 
21500 

1400 -(- 
1100 
1600 
2231 

1650 
1250 
1900 
2848 


f  The  compressive  strength  of  porcelain  and  high  grade  stone- 
ware in  a  column  16  in.  long  and  1  in.  in  diameter  is  about 
20,000  lb.  per  sq.  in.  The  stress-strain  diagram  is  prac- 
tically straight  up  to  7000  lb.  per  sq.  in. 

d  The  tensile  strength  of  porcelain  is  above  3000  lb.  per  sq.  in. 
The  diagram  is  a  straight  line  up  to  this  stress.  The  tensile 
strength  of  stoneware  ranges  from  above  1100  to  above 
2200  lb.  per  sq.  in.  The  stoneware  of  the  greater  modulus 
has  the  greater  strength. 
These  tests  failed  to  develop  the  full  tensile  strength  of  the 

material.    Judging  from  the  bending  tests  and  the  form  of  the 

diagrams,  it  is  probable  that  the  real  tensile  strength  is  about 

twice  as  great  as  the  figures  here  given. 
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DISCUSSION 

Ralph  I).  Mershon  (written).  In  suggesting  to  Professor 
Boyd  the  investigation  he  has  so  excellently  carried  out  on  the 
mechanical  properties  of  ceramic  materials,  I  had  in  mind 
more  than  the  bearing  of  the  subject  upon  the  matter  of  in- 
sulation. For  a  long  time  it  has  seemed  to  me  there  were  uses 
for  ceramic  materials  where  they  are  not  now  used,  presum- 
ably because  of  the  lack  of  information  relative  to  their 
mechanical  properties.  One  important  possibility  is  that  of 
the  emploj-ment  of  clay  pipes  in  many  places  where  iron  or 
steel  ones  are  now  used,  especially  underground.  Of  course 
such  pipes  are  regularly  used  for  sewers  and  drains,  and  I 
beUeve  that  to  some  small  extent  they  have  been  employed  for 
low  pressure  gas  mains.  But  their  use  seems  to  have  been 
confined  to  cases  where  the  internal  pressure  was  little  or  noth- 
ing. It  would  seem  that  their  durability  might  be  availed  of 
in  uses  involving  considerable  internal  pressures,  if  more  were 
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Fig.  10    Stkess-Steain  Diagrams  for  Porcelain 

known  of  the  characteristics  and  the  possible  uniformity  of 
the  material  composing  them. 

So  far  as  I  know,  this  work  of  the  author  is  the  first  sys- 
tematic investigation  ever  made  of  the  mechanical  properties 
of  ceramic  materials.  It  is  to  be  hoped  that  it  is  a  foreninner 
of  further  work  along  this  line,  both  by  Professor  Boyd  and 
others,  and  that  we  may  have,  before  long,  the  results  of  in- 
vestigations as  to  the  influence  of  various  mixtures,  methods 
of  working,  and  degrees  of  firing,  upon  the  mechanical  prop- 
erties of  ceramic  materials,  and  upon  the  uniformity  with 
which  products  composed  of  such  materials  can  be  produced. 

R.  C.  Carpenter  (written).  The  investigation  described  by 
Professor  Boyd  is  the  first  that  I  have  been  able  to  learn  about 
which  gives  information  of  the  strength  of  stoneware  and 
porcelain  under  conditions  of  use.  The  information  given  by 
the  paper  is  of  great  value  in  all  the  arts  where  porcelain  is 
employed  either  as  a  structural  member  or  for  the  purpose  of 
acting  as  an  insulator  under  conditions  where  it  must  sustain 
a  considerable  load. 

Porcelain  is  a  difficult  material  to  test  in  the  ordinary  stand- 
ard testing  machine  because  of  its  brittleness,  so  that  the  meth- 


ods described  in  the  paper  wUl  be  found  useful  for  all  future 
tests  of  this  material  made  in  any  laboratory. 

The  Society  is  to  be  congratulated  for  the  success  of  this 
investigation,  which  is  one  of  the  results  of  the  activity  of  its 
Research  Committee.  The  field  covered  by  the  investigation 
gives  information  of  the  strength  when  subjected  to  tension, 
bending  or  compression  strain,  and  for  that  reason  is  com- 
plete to  a  remarkable  degree,  especially  when  the  difficulties 
which  had  to  be  overcome  in  making  the  tests  are  considered. 

L.  E.  Babringer'  (written).  The  mechanical  strength  of 
porcelain  is  satisfactory  in  some  respects  and  decidedly  un- 
satisfactory in  others.  The  most  consistent  property  is  the 
resistance  to  crushing  and  the  most  erratic  and  unsatisfactory 
is  the  toughness,  or  resistance  to  the  sudden  shock  of  impact 
or  vibration. 

A  few  years  ago  I  stated  that  in  our  experience  with  vitri- 
fied porcelain  used  for  electrical  insulation  we  had  found  an 
average  compressive  strength  of  20,000  lb.  per  sq.  in.,  and  a 
tensile  strength  of  from  900  to  1800  lb.  per  sq.  in.  The  ten- 
sion tests  were  made  upon  briquettes  of  the  standard  shape 
used  in  cement  testing,  with  the  use  of  special  clips  and  cush- 
ioning materials,  and  the  compression  tests  on  2-in.  cubes. 
Professor  Boyd's  paper  indicates  a  compressive  strength  for 
porcelain  of  the  same  value;  I  think  20,000  lb.  per  sq.  in.  is 
a  safe  basis  for  the  calculations  of  designing  engineers. 

The  comparatively  high  and  uniform  compressive  strength 
for  porcelain,  as  compared  to  its  other  mechanical  strengths, 
has  led  engineers  to  take  advantage  of  this  property  as  much 
as  possible,  and  certain  types  of  Une  insulators  are  designed 
to  bring  the  strains  upon  the  porcelain  as  nearly  to  compres- 
sive as  possible. 

In  several  instances  porcelain,  because  of  its  high  insulating 
value  and  weather  resistance,  has  been  found  quite  the  best 
material  for  insulation  in  electric  railway  equipment.  In  this 
particular  field,  however,  porcelain  can  only  safely  be  used  in 
compression,  and  would  meet  with  early  failure  if  subjected  to 
tensile,  transverse,  or  impact  strains. 

In  the  matter  of  determining  tensile  strength  the  conditions 
are  more  complex  than  in  developing  compressive  strength. 
The  author  shows  it  is  quite  necessary  to  devise  special  clips 
and  cushioning  materials  to  develop  the  true  tensile  strength, 
and  in  his  tabulation  of  conclusions  states  that  even  his  very 
carefully  conducted  tests  failed  to  develop  the  real  tensile 
strength  of  either  porcelain  or  stoneware. 

Inasmuch  as  the  paper  states  only  3000  lb.  per  sq.  in.  could 
be  developed,  and  this  with  the  use  of  special  clips,  cushioning 
material  and  manipulating,  although  the  time  strength  was 
probably  7000  lb.  per  sq.  in.,  it  is  suggested  that  a  working 
figure  of  1500  lb.  per  sq.  in.  be  taken  for  tensile  strength. 

One  point  in  connection  with  the  mechanical  strength  of 
porcelain  is  the  effect  of  temperature  changes.  In  the  kilns 
a  marked  difference  of  strength  will  be  found,  depending  upon 
the  rate  of  cooling.  In  the  finished  product  temperature 
changes  even  within  the  range  of  20  to  90  deg.  cent,  have  an 
influence  upon  the  mechanical  strength.  In  general,  sudden 
temperature  fluctuations  cause  lowering  of  mechanical 
strength;  and  temperature  changes  in  the  finished  porcelain, 
even  though  brought  about  at  a  comparatively  slow  rate,  will 
have  a  hai-mful  effect  within  certain  ranges.  Porcelain  baked 
at  90  deg.  cent,  exhibited  a  decided  weakness  upon  cooling. 

The  effect  of  temperature  changes  is  more  prouounced  as 
the  rate  of  fluctuation  increases,  and  has  the  greatest  effect 
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upon  the  toughness.  The  tensile  and  transverse  strengths  are 
nest  most  seriously  affected,  and  the  compressive  strength 
least  of  all. 

F.  M.  Farmer  presented  a  written  discussion.  He  stated 
that  this  constructive  paper  represents  a  considerable  amount 
of  very  careful  and  obviously  reliable  work  which  will  be  par- 
ticularly appreciated  by  all  electrical  engineers  who  have  had 
to  do  with  porcelain  insulators.  There  is  a  remarkable  dearth 
of  reliable  information  of  this  character  on  porcelain. 

The  paper  is,  however,  of  interest  for  another  reason,  name- 
ly, it  emphasizes  the  small  amount  of  research  work  which  is 
being  done  on  standard  engineering  materials.  The  impor- 
tance of  this  general  class  of  research  work  is  frequently  over- 
looked. The  ultimate  commercial  engineering  value  of  such 
data  is  often,  and  perhaps  usuaUj^,  much  greater  than  that  ob- 
tained from  researches  which  have  terminated  in  more  start- 
ling results.  Many  of  our  common  engineering  materials  are 
constantly  changing,  due  to  improvements  in  the  methods  of 
manufacture,  different  methods  of  treatment,  etc.,  and  conse- 
quently their  properties  should  be  redetermined  occasionally. 

Porcelain,  for  example,  has  been  improved  very  greatly  in 
the  last  fifteen  years  and  yet,  despite  the  enormous  increase 
ill  its  use  for  purposes  where  knowledge  of  the  physical  prop- 
erties is  important,  no  reliable  data  are  available  on  such  an 
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Fig.  1    Porcelain  Test  Piece 


important  property  as  tensile  strength.  In  this  paper  it  is 
concluded  that  the  tensile  strength  of  porcelaia  is  above  3000 
lb.  per  sq.  in.,  whereas  the  usual  sources  of  information  give 
the  value  as  650  to  2200  lb.  per  sq.  in.  These  latter  figures 
were  undoubtedly  obtained  many  years  ago  and  do  not  apply 
to  the  modern  porcelain. 

It  will  be  conceded  that  no  general  conclusions  as  to  the 
strength  of  porcelain  can  be  drawn  from  the  small  number  of 
tests  described.  While  four  or  five  specimens  of  a  given  sam- 
ple of  porcelain  may  be  sufficient,  it  is  necessary  to  test  not 
only  samples  of  as  many  different  makes  as  possible,  but  sam- 
ples of  different  thickness,  and  samples  which  have  been  sub- 
jected to  various  temperatures  and  periods  in  firing,  etc. 

Nothing  is  stated  as  to  the  kind  of  percelain  tested.  Pre- 
sumably it  is  what  is  known  as  electrical  porcelain,  but  further 
information  would  have  been  desirable,  such  as  the  kind  of 
clays  used,  methods  of  firing,  temperature  of  the  furnace  and 
time  of  firing. 

A  form  of  grip  and  of  test  specimen  which  would  develop 
the  maximum  strength  of  the  porcelain  would  be  desirable. 
While  the  conclusions  in  regard  to  the  tensile  strength  drawn 
from  the  bending  and  compression  tests  are  probably  correct, 
data  obtained  by  direct  tests  are  more  convincing.  It  would 
seem  off-hand  that  the  rectangular  test  piece  with  longer  bear- 
ing surfaces  at  the  ends  would  have  developed  the  maximum 
strength  of  the  porcelain. 

T.  D.  Lynch'  (written).  We  have  done  most  of  our  test- 
ing of  porcelain  in  the  final  piece  as  made  for  service.     The 


sections  of  such  pieces  are  more  or  less  irregular  and  for  that 
reason  difficult  to  reduce  to  a  square  inch  section.  We  have 
made  a  few  tests,  however,  on  samples  of  porcelain  with  holes 
in  either  end  for  the  purpose  of  attaching  clevises,  as  shown 
in  Fig.  1.  Such  samples  showed  approximately  1500  lb.  per 
sq.  in.  tensile  strength,  and  about  15,000  lb.  per  sq.  in.  com- 
pressive strength,  or  ten  times  the  tensile  value.  These  testa 
are  not  at  all  conclusive.  Our  full-size  tests  on  the  finished 
piece  indicate  that  the  strength  of  porcelain  is  probably  very 
much  influenced  by  internal  stresses,  and  it  would  be  interest- 
ing to  know  of  any  study  made  by  the  author  along  this  line. 
An  investigation  of  the  internal  stresses  in  brasses  and 
bronzes  was  conducted  by  P.  D.  Merica  and  R.  W.  Woodward 
and  reported  before  the  American  Institute  of  Metals  in  1915. 
Perhaps  some  similar  test  could  be  made  on  porcelain  to  deter- 
mine if  possible  a  heat  treatment  that  will  eliminate  internal 
stresses  or  at  least  reduce  them  to  a  minimum. 

John  F.  Ancona  thought  there  was  a  possibility  that  the 
peculiar  failure  of  the  pieces  in  the  tensile  tests  might  be  at- 
tributed to  some  condition  of  internal  stress. 

Elliott  H.  Whitlock  said  that  in  connection  with  the  ef- 
fect of  temperature  of  cooling  on  the  homogeneity  of  the  sam- 
ple he  had  found  that  with  a  certain  material  the  temperature 
rise  curve  of  the  firing  had  a  great  deal  to  do  with  the  final 
strength.  If  the  temperature  rose  to  a  certain  point  and  was 
then  allowed  to  drop  and  then  again  brought  up  to  a  higher 
point,  the  material  was  very  much  weaker  than  if  the  same 
temperature  had  been  reached  by  a  continuous  rise.  He 
thought  that  possibly  the  rate  of  firing  might  have  as  much  to 
do  with  the  tensile  strength  of  porcelain  as  the  rate  of  cooling. 

Percy  H.  TnoiiAS  (written).  The  author  found  that  fair 
and  reliable  results  were  difficult  on  account  of  the  great  ten- 
dency in  the  test  machine  for  the  stress  to  be  applied  un- 
evenly to  the  porcelain  section,  and  also  on  account  of  the 
extreme  local  stresses  at  the  point  of  application.  While  great 
care  was  taken  in  this  work  to  eliminate  such  effects,  other 
forms  of  specimens  and  other  methods  of  holding  the  test 
pieces  might  be  much  better. 

Porcelain  is  used  in  practical  service  in  certain  cases  in  such 
a  way  as  to  be  called  upon  to  support  very  material  stresses, 
and  does  so  very  reliably.  But  in  practice  the  shape  of  the 
porcelain  pieces  and  the  method  of  support  are  such  as  to 
avoid  the  difficulties  found  in  the  tests  described.  For  ex- 
ample, the  high  tension  suspension  type  porcelain  insulator 
serves  to  give  mechanical  support  to  a  line  conductor,  at  the 
same  time  insulating  it.  The  porcelain  part,  as  far  as  we 
are  here  concerned,  is  a  cup  in  which  an  iron  pin  is  fastened 
by  filling  the  cup  with  Portland  cement.  The  cup  is  held  on 
the  outside  by  a  metal  cap  into  which  it  enters  and  to  which  it 
also  is  secured  by  Portland  cement.  When  the  inner  pin  is 
pulled  out  in  the  testing  machine,  the  metal  cap  being  made 
fast  to  the  resisting  jaw  of  the  machine,  the  porcelain  cup  is 
pulled  apart,  leaving  its  bottom  portion  in  the  cap,  and  the 
rim  following  the  pin.  The  characteristic  fracture  is  that  of 
tension  stress.  A  porcelain  cup  1  in.  internal  diameter  and 
with  a  wall  %  in.  thick  may  resist  a  stress  as  high  as  13,000 
lb.  in  some  instances,  which  is  equivalent  to  2500  to  3000  lb. 
per  sq.  in.,  assuming  an  even  distribution.  But  as  this  stress 
must  be  greater  near  the  surface  of  the  wall  than  on  the  in- 
terior, the  true  unit  stress  must  be  much  higher.  This  cor- 
responds   fairly    well    with    the    test    values    of    the    paper. 
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Furthermore,  in  spite  of  the  very  serious  stresses  to  which 
these  insulators  are  subjected,  there  are  no  signs  of  brittle- 
ness  or  unreliability  in  service  on  this  account. 

The  conclusion  would  be  that,  when  properly  used,  porce- 
lain is  a  very  strong  and  reliable  material,  and  by  no  means 
deserves  the  reputation  it  has  been  given  by  its  behavior  in 
tests  of  ijorcelain  rods  and  narrow  tubes. 

John  A.  Brasheae.  For  nearly  twenty-five  years  I  have 
thought  of  using  or  attempting  to  use  a  porcelain  disc  of  a 
special  design  instead  of  glass  for  a  reflecting  telescope.  Sil- 
vered glass  mirrors  were  introduced  some  forty  years  ago; 
that  is,  silvered  on  the  front  instead  of  the  back  surface,  and 
I  have  thought  in  the  case  of  large  glasses,  the  disc  could  be 
made  of  porcelain,  which  could  be  given  an  approximate  curva- 
tuie  before  the  enamel  was  deposited  upon  it,  and  if  this 
enamel  could  be  put  on  thick  enough,  then  ground,  fined  and 
polished,  and  then  the  surface  silvered,  it  would  make  a  very 
excellent  substitute  for  the  glass  mirror.  I  do  not  know 
whether  any  studies  of  the  coefficient  of  the  expansion  and  eon- 
traction  of  porcelain  have  been  made,  but  in  the  glass  disc  it 
is  an  important  factor,  so  that  in  the  case  of  large  telescopes 
it  gives  very  great  trouble.  In  the  case  of  the  72-in.  reflector 
which  we  are  now  making  for  the  Canadian  Government,  the 
disc  alone,  which  is  12  in.  thick,  weighs  two  and  one  quarter 
tons;  and  the  100-in.  which  is  being  made  for  the  Mt.  Wilson 
Observatory,  weighs  in  the  neighborhood  of  four  tons.  If  this 
weight  could  be  reduced  in  the  porcelain  disc,  and  the  material 
be  made  homogeneous,  with  a  coetfieient  less  than  glass,  it 
would  be  a  great  advantage  to  the  instrument  itself. 

The  Author.  In  regard  to  internal  stresses,  mentioned  by 
Mr.  Lynch,  it  was  first  thought  that  the  failure  of  the  round 
rods  at  the  head  was  due  to  this  cause.  Accordingly  the  rec- 
tangular pieces  were  made  with  a  gentle  change  of  slope,  and 
considerable  care  was  used  to  so  handle  the  clay  as  to  leave 
all  parts  of  the  piece  in  the  same  condition.  The  nature  of  the 
failure  of  these  pieces  seemed  to  indicate,  not  internal  stress, 
but  the  combination  of  the  direct  tension  with  the  tension  re- 
sulting from  the  transverse  compression  of  the  grips.  As  sug- 
gested by  Mr.  Farmer,  a  grip  with  larger  bearing  surface 
should  make  it  possible  to  develop  the  full  tensile  strength. 
The  head  of  the  test  piece  should  enlarge  somewhat  more 
rapidly  than  shown  in  Fig.  2. 

Transverse  compression  not  only  weakens  a  rod  subjected 
to  longitudinal  tension  but  also  strengthens  it  for  longitudinal 
compression.  Bands  around  porcelain  rods  near  the  ends  seem 
to  have  the  same  effect  as  in  hooped  concrete  columns. 

Internal  stress  is  probably  an  important  factor  in  insulators 
where  there  are  rather  abrupt  changes  of  section.  In  metals 
the  amount  of  internal  stress  may  be  determined  by  measuring 
the  dimensions  of  a  small  portion,  then  cutting  it  free  from 
the  rest  of  the  body  and  measuring  again.  The  difficulty  of 
cutting  makes  this  impracticable  with  porcelain.  A  form  of 
test  bar  with  an  enlargement  or  contraction  near  the  middle 
will  enable  one  to  separate  the  effects  of  compression  of  the 
grips  from  those  of  internal  stress  and  unequal  distribution  of 
stress.  To  differentiate  completely  between  these  last  two  fac- 
tors may  not  be  possible,  but  series  of  tests  varying  one  at  a 
time  the  two  elements  of  heat  treatment  and  form  of  piece 
should  give  valuable  results.  Whatever  internal  stress  is 
found  may  be  due  either  to  the  heat  treatment  or  the  mechanical 
treatment  of  the  wet  clay,  and  another  set  of  experiments  will 
be  necessary  to  settle  all  these  questions.  For  testing  these 
pieces,  bending  tests  with  a  constant  moment  for  a  considerable 
length  will  be  found  easier  to  apply  than  direct  tension  tests. 
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In  its  report  to  the  Council,  published  in  The  Journal  for 
December  1915,  the  Publication  Committee  presented  a  care- 
fully thought-out  plan  for  the  publications  of  the  Society,  cer- 
tain features  of  which  it  has  already  been  possible  to  carry  out. 
Several  letters  commenting  on  this  plan  have  been  received, 
which  are  published  herewith.  The  recommendations  of  this 
Committee  are  also  reprinted  in  this  connection  for  conven- 
ient reference. 

TRANSACTIONS 

1.  That  the  pubhcation  of  the  annual  volume  of  Transactions 
be  continued. 

2.  That  it  be  published  in  the  same  size  and  binding  as  here- 
tofore. 

3.  That  it  shall  contain,  subject  to  the  approval  of  the  Pub- 
lication Committee,  all  of  the  papers  and  discussions  pre- 
sented at  meetings  of  the  Society  (not  including  section 
meetings),  and  technical  reports  of  Committees;  and  shall 
contain  a  syllabus  of  each  paper,  summarizing  the  essen- 
tial facts  and  conclusions. 

4.  That  it  shall  contain  all  the  papers  and  discussions  pre- 
sented at  section  meetings  which  in  the  opinion  of  the  Pub- 
lication Committee  are  of  sufiicient  merit. 

REVISES 

That  additional  revised  copies  of  the  papers  and  discussion  be 
printed  and  bound  in  pamphlet  form  at  the  earliest  prac- 
ticable date.    A  charge  will  be  made  for  such  pamphlets. 

ADVANCE  PAPERS 

That  papers  for  the  meetings  of  the  Society  be  printed  in 
pamphlet  form  in  advance,  as  heretofore,  and  be  sent  to 
members  gratis  upon  request,  a  notice  of  these  papers  with 
syllabi,  being  printed  in  The  Joui-nal  one  month  before 
meetings. 

THE  JODBNAL 

1.  That  The  Journal  be  published  monthly  as  heretofore,  but 
with  the  view  to  making  it  a  semi-monthly  or  a  weekly  as 
soon  as  the  amount  of  matter  to  be  handled  requires  it  and 
funds  for  that  purpose  are  available. 

2.  That  the  size  of  The  Journal  shall  for  the  present  remain 
as  it  now  is. 

3.  That  The  Journal  shall  contain: 

a  All  of  the  papers  and  discussion  presented  at  regular 
meetings  of  the  Society,  preferably  in  substantially 
complete  form,  or  adequately  abstracted,  according 
to  the  character  of  the  paper,  as  soon  after  the  meet- 
ings as  possible. 

h  Papers,  or  abstracts,  with  discussion,  presented  at 
meetings  of  Local  Sections. 

c  Announcements  and  reports  upon  Society  affairs  and 
incidents,  emplojonent  bulletin,  library  notes,  per- 
sonal notes,  etc. 

d  Department  for  contributed  discussions  on  papers  pre- 
viously published,  or  new  matter. 

e  Members  correspondence  department,  including  sugges- 
tions on  Society  affairs. 

/    Review  of  World's  Technical  Press. 

g  Review  of  technical  books,  by  experts  selected  by  the 
Committee. 

PUBLICATIONS  OF  THE  SOCIETY 

To  the  Editor: 

I  think  Professor  Christie's  letter  expresses  exactly  my 
opinion  and  judgment  of  the  publication  matter.  While 
the  out  of  town  members  constitute  the  majority  of  the 
Society's  total  enrollment,  this  does  not  fully  state  the  fact. 
because  a  very  small  percentage  of  the  local  members  attend 
meetings,  so  that  but  a  small  fraction  of  the  total  out  of  town 
membership  is  present  whenever  papers  are  presented. 
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Furthei-more,  the  discussion  from  such  sources  naturally 
tends  to  be  verbal  rather  than  written,  and  expresses  less 
mature  thought,  or  at  least  not  so  careful  presentation. 

In  my  own  case,  I  never  have  sent  for  advance  copies  of 
papers,  and  probably  never,  or  at  least  very  rarely,  will,  be- 
cause I  am,  like  a  good  many  others,  extremely  busy.  I  can- 
not tell  from  the  summary  of  a  paper  whether  it  is  really 
worth  while  or  not,  but  I  can  tell  very  quickly  by  sketching 
over  it,  as  I  always  do  with  the  Proceedings  of  the  American 
Society  of  Civil  Engineers.  Of  two  papers  of  the  same  title, 
and  having  approximately  the  same  summary,  one  might,  in 
my  opinion,  be  extremely  valuable  and  merit  extended  and 
careful  discussion  on  my  part,  and  another  composed  to  such 
an  extent  of  generalities  and  mere  presentation  as  not  to  be 
worth  my  careful  reading. 

It  is  my  experience  that,  speaking  by  and  laige,  probably 
the  most  suggestive  portions  of  papers  presented  to  the 
American  Society  of  Civil  Engineers  have  been  found  by  me 
in  discussions,  or  at  least  brought  out  by  such  discussions. 
Consequently,  I  feel  very  strongly  that  no  trouble  or  ex- 
pense should  be  spared  to  increase  even  by  a  small  percent- 
age the  number  and  quality  of  discussions  of  papers.  My  own 
personal  judgment,  therefore,  is  that  positively  the  best  ex- 
penditure which  the  Society  could  make  would  be  to  return 
to  the  earlier  plan  of  publishing  all  papers  in  The  Journal 
before  meetings,  just  as  is  done  by  the  Civil  Engineers  and 
the  Electrical  Engineers. 

H.  T.  Cory. 

San  Francisco,  Cal. 


To  the  Editor: 

Referring  to  the  report  of  the  Publication  Committee,  I  do 
not  hold  my  opinions  of  much  value,  but  am  giving  you  them 
for  such  appraisal  as  you  may  make  of  them. 

TRANSACTIONS 

1.  I  should  not  like  to  see  the  annual  volume  discontinued ; 

it  is  of  much  value  to  me. 

2.  If  published  in  the  same  same  size  and  binding  as  before 

it  will  suit  me  better  than  if  changed.  I  have  all  of  the 
previous  volumes,  and  I  consider  them  as  large  as  one 
cares  to  handle  or  provide  cases  for. 

3.  I  think  it  should  contain  all  approved  papers  and  dis- 

cussions. 

4.  There  might  be  some  meritorious  papers  at  section  meet- 

ings that  should  be  included.  There  is  so  much  rehash- 
ing of  matter,  and  publication  of  stuff  that  is  only 
filling,  that  a  careful  pruning  by  the  Editors  is  ad- 
visable. 

JOURNAL 

1.  Yes. 

2.  Satisfactoiy  to  me. 

3.  (a)  Yes,    if  not  invohing  too  much  expense. 

(b)  Such  as  are  considered  of  sufficient  value  to  warrant 

their  publication  in  the  transactions. 

(c)  Yes. 

(d)  Yes. 

(e)  Yes. 

(f )  Doubtful  value  to  me.     These  would  perhaps  involve 

more  expense  than  the  work  would  be  worth,  and 
in  some  cases  work  to  the  disadvantage  of  the 
Society. 

(g)  No. 


REVISES 

This  should  be  left  to  the  Publication  Committee  who  could 
respond  to  such  demands  as  were  made. 

ADVANCE  PAPERS 

Not  necessarj-  if  item  (a)  under  Journal  is  complied  with. 
()therwise,  yes. 

Jxo.  C.  White. 
Madison,  Wis. 


To  the  Editor: 

I  am  much  jjleased  to  learn  that  tlie  publication  of  the 
Transactions  is  to  be  continued  in  volumes  coiTesponding  to 
those  which  we  already  have,  and  that  they  will  contain  as 
heretofore  all  the  technical  material  of  value  resulting  from 
the  meetings  of  the  Society.  Those  who  have  been  connected 
with'  the  Society  for  a  number  of  years  set  great  store  by  the 
Transactions  in  their  complete  fonn  and  wish  to  keep  the 
form  and  style  intact. 

The  ijublieation  of  advance  papers  will  also  aid  in  bring- 
ing out  discussion  both  oral  and  written  and  will  thus  add  to 
the  value  of  the  meetings.  These  advance  copies  are  also  con- 
venient for  filing  under  subjects  in  the  libraries  of  the  mem- 
bers. It  is  sometimes  desirable  to  file  a  paper  on  some  par- 
ticular phase  of  engineering  together  with  publications  of 
similar  import  for  convenience  of  reference.  The  Journal 
itself  would  be  more  usable  and  more  in  accordance  with  the 
general  scheme  if  it  were  printed  in  the  usual  0x9  size. 
The  publication  of  j^apers  in  The  Journal  could  be  largely 
dispensed  with  as  unnecessary  and  the  test  confined  largely  to 
matters  of  general  interest,  such  as  reports  of  meetings,  an- 
nouncements of  meetings,  reviews  of  publications  and  peri- 
odicals and  other  miscellaneous  material  which  would  not  ap- 
pear in  the  Transactions.  Matter  which  would  naturally  ap- 
pear in  the  ordinary  technical  journals  of  the  country  is  out 
of  jilace  in  The  Journal  of  the  Spciety.  Nothing  should  be 
liublished  in  The  Journal  at  additional  expense  which  can 
just  as  well  be  read  elsewhere;  in  other  words.  The  -Journal 
should  be  what  the  name  implies,  a  monthly  record  of  Society 
matters  which  do  not  appear  elsewhere.  The  small  size  is 
much  more  convenient  for  library  purposes  as  it  conforms 
to  the   ordinary  pamphlet  filing  cases. 

C.  H.  Benjamin. 

Lafayette,  111. 


To  the  Editor: 

The  writer  has  the  following  comments  to  make  on  the 
plan  for    publications  of  the  Society. 

Under  Transactions  and  Revises  the  writer  agrees  entirely 
with  the  outline  as  published. 

Under  The  Journal  the  writer  would  raise  objection  to  the 
present  size  of  The  .Journal.  It  is  large  and  unwieldy  and  not 
convenient  for  ordinary  perusal.  It  is  believed  that  the  for- 
mer size  of  The  Journal,  or  the  size  used  by  fiction  period- 
icals, would  be  very  much  preferable.  This  statement  is  made 
after  several  years  experience  with  both  sizes,  and  the  regu- 
lar receipt  of  jiublications  of  other  societies  not  printed  on 
the  large  page  now  used  by  The  Journal. 

Under  paragraph  3  the  writer  would  suggest  that  in  The 
Journal  all  discussion  be  omitted.  By  doing  this,  the  original 
papers  could  be  printed  in  fairly  complete  fonn  in  The  Jour- 
nal as  far  in  advance  as  possible,  and  in  our  opinion  would 
be   ample    record    for   the   members    until    such    time    as   the 
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Trausaetions  were  i)ublished.  This  would  also  do  away  with 
the  publieation  of  advauee  papers  except  in  cases  where  pub- 
lication in  The  Journal  would  not  be  i^ossible  previous  to  the 
presentation  of  pajjers. 

W.  B.  Sanford. 
New  York,  N.  Y. 

FAHRENHEIT   SCALE 

To  the  Editor: 

As  you  probably-  know,  a  paper  is  being  ciix-ulated  for  ex- 
pression of  opinion  relative  to  the  discontinuance  of  the 
Fahrenheit  thermometer  scale.  This  paper  is  being  sent  out 
by  a  member  of  Congress,  Representative  Johnson  of  Wash- 
ington. 

I  wish  to  know  what  attitude  is  being  taken  by  the  Engi- 
neering Societies  regarding  this  matter.  There  has  been 
quite  a  determined  stand  taken  against  the  forcible  adoption 
of  the  metric  system,  but  I  am  not  sure  wliether  this  extends 
to  the  use  of  the  Fahrenheit  scale.  The  change  would  cause 
considerable  commotion  in  our  definition  of  heat  units. 

P.  F.  Walker. 

Lawrence,  Kansas. 

[Comments  from  the  membership  on  the  question  raised  by 
Prof.  Walker  will  be  appreciated  by  the  Secretary. — Editor.] 

DEVICE    FOR   RECORDING   DATA 
IN    A    BOILER    PLANT 

To  the  Editor: 

The  instrument  illustrated  herewith  has  been  designed  in  an 
endeavor  to  i>roduce  a  device  that  will  assist  the  responsible 
head  of  a  boiler  plant  to  a  knowledge  of  the  performance  of 
his  boilers,  hour  by  hour,  without  the  necessity  of  analyzing  in 
detail  the  figures  of  the  daily  coal  and  water  logs.  The  boiler 
room  superintendent  usually  knows  pretty  closely  how  many 
pounds  of  steam  ought  to  be  evaporated  per  pound  of  coal 
burned,  and  he  is  principally  interested  in  learning,  with  the 
least  amount  of  work,  whether  his  assumed  standard  of  econ- 
omy is  being  consistently  maintained. 

The  instrument,  which  for  la^-k  of  a  better  name  has  been 
styled  the  Econograph,  is  conveniently  located  in  the  man- 
ager's office.  It  produces  a  daily  chart  that  shows  by  separate 
lines,  but  simultaneously,  the  water  rate,  the  coal  rate  and 
whether  the  ratio  of  water  to  coal  has  fallen  below  the  assumed 
standard.  The  chart  not  only  shows  whether  the  desired  degree 
of  economy  has  been  maintained,  but  also,  in  the  event  of  the 
economy  falling  below  the  desired  standard,  the  chart  shows 
the  time  of  day  when  the  drop  occurred,  and  for  what  length 
of  time  the  boilers  were  run  at  a  degree  of  economy  lower 
than  the  assumed  standard.  The  diagram  also  assists,  by  mere 
inspection,  in  locating  the  cause  of  falling  off,  that  is,  it  in- 
dicates whether  the  poor  economy  was  brought  about  by  de- 
crease in  evaporation,  or  by  unusual  increase  in  fuel. 

The  daily  chart  consists  of  four  lines  or  curves,  coincident 
as  to  time,  but  independently  recorded  on  the  chart  as  follows : 

1.  A  line  showing  the  amount  of  water  fed  to  the  boilers; 

2.  A  line  showing  the  fuel  fired ; 

3.  A  line  showing  the  time  at  which  unevaporated  water  was 

withdrawn  from  the  boiler,  through  the  blow-oflf  or  other- 
wise. 

4.  A  line  showing  the  time  at  which  the  economy  of  steam  pro- 

duction fell  below  the  assumed  standard  of  performance 
which  was  expected  to  be  maintained,  and  the  time  when 
the  desired  standard  was  regained. 


The  water  line  on  the  chart  gives,  to  scale,  the  total  water 
fed  to  the  boilers  at  any  given  hour,  in  thousands  of  pounds. 
The  inclination  of  this  line  from  the  horizontal  shows  approxi- 
mately the  rate  at  which  water  was  being  supplied  at  any  given 
time,  and  shows  fluctuations  in  rate  of  water  supply.  The  fuel 
line  shows  the  total  fuel  fired  at  any  given  time  and  the  rate  of 
firing.  Thus,  the  slope  of  the  water  and  fuel  lines  indicates  at 
a  glance  the  probable  cause  of  any  change  in  economy. 

The  hour  at  which  an  apparent  change  occurs  is  automatic- 
ally shown  so  that  the  time  of  commencement  and  the  end  of 
a  period  of  inefficient  operation  on  the  day-shift,  night-shift, 
or  at  any  time,  is  recorded  beyond  dispute.  If  standard  econ- 
omy, or  better  is  being  maintained,  the  chart  shows  it,  indi- 
cating that  there  is  no  necessity  for  analysis  of  the  water  and 
coal  logs;  but  if  economy  drops,  the  time  at  which  the  drop 
occurs,  is  definitely  fixed  and  an  analysis  of  the  coal  and  water 


Fig.  1    Detail  View  of  the  Econogeaph  In.strujient 

logs  for  that  period  of  time  should  be  made  to  locate  the  fault. 

The  instrument  comprises  a  clockwork  drum  carrying  a 
sheet  of  paper  on  which  four  pointers  draw  independently  the 
lines  above  referred  to.  One  of  the  pointers  is  connected 
through  a  train  of  gears  and  an  electrically  operated  tripping 
mechanism  with  a  contact  switch  connected  to  a  water  weigher, 
or  to  the  recording  device  of  a  flow  meter  that  measures  the 
amoimt  of  water  fed  to  the  boilers,  or  it  may  be  connected  with 
the  recorder  of  a  steam-flow  meter.  The  second  pointer  is  con- 
nected through  a  similar  set  of  gears  and  an  electric  tripping 
device  with  a  moving  part  of  the  stoker,  or  with  an  automatic 
coal  scale,  or  with  a  contact  device  actuated  by  wheel-bar- 
rows or  carts  delivering  coal  to  the  boilers,  as  the  case  may  be, 
or  if  gas  or  oil  is  used  for  fuel,  the  pointer  is  actuated  by  con- 
tacts on  the  indicator  of  the  fuel  meter. 

The  tliird  pointer  draws  a  straight  horizontal  line  so  long  as 
the  ratio  between  water  and  fuel  is  equal  to  or  greater  than 
the  standard  which  it  is  desired  to  maintain,  but  when  the 
ratio  of  water  to  coal  drops  below  the  standard,  this  pointer 
makes  a  break  in  the  diagram  at  the  hour  when  the  drop  oc- 
curred, and  the  line  remains  broken  until  such  time  as  efll- 


232 


CORRESPONDENCE  FROM  MEMBERS 


The  Jouhnal 
Am.Soc.M.E. 


cicncy  again  reaches  standard.  This  broken  line  gives  un- 
mistakable notice  to  the  plant  manager,  who  can  refer  to  the 
water  and  fuel  lines  directly  above  to  ascertain  the  probable 
cause,  and  he  can  then  make  the  usual  analysis  of  his  boiler 
room  water  log  and  coal  log  covering  the  time  in  question  and 
can  institute  proper  inquiries  in  the  fii'e  room. 

The  third  pointer  does  not  draw  attention  to  economy  that  is 
better  than  standard,  because  it  has  been  found  impractical  in 
practice  to  attempt  to  record  diagrammatically  minute  fluctua- 
tions in  the  ratio  of  coal  and  water,  and  it  is  sufficient  for 
practical  purposes  to  indicate  sharply,  as  by  the  broken  line, 
only  those  times  when  performance  falls  below  standard. 

The  fourth  pointer  is  connected  by  an  independent  circuit  to 
the  blow-off  valve  of  the  boiler,  and  shows  by  a  break  or  jog 
in  its  line,  the  hour  at  which  the  blow-off  valve  is  opened,  and 
the  length  of  time  it  remains  open,  to  direct  attention  on  the 
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THE   ECOXOGRAPH 

diagram  to  the  time  at  which  unevaporated  water  was  reuioxed 
from  the  boilers,  in  order  that  it  may  not  be  inadvertently  fig- 
ured as  having  been  evaporated. 

The  diagram  may  be  of  either  twelve  or  twenty-four  hours' 
duration,  and  is  usually  made  on  transparent  paper,  so  that  the 
chart  of  one  day's  run  can  be  compared  with  that  of  another 
daj^  by  laying  one  chart  on  top  of  the  other.  In  reading  a  fin- 
ished chart,  it  is  seen  at  first  glance  whether  the  standard  per- 
formance has  been  maintained,  the  hour  at  which  economy  fell 
below  standard,  and  at  what  time  it  was  regained. 

Directly  above  is  the  coal  line  which  extends  upward  from 
left  to  right  across  the  sheet  and  its  inclination  shows  at  a 
glance  whether  there  has  been  any  sudden  increase  or  decrease 
in  the  coal  rate.  The  water  line  is  directly  above  the  coal 
line,  and  its  inclination  shows  any  apparent  variation  in  rate 
of  water  supj^ly. 

Thus,  the  bottom  line,  which  is  called  for  convenience  the 
efficiency  line,  draws  immediate  attention  to  poor  economy, 
while  the  coal  line  and  the  water  line  show  at  a  glance  whether 
the  di'op  in  efficiency  is  probably  due  to  change  in  rate  of  coal 


or  water  supply.  If  the  blow-off  valve  has  been  opened  and 
water  has  been  withdrawn  from  the  boUer  without  being  evap- 
orated, the  top  line  of  the  diagram  shows  at  what  time  it  oc- 
curred. 

The  total  coal  and  total  water  at  any  hour  can  be  measured 
approximately  on  the  diagram,  and  by  laying  a  ruler  along  the 
slope  of  the  water  line  or  the  coal  line,  the  operator  can  esti- 
mate the  coal  or  water  in  pounds  per  hour  at  that  time.  A  lit- 
tle practice  enables  one  to  easily  estimate  these  quantities  very 
closely. 

The  primary  object  of  the  device  is  to  record  on  paper  and 
to  draw  attention  to  those  times  at  which  poor  economy 
obtains,  and  to  indicate  to  the  engineer  (by  the  independent 
water  and  coal  lines)  where  the  trouble  is  likely  to  be  found. 
An  analysis  of  the  boiler-room  logs  of  coal  and  water  for  the 
period  of  poor  economy  will  reveal  the  cause  in  the  usual  way. 

The  instrument  is  not  intended  to  take  the 
place  of  the  technical  knowledge  requisite  to 
maintain  high  boiler  economy,  but  it  does  away 
with  some  of  the  tedious  work  of  analyzing 
boiler  data,  and  calls  attention  to  those  times 
of  poor  economj'  which  it  is  profitable  for  the 
engineer  in  charge  to  study,  referring  back  to 
his  log  data. 

To  adapt  the  device  to  conditions  at  different 
plants,  it  is  provided  with  adjustments,  such 
as  dials  that  indicate  periodically  the  times  at 
which  charges  of  coal  and  water  are  supplied. 
Another  pair  of  dials  shows  the  ratio  at  which 
the  machine  is  set;  thus,  if  it  is  desired  to 
maintain  a  standard  evaporation  of,  say,  7  lb. 
of  water  per  jjound  of  coal,  the  latter  dials  will 
'^  ^^  show  a  ratio  of  seven  to  one.      This  ratio  can 

be  set  within  reasonable  limits  to  any  desired 
standard.     The  adjustment  is  made  by  turning 
the  vertical  thumb-screws  shown  below  the  dials. 

No  two  plants  deliver  coal  and  water  in  exactly  the  same 
size  charges,  that  is,  one  boiler  may  be  fed  by  a  coal  weigh- 
scale  which  delivers  300  lb.,  and  another  boiler  wiU  be  fed 
by  a  scale  that  delivers  500  lb.,  and  similarly  with  the  water 
supply.  The  device  is,  therefore,  provided  with  adjusting 
screws  by  which  the  units  of  coal  and  water  are  converted  to 
equivalent  scales  on  the  chart,  so  that  the  water  line  and  the 
coal  line  of  the  diagram  can  be  measured  to  the  same  scale. 

The  instrument  records  with  accuracy  the  correctness  of  the 
recorded  results  depending  upon  the  accuracy  with  which  the 
imits  of  fuel  and  water  are  measured  before  being  supplied  to 
the  boilers.  Details  of  the  mechanism  would  be  of  little  inter- 
est in  this  description,  although  they  are  simple  in  construc- 
tion. It  is  here  desired  to  merel}'  describe  the  results  attained 
by  the  device  as  a  means  for  assisting  the  power  plant  man- 
ager to  arrive  at  a  quicker  and  easier  analysis  of  his  boUer  per- 
formance. 


George  B.  Willcox. 


Saginaw,  Mich. 
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THE   SPRING  MEETING  AT  NEW  ORLEANS 


THE  Committee 
on  Meetings 
and  the  New  Orleans 
Committee  of  Ar- 
rangements have 
practically  e  o  m  - 
pleted  their  plans 
for  the  Sjiring  Meet- 
ing to  be  held  at 
New  Orleans,  April 
11  to  14.  Informa- 
tion regarding  the 
program,  hotels, 
transportation  and 
features  of  interest 
to  be  inspected  at 
New  Orleans  is  pub- 
lished herewith,  and 
will  be  followed  in  a 
few  daj's  by  a  cir- 
cular to  the  mem- 
bership giving  fur- 
ther and  later  details. 

Exerything  points  to  a  meeting  which  to  most  of  those  who 
attend  will  prove  unique.  The  problems  of  the  engineer  in 
the  South  are  peculiarly  his  own  and  not  only  will  certain  of 
these  problems  be  considered  during  the  professional  sessions, 
but  every  facility  will  be  afforded  to  visit  industrial  plants 
and  to  witness  engineering  construction  work  which  are  typi- 
cal of  the  industries  and  undertakings  of  that  part  of  the 
countrj-. 

Headquarters  will  be  at  the  Hotel  Grunewakl  and  the 
meeting  will  open  as  usual  on  Tuesday  afternoon  of  the  week 
of  the  convention  and  close  on  Friday,  but  it  is  hoped  that 
many  will  remain  over  during  the  day  Saturday  for  the  pur- 
pose of  making  inspection  trips  in  the  vicinity. 

There  are  several  plants  near  New  Orleans  which  are  pecu- 
liar to  the  locality,  but  due  to  infrequent  train  service,  or  other 
reasons,  it  requires  about  a  day  to  visit  them.  Tor  this  rea- 
son, the  Committee  decided  not  to  jilan  definitely  for  excur- 
sions to  these  plants  during  the  time  of  the  meetings,  but  have 


arranged  instead  for 
inspection  parties  on 
Saturday  for  the 
benefit  of  such  mem- 
bers as  may  stay 
over  another  day. 
The  plants  which  the 
Committes  have  par- 
ticularly in  mind  are 
the  salt  mines  at 
AY  e  e  k  s  Island  and 
Avery  Island ;  the 
sulphur  mines  at 
Sulphur,  La. ;  the  oil 
refineries  near  New 
Orleans  or  at  Baton 
Kouge;  the  sawmill 
of  the  Great  South- 
-ern  Lumber  C  o  m  - 
p  a  n  y  at  Bogalusa 
and  wood  distilla- 
tion plant  at  Slidell, 
La. ;  rice  irrigation 
pumping  plants  in  Western  Louisiana  and  the  oil  fields 
of  Western  Louisiana  and  oil  and  gas  fields  of  Northern 
Louisiana. 

The  tentative  program  is  published  on  the  next  page.  At- 
tention is  called  in  particular  to  the  opening  session  on 
Wednesday  morning,  when  there  will  be  a  discussion  upon  In- 
dustrial Preparedness :  What  it  Means  and  How  it  Can  be 
Accomplished. 

Following  this  session  the  visiting  members  will  be  in  the 
hands  of  their  New  Orleans  friends  until  Friday  morning  of 
the  convention,  when  the  last  professional  session  will  take 
place.  The  New  Orleans  Committee  have  in  preparation  one 
session  for  their  part  of  the  program  which  will  include  pa- 
pers upon  the  evolution  of  low-lift  pumping  plants  in  the  Gulf 
Coast  country;  tests  upon  the  capacity  and  economy  of  mul- 
tiple evaporators;  and  the  mechanical  equipment  used  at  the 
docks  in  the  Port  of  New  Orleans. 

Papers  to  come  up  for  discussion  at  the  session  on  Friday 
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OxE  or  THE  Excursions  During  the  Spring  Meeting  will  be  to  the  Reclaimed  Land  near  New  Orleans 
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morning  will  treat  of  miscellaneous  subjects,  notably  tbe  meas- 
urement of  the  flow  of  fluids  and  related  topics;  tbe  dynamic 
balancing  of  rotating  bodies,  tbe  measurement  of  viscosity  and 
tbe  flow  of  heat. 

TENTATIVE  PROGRAM 
Tuesday,  April  11 

ApTERjfOON. . .  .Registration. 

Evening Informal  Recejation. 

Wednesday,  April  12 

Morning Business   Meeting,   followed    by   Professional 

Session  on  "  Industrial  Preparedness." 

Afternoon Trip  on  tbe  river  which  will  give  an  oppor- 
tunity to  view  the  harbor  as  a  whole  and 
inspect  the  new  cotton  warehouse  and  other 
features  of  interest. 

E\'ENiNG Address  for  the  general  public,  by  Mr.  W.  B. 

Thompson,   Commissioner   of   Public   Utili- 
ties of  the  City  of  New  Orleans. 
Thursday,  April  13 

^[ORNING Professional  Sessions  at  which  papers  will  be 

given  on  engineering  subjects  of  local  in- 
terest. 

Afternoon Entertainment    at    Country    Club,    or    some 

other  excursion. 

E\-ENING Reception  and  dance. 

Friday,  April  14 

MoRNtNG Professional  Sessions. 

Afternoon Excursion  to  reclaimed  land  near  New  Orleans. 

TRANSPORTATION  NOTICE 

The  Committee  on  Meetings  has  been  pleased  to  accept  the 
invitation  of  the  Section  of  the  Society  at  Birmingham.  Ala., 
to  make  a  stop  in  that  city  on  the  trip  to  New  Orleans.  A 
train  schedule  as  given  below  has  been  designated  by  the  Com- 
mittee for  those  going  from  the  vicinity  of  New  York,  which 
allows  a  stop  of  24  hours  in  Birmingham.  The  route  is 
through  Wasliiugton  and  Chattanooga  via  the  Short  Line 
(comprising  the  Pennsylvania,  Southern,  Norfolk  and  West- 
ern, and  Queen  and  Crescent  Lines).  The  Pullman  cars  of 
the  train  will  be  parked  at  Birmingham  so  that  members  may 
conveniently  spend  the  entire  day,  Monday,  in  accepting  the 
hospitality  of  the  Birmingham  Section. 

While  it  is  expected  that  a  number  will  prefer  to  go  to 
New  Orleans  by  boat  rather  than  by  train,  and  that,  on  the 
other  hand,  some,  unable  to  take  the  time  for  the  stop  at 
Birmingham,  will  leave  a  day  later  than  the  schedule  indi- 
cates, it  is  hoped  that  as  many  as  possible  will  take  the 
official  train  in  order  to  add  to  the  sociability  of  the  journey. 

Train  fro:m  New  York 

Leave  Kew  York  via   Pa.  R.R.  3  :  34  p.  m.,  Saturday,  April  S. 

Arrive  Washington  9  :  15  p.  m. 

Leave  Wasbington  via  Southern  Railway  9  :  45  p.  m. 

.\rrive  Birmingham  10  :  25  p.  m.,  Sunday,  April  9. 

Leave  Birmingham  10 :  35  p.  m.,  Monday,  April  10. 

Arrive  New  Orleans  9 :  40  a.  m.,  Tuesday,  April  11. 

Full  information  concerning  trains  and  reservations  may  be 
obtained  from  W.  V.  Kibbe,  District  Passenger  Solicitor  of 
the  Pennsylvania  Eailroad  Co.,  501  Fifth  Avenue,  New  York. 

TRAINS    FROJI    CHICAGO   AND   CINCINNATI 

The  Executive  Committee  of  the  Cincinnati  Section  has 
designated  the  train  leaving  Cincinnati  on  the  Queen  and 
Crescent  Road  at  8  a.  m.  Sunday,  April  9,  as  tbe  official  train 


from  Cincinnati.  This  train  is  scheduled  to  arrive  in  Bir- 
mingham Sunday  night  as  a  jiart  of  the  same  train  on  which 
the  New  York  members  will  travel,  as  mentioned  above. 

The  Committee  of  the  Chicago  Section  of  the  Society  pro- 
lioses  the  schedule  given  below,  with  the  idea  of  accepting 
the  Birmingham  invitation  and  at  the  same  time  having  the 
company  of  the  Cincinnati  Section  from  that  city  to  New 
Orleans,  and  also  of  joining  tbe  New  York  Section  at  Bir- 
mingham. 

Train  froji  Chicago 

Leave  Chicago,   Big  Four,  11 :  45  p.  m.,  Saturday,  April  8. 
Arrive  Cincinnati,  Big  Four,  7  :  55  a.  m.,  Sunday,  April  9. 
Leave  Cincinnati,  Queon  v'c  Crescent  S  :  00  a.  m.,  Sunday. 
Arrive  Birmingham,  Queen  &  Crescent  10 :  25  p.  m.,  Sunday. 
Leave  Birmingham,  Queen  &  Crescent  10  ;  35  p.  m..  Monday,  April  10. 
Arrive  New  Orleans,  Queen  &  Crescent  9 :  40  a.  m.,  Tuesday,  April  11. 

The  route  between  Cincinnati  and  Birmingham  is  via  Chat- 
tanooga, at  which  point  the  trains  bearing  the  New  York 
Section  and  Chicago  Section  wiU  be  consolidated,  thus  afford- 
ing  an   opportunity   for   visiting   en    vonte    between    Chatta- 
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Terminal  Station,  New  Orleans 

nooga  and  Birmingham.  The  time  of  arrival  at  Chattanooga 
of  the  New  York  Section  will  be  5.5.5  p.  m.  and  of  the  Chicago 
Section  (i.lO  p.  ni. 

TRIP  BY  boat 
For  those  desiring  to  go  by  boat,  the  Southern  Pacific  Com- 
jiany  offer  accommodations  on  their  steamer  Proteus,  which 
leaves  New  York  at  12.00  o'clock  noon  on  Wednesday,  April 
5,  arriving  at  New  Orleans  on  Monday,  April  10,  at  10.30  a.  m. 
This  offers  a  delightful  five  day  voyage  in  a  first  class 
steamer,  excellent  cuisine,  courteous  attention,  a  restful  trip. 
For  those  desiring  to  return  by  boat,  it  may  be  stated  that  a 
boat  leaves  New  Orleans  for  New  York  on  Saturday,  April  15. 
at  10.00  a.m.,  and  is  due  to  arrive  in  New  York  Thursday. 
April  20,  at  7.00  a.m.  No  official  train  schedule  is  being  ar- 
ranged for  the  return  trip. 

Reservations  for  the  boat  trip,  going  or  coming,  may  be  ob- 
tained from  J.  M.  Adler,  Passenger  Agent,  1158  Broadxuay, 
New  York. 

PARES 

The  individual  round  trip  by  rail  between  New  York  and 
New  Orleans  is  $56.30.  Pullman  fare  from  New  York  to 
New  Orleans  is  $8.00  for  lower  berth,  $6.40  for  upper  berth. 
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There  is  practically  no  reduction  for  large  parties,  the  rate 
for  ten  or  more  going  and  returning  by  rail  being  $55.38. 

Tlie  round  trip  fare  between  Chicago  and  New  Orleans  is 
.$37.40. 

The  round  trip  fare,  either  going  one  way  or  both  ways  by 
boat,  between  New  York  and  New  Orleans,  is  $75.00.  This 
includes  meals  and  berth  on  the  steamer  and  provides  also  for 
those  starting  from  an  inland  city,  such  as  Cincinnati,  to  go 
by  rail  to  New  Orleans,  returning  to  New  York  by  boat  and 
tlience  by  rail  to  the  point  of  starting.  For  parties  of  ten  or 
more  going  on  one  ticket  by  rail  and  returning  by  steamer, 
the  round  trip  is  $70.19. 

A  charge  of  $2.00  per  capita  will  be  made  for  parking  the 
cars  for  occupancy  at  Birmingham. 

HOTELS        • 

The  Committee  on  Hotels  of  the  New  Orleans  Committee 
of  Arrangements  has  selected  the  Grunewald  Hotel  as  head- 
quarters for  the  Spring  Meeting.  The  rate%,are  as  given 
below  and  members  are  requested  to  write  direct  to  the,  hotel 
for  reservations.  The  Grunewald  has  sullicient  capacity  to 
accommodate  all  visiting  members,  l)ut  in  case  any  should  pre- 


fer to  stay  at  another  hotel,  rates  are  also  appended  for  the 
three  others  recommended  by  the  committee,  all  within  three 
squares  of  the  headquarters.  The  rates  are  as  follows,  on  the 
European   plan : 

HOTEL  GRCNEWALD 

New  Building 

Rooms  without  bath,  one  person $1.50  per  day  and  up 

Rooms  with  bath,  one  person .".00  per  day  and  up 

Rooms  without  bath,  two  persons 2. .50  per  day  and  up 

Rooms  with  bath,  two  persons 4.00  per  day  and  up 

Main  or  Old  Buildinf/ 

Rooms  without  bath,  one  person .fl.OO  per  day  and  up 

Rooms  with  bath,  one  person 2. SO  per  day  and  up 

Rooms  without  bath,   two  persons 2.00  per  day  and  up 

Rooms  with  bath,  two  persons 3.50  per  day  and  up 

ST.    CHARLES    HOTEL 

Room  with  detached  bath,  one  person .$1.50  per  day  and  up 

Room  with  bath,  one  person 2.00  per  day  and  up 

Room  with  detached  bath,  two  persons 2.50  per  day  and  up 

Room  with  bath,  two  persons 4.00  per  day  and  up 

Parlor    suites 10.00  per  day  and  up 

HOTEL   DE    SOTO 

Room  without  bath,  one  person $1.50  per  day  and  up 

Room  without  bath,  two  persons 2.00  per  day  and  up 

Room  with  bath,  one  person 2.00  per  day  and  up 

Room  with  bath,  two  persons 3.00  per  day  and  up 

Rooms  with  connecting  bath,  two  persons  In  each 

room    3.00  per  day  per  room 


12-Ft.  Screw  Pumps,  Drainage  Station  No.  1 


Discharge  froji  One  12-Ft.  Drainage   Pump 
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<  I  >qnille.  New  Orleans. 

CounTTARD  IX  French  Quarter 

COSMOPOLITAN    HOTEl, 

Room  with  batb,  one  person $2.00  per  day 

Boom  with  bath,  two  persons 3.00  per  day 

Room  without  bath,  one  person 1.00  per  day 

ENGINEERING  FEATURES  AT  NEW  ORLEANS 

Interest  in  New  Orleans  from  an  engineering  standpoint 
centers  in  the  accomplisliments  of  the  past  few  years  toward 
securing  facilities  adequate  for  handling  the  commerce  of  the 
Mississippi  Valley  with  the  outside  world.  In  this  respect  the 
city  and  state  have  worked  together  and  along  with  this  de- 
velopment have  come  marked  advances  in  the  social  and  edu- 
cational life  of  the  community,  through  the  modernization  of 
the  city  government,  the  completion  of  elaborate  systems  of 
sanitation,  the  drainage  of  large  contributory  areas  of  land  and 
the  splendid  growth  of  various  educational  institutions. 

New  Orleans  has  spent  $28,000,000  in  one  of  the  most  com- 


^'^'^'^       ^Mt 

Bi^S^SBHi 

;9M^HB^HHM 

^     1 

HBHt/ioi^ '  ** '' m^hH^h^^^^^^^^^I 

m^-     ^li^^Hl 

^    ^ 

Hv'  f  .-^M^SI^^B 

PSifc      llnl^^^^B 

^1 

^^H^'^H^^^H^ 

^^^^'"  -^  fli^l^B 

^-•■■^ 

w^^HB^ 

^M 

Copyright,  Detroit  Publishins  Co. 

St.  Charles  A\^nue,  New  Orleans 

plete  systems  of  sanitation  in  the  world,  comprising  water  sup- 
ply, sewerage  and  drainage  systems. 

The  water  supply  includes  an  extensive  system  of  sedimen- 
tation and  filtration,  with  two  main  pumping  stations  of  80,000 
gallons  jier  day  capacity  and  several  hundred  miles  of  mains. 


Coauille.   New  Orleans. 


A  Spot  op  Rare  Beauty 


Coqiiille.   New  Orleans. 

Tropical  Foliage  at  New  Orleans 

The  sewerage  system,  with  two  large  pumping  plants,  has  been 
in  operation  since  1905. 

Immediately  about  New  Orleans  over  .$20,000,000  are  being 
expended  in  draining  the  wet  lands  with  most  favorable  con- 
ditions resulting  as  to  health  and  the  possibilities  of  intensive 
cultivation  for  farm  and  garden  products.  The  inspection  nf 
this  drainage  area  is  one  of  the  visits  planned  for  the  Spring 
Meeting.  This  project,  and  that  for  water  supply,  have  called 
for  pumping  plants  of  immense  capacity  which  are  of  prime 
interest  to  the  engineer. 

The  river  front  at  New  Orleans  is  publicly  owned  and  has 
been  rendered  doubh'  useful  by  a  municipally-owned  belt  line 
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connecting  the  various  trunk  lines,  wharves  and  manufactur- 
ing plants  of  the  city.  A  large  sum  has  been  expended  in  the 
construction  of  modem  docks,  wharves  and  steel  sheds  for  the 
handling  of  freight.  The  recently  built  state  warehouses  for 
the  storage  and  handling  of  cotton  constitute  one  of  the  great 
institutions  of  the  country  for  facilitating  transportation. 

These  warehouses  required  an  expenditure  of  $3,000,000 
and  were  constructed  at  a  minimum  cost,  the  determination 
of  which  involved  a  careful  study  of  several  factors,  such  as 
the  ratio  of  storage  capacity  to  amount  of  cotton  handled,  the 
questions  of  single  or  multi-story  buildings,  the  height  to 
which  the  bales  would  be  piled  or  tiered,  and  the  mechanical 
handling  of  the  cotton.  One  of  the  devices  contributing  to  the 
success  of  the  plan  as  developed  is  a  mechanical  "  bale-puller  " 
for  the  purpose  of  extracting  any  bale  from  any  pile  without 
moving  any  other  bale. 

Because  of  public  ownership  it  has  not  been  possible  for  an 


An  Excursion  Is  Planned  to  the  Immense  Cotton  Ware- 
houses Recently  Constructed  at  New  Orleans 


industry  to  erect  buildings  on  the  batture  of  the  river  except 
for  the  purpose  of  "  commerce  and  navigation."  In  conse- 
quence, another  important  development  is  now  underway  in 
the  nature  of  a  ship  canal  connecting  the  gulf  and  the  rivei- 
which  will  give  opportunity  for  waterside  location  for  the 
manufacturer,  besides  increased  facilities  in  receiving  his  raw 
materials  and  in  shipping  liis  products. 

FEATURES  OF  GENERAL  INTEREST 

Besides  the  engineering  features  of  New  Orleans,  the  \isitors 
at  the  Spring  Meeting  will  find  many  delightful  places  to  visit 
in  the  city,  as  evidenced  by  the  several  glimpses  in  the  illustra- 
tions appearing  in  this  number.  The  quaintness  of  the  Frencli 
quarter  with  its  courtyards,  antique  stores  and  famous  restau- 
rants, the  tropical  vegetation,  the  j)arks  and  many  beautiful 
streets,  cause  the  city  to  rank  high  among  the  vacation  places 
of  the  country.  There  are  public  buildings  to  be  visited,  the 
Chalmette  Monument,  the  Cathedral  and  old  residences,  many 
of  them  of  historic  interest. 

Tulane  University,  which  has  been  a  potent  educational 
factor  in  Louisiana,  is  of  interest.  Newcomb  College  also 
appeals  to  visitors  because  of  its  art  school,  where  are  pro- 
duced by  the  students  various  art  objects,  famous  among  which 
is  the  Newcomb  pottery. 


NOMINATING  COMMITTEE 

In  making  a  study  of  the  situation,  President  Jacobus 
found  that  no  particular  method  is  outlined  for  selecting  five 
members  for  the  Nominating  Committee,  but  that  it  has  been 
the  practice  to  select  members  from  different  geographical 
sections  of  the  country,  as  it  would  seem  that  this  is  the  best 
way  of  securing  the  views  of  the  membership  at  large.  He 
wished  to  avail  himself  of  the  splendid  organization  and  in- 
terest of  the  Sections  and  with  this  in  mind  formed  five 
groups  of  the  different  geographic  sections  of  the  Society, 
without  respect  to  the  number  of  members  in  those  sections, 
and  suggested  that  each  of  the  groups  agree  on  a  single  can- 
didate, where  practicable,  to  be  submitted  as  a  suggestion  for 
appointment  on  the  Committee.  The  sections  were  grouped 
in  the  following  order : 

Group  1 — San  Francisco  and  Los  Angeles 
Group  2— Atlanta,  Birmingham,  St.  Louis  and  Cincinnati 
Group  3 — Chicago,  Milwaukee  and  Minnesota 
Group  4 — Boston,  New  Haven  and  Worcester 
Group  5 — New  York,  Philadelphia  and  Buffalo 
Great  interest  has  been  manifested  and  the  President,  while 
not  bound  to  accept  the  nominations  made  by  the  Sections, 
has  in  each  case  taken  pleasure  in  doing  so.    The  nominations 
are  as  follows: 

Group  1— J.  T.  Whittlesey,  of  San  Francisco 
Group  2— Prof.  E.  H.  Ohle,  of  St.  Louis 
Group  3 — H.  M.  Montgomery,  of  Chicago 
Group  4 — Walter  B.  Snow,  of  Boston 
Group  5 — D.  Robert  Yarnall,  of  Philadelphia 
The  object  of  pursuing  the  above  method,  as  was  brought 
out  in  an  address  by  the  President  at  the  joint  meeting  of  the 
Chairmen  of  the   Sections  held  at  the  time   of  the  Annual 
Meeting,  is  to  secure  the  greatest  possible  democracy  through- 
out the  Society  and  at  the  same  time  encourage  the  selection 
of  those  men  who  by  virtue  of  their  high  professional  stand- 
ing will  in  turn  choose  similar  men  for  oflScers  of  the  Society. 
It   has  been  suggested   that   the   Nominating   Committee   as- 
semble at  the  Spring  Meeting  of  the  Society  at  New  Orleans. 

COUNCIL   NOTES 

At  the  meeting  of  the  Council  held  on  February  11,  1916, 
there  were  present:  D.  S.  Jacobus,  President,  John  H.  Barr, 
Robert  M.  Dixon,  Chairman  of  Finance  Committee,  Arthur 
M.  Greene,  Jr.,  James  Hartness,  Henry  Hess,  Frederick  R. 
Hutton,  WiUiam  B.  Jackson,  Charles  T.  Main,  Spencer  Mil- 
ler, H.  de  B.  Parsons,  J.  E.  Sague,  John  A.  Stevens,  Max 
Toltz,  E.  H.  Whitlock,  William  H.  Wiley,  Treasurer,  and 
Calvin  W.  Rice,  Secretary. 

A  letter  from  Prof.  P.  F.  Walker  relative  to  an  agitation 
to  discontinue  the  Fahrenheit  thermometer  scale  was  referred 
to  the  Committee  on  Research.  This  is  printed  in  the  Cor- 
respondence Section. 

Roy  E.  Brakeman,  Chairman,  Charles  B.  Davis,  Vice- 
Chairman,  Paul  Wright,  Secretary-Treasurer,  J.  Henry 
Klinck  and  Frank  G.  Cutler  were  appointed  as  a  Local  Sec- 
tions Committee  in  Birmingham;  Emmett  B.  Carter,  Chair- 
man, W.  R.  Jones,  Secretary,  Charles  L.  Bruff,  Robt.  H.  Fer- 
nald,  Jas.  E.  Gibson,  Jos.  A.  Steinmetz  were  appointed  as  a 
Local  Sections  Committee  in  Philadelphia;  A.  D.  Blake  was 
appointed  Secretary  of  the  New  York  Sections  Committee. 

The  President  announced  the  appointment  of  D.  C.  Jack- 
son, Chairman,  A.  H.  Kruesi,  R.  J.  S.  Pigott,  John  A.  Stevens 
and  B.  F.  Wood  as  a  committee  to  cooperate  with  the  sub- 
committee of  the  Committee  on  Stnndards  of  the  American 
Institute  of  Electrical  Engineers. 
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On  iuvitatiou  Irom  the  American  Institute  of  Electrical 
Engineers,  soUeitiug  the  cooperation  of  this  Societj'  in  a  pro- 
posed joint  Pan  American  Engineering  Committee,  William 
H.  Bixby,  Charles  T.  Pluakett,  C.  C.  Thomas,  Ambrose 
Swasej-  and  S.  W.  Stratton  were  appointed  as  a  committee  of 
our  Society. 

Major  William  H.  Wiley,  Chairman  of  the  Society's  Com- 
mittee of  the  Joint  Committee  on  Engineer  Reserve  Corps,  re- 
ported that  this  Committee  had  appeared  before  the  House 
Committee  on  Military  Affairs  and  urged  with  success  the 
inclusion  in  pending  legislation  of  a  provision  for  a  reserve 
corps  of  civilian  engineers. 

A  cummunication  from  the  American  Institute  of  Electrical 
Engineers  regarding  the  adoption  of  the  metric  system  in  this 
country  was  referred  to  a  committee  previously  constituted 
to  report  on  these  matters. 

Calvin  W.  Rice,  Secretary. 

ENGINEERING  FOUNDATION 

With  its  meeting  of  January  1916,  the  Engineeiing 
foundation  Board  completed  the  first  year  of  its  activities. 
The  Board  at  first  was  mainly  concerned  with  the  jjrepara- 
tion  of  rules  of  administrative  procedure  based  upon  the  by- 
laws of  the  United  Engineering  Society  under  whose  auspices 
the  foundation  conducts  its  work.  During  the  summer  and 
early  autumn,  however,  it  was  able  to  turn  to  the  considera- 
tion of  applications  for  the  support  of  research  work,  or 
other  undertakings  coming  within  the  objects  of  the  founda- 
tion. 

A  committee  was  created  for  this  purpose  consisting  of 
A.  R.  Ledoux,  Alex.  C.  Humphreys,  Past-President,  Am.Soc. 
M.E.,  M.  I.  Pupin  and  J.  Waldo  Smith,  Mem.Am.Soc.M.E., 
— names  which  are  representative  of  a  wide  range  of  expert 
knowledge.  The  applications  in  hand  were  considered  in 
sub-committee  by  assignment  to  the  ones  most  familiar  with 
the  respective  subjects. 

Sixteen  applications  have  been  received.  Two  were  in  the 
class  where  accejjted  scientific  jjiiueiiiles  were  antagonized  by 
projiositions  to  secure  energy  greater  in  amount  than  would  be 
expended  in  its  production;  two  were  for  the  attainment  of 
results  purely  commercial  in  character  and  which  clearly 
should  be  promoted  by  manufacturers  rather  than  by  a 
scientific  board;  two  were  for  investigations  whose  financial 
recjuirements  were  greater  than  the  limitations  of  income  in 
the  hands  of  the  foundation  would  permit  it  to  consider; 
and  two  were  for  researches  already  in  competent  hands  and 
for  work  well  in  jirogress  at  these  establishments.  Three  of 
the  applications  have  been  deferred  for  further  information 
and  two  were  not  presented  in  sufficiently  complete  form  to 
permit  of  intelligent  action.  This  leaves  three  upon  which 
the  board  has  taken  provisional  favorable  action  of  which  full 
report  will  be  made  when  the  final  decision  on  them  has  been 
arrived  at. 

Certain  important  questions  of  principle  and  policy  have 
come  to  the  surface  in  the  discussion  of  these  applications. 
The  one  of  perhaps  widest  interest  is  the  question  of  owner- 
ship and  development  of  any  patent  monopoly  which  might 
come  to  the  surface  under  researches  in  progress.  It  was  the 
sense  of  the  board  that  it  was  not  a  business  body  and  could 
not  properly  o^vn  or  license  under  a  patent  monopoly  which 
it  might  own.  On  the  other  hand,  it  might  be  the  duty  of 
the  board  to  prevent  monopoly  by  others  by  securing  patent 
protection  and  then  making  the  use  of  such  patent  the  prop- 
erty of  the  scientific  and  industrial  public,  as  is  the  obliga- 


tion (if  oflicers  of  the  federal  government  in  their  respective 
lines.     The  question  is  an  interesting  one. 

19 IG  YEAR  BOOK 

With  the  membership  increasing  at  the  rate  of  seven  hun- 
dred or  eight  hundred  a  year,  the  problem  of  issuing  the 
Year  Book  without  sacrificing  the  features  of  usefulness 
which  have  for  several  years  past  characterized  the  volume 
becomes  increasingly  difficult. 

First  of  all,  of  course,  accuracy  of  name  and  address  is 
to  be  desired;  second,  eomjiactness,  so  that  the  book  may  be 
carried  conveniently  in  traveling;  and  third,  such  .in  arrange- 
ment of  the  alphabetical  and  geographical  lists  as  will  sen-e  all 
reasonable  needs. 

Members  have  already  received  the  I'^ear  Book  for  1916 
and  it  will  be  noted  that  whereas  there  are  over  700  more 
names  and  1400  more  entries  than  in  the  previous  Year  Book, 
there  has  actually  been  a  reduction  of  65  pages.  This  reduc- 
tion was  accomplished  in  part  by  a  re-editing  of  the  entire 
membei-ship  lists  and  by  the  use  of  a  condensed  but  legible 
type  face.  Paper  manufactured  for  this  book  and  some- 
^^•llat  lighter  in  weight  than  formerly  was  also  emploj'ed;  by 
this  stiU  greater  compactness  Avas  secured. 

It  will  be  of  interest  to  call  attention  to  the  scheme  of  the 
alphabetical  and  geographical  lists  of  this  Year  Book.  In 
the  alphabetical  list  are  given  the  grade  of  membership,  title 
and  business  connections,  business  and  residence  addresses. 
In  the  geographical  Ust,  however,  such  complete  information 
is  not  needed,  but  at  the  same  time  it  is  believed  that  more 
information  should  be  printed  here  than  would  be  comprised 
in  the  mere  alphabetical  listing  of  the  names  imder  each  town 
or  city,  as  is  the  practice  of  societies.  If  a  member  is  visit- 
ing a  certain  city  for  business  purposes,  the  information 
which  he  is  most  likely  to  want  to  draw  from  the  Year  Book 
is  the  names  of  members  located  in  that  city  and  the  firms  with 
which  they  are  connected.  This  information,  therefore,  is 
given  in  the  geograjihical  list.  Every  member  of  The  Ameri- 
can Society  of  Mechanical  Engineers  receives  a  copy  of  this 
complete  Year  Book,  dotli  bound. 

SECRETARY  AT  LOCAL  MEETINGS 

On  Februaiy  7,  the  Secretary  visited  the  Student  Branch  at 
the  University  of  Maine,  Orono;  on  February  8,  the  Boston 
Section  of  the  Society,  and  on  February  9,  the  Student  Branch 
of  Massachusetts  Institute  of '  Technology,  Boston,  Mass. 

At  the  University  of  Maine,  following  an  address  by  Dean 
Boardman,  he  gave  a  talk  to  the  engineering  students,  in 
which  he  outlined  the  work  of  student  branches  of  the  Society 
and  explained  the  extraordinary  service  which  the  engineering 
profession  is  giving  the  nation  in  connection  with  industrial 
preparedness. 

In  Boston,  the  Secretary  was  the  guest  at  the  enthusiastic 
meeting  of  the  Boston  Section  of  the  Society,  with  the  Boston 
Society  of  Civil  Engineers  and  the  American  Institute  of  Elec- 
trical Engineers  on  the  occasion  of  the  seventh  annual  joint 
banquet  of  these  organizations  held  in  the  new  Boston  City 
Club,  an  account  of  which  appears  elsewhere.  It  is  seldom 
that  meetings  of  engineers  are  held  in  any  city  of  the  country 
where  so  large  a  number  get  together  and  so  splendid  a  spirit 
of  courtesy  is  shown  as  at  these  events  in  Boston.  At  this  din- 
ner, there  wei'e  over  500  engineei-s  present,  men  of  large  af- 
fairs, with  diversified  interests,  but  having  at  heart  the  one 
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common  interest  of  the  engineering  profession  at  large  through 
their  relations  with  the  municipality,  the  state  and  the  nation. 

On  Wednesday  noon,  February  9,  a  few  words  were  extended 
to  the  young  men  of  the  Technology  Christian  Association  and 
the  Student  Engineering  Society  in  the  Technology  Union, 
emphasizing  the  value  to  the  students  of  the  work  of  the 
Christian  Association  in  teaching  English,  drawing,  mathe- 
matics to  the  working  men.  The  absolute  necessity  for  all 
executives  to  understand  men  makes  it  essential  that  engineers 
undertake  early  in  their  career  all  those  duties  which  bring 
them  in  touch  with  men.  Nothing  can  be  more  desirable 
than  rendering  a  service  to  working  men  which  will  at  the  same 
time  make  them  good  citizens. 

Mr.  Bice  was  subsequently  shown  over  the  new  Technohigy 
buildings  and  had  the  satisfaction  of  seeing  the  prospective 
new  headquarters  for  the  student  branch  in  the  mechanical 
engineering  department. 

CIVIL  ENGINEERS  INVITED  TO  SHARE 
ENGINEERING  SOCIETIES  BUILDING 

Negotiations  have  been  in  jirogress  between  the  United 
Engineering  Society,  representing  the  American  Institute  of 
Mining  Engineers,  the  American  Institute  of  Electrical  En- 
gineers, and  The  American  Society  of  Mechanical  Engineers 
on  the  one  hand,  and  the  American  Society  of  Civil  Engi- 
neers on  the  other,  in  connection  with  an  invitation  extended 
on  ,Iune  28,  1915,  to  the  Civil  Engineers  to  share  the  Engi- 
neering Societies  Building.  These  negotiations  have  neces- 
sai'iiy  been  confined  in  their  preliminary  stages  to  the  gov- 
erning boards  of  the  societies.  We  are  now  happy  to  state 
that  the  invitation  has  finally  resulted  in  a  report  on  the  part 
of  the  special  committee  of  the  Civil  Engineers,  consisting  of 
Clemens  Herschel,  C'hairmaii.  Robert  Ridgway,  Charles  War- 
ren Hunt,  Charles  F.  Lowetli  and  Past-Presidents  John  A. 
Ockerson,  George  F.  Swain  and  Hunter  McDonald,  that  the 
matter  of  removing  the  headquarters  from  the  house  on  West 
57th  Street  to  the  Engineering  Societies  Building  favoring  the 
subject  be  submitted  to  letter  ballot  of  the  entire  membership 
of  the  Civil  Engineers. 

In  general,  if  the  Civil  Engineers  should  sell  their  property, 
they  would  realize  approximately  $325,000,  and  their  share 
of  the  cost  of  the  land  and  other  expenses  in  connection  with 
the  Engineering  Societies  Building  would  be  about  $240,000. 
They  would  become  a  joint  owner  with  the  three  other  societies 
in  a  property  worth  $1,967,332,  one-quarter  of  which  would 
be  $491,833.  In  other  words,  roughly  speaking,  by  a  pavTnent 
of  $250,000,  they  would  have  an  equity  of  $500,000  and  $100,- 
000  in  bank.  So  much  for  the  financial  side.  On  the  ma- 
terial side  there  would  be  greater  hall  cajjacity  for  their  an- 
nual meetings  which  are  now  seriously  taxing  their  head- 
quarters. 

Further,  there  is  now  a  duplication  of  effort  in  the  mainte- 
nance of  their  libraries,  and  it  is  an  open  secret  that  should 
the  Civil  Engineers  cooperate  in  the  administration  of  a  joint 
Library  an  endowment  of  $500,000  will  be  forthcoming.  It 
is  not  suggested  that  the  Civil  Engineers  yield  title  to  their 
books  for  these  benefits,  but  ])lace  them  in  tlie  same  room 
with  the  books  of  the  other  engineering  societies,  in  which 
case  they  will  be  eared  for  by  the  staff  of  the  United  Engi- 
neering Society  and  the  library  as  a  whole  greatly  enhanced 
in  value.  This  would  place  the  joint  Library  in  a  unique 
position  on  this  continent,  if  not  in  the  world. 

Still  another  benefit  would  be  more  frequent  conferences 
of  the  officers  of  the  national  societies,  through  the  natural 


facility  of  such  conferences,  in  all  matters  pertaining  to  the 
welfare  of  the  engineering  profession  as  a  whole. 

There  are  now  approximately  two  vacant  floors  in  the  Engi- 
neering Societies  Building,  occasioned  by  the  recent  removal  of 
two  societies,  one  of  which  wished  a  ground  floor  on  a  promi- 
nent street  for  exhibition  purjioses.  and  the  general  restric- 
tion of  the  building  to  purely  engineering  activities,  which 
limits  the  choice  of  occupants  of  the  building.  It  is  now 
possible  for  the  Civil  Engineers  to  come  into  the  building 
and  have  similar  suites  to  the  other  founder  societies.  Should 
these  accommodations  be  insufficient,  however,  the  founder 
societies  have  generously  offered  to  build  an  addition  on  the 
top  of  the  building.  This  addition,  it  is  estimated,  will  cost 
the  entire  sum  of  $240,000  which  the  Civil  Engineers  would 
pay  as  their  share  of  ownership.  It  is  reasonably  hoped,  how- 
ever, that  one  or  more  floors  in  the  present  building,  arranged 
to  suit  the  Civil  Engineers  and  duplicating  their  present 
facilities,  will  be  adequate. 

The  engineering  ])rofession  is  demonstrating  daily  its  ca- 
pacity for  seiwice  to  the  nation  and  society  generally,  and 
this  outward  evidence  of  cooperation  jioints  toward  an  ideal 
which  all  hope  may  be  attained. 

INDUSTRIAL  PREPAREDNESS 

As  a  result  of  the  invitation  from  the  President  of  the 
United  States  which  was  published  in  the  February  Journal, 
the  Council  selected  at  its  last  regular  meeting,  and  at  a 
special  meeting  called  for  the  iiurjiose,  the  names  for  directors 
of  the  industrial  census  in  each  of  the  states  of  the  Union  and 
th'e  Territory  of  Ala.ska  and  the  District  of  Columbia.  There 
has  also  been  a  conference  of  the  committee  representing  the 
Society  with  the  committees  representing  the  other  four  engi- 
neering societies  who  jointly  ha\-e  been  invited  by  the  Presi- 
dent to  undertake  this  great  work. 

This  census  will  in  reality  be  the  most  impoi-tant  under- 
taking that  the  government  has  ever  essayed  in  the  matter  of 
understanding  the  resources  of  the  country,  not  only  for  defense 
but  for  jjeaee,  and  the  engineei"s  are  to  be  considered  particu- 
larly fortunate  in  having  received  the  invitation  and  in  being 
recognized  as  an  instrument  for  the  ser\-ice  of  the  nation.  It 
now  behooves  the  engineering  profession  to  appreciate  that 
with  this  great  honor  goes  great  responsibility  and  that  per- 
sonal sacrifice  and  service  of  the  highest  order  is  the  price 
that  must  be  paid  for  further  honors. 

The  main  elements  involved  in  industrial  preparedness  are 
men,  transportation  and  materials,  and  it  falls  to  the  lot  of  the 
engineer  to  furnish  two  of  these, — transportation  and  ma- 
terials. 

The  following  circular  issued  by  the  Naval  Consulting 
Board  accompanied  the  letters  sent  by  the  Council  to  the 
members  of  the  Society  in  each  of  the  several  states  of  the 
Union : 

For  the  first  time  in  the  history  of  this  country,  engineers 
have  been  called  as  a  body  to  its  aid.  Their  service  is  needed 
by  the  Government  in  the  performance  of  a  most  important 
patriotic  work.  They  have  been  asked  to  aid  in  the  la.^-ing 
of  the  foundations  of  our  stnicture  of  national  defence. 
Upon  every  one  of  them  there  rests  a  personal  responsibility. 
The  Country  needs  their  service,  the  President  has  asked  for 
it,  and  the  governing  bodies  of  the  Engineering  Societies  have 
confidently  pledged  it.  It  is  earnestly  hoped  that  each  and 
every  one  will  find  it  possible  to  accept  this  nomination  by  his 
Society  and  to  co-operate  in  this  non-partisan,  non-political 
and  wholly  patriotic  work. 

Brief   outlines    of   Plan    for    Inventory    of    Industrial    Re- 
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sources  Available  for  the  Support  of  the  Army  and  Navy  of 
the  United  States: 

1.  Selection  by  each  of  the  five  great  technical  societies  of  one 

American  Citizen  from  each  State  in  the  Union,  as  per 
President  Wilson's  request  of  January  13th. 

2.  The  formal  appointment  by  the  Secretary  of  the  Navy  of 

the  men  so  selected  as  State  Directors  of  the  Organiza- 
tion for  Industrial  Preparedness  and  Associate  Members 
of  the  Naval  Consulting  Board. 

3.  Each  State  Board  of  Directors  consisting  of  five  men  thus 

appointed  to  organize  for  business — electing  Chairman 
and  Secretary. 

4.  The  organization  under  each   State  Board  of  a  corps  of 

Field  Aides  selected  from  the  combined  membership  of 
the  five  technical  societies  within  that  State. 
.5.  The  issuance  by  the  Naval  Consulting  Board  to  each  State 
Board  of  complete  information  as  to  the  work  in  hand, 
the  objects  to  be  obtained,  suggested  methods  of  pro- 
cedure, lists  of  members  within  the  State  of  the  five  tech- 
nical societies  and  all  available  data  as  to  the  industries 
of  the  State. 

6.  Examination  by  the   State  Board  of  their  territory  with 

reference  to  the  number  and  geographical  distribution  of 
industries  with  relation  to  the  Field  Aides  available  for 
the  Inventory. 

7.  Issuance  by  the  State  Boards  to  the  F4eld  Aides  of  Instruc- 

tions and  Blank  Forms  as  supplied  by  the  Naval  Con- 
sulting Board. 

8.  Examination  and  cheeking  by  the  State  Boards  of  all  com- 

l^leted  field  reports.  Following  up  men  to  see  that  re- 
ports are  sent  in  properly.  Checking  reports  and  sup- 
plying any  data  lacking  before  sending  them  to  Consult- 
ing Board. 

9.  The  continuance  of  the  Organization  thus  formed  in  order 

to  insure  to  the  Government  the  backing  of  the  full  in- 
dustrial strength  of  the  country  and  to  secure  for  the 
largest  practicable  number  of  industrial  concerns  such 
an  amount  of  Government  business  as  will  keep  them  in 
touch  with  the  requirements  of  the  Army  and  Navy. 

In  order  to  obtain  the  necessary  co-operation  of  manufac- 
turers and  the  public  in  general,  there  will  be  released  in  due 
season  for  country  wide  distribution  a  statement  giving  an 
outline  of  the  entire  movement  including,  if  permission  is  re- 
ceived, in  the  papers  of  each  State  portraits  and  biographical 
notes  of  the  State  Directors.  Prior  to  this  it  is  obviously  de- 
sirable that  no  mention  of  this  work  should  be  made. 

February  15th,  1916. 

JUNIOR  AND  STUDENT  PRIZES 

The  members  of  the  Committees  on  Junior  and  Student 
Prizes,  consisting  of  Robert  H.  Femald,  Chairman  of  the 
Junior  Prize  Committee,  Fred  E.  Rogers  and  George  B. 
Brand,  and  Frederick  R.  Hutton,  Chairman  of  the  Student 
Prize  Committee,  Robert  H.  Femald  and  D.  "W.  Kimball 
were  reappointed  by  the  Council  for  the  year  1916. 

Papers  for  the  Junior  Prize,  which  consists  of  fifty  dol- 
lars in  cash  and  an  engraved  certificate  signed  by  the  Presi- 
dent and  Secretary  of  the  Society,  are  restricted  to  the  Juniors 
of  the  Society.  The  two  Student  Prizes  consist  of  twenty- 
five  dollars  each  in  cash  and  an  engraved  certificate  signed 
by  the  President  and  Secretary  and  are  restricted  to  enrolled 
members  of  the  Student  Branches  in  good  standing.  As  no 
award  of  the  Student  Prizes  was  made  last  year,  it  is  within 
the  power  of  the  committee  to  award  the  accumulated  prizes 
to  more  than  two  authors  this  year,  jirovided  the  papers  in 
competition  are  deemed  of  sufficient  merit. 

Papers  must  be  submitted  before  .June  30,  the  committees 
reporting  their  recommendations  to  the  Council  on  or  before 
October  1.  It  is  hoped  that  a  large  number  of  papers  will 
be  submitted  for  the  decision  of  the  committees. 


NAVAL   CONSULTING  BOARD 

One  of  the  most  important  meetings  of  the  Naval  Consult- 
ing Board  yet  held  was  that  which  convened  at  the  New  York 
\a\'y  Yard,  on  February  9.  The  two  representatives  of  the 
Society  on  the  Board,  Spencer  Miller,  Member  of  Council,  and 
W.  L.  R.  Emmet,  were  among  those  present. 

Reports  dealing  with  the  problems  of  chemistry  and  physics 
applied  to  warfare,  steam  engineering,  internal  combustion 
motors,  ordnances  and  explosives,  mines  and  torpedoes,  sub- 
marines and  other  matters  vital  to  the  administration  and  oper- 
ation of  a  great  navy  were  submitted  by  the  various  sub-com- 
mittees. 

Howard  E.  Coffin  presented  in  detail  the  plan  approved  by 
President  Wilson  and  worked  out  by  a  committee  of  the  Board 
for  the  mobilization  of  the  industries  of  the  country. 

Thomas  A.  Edison  submitted  the  complete  plans  and  speci- 
fications for  the  experimental  laboratory  for  the  Navy  pro- 
posed by  him  at  a  previous  meeting  of  the  Board.  The  prin- 
cipal buildings  provided  for  in  the  scheme  are  an  administra- 
tion building,  a  chemical  and  physical  laboratory,  a  machine 
shop,  an  erecting  shop,  a  forge  building,  a  foundry,  a  pattern 
shop,  a  sheet  metal  shop  and  a  power  house. 

Mr.  Edison  stated  that  the  purpose  of  the  design  was  to  ob- 
tain quick  work  and  thorough  and  efficient  results.  He  said 
that  in  the  laboratory  a  submarine  engine,  which  now  takes  six 
months  to  build,  could  be  completed  in  not  more  than  six 
days. 

Thomas  Robins  supplemented  Mr.  Edison's  remarks,  and 
said  that  the  laboratory  wiU  afford  a  place  for  the  testing  of 
new  devices  without  subjecting  the  vessel  on  which  they  are  to 
be  placed  to  any  possibility  of  damage. 

A  BUSY  PERIOD 

The  Engineering  Societies  Building  in  New  Y'ork  is  a  place 
of  great  activity  during  a  large  part  of  the  winter  season. 
Last  month,  especially,  has  witnessed  very  notable  gatherings 
which  have  been  largely  attended  and  at  which  there  was  a 
full  measure  of  enthusiasm.  Three  of  these  have  been  the 
conventions  of  the  Illuminating  Engineering  Society,  the 
American  Institute  of  Electrical  Engineers  and  the  American 
Institute  of  Mining  Engineers. 

The  midwinter  convention  of  the  Illuminating  Engineeimg- 
Society  was  held  on  February  10  and  11.  This  convention 
celebrated  the  tenth  anniversary  of  the  Society,  which  was 
signalized  by  the  conferring  of  honorary  membership  on 
Thomas  A.  Edison,  Hon.Mem.Am.Soe.M.E.  The  presentation 
was  made  by  John  W.  Lieb,  Mem.Am.Soe.M.E. 

The  fourth  midwinter  convention  of  the  American  Institute 
of  Electrical  Engineers  was  held  on  February  8  and  9.  There 
were  four  technical  sessions  and  a  dinner-dance.  The  pro- 
gram was  of  a  diversified  character,  the  papers  including  com- 
munications on  Municipally  Operated  Electric  Utilities  of 
Western  Canada,  by  A.  G.  Christie;  operation  of  the  Nor- 
folk &  Western  Railway,  by  F.  E.  Wynne,  and  Chattering; 
Wheel  Slip  in  Electric  Motive  Power,  by  G.  M.  Eaton. 

The  American  Institute  of  Mining  Engineers  held  its  annual 
meeting  February  14  to  17.  Sessions  were  held  on  petroleum 
and  gas ;  coal  and  coke ;  mining,  conservation  and  non-metallie 
minerals;  precious  and  base  metals,  and  iron  and  steel.  The 
reception  and  annual  dinner  were  held  at  the  Hotel  Astor, 
and  other  features  of  the  convention  were  excursions,  alumni 
reunions,  and  a  smoker. 

Among  the  twenty-nine  papers  presented  were  the  following 
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by  members  of  our  Society :  Development  of  the  Law  Kelating 
to  the  Use  of  Gas  Compressors  in  Natural  Gas  Production, 
Samuel  S.  Wyer;  Application  of  Electric  Power  to  Mining 
Work  in  the  Witwatersrand  Area,  South  Africa,  J.  N.  Bulkley ; 
Manganese-Steel  Castings  in  the  Mining  Industry,  Walter  S. 
McKee;  Wasted  Metal,  Henry  D.  Hibbard  and  Edward  L. 
Eord,  and  Manufacture  and  Tests  of  Silica  Coke-Oven  Brick, 
Kenneth  Seaver. 

The  climax  in  the  month's  series  of  meetings,  however,  was 
the  first  of  the  military  lectures  for  engineers  which  are  else- 
where announced.  This  lecture  was  coincident  with  the  meet- 
ing of  the  American  Institute  of  Mining  Engineers  and  more 
than  2300  engineers  attempted  to  get  into  the  auditoriums  of 
the  Engineering  Societies  Building  to  hear  the  speakers.  An 
overflow  meeting  was  held  in  the  second  largest  haU  in  the 
bizilding  and  several  hundreds  were  turned  away  at  the  doors. 
Even  the  committee  which  arranged  the  lecture  was  aston- 
ished at  the  interest  displayed  and  now  three  lecture  courses 
have  been  organized  to  take  care  of  the  crowds  that  desire 
to  attend. 

COST  OF  ELECTRIC  POWER 

In  response  to  an  invitation  from  the  American  Institute 
of  Electrical  Engineers,  the  President  was  authorized  to  ap- 
point a  committee  of  five  to  cooperate  with  the  American  In- 
stitute of  Electrical  Engineers  and  similar  committees  of 
other  societies  on  the  determination  of  the  cost  of  electric 
power.  The  following  members  of  the  Society  were  ap- 
pointed: D.  C.  Jackson,  A.  H.  Kruesi,  R.  J.  S.  Pigott,  John 
A.  Stevens  and  B.  F.  Wood.  The  National  Electric  Light 
Association  and  the  American  Electric  Railway  Engineering 
Association  have  also  appointed  committees  to  cooperate  with 
the  Electrical  Engineers  and  our  Society,  and  the  first  meet- 
ing of  the  joint  committee  was  held  February  9.  Henry  G. 
Stott  was  elected  chairman  and  W.  S.  Gorsueh  secretary  of 
the  joint  committee. 

LECTURES  ON    MILITARY    ENGINEERING 

Courses  of  free  lectures  on  military  engineering,  organized 
by  a  group  of  engineers  in  cooperation  with  oflBcers  of  the 
United  States  Army,  are  now  being  delivered  in  the  Engi- 
neering Societies  Building  and  in  the  building  of  the  Ameri- 
can Society  of  Civil  Engineers,  New  York.  Originally  one 
course  of  seven  lectures  on  Monday  evenings  during  February 
and  March  was  planned,  and  invitations  to  attend  were  ex- 
tended to  all  engineers  in  New  York  and  vicinity,  but  the 
number  of  applicants  for  admisison  was  so  great  that  a  sec- 
ond, and  finally  a  third  course  had  to  be  provided.  This 
leads  the  committee  to  think  that  if  similar  courses  could  be 
arranged  for  in  Local  Section  centers  and  elsewhere,  they 
would  be  well  attended  by  members  who  would  in  return  re- 
ceive the  benefit  of  valuable  information  upon  this  impor- 
tant subject. 

The  topics  of  the  lectures  in  New  York  include  organiza- 
tion of  engineers  in  war,  the  service  of  reconnaissance,  forti- 
fications, defences,  lines  of  communication,  camps  and  canton- 
ments, military  railways,  etc.  The  lecturers  are  Captains 
Thomas  M.  Robins,  Richard  T.  Coiner  and  Edward  P.  Ar- 
dery,  Corps  of  Engineers,  U.  S.  A.;  and  the  Committee  of 
Arrangements  includes  the  following  members  of  our  So- 
ciety: J.  Waldo  Smith,  Chairman,  Gano  Dunn,  W.  L.  Saun- 
ders, Bradley  Stoughton,  D.  S.  Jacobus,  Calvin  W.  Rice, 
George  Glbbs,  Alex.  C.  Humphreys,  John  W.  Lieb  and  W.  H. 


Wiley.     The  Secretary  of  the  committee  is  J.  S.  Langthom, 
250  W.  54th  Street,  New  York  City. 

GREETINGS  TO  MINING  ENGINEERS 

On  the  occasion  of  the  annual  gathering  of  the  American 
Institute  of  Mining  Engineers,  representing  the  President,  Dr. 
Jacobus,  Prof.  Frederick  R.  Hutton,  Honorary  Secretary, 
Am.Soc.M.E.,  was  the  bearer  of  fraternal  greetings  and  cor- 
dial good  wishes  from  our  Society. 

Professor  Hutton  delivered  an  appropriate  and  timely  ad- 
dress, the  keynote  of  which  was  the  natural  bond  between 
mining  and  mechanical  engineers  and  a  cogent  plea  for  the 
strengthening  of  this  bond  in  working  out  ideals  of  service 
to  the  country  in  these  times  of  preparedness. 

Opening  aptly  with  the  quotation  from  Robin  Hood: 

The  sword  is  a  weapon  to  conquer  fields, 

I  honor  the  man  who  shakes  it; 
But  nought  is  the  lad  who  the  broadsword  wields, 

Compared  to  the  lad  who  makes  it. 

Professor  Hutton  showed  how  the  mining  engineer  Lads 
"  made "  iron  and  steel,  copper  and  other  metals,  without 
which  the  mechanical  engineer  could  not  "  shake "  the  tools 
of  his  trade,  while  the  mechanical  engineer  Lads  made  for 
the  mining  engineer  his  power  plant  and  his  hoisting  machin- 
ery without  which  his  work  would  have  progressed  but  slowly. 
Regarding  defense,  he  said  that  the  five  factors  to  be  con- 
sidered are:  1,  men;  2,  fighting  machines,  artillery  and  tools; 
3,  transportation;  4,  communications;  5,  supplies,  and  that 
the  engineer  will  be  the  dependence  of  the  military  arm  in 
four.  Since  in  preparations  for  defense  engineers  will  have 
to  come  together  more  and  more,  he  advocated  us  being  already 
together. 

NATIONAL  SOCIETY  FOR  THE  PROMO- 
TION OF  INDUSTRIAL  EDUCATION 

The  ninth  annual  convention  of  the  National  Society  for  the 
Promotion  of  Industrial  Education  was  held  in  Minneapolis, 
Minn.,  on  January  20-22,  1916,  and  William  H.  Kavanaugh, 
Mem. Am.Soc.M.E.,  was  in  attendance  as  Honorary  Vice-Presi- 
dent of  the  Society.  The  opening  session  was  presided  over 
by  the  Hon.  William  C.  Redfield,  U.  S.  Secretary  of  Commerce, 
and  president  of  the  organization.  The  principal  paper  of 
the  session  was  presented  by  David  Snedden,  Commissioner  of 
Education  for  Massachusetts,  who  urged  compulsory  voca- 
tional education.  The  session  on  the  21st  was  given  over  to  a 
study  of  the  recently  completed  industrial  survey  of  Minne- 
apolis. This  survey  was  made  possible  by  a  trust  fund  of 
more  than  $5,000,000  left  by  the  will  of  the  late  William  Hood 
Dunwoody  for  purposes  of  industrial  education.  Before  un- 
dertaking to  put  into  effect  the  provisions  under  which  this 
fund  was  given,  the  trustees  of  the  fund  desired  complete  in- 
formation as  to  the  kind  of  vocational  education  most  needed 
by  the  Society  of  Minneapolis,  and  facts  as  to  the  ways  in 
which  they  could  cooperate  with  other  educational  agencies 
and  institutions  of  the  city  and  state.  Early  in  1915  the  su- 
perintendent of  schools  together  with  the  Board  of  Education 
and  trustees  of  the  Dunwoody  Institute  secured  the  coopera- 
tion of  various  local  agencies  in  asking  the  National  Society 
for  the  Promotion  of  Industrial  Education  to  come  to  Minne- 
apolis to  make  this  survey  and  hold  its  annual  convention 
there.  The  survey  was  begun  on  May  1,  1915,  under  the  direc- 
tion of  the  National  Society's  Survey  Committee  of  which 
Charles  R.  Richards,  Director  of  Cooper  Union,  and  Mem.Am. 
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Soc.M.E.,  is  chairman,  and  the  local  Minneapolis  Sui-vey  Com- 
mittee with  C.  A.  Prosser,  then  Secretary  of  the  National  So- 
ciety, as  director  of  the  survey.  This  survey  has  met  with  the 
hearty  support  of  every  interest  in  the  city.  The  report  of 
this  sui-vey  forms  Bulletin  Xo.  21  of  the  National  Society  for 
the  Promotion  of  Industrial  Education,  and  covers  nearly  700 
pages.  At  the  meeting.  Dr.  Prosser  explained  in  detail  the 
circumstances  attending  the  projection  and  making  of  the 
suney,  and  C.  R.  Richards  discussed  in  a  general  way  the 
recommendations  of  the  survey.  Recommendations  bearing  on 
special  phases  of  the  report  were  discussed  by  various  speakers. 
The  session  on  January  22  included  a  series  of  talks  on  va- 
rious phases  of  industrial  education,  one  of  the  most  interest- 
ing of  which  was  by  Dr.  G.  E.  Barnett  of  Johns  Hopkins  Uni- 
versity, who  spoke  on  the  Possibilities  and  Accomplishments 
of  Trade  Agreement  in  Industrial  Education.  The  convention 
was  brought  to  a  close  bj'  the  business  meeting,  at  which  a  reso- 
lution, endorsing  the  Smith-Hughes  bill,  which  provides  for 
federal  aid  to  industrial  education,  was  passed.  It  was  the 
unanimous  opinion  of  those  in  attendance  that  the  industrial 
survey  of  Minneapolis  was  by  far  the  most  important  feature 
of  the  meeting.  Charles  Richards  is  quoted  as  saying  that  the 
sun-ey  gives  Minneapolis  something  to  build  on,  and  is  the 
best  asset  any  city  ever  gained  for  itself;  it  will  save  hun- 
dreds of  thousands  of  dollars  in  avoiding  mistakes. 

ANNUAL  DINNER  OF  BOSTON  ENGINEERS 

The  engineers  of  Boston  scored  another  triumph  in  their 
plan  for  cooperative  meetings,  on  the  occasion  of  the  seventh 
annual  banquet  of  the  Boston  Society  of  Civil  Engineers,  The 
American  Society  of  Mechanical  Engineers,  and  the  American 
Institute  of  Electrical  Engineers,  held  on  February  8,  1916. 
More  than  500  engineers  were  jiresent. 

Charles  L.  Edgar,  president  of  the  Edison  Electric  Illumi- 
nating Company  of  Boston,  acted  as  toastmaster.  The  speak- 
ers were  Governor  Samuel  ^Y.  McCall,  of  Massachusetts;  Col. 
"W.  E.  Craigbill,  of  the  Corps  of  Engineers,  U.  S.  A. ;  William 
Barclay  Parsons,  Chairman  of  the  Joint  Committee  of  the 
National  Engineering  Societies  appointed  in  connection  with 
the  formation  of  a  Resen-e  Corps  of  Civilian  Engineers;  our 
Past  Presidents  John  R.  Freeman  and  Dr.  John  A.  Brashear, 
and  our  Secretary,  Calvin  W.  Rice. 

With  a  list  of  speakers  so  closely  identified  witii  affairs  of 
national  importance,  the  addresses  inevitably  touched  on  cer- 
tain of  the  great  problems  now  before  the  countrj-,  particularly 
upon  the  subject  of  ]ireparedness,  and  the  proposed  reserve 
corps  of  engineers. 

The  first  speaker  was  Governor  McCall,  who  spoke  of  the 
expansion  of  the  science  of  engineering  along  scientific  and 
economic  lines,  and  of  the  service  which  engineers  might  there- 
by render  to  the  state. 

Mr.  Rice,  as  representative  of  the  national  engineering  so- 
cieties, responded  to  the  address  by  Governor  ]\IcCall  on  The 
Engineer  and  the  Commonwealth.  He  stated  the  various  ways 
in  which  the  societies  are  cooperating,  illustrating  that  the 
movement  of  which  Boston  is  such  a  fine  example  is  not  only 
spreading  through  the  societies,  but  is  the  custom  of  the 
parent  societies.  Referring  to  industrial  preparedness,  he  an- 
nounced that  the  directors  of  the  census  for  this  movement 
would  be  appointed  in  the  near  future  and  to  their  duties 
would  be  attached  great  honor  and  importance. 

Colonel  Craighill  spoke  of  the  duties  of  engineers  in  na- 
tional defense,  saying  that  in  the  course  of  war,  should  Bos- 
ton  be   attacked,   it   would   require   25,000   men,   working   10 


days,  to  build  80  miles  of  trenches,  at  a  cost  of  .t2,U0U,O00, 
tliis  being  requisite  to  protect  Boston  properly. 

The  next  address  was  given  by  William  Barclay  Parsons, 
chairman  of  the  joint  committee  of  the  national  engineering 
societies  to  secure  a  reserve  corps  of  (•i\ilian  engineers  for 
the  Army.  These  men  would  ser\'e,  according  to  his  plan,  two 
weeks  a  j'ear  in  the  army,  and  hold  commissions  for  five  years. 
This  would  correspond  to  the  present  medical  reserve  corps. 

John  R.  Freeman  made  a  brief  report  upon  the  situation 
at  Panama,  where  he  was  one  of  the  three  engineer  members 
of  the  commission  recently  nominated  by  the  National  Acad- 
emy of  Sciences,  and  appointed  by  the  President  to  report 
on  the  slides. 

The  closing  address  of  the  evening  was  by  Dr.  John  A. 
Brashear,  on  An  Evening's  Journey  Among  the  Stars. 

THE   MARCH   MEETING   OF   THE 
CINCINNATI   SECTION 

On  March  18  the  Cincinnati  Section  will  hold  a  joint  meet- 
ing with  the  Engineers'  Club  of  Cincinnati,  which  will  be  the 
most  ambitious  meeting  yet  attempted  by  the  Section.  It  will 
continue  from  2 :30  in  the  aftei-noon  until  10  o'clock  in  the 
evening,  and  at  least  four  papers  and  possibly  six  will  be  pre- 
sented. The  meeting  will  occur  at  25  E.  8th  Street,  adjourn- 
ing at  5.30  for  dinner  at  one  of  the  hotels.  J.  B.  Stanwood, 
chairman  of  the  Section,  will  preside  over  the  afternoon  meet- 
ing, and  Mr.  Stanwood  and  Frank  A.  Raschig  of  the  Engi- 
neers' Club  will  preside  over  the  evening  session,  which  will 
begin  at  7:30  p.m.  At  9:30  the  session  will  adjourn  and  a 
Dutch  lunch  will  be  served,  during  which  a  further  opportu- 
nity will  be  afforded  for  discussion  and  for  general  getting  to- 
gether. All  of  the  members  of  the  Society  and  their  friends 
are  cordially  invited  to  any  or  all  of  the  sessions.  The  papers 
which  have  been  decided  upon  so  far  are  as  follows:  Why  Is 
An  Engineer,  by  W.  G.  Franz,  Mem. Am. Soc.M.E.;  Volume 
Control  for  ]\Iotor  Driven  Air  Compressors,  by  Paul  Diserens, 
Mem.Am.Soc.M.E.;  Recent  Experiments  with  Boiler  Furnaces, 
by  Prof.  John  T.  Faig,  Mem.Am.Soc.M.E.;  The  Sales  Engi- 
neer in  his  Relation  to  Production  and  Machine  Design,  by  A. 
J.  M.  Baker.  !Mem. Am. Soc.M.E.;  Probable  Future  Require- 
ments in  Machine  Tools,  by  A.  M.  Sosa,  member  of  the  Engi- 
neers' Club  of  Cincinnati.  Some  interesting  papers  dealing 
with  machine  tools  and  production  methods  have  also  been 
promised,  and  a  definite  announcement  of  them  will  appear  on 
the  complete  program  which  will  be  sent  out  later  by  the  Sec- 
tion. 

BUFFALO   ENGINEERS   TO   HELP   IN 
MUNICIPAL   AFFAIRS 

Last  November  four  councihnen  were  elected  to  serve  the  city 
of  Buffalo  under  the  new  commission  form  of  government 
which  has  gone  into  effect  in  that  city,  and  the  engineers  of 
Buffalo  have  been  alive  to  the  possibilities  of  effective  co- 
operation with  the  city  government  in  the  conduct  of  the 
engineering  work  of  the  municipality. 

On  December  15,  1915,  a  meeting  of  the  Engineering  So- 
ciety of  Buffalo  was  addressed  by  C.  E.  Di-ayer,  secretary'  of 
the  Cleveland  Engineering  Society,  on  P^ngineers  in  Politics. 
Three  of  the  councilmen  attended  this  meeting  and  at  the 
close  Councilman  Kreinheder,  who  has  since  taken  charge  of 
the  Department  of  Public  Works,  indicated  his  desire  to  en- 
list the  services  of  a  committee  from  the  Buffalo  So.'iety  to 
work  in  cooperation  with  him  on  engineering  problems.  This 
meeting,  and  the  paper  by  Mr.  Drayer,  stimulated  the  feeling 
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that  it  is  iucumbent  upou  eugiuecrs  to  lend  their  strvices  for 
the  public  good,  as  is  now  done  so  extensively  by  other  pro- 
fessional organizations,  notabh-  by  the  Amerifan  Medical 
Association  and  the  American  Institute  of  Architects. 

On  February  2  a  second  meeting  was  held,  addressed  by 
Slorris  L.  Cooke,  acting  director  of  the  Utilities  Bureau  of 
Philadelphia,  on  Public  Service.  There  were  over  300  engi- 
neei-s  ]jresent  and  the  meeting  aroused  much  enthusiasm  and 
was  given  a  large  amount  of  space  in  the  daily  press  of  Buf- 
falo. 

Following  the  December  meeting  mentioned  above,  the  pro- 
posed committee  to  cooperate  with  the  city  council  was  ap- 
pointed, consisting  of  John  Younger,  president  of  the  Engi- 
neering Society  of  Buffalo,  David  C.  Howard  and  David  W. 
Sowers,  all  members  of  The  American  Society  of  Mechanical 
Engineers.  Mr.  Younger,  in  a  comnumication  to  The  Journal, 
writes :  "  You  may  be  sure  that  this  is  only  the  lirst  step  to 
have  our  engineering  society  recognized  as  one  of  the  factors 
in  civic  life.  We  propose  at  first  that  any  members  having 
suggestions  or  ideas  send  them  in  to  this  committee,  who  will 
put  them  in  workable  shajie  before  transmitting  them  to  the 
council.  We  will  also  have  referred  to  us  matters  of  engi- 
neering interest  that  are  the  problems  of  the  council  and 
this  final  committee  will,  in  all  ]>robability,  appoint  some 
committees,  of  an  investigating  nature,  who  will  present  their 
results  in  the  form  of  reports.  Naturally,  at  first  we  shall 
attempt  to  go  slowly  and  gain  the  confidence  of  the  council 
by  doing  what  we  are  asked,  rather  than  inflicting  our  pres- 
ence on  them  to  an  unnecessary  degree. 

I  feel  sure  that  this  practical  outcome  of  the  various  lec- 
tures that  have  been  delivered  during  the  past  year  and  a  half 
by  various  members  of  the  Society  will  be  an  incentive  to  the 
societies  in  other  cities  to  make  still  further  efforts  to  have 
their  presence  known." 

NOTES 

The  Committee  on  jMeetings  is  already  considering  plans 
for  the  next  Annual  Meeting,  and  desires  to  announce  that 
papers  which  are  to  be  contributed  should  be  in  hand  by  Sep- 
tember 20,  1916.  On  account  of  the  time  required  for  all  of 
the  members  of  the  Committee  on  Meetings  to  read  the  papers 
submitted,  and  because  of  the  insistence  of  the  membership 
that  the  accepted  papers  be  printed  and  disti-ibuted  well  in 
advance  of  the  meeting,  any  papers  received  after  the  date 
mentioned  are  liable  to  be  held  over  for  a  later  meeting.  In 
view  of  the  fact  that  the  date  announced  is  immediately  fol- 
lowing the  summer  season,  which  is  the  usual  vacation  period, 
the  membere  are  urged  to  prepare  papers  during  the  coming 
spring  so  far  as  possible,  and  to  submit  them  early  in  the 
summer. 


tional  engineering  societies  to  preiiarc  a  rc|)(irt  upon  this  im- 
portant subject.  Meanwhile,  the  Council  invites  correspond- 
ence from  members  expressing  their  opinions  as  to  whether 
this  change  of  fundamental  units  would  be  advantageous. 


Last  year  a  group  of  juniors  and  seniors  in  the  mechanical 
engineering  course  at  the  University  of  Illinois  met  and  or- 
ganized a  professional  engineering  fraternity  now  known  as 
Pi  Tau  Sigma.  The  aim  of  the  society  is  to  foster  high  engi- 
neering ideals,  and  to  promote  the  mutual  welfare  of  its  mem- 
bers. The  fraternity  has  laid  plans  for  a  national  organiza- 
tion. 

The  question  of  tlie  advisability  of  adopting  the  metric 
system  as  the  practical  standard  in  engineering  in  this  coun- 
try has  been  brought  U])  by  the  American  Institute  of  Elec- 
trical Engineers.  The  Institute  lias  invited  our  Society  to 
appoint  two  representatives  on  a  joint  committee  of  the  na- 


Major  William  H.  Wiley,  Chairman  of  our  Committee  On 
the  Reserve  Corps  of  Civilian  Engineers,  reported  at  the  last 
meeting  of  the  Council  that  the  greatest  enthusiasm  had  pre- 
vailed on  the  part  of  the  House  Committee  on  Military  Affairs 
when  the  chairmen  of  the  committees  of  each  of  the  engineer- 
ing societies  presented  the  plan  for  an  Engineers'  Reserve 
Corps.  That  such  a  group  of  citizens  should  be  desirous  of 
serving  the  United  States  without  compensation  made  a  deep 
impression.  The  committee  of  our  Society  consists  of  Major 
William  H.  Wiley,  Chmrman,  W.  F.  M.  Goss,  H.  A.  GiUis 
and  Alex.  C.  Humphreys. 


H.  J.  Freyn,  chairman  of  the  Sub-Committee  on  Gas  Power, 
has  called  a  meeting  of  that  committee  in  Chicago  to  make 
preliminary  j)lans  for  a  Gas  Power  Session  at  the  next  An- 
nual Meeting,  and  it  is  expected  that  meetings  of  other  sub- 
committees will  be  held  in  the  near  future  to  make  similar 
plans.  A  feature  of  the  last  Annual  Meeting  was  the  large 
number  of  papers  for  which  committees  were  responsible. 
More  than  half  of  the  papers  read  were  arranged  for  and 
selected  by  committees  of  experts  in  their  respective  fields. 
A  sustained  interest  by  a  wide  circle  of  the  membership  and 
authoritative  treatment  of  important  subjects  are  two  of  the 
desirable  consequences. 


At  the  annual  meeting  of  the  Board  of  Trustees  of  the 
United  Engineering  Society  on  January  27,  Charles  F.  Rand 
was  elected  President,  H.  H.  Barnes,  Jr.,  First  Vice-Presi- 
dent, H.  G.  Stott,  Second  Vice-President,  Frederick  R.  Hut- 
ton,  Secretary,  Joseph  Struthers,  Treasurer,  and  Samuel 
Sheldon,  Assistant  Treasurer.  Henry  G.  Stott  was  appointed 
as  the  representative  of  this  Society,  succeeding  Jesse  M. 
Smith;  Samuel  Sheldon  representative  of  the  American  Insti- 
tute of  Electrical  Engineers,  succeeding  Charles  E.  Scribner, 
and  W.  L.  Saunders,  representative  of  the  American  Institute 
of  Mining  Engineers,  succeeding  Joseph  Struthers. 


The  jjapers  given  at  the  International  Engineering  Con- 
gress at  San  Francisco  are  being  published  in  a  series  of 
eleven  volumes,  each  volume  comprising  contributions  to  one 
particular  branch  of  engineering.  The  Secretary,  W.  A. 
Cattell,  -12.5  Foxcroft  Building,  San  Francisco,  Cal.,  announces 
that  volume  six  on  mechanical  engineering  is  now  being 
distributed.  This  volume  contains  18  papers  on  founding, 
flanging,  tools,  boilers,  engines,  turbines,  compressed  air,  etc., 
and  is  handsomely  printed.  The  price  is  $5.00.  While  this 
set  of  Transactions  is  sold  by  subscription,  provision  is  made 
for  a  few  additional  copies  for  subsequent  orders,  but  the 
number  of  such  volumes  is  limited  and  it  cannot  be  agreed  in 
advance  that  orders  for  separate  volumes  can  be  filled. 


With  two  large  conventions  held  annually,  and  meetings 
of  the  Society  in  fifteen  different  cities  between  times,  a  large 
number  of  papers  come  to  this  office  for  publication.  Oc- 
casionally there  are  papers  which  cannot  be  used  in  The 
Journal  and  for  all  such  a  file  is  kept  in  this  office  where  the 
papers  may  be  consulted  by  any  one  interested.  This  applies 
also    to    appendices    of    papers,    logs    of    tests    and    o^^l'sr 
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detailed  information  when  too  voluminous  for  publication, 
or  when  not  considered  of  sufficient  general  interest  for 
the  reader.  Often  duplicate  blueprint  copies  of  such  infor- 
mation are  available  so  that  any  member  who  is  investigating 
a  subject  may  send  to  Society  headquarters  for  the  additional 
data. 


A  meeting  to  be  held  at  the  Bureau  of  Mines  Building, 
Washington,  D.  C,  has  been  called  for  March  4  to  complete  a 
permanent  organization  in  memory  of  the  late  Dr.  Joseph  A. 
Holmes,  who  was  a  member  of  this  Society  and  Director  of 
the  Bureau  of  Mines.  A  previous  meeting  was  held  in  Janu- 
ary at  which  a  temporarj'  organization  was  effected  and  reso- 
lutions were  passed  looking  toward  the  formation  of  a  perma- 
nent organization  to  be  known  as  the  Joseph  A.  Hobnes  Safety 
First  Organization.  Gen.  W.  H.  Bixby  of  Washington  rep- 
resented Dr.  John  A.  Brashear  and  this  Society  at  the  first 
meeting. 

It  is  expected  that  the  movement  will  result  in  the  estab- 
lishment of  an  annual  award  of  one  or  more  medals  together 


with  honorariums,  which  will  be  termed  "  The  Holmes  Award," 
for  the  encouragement  of  those  originating,  developing  and 
LnstallLng  the  most  efficient  "  safety  first "  devices,  appli- 
ances, or  methods  in  the  mineral  industry;  and  also,  special 
medals  for  the  recognition  of  personal  heroism  or  distin- 
guished service  in  the  mineral  industry.  Dr.  Brashear  is  the 
Society's  representative  on  the  Memorial  Committee  and  Gen- 
eral Bixby  will  serve  at  all  meetings  of  the  committee  held  in 
Washington. 


The  heat  treatment  of  steel  has  resolved  itself  to  quite  an 
extent  into  a  problem  of  mechanical  engineering.  The  study 
and  analysis  of  stress  and  strain  set  up  in  heat  treatment  and 
the  working  out  of  methods  and  means  to  reduce  these  stresses 
and  strains  to  a  minimum,  requires  mechanical  knowledge.  Also 
further  analysis  of  the  results  of  heat  treated  steel  in  service 
requires  more  than  metallurgical  knowledge.  In  other  words, 
the  heat  treating  man  and  the  mechanical  engineer  must  work 
together.    Steel  and  Iron.  January,  1916. 


APPLICATIONS  FOR  MEMBERSHIP 


TO  BE  VOTED  ON  APRIL  10,  1916 


Members  are  requested  to  scrutinize  with  care  the  follow- 
ing list  of  candidates  who  have  filed  applications  for  member- 
ship in  the  Society.  These  are  subdivided  according  to  the 
grades  for  which  their  ages  qualify  them  and  not  with  regard 
to  professional  qualifications,  i.e.,  the  ages  of  those  under  the 
first  heading  place  them  under  either  Member,  Associate  or 
Associate-Member,  those  in  the  next  class  under  Associate- 
Member  or  Junior,  and  those  in  the  third  class  under  Junior 
grade  only.  Applications  for  change  of  grade  are  also  posted. 

NEW  APPLICATIONS 

FOR   CONSIDERATION   AS    HEMBEK,  ASSOCIATE   OR   ASSOCIATE- 
MEMBER 


Carthage,  N.  Y. 

Cincinnati,  Ohio 

Toledo,  Ohio 

New  Orleans,  La. 

No.  Adams,  Mass. 

Ilion,  N.  Y. 


Anderson,  Frederick  C,  Cons.  Engr.. 

Paper  &  Pulp  Mill, 
Atkinson,  George  K.,  Supt, 

The  Cincinnati  Planer  Co., 
Bergen,  Harry  S.,  Asst.  Supt.. 

Toledo  Scale  Co., 
Carr,  Edvtard  W.,  Jr.,  Pres., 

E.  W.  Carr,  Inc., 
Clark,  George  A.,  Mech.  Engr., 

Arnold  Print  Wks., 
Dyett,  Frank  J.,  Mgr.. 

The  Frank  J.  Dyett  Co., 
Fitzgerald,  Thomas  J.,  Equipment  Engr., 

Remington  Arms  Co.,  Eddystone,  Pa. 

Gale,  Henry  P.,  Ch.  Engr., 

Oneida  Steel  Pulley  Co.,  Oneida,  N.  Y. 

Hessler,  George  M.,  Asst.  Genl.  Mas.  Mech., 

Wisconsin  Steel  Co.,  So.  Chicago,  111. 

HiNCHEY,  H.  Jno.  0., 

with  Buffalo  Forge  Co.,  Buffalo  Steam  Pump  Co., 

Atlanta,  Ga. 
Kedy,  Stiles  F.,  Engr., 

The  Columbia  Mills,  Inc.,  Minetto,  N.  Y. 

Kennedy,  Absalom  M.,  Staff  Engr., 

Lab.  Thos.  A.  Edison,  Orange,  N.  J. 

LuHR,  Charles  W.,  Supt., 

Lab.  Thos.  A.  Edison,  W.  Orange,  N.  J. 

Moltneux,  George  E.,  Inventor,  New  York 

Morrison,  Jared  P.,  Ch.  Insptr., 

Hartford  Steam  Boiler  I.  &  I.  Co.,  St.  Louis,  Mo. 


The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  candidates  into  Membership  by  advising  the  Sec- 
retary promptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  All  correspondence  in  regard  to  such 
matters  is  strictly  confidential,  and  is  solely  for  the  good  of  the 
Society,  which  it  is  the  duty  of  every  member  to  promote. 
The  candidates  will  be  balloted  upon  by  the  Council  unless 
objection  is  received  by  April  10,  1916. 

Moses,  Frederick  T.,  Vice-Pres.  and  Engr., 

Firemen's  Mutual  Ins.  Co.,  of  Providence,  R.  I., 

Detroit,  Mich. 
MosMAN,  Ernest,  Meeh.  Engr., 

The  Subers  Fabric  &  Rubber  Co.,  Cleveland,  Ohio 

Xye,  Theodore  H.,  Asst.  Ch.  Draftsman, 

Morgan  Constr.  Co.,  Worcester,  Mass. 

Okey,  Perry,  Prop., 

Okey  Mfg.  Co.,  Columbus,  Ohio 

Parker,  Lindsay  R.,  Engr.  Stas., 

Toronto  Hydro-Elec.  System,  Toronto,  Out.,  Can. 

Pausin,  Hugo  R.,  Supt.  Ord.  Dept., 

E.  W.  Bliss  Co.,  Brooklyn,  N.  Y. 

Plumb,  Frederic  H.,  Mgr.  Motor  Pump  and  Eng.  Dept., 

The  Standard  Supply  &  Equipment  Co.,  Philadelphia,  Pa. 
Pratt,  Edward  W.,  Asst.  Supt.  Motive  Pwr.  and  Mehy., 

Chicago  &  No.  Western  Rwy  Co.,  Chicago,  111, 

Ramsey,  George  W,.  Patent  Lawyer,  Lecturer  on  Patent  Laws. 

George  Washington  Univ.,  Washington,  D,  C. 

Smith,  Rodney  W.,  Ch.  Engr., 

Board  of  Education,  St.  Louis,  Mo. 

Thomas,  Percy  H.,  Cons.  Engr.,  New  York 

TuRNBULL,  Myrton  J.,  Cons.  Engr.,  Philadelphia,  Pa. 

Williams,  Edward  G.,  Tice-Pres., 

the  J.  G.  White  Engrg.  Corp.,  New  York 

Ware,  COR^^N  E.,  Mgr.  N.  Y.  Office, 

Hoppes  Mfg.  Co.,  New  York 

Woodrofpe,  George  H.,  Engr.  of  Tests, 

The  Parkesburg  Iron  Co.,  Parkesburg.  Pa. 

for  consideration  as  associate-member  or  junior 

Arkell,  William  C,  Efficienev  Expert, 

Beech-Nut  Pkg.  Co.. 
Bates,  Harry  H.,  Boiler  Room  Foreman, 

Norfolk  &  Western  Rwv.  Co., 


Canajoharie.  N.  Y. 
Bramwell,  W.  Va. 
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BuDWELL,  Leigh,  Insptr.,  Taylor,  Cyrus  J.,  Field  Insptr.,                                      ,     xt    t 

Norfolk  &  Western  Rwy.,  Bramwell,  W.  Va.          with  M.  E.  Cooley,  Appraiser,                            ISewark,  JN.  J. 

Cos,  James  W.,  Jr.,  Supt.,  Wong,  Jee-kwun,  Student  Engrg.  and  Metallography, 

The  Albany  Felt  Co.,  Albany,  N.  Y.           Univ.  of  Minn.,                                             Minneapolis,  Minn. 

Davis,  Calvin  E    Test  Engr.,  i,, .,  ^  ,  ,  ■     o                 APPLICATIONS  FOR  CHANGE  OF  GRADING 

Amer.  Engrg.  Co.,  Philadelphia,  Pa.               .n.^  j.  i-.  ^ 

Dyer,  Percy  A.,  Mch.  Tool  Specialist,  puo.motion  from  junior 

Genl.  Elec.  Co.,  New  York      j,^^^^^,,^^,,   AVilliam  M.,  Vice-Pres., 

Eaton,  Philip  B.,  Naval  Engr.,  Con-ugated  Bar  Co                                              Buffalo,  N.  Y. 

2nd  Lieut,  of  Engrs.,U.S.  Coast  Guard,  San  Francisco,  Cal.      j^^^^^^^  Frederick  J.,  Asst.  Supt., 

Gauss,  Henry  F    Asst  Mech   Engr.,  Safety  Car  Heating  &  Lighting  Co.,            Jersey  City,  N.  J. 

Operating  Section,  Water  Div.,  Dept.  of  Public  Utilities  ^        j,^^,^^  ^_^  ^^^^_  Engr., 

„           ^             ivr    T-     .    /Tn^    TT    c    XT  !=*.  Louis,  Mo.          Penn.  Lines  West  of  Pittsburgh,                     Pittsburgh,  Pa. 

KE.UTS,  Sydney  M.,  Lieut.  { JG) ,  U.  &.  ^avy,  M^^^s^,  George  B.,  Cons.  Engr., 

Columbia  Lniv  New  \ork          ^^^   jj  j^^^^^^  Co.,                                              Cliicago,  III. 

bLTTiLL,  Albert  Ct.,  Cli.  i^ngr.,  „,.,,,,.     t^                                       promotion  from  associate 

James  Boyd  &  ^'o..  Inc.,  ^     ^    ^  ^.      ^     Philadelphia,  Pa.       b^jj^set,  Charles  R.,  Ch.  Engr., 

Trimmer  .James  W..  Prod.  Dept.,  Estimator,  United  States  Gypsum  Co.,                                     Chicago,  lU. 

Iv.  \  .  Shipbuilding  Co.,  Camden,  N.  J.       q^^.^^  Arthur  M.,  Charge  Pressure  Filter  Dept.. 

Warden   Guy  L.   Pwr.  Supt.  ^.,    „  ■  .   ^r             Ne\v  Continental  Jewell  Filtration  Co.,                    New  York 

E.  I.  du  Pont  de  Aemours  &  Co.,  Citv  Point,  Va. 

SUMMARY 

for  consideration  as  junior  New    applications 60 

Anderson,  Herbert  W.,  Mech.  Engr.  and  Insptr.,  Applications  for  change  of  grading: 

Wizard  Co.,  Boston,  Mass.              Promotion  from  Junior 4 

Bailey,  Alton  A.,  Field  Insptr.,  Promotion  from  Associate 2 

with  M.  E.  Cooley,  Appraiser,  Newark,  N.  J.                                                                                                             "" 

Barron,  Alexander  P.,  Draftsman.  Total "° 

Rit^f  wTte!J^C^  ?Sen?  ^°"  Maurer,  N.  J.      g^MMARY    SHOWING    AVERAGE    AGE    AND    POSI- 

J3UNZL,  Walter  (j.,  otuaent,  „,,   „..,.,^,r,^    ^r  ^m-<.-m 

Columbia  Univ.,  New  York           TIONS    OF   APPLICANTS   ON   BALLOTS    CLOSING 

Carter,  Chester  A.,  Irrigation  Engr.,  ^                                   February  29  and  march  21,  19i6 

with  Carter  Bros.,  Garden  Citv.  Kan. 

Crooks,  Stanley  B.,  Asst.  Dist.  Supt.,  "                   Average  Age  of  Apphcants: 

Prod.  Dept.,  Quapaw  Gas  Co..  Bartlesville,  Okla.                Members 40 

Dunn,  Lester  S.,  Engrg.  Dei)t.,  Associates 40 

Brighton  Mills,  Passaic,  N.  J.              Associate-Members 32 

Duryee.  Andrew  B.,  Mech.  Engr.,  -Juniors 25 

Gerstendorfer  Bros.,  New  York       ,,    ...        i    u  i      a      ^■       <- 

Fbanket.  William  F..  Positions  held  by  Applicants : 

With  Remington  Arms  &  Ammunition  Co.,        Derby,  Conn.  Executives,  including  Presidents,  Treasurers,  Directors, 

Gei>der,  John  T.,  "                               Members  of  Firms,  General  Managers 10  _ 

witl»  Penn.  R.R..  Fort  AVayne.  Ind.               Professors  and  Instructors 8 

Greicnwald,  Louis,  Student.  '                             Superintendents,  Assistants,  Mechanical  Superintend- 

Columbia  University.  New  York                  ent.  etc 14 

Heileman,  Frank  A.',  Foreman,  Lt.  and  Heat  Sta.,  Consulting.  Contracting  and  Constructing  Engineers.  .     4 

Univ.  of  Mo.,  t  'olumbia.  Mo.               Chief  Engineers  or  Assistants 14 

Helander,  Linn,  Mechanical  Engineers,  Engineers,  Assistant  Engineers.  28 

with  Crucible  Steel  Co.,  Midland,  Pa.              Chief  Draftsmen,  Asst.  Ch.  Draftsmen,  Designing  En- 

JoHNSTONE.  Robert  M.,  Designing  Engr.,  gineers,  Estimators 14 

Robert  Gair  Co.,  Brooklyn,  N.  Y.              Managers,  Asst.  Managers,  Sales  Managers,  Sales  Eu- 

Stepanek,  Emil,  Engr.  Tractor  Wks.,  gineers 36 

Internatl.  Harvester  Corp.  of  Amer.,  Chicago,  111.              Other  classifications 36 

Sterling,  Claude  H.,  Draftsman,  

Thomas  B.  Jeffery  Co.,  Kenosha.  Wis.                                                            Total 142 

GEOGRAPHICAL    INDEX 
(Applications    far    promotion    from    anii     iirade,    other    than    Junior,     irill     be    indicated    hij    the    initials    of    that    grade\ 

California  Sf.  Louis — Gauss,  H.  F.                                              New  York   (Cont'd.^ — Thomas.   I'.   11. 

San  Francisco — Eaton,  P.  li.  Slonison,  J.   P.                                                                 S?,^?'  *-•?,•    ,. 

Connecticut  Smith,  R.  W.                                                                      ^\  lUiams,  E.  (.. 

Derby — Franket,  W.  F.  New  Jerse.v                                                                             .   Oneida — Gale,    H.   P. 

District  of  Columbia  ISaiioiiiic — Mnlvneux,  G.  E.                                Oliio 

ir«.v;i7)K/fo"— RamsGV,   G.   VF.  Camden — Trimmer,  J.   W.                                           Cmcinnot!— -.Atkinson,  &.  K. 

Georgia                                   '  Jrrscii  Citii — Brengel.  E.   .T.    i.l.  i                              Clevelnnd — Mosman,  E. 

Atlanta — Hinchpv,  11.  .7.  O.  Maurer — Barron,  A.  V.                                                Columlius — Okey,  Perry. 

IllinoU                             '  yeieark — Bailev,  A.  A.                                                 To/fi/s— Bergen.  LI.   S. 

Chicago — Binlsey,  C.  I!.    (.\.)  Taylor,  C.  J.                                        Okl.ahoma 

Hessle'r,  G.  M.  Orange — Kennedy,  A.  M.                                             Ilnrtlcsnllc — Crooks.   S.   B. 

Massov,  G.  B.    (J.)  Luhr,  C.  W.                                               Peiin».vlvania 

Pratt 'E    W  Passaic — Dunn,  L.  S.                                                    Eddi/stone — FitzgeraUl.  1.  J. 

Stepanek    E.  New  York                                                                                   Midland — Helander.    L. 

Indiana  Alhamj — Cox,  J.  W..  .Ir.                                               Parkeshurg — Woodroffe,  G.   H. 

Fort  Wayne — Colder.  J.  T.  Buffalo — Armstrong,  W.  M.    i.l.i                               Philadelphia — Plumh.  F.  H. 

Kansas                                 '  Canojoharie — .\rkell,  W.  C.                                                                     SuttiU.  A.  G. 

Garden   Citu — Carter    C    A  Carthage — Anderson.  F.  C.                                                                      Turnbull,    Myrton    J. 

Louisiana  Cazenovia — Davis,  C.  E.                                              Pittsburgh — Fitz,  E.   M.    (J.) 

\ea-   Orleans — Carr.  E.  W..  .Ir.  Ilion — Dyett.  F.  J.                                                VirBinia                   „     ,        „       -^ 

Massarliusetts  Minetto — Kedv,  S.  F.                                                     City  Point — Warden,  Guy  L. 

lioston — Anderson,  H.  W.  -Veto  York — Bunzl,  W.  G.                                    West  Vlrgrinla 

Ao.  Adams — Clark,  G.  .\.  Crane,   A.  M.    (A.)                                 Bramwell — Bates,  H.  H. 

Worcester — Nye    T    II  Duryee,  A.  B.                                                                 Budwell,    L. 

Micliigan                    "  Drer.   P.  A.                                         Wisc-onsin 

Detroit — Moses,  F.  T.  Greenwald,  Louis.                                   Kenosha — Sterling.   C.    II. 

Minnesota  Johnstone,   R.   M.                          Canada 

Minneapolis — Wong.   Jee-kwun  Krauss,   S.   M.                                     Toronto — Parker,  L.  R. 

Missouri  Pausin,  H.  R. 

Columhia — Heileman.  F.  A. 


PERSONALS 

rHIS  department  is  intended  for  items  about  members  of  the  Society,  their  professional  zeork 
and  incidents  concerning  them  which  may  be  of  interest  to  the  Tnembership  in  general.  Items 
are  solicited  upon  important  engineering  developments  in  which  members  have  been  associated,  and 
also  newspaper  clippings  or  manuscripts  of  addresses  delivered  by  members  at  meetings  of  any  kind 
are  desired.  It  is  hoped  that  every  member  of  the  Society  -will  furnish  an  interesting  item  occa- 
sionally for  publication  in  the  Journal. 


Maynard  D.  Church  has  been  promoted  fo  the  position  of 
chief  ens;ineer  of  the  Terry  Steam  Turbine  Company  of 
Hartford,  Conn.  His  previous  position  with  the  company 
was  that  of  assistant  engineer. 

William  B.  Rawson  has  accepted  a  position  witli  the  Can- 
field  Oil  Company  of  Cleveland,  0.,  in  the  capacity  of  engi- 
neer and  purchasing  agent.  He  was  formerly  associated  with 
the  Canada  Cement  Company  of  Montreal,  Canada. 

G.  L.  Kothny  has  terminated  his  connection  with  the 
Westinghouse  Maeliine  Company,  Pittsburgh,  Pa.,  and  has 
joined  the  staff  of  the  C.  H.  Wheeler  Manufacturing  Com- 
pany, Philadelphia,  Pa.,  in  the  capacity  of  consulting  engi- 


Jiles  W.  Hanej'  has  resigned  the  position  of  chief  engi- 
neer of  the  Commerce  Power  Company,  Kansas  City,  Mo., 
to  accept  the  position  of  instructor  in  mechanical  engineering 
at  the  University  of  Missouri. 

Henry  R.  Gilson,  formerly  associated  with  the  National 
Metal  Molding  Company,  Ambridge,  Pa.,  has  entered  the 
employ  of  the  Eoss  Rifle  Company  of  Quebec,  Canada. 

.Joseph  J.  Nelis  gave  a  lecture  on  January  31  to  the  Nash- 
ville section  of  the  Engineering  Association  of  the  South  on 
past,  present  and  future  steam  generation,  giving  a  brief 
resume  of  past  and  present  practice,  also  the  probable  future 
trend  in  boiler  and  furnace  design.  The  lecture  ended  with 
a  strong  plea  for  the  cooperation  of  the  Engineering  Associa- 
tion of  the  South  in  getting  the  Am.Soc.M.E.  Boiler  Code 
adopted  in  the  southern  states  and  particularly  in  the  city  of 
Nashville,  which  has  now  under  consideration  the  changing 
of  their  building  and  boiler  inspection  code. 

Reginald  Trautschold  is  the  author  of  an  article  on  Power- 
House  Chimney  Design  for  Bitxmiinous  Coal  which  is  pub- 
lished in  the  Februan'  5  issue  of  Cool  Age.  Mr.  Trautschold 
has  also  contributed  to  this  issue  a  brief  article  on  Central 
Testing  Laboratories  for  New  York  City. 

J.  D.  Bowles,  superintendent  of  the  electric  department 
of  the  Springfield  Gas  and  Electrical  Company  of  Spring- 
field, Mo.,  has  been  named  chairman  of  a  committee  of  the 
Association  of  the  Missouri  Public  Utilities  Companies  to 
draft  uniform  rales  and  regulations  governing  the  construc- 
tion of  overhead  and  underground  lines  maintained  by  the 
electric  light  and  traction  companies  of  Missouri. 

Arthur  M.  Greene,  Jr.,  Manager,  Am.Soc.M.E.,  delivered 
a  lecture  at  The  Franklin  Institute,  Philadelphia,  on  February 
6,  on  The  Development  of  the  Pumping  Engine. 

Dr.  John  A.  Brashear,  Past-President,  Am.Soc.M.E.,  pre- 
sented an  interesting  illustrated  lecture  on  Astronomy  on 
Februai-j'  11,  before  the  members  of  the  Rochester  Engineer- 
ing Society,  the  Association  for  the  Advancement  of  Applied 
Optics,  the  American  Chemical  Society  and  the  American 
Institute  of  Electrical  Engineers,  at  Sibley  Hall,  Rochester, 
N.  Y.  A  dinner  before  the  lecture  was  served  in  Dr.  Bra- 
shear's  honor  at  the  Rochester  Club. 

A.  F.  Yarrow,  Hon.Mem.Am.Soc.M.E.,  the  British  ship- 
builder, has  been  created  a  baronet.     Sir  Yarrow  is  head  of 


the  firm  of  Yarrow  and  Company,  Ltd.,  Glasgow,  Scotland, 
and  of  Yarrows,  Ltd.,  Vancouver,  B.  C,  and  has  taken  a 
jirominent  part  in  the  war  in  regard  to  the  production  of 
submarines,  torpedo  boat  destroyers,  etc.,  and  has  recently 
established  an  experimental  tank  at  the  National  Physical  Labo- 
ratory in  England,  for  the  elucidation  of  propeller  problems, 
for  the  use  of  any  shipbuilder. 

Morgan  Brooks  presented  a  paper  on  Relation  of  Lighting 
to  Architectural  Interiors  at  the  mid-winter  convention  of 
the  Illuminating  Engineering  Society  held  in  New  York, 
February  10  and  11. 

Municipally  Operated  Electrical  Utilities  of  Western 
Canada  was  the  subject  of  a  paper  presented  by  Prof.  A.  G. 
Christie  at  the  convention  of  the  American  Institute  of  Elec- 
trical Engineers  in  New  York,  February  8  and  9. 

H.  H.  Vaughan,  president  of  the  Montreal  Ammunition 
Co.,  Ltd.,  has  been  elected  a  director  and  a  vice-president 
of  the  Dominion  Bridge  Company,  Ltd. 

A.  W.  Wheatley,  vice-president  of  the  Canadian  Locomo- 
tive Company,  Kingston,  Ontario,  has  been  appointed  presi- 
dent of  the  Lima  Locomotive  Corporation,  Lima,  0. 

W.  Trinks  has  contributed  an  article  on  the  Features  of 
Rolling  Mill  Reversing  Engines  to  the  February  issue  of 
The  Blast  Furnace  and  Steel  Plant. 

Col.  E.  A.  Stevens,  Commissioner  of  Public  Roads  of  New 
.Jersey,  has  been  elected  president  of  the  American  Road 
Builders'  Association.  The  election  took  place  recently  at  a 
meeting  of  the  Association  in  the  Automobile  Club  of  Amer- 
ica, New  York.  The  Association  is  composed  of  highway 
engineers  and  others  concerned  purely  with  the  practical  side 
of  road  work,  and  has  a  membership  of  about  800. 

H.  E.  Elrod,  consulting  engineer  of  Dallas,  Tex.,  has  been 
retained  to  investigate  the  waterworks  and  electric  light 
plants  of  Sherman,  Tex.,  for  the  purpose  of  increasing  their 
capacities. 

William  S.  Twining,  formerly  consulting  engineer  of  the 
Department  of  City  Transit  of  Philadelphia  as  the  repre- 
sentative of  Ford,  Bacon  and  Davis,  has  been  appointed 
director  of  that  department  by  Mayor  Smith. 

Prof.  William  H.  Burr  has  reached  the  age  of  retirement, 
after  22  years  of  continuous  service  as  yirofessor  of  civil 
engineering  at  Columbia  University,  and  the  Board  of  Trus- 
tees announced  on  February  7  that  his  active  work  at  the 
University  will  cease  at  the  end  of  the  present  academic  year. 

How  to  Go  After  South  American  Trade  is  the  subject  of 
an  article  by  R.  W.  Gifford  published  in  the  February  issue 
of  Machinery. 

Electrochemical  War  Supplies  by  Lawrence  Addicks  was 
one  of  the  papers  presented  at  the  symposium  on  Electro- 
chemical War  Supplies  given  at  the  meeting  of  the  New  York 
Section  of  the  American  Electrochemical  Society  held  jointly 
with  the  New  York  Section  of  the  American  Chemical  Society 
and  the  Society  of  Chemical  Industry  at  the  Chemist  Club, 
Februarv  11. 
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An  article  ou  Lining  Up  American  Industries  for  Defense 
by  William  L.  Saunders  was  published  in  the  February  6 
supplement  of  the  New  York  Times.  The  article  contained 
a  detailed  description  of  the  purposes  of  the  industrial  com- 
mittee to  be  appointed  as  a  cooperative  part  of  the  Naval 
Consulting  Board  of  which  Mr.  Saunders  is  a  member,  and 
also  a  discussion  of  the  independence  of  this  country  on  the 
Chilean  nitrate  field  for  the  raw  material  for  the  manufac- 
ture of  nitric  acid,  which  is  the  base  of  all  military  explo- 


A.  A.  Potter  is  the  co-author  with  S.  L.  Simmering  of  an 
article  on  Economics  of  Stoker,  Economizer  and  Sujjerheater 
which  appears  in  the  February  12  issue  of  the  Electrical 
World.  The  article  deals  with  points  to  be  considered  when 
selecting  and  installing  apparatus  to  improve  boiler  room 
oj)erations,  including  possible  be)ietits  and  cost  in  the  average 
jjlant. 

Emerson  McMillen,  president  of  the  American  Light  and 
Traction  Company,  New  York,  has  given  a  second  scholar- 
ship in  the  engineering  department  of  the  University  of  De- 
troit. 


John  E.  Muhlfeld  jnesented  a  paper  on  Pulverized  Fuel 
for  Locomotixes  at  the  February  18  meeting  of  the  New 
York  Railroad  Club  in  New  York. 

George  W.  Bacon  of  the  engineering  firm  of  Ford,  Bacon 
and  Davis,  New  York,  has  joined  the  export  department  of 
J.  P.  Morgan  and  Company.  Although  retaining  his  connec- 
tion with  the  engineering  firm,  Mr.  Bacon  will  devote  all  his 
time  to  the  Morgan  interests,  the  export  department  of  which 
is  engaged  in  buying  supplies  for  the  Allies. 

George  Gibbs  was  elected  vice-president  of  the  American 
Institute  of  Consulting  Engineers,  February  2. 

Sanford  E.  Thompson  presented  a  paper  on  Need  Accurate 
Estimates  Based  on  Unit  Costs  at  the  February  14  to  17  con- 
vention of  the  American  Concrete  Institute  held  in  Chicago. 

An  address  on  Public  Duties  of  an  Engineering  Society  was 
given  by  F.  H.  Newell  at  the  21st  annual  meeting-  of  the  Min- 
nesota Sun'evors  and  Engineers'  Society  held  at  St.  Paul, 
February  10  to  12. 


Harry  J.  Klotz  presented  a  paper  on  Boiler  Efficiency  at 
the  15th  annual  convention  of  the  Illinois  State  Electrical 
Association,  held  at  Champaign,  111.,  February  23  and  24, 
At  this  convention  papei-s  were  also  presented  by  J.  Paul 
Clayton  on  Electric  Cooking  and  by  Morgan  Brooks  on  Mak- 
ing Rates  for  Towns  of  2500  and  under. 


Julio  F.  Sorzano,  President  of  the  Pan-American  Chamber 
of  Commerce,  and  Alexander  C.  Humphreys,  Past-President, 
Ajn.Soc.M.E.,  and  President  of  Stevens  Institute  of  Tech- 
nology, have  been  elected  by  the  New  York  Chamber  of  Com- 
merce as  members  of  its  Standing  Committee  on  Commercial 
Education,  to  serve  until  May  1918  and  1919,  respectively. 


Among  the  papers  read  at  the  annual  meeting  of  the  Cen- 
tral Electric  Railway  Association  on  February  24  and  25  at 
Dayton,  0.,  was  one  by  J.  Rowland  Brown  on  Gas-Weld 
Rail  Bonding. 

George  L.  Wall  has  resigned  as  vice-president  and  manager 
of  the  Lima  Locomotive  Corporation,  Lima,  0.,  to  devote  his 
attention  to  the  chairmanship  of  the  sub-committee  of  the 
American  Railway  Association  on  designs  and  specifications 
for  proposed  standard  box  cars. 

William  F.  Lathrop  has  become  connected  with  the  Wood- 
mansee-Davidson  Engineering  Company  of  Chicago,  111.,  in 
charge  of  their  Milwaukee  office.  He  was  formerly  in  the  em- 
ploy of  the  Milwaukee  Electric  Railway  and  Lighting  Com- 
pany, Milwaukee,  Wis.,  as  assistant  to  chief  engineer  of  power 
plant. 

Louis  M.  Zach  has  accepted  a  position  in  the  engineering 
dejiartment  of  the  International  Smelting  &  Refining  Com- 
pany at  Toeele,  Utah. 

John  W.  Morton  has  become  associated  with  the  Semet- 
Solvay  Company  of  Syracuse,  N.  Y.,  in  the  by-product  de- 
partment. He  was  formerly  with  the  Mcintosh  and  Seymour 
Corporation,  Auburn,  N.  Y.,  in  the  capacity  of  designer. 

Robert  M.  Hale,  until  recently  with  the  U.  S.  Smelting  Com- 
pany of  Kansas  City,  Mo.,  as  construction  engineer,  has  en- 
tered the  employ  of  the  J.  B.  Kirk  Gas  and  Smelting  Com- 
pany, lola,  Kan.,  as  chief  engineer. 

Glen  B.  Hastings,  Chicago,  111.,  has  been  appointed  repre- 
sentative of  Hamilton  and  Hansell  of  New  York,  for  the  sale 
of  the  Rennerfelt  electric  furnace  in  the  states  of  the  middle 

west. 

Waldo  H.  Marshall,  president  of  the  American  Locomotive 
Company  and  first  vice-president  of  the  Merchants'  Associa- 
tion of  New  Y'ork,  has  been  appointed  to  the  executive  com- 
mittee of  the  Merchants'  Association  succeeding  Irving  T. 
Bush. 

Notes  on  Electric  Power  Development  presented  by  E.  M. 
Hen-  at  a  meeting  of  the  Railway  Club  of  Pittsburgh,  is  pub- 
lished in  the  February  1  issue  of  Practical  Engineer. 


J.  Wallace  Taylor  has  accepted  a  position  with  the  In- 
vincible Machine  Company,  Walkerville,  Ontario,  Canada,  as 
superintendent.  He  was  imtil  recently  affiliated  with  the 
Harris  Automatic  Press  Company,  Niles,  0.,  in  the  capacity 
of  chief  engineer. 

R.  A.  Lee  has  been  appointed  special  engineer  of  The  Bar- 
rett Manufacturing  Company,  New  York,  being  head  of  the 
department  devoted  to  distillation  work.  His  former  position 
with  the  company  was  in  the  manufacturing  department  as 
engineer. 

A.  H.  Fox  Gun  Company  of  Philadelphia,  Pa.,  have  added 
to  their  organization  Conrad  V.  Hahn,  formerly  insti-uetor 
in  engineering  at  Temple  University  and  University  of  Penn- 
sylvania, and  until  recently  affiliated  with  the  Bell  Telephone 
Company  of  Pennsylvania  in  the  traffic  engineering  division. 
He  will  be  assistant  to  the  vice-president  and  have  charge  of 
one  of  the  Philadelphia  plants. 

James  D.  Andrew,  superintendent  of  the  station  engineering 
department  of  the  Edison  Electric  Illuminating  Company  of 
Boston,  Mass.,  is  now  on  leave  of  absence  in  Chile  where  he 
will  make  a  report  on  the  40,000-kw.  power  plant  of  the  Chile 
Copper  Comjjany,  the  owners  of  which  are  considering  making 
a  large  extension. 

Peter  Junkersfeld  spoke  before  the  Monday  Luncheon  Club 
of  the  Chicago  Telephone  Company,  February  14,  on  Electric 
Service  in  Chicago. 

A.  Lewis  Jenkins  is  the  author  of  Formulae  and  Alignment 
Charts  for  Taper  Press  Fits,  which  appears  in  the  February 
17  number  of  the  American  Machinist. 

A  New  Electro-Hydnaulic  Shovel  by  Frank  H.  Armstrong, 
l^resented  at  the  Februai-y  meeting  of  the  American  Institute 
of  Electrical  Engineers,  is  published  in  the  February  17  issue 
of  the  Iron  Trnde  Review. 

Guy  L.  Bayley  has  contributed  an  article  on  the  Design  of 
MiUion-Volt  Experimental  Transformer  to  the  February  19 
issue  of  Electrical  World.  This  article  deals  with  the  construc- 
tion and  operation  of  an  unusual  type  of  high-tension  unit 
displayed  at  the  Panama-Pacific  International  Exposition. 
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NECROLOGY 

ALFRED  WILLIAMSON 
Alfred  Williamson  was  born  iii  New  York  City  on  July  12. 
1880.  His  early  education  was  received  in  the  public  schools 
of  New  York  City,  after  which  he  took  a  course  in  mechanical 
engineering  at  Columbia  University,  graduating  iu  1902.  He 
then  entered  the  service  of  the  New  Y'ork  Central  and  Hudson 
River  Railroad  Company  as  a  special  apprentice  in  their 
West  Albany  shops.  In  1904,  he  was  employed  in  the  tur- 
bine construction  department  of  the  General  Electric  Com- 
pany iu  Schenectady,  N.  Y.,  but  in  1905  he  returned  to  Colum- 
bia and  took  up  post-graduate  work.  In  the  latter  part  of 
that  year,  he  was  employed  on  the  work  of  the  Metropolitan 
Street  Railway  Company,  but  iu  the  following  year  he  en- 
tered the  employ  of  the  Department  of  Water  Supply  of  New 
Y'ork  as  a  mechanical  engineer.  From  1910  he  was  in  charge 
of  the  i)uraping  stations,  Manhattan  and  the  Bronx. 

Mr.  Williamson  became  a  nieniber  of  this  Society  in  1902. 
He  died  at  his  home  ni  ISnmxville,  N.  Y..  on  December  26. 
1915. 

LUCIEN    MAXWELL    BRIGHAM 

Lucieii  Maxwell  Brigham  was  born  in  Brooklyn,  N.  Y.,  on 
June  0,  1874.  He  received  his  education  in  the  schools  of 
Brooklyn.  Mr.  Brigham's  entire  business  career  was  with  the 
firm  of  Maxwell,  Manning  and  Moore,  iu  which  firm  he  first 
became  an  employee  in  1894.  He  acted  in  the  later  years  of 
his  life  in  the  capacity  of  sales  manager  of  the  brass  goods 
department,  and  during  the  last  five  years  he  was  a  member 
of  the  board  of  business  associates  in  the  carrying  on  of  his 
department. 

Mr.  Brigham  was  a  member  of  the  Engineers'  Club,  the 
Railroad  Club,  and  several  social  clubs.  He  became  a  mem- 
ber of  this  Society  in  1906.  Mr.  Brigham  died  at  his  home 
in  Orange,  New  .Jersey,  on  December  11,  1915. 

WILLL\M  F.  SARGENT 
\\'illiaiii  F.  Sargent  was  born  in  New  Haven,  Conn.,  on 
June  27,  1882.  He  received  his  education  in  the  public  schools 
of  New  Haven  and  the  Boardnian  Training  School  from  which 
he  graduated  iu  1901.  From  September,  1901,  until  May, 
1902,  he  was  iu  the  employ  of  the  Winchester  Repeating  Arms 
Co.  While  there  his  work  consisted  of  mechanical  drawing, 
surveying  for  new  buildings  and  roads,  laying  out  machines 
in  factory  additions  and  general  machine  design.  In  June, 
1902,  he  accepted  a  position  with  the  Bigelow  Company,  with 
which  company  he  was  connected  until  the  time  of  his  death. 
For  five  years  he  was  chief  draftsman  and  later  was  made 
sales  engineer  and  estimator.  Mr.  Sargent  became  a  member 
of  this  Society  in  1914.  He  died  nt  his  home  in  New  Haven 
on  December  7,  1915. 

JOHN    ALEXANDER    HILL 

John  Alexander  Hill,  president  of  the  Hill  Publishing  Com- 
pany, was  born  iu  Sandgate  near  Bennington,  Vermont,  on 
February  22,  1858.  His  parents  very  soon  after  moved  to 
central  Wisconsin,  and  it  was  there  that  he  received  his  early 
education.  When  he  was  14  years  of  age,  Mr.  Hill  started 
work  in  a  country  printing  office  and  later  became  half  owner 
of  a  machine  shop.  In  1878  he  removed  to  Colorado  and  ran 
a  locomotive  on  the  Denver  &  Rio  Grande  R.  R.  He  was  soon 
made  a  roundhouse  forem.iii  :iiid  later  assistant  superintendent 
of  motive  power. 

Mr.  Hill  had  a  great  fondness  for  journalism  and  in  1885 
he  founded  the  Daily  Press  of  Pueblo,  Colo.  At  this  period 
he  contributed  a  number  of  articles  to  Locomotive  Engineering, 


published  in  New  Y'ork  by  a  company  which  also  published 
the  American  Machinist.  In  1888  Mr.  Hill  was  invited  to 
come  to  New  Y'ork  and  take  charge  of  Locomotive  Engineer- 
ing. Shortly  after  this  he  associated  himself  with  Angus  Sin- 
clair, purchased  the  journal  from  its  owners,  and  undertook 
to  carry  it  on  as  a  separate  publication.  In  1896  Mr.  Hill 
sold  his  interest  in  Locomotive  Engineering  and  purchased  the 
American  Machinist.  Mr.  Hill  later  bought  other  publica- 
tions, including  Power,  Engineering  and  Mining  Journal,  En- 
gineering News,  and  Coal  Age.  To  carry  ou  these  various 
publications  he  organized  the  Hill  Publishing  Company. 

The  printing  and  publication  of  the  company's  magazines 
is  all  carried  out  in  one  building  which  was  completed  in  1914 
and  was  planned  and  built  not  only  to  suit  the  convenience 
and  economy  of  the  printing  and  publishing  business  but  also 
to  provide  for  the  safety,  comfort  and  health  of  the  army  of 
workers  housed  in  it. 

Mr,  HUI  was  Vice-President  of  the' Machinery  Club,  mem- 
ber of  the  Engineers'  Club  of  New  Y'ork  City,  and  Railroad 
Club,  and  Campfire  Club.  He  became  a  member  of  this  So- 
ciety in  1913.     Mr.  Hill  died  on  January  24,  1916. 

WILLIAM    BARKER   RUGGLES 

William  Barker  Ruggles  was  bom  in  Bath,  N.  Y..  ou  Decem- 
ber 17,  1861.  He  received  his  early  education  in  Bath,  and 
graduated  from  Cornell  University  in  1883.  He  then  became 
associated  with  the  West  Shore  Railroad,  working  at  Frank- 
fort, N.  Y'.,  and  elsewhere,  and  later  with  the  American  Cas- 
ualty Company.  In  1893  lie  founded  the  Ruggles-Coles  En- 
gineering Company.  He  was  the  inventor  of  the  Ruggles- 
Coles  double-shell  dryer  and  was  president  of  the  Ruggles- 
Coles  Engineering  Company  up  to  the  time  of  his  death.  He 
was  also  president  of  the  Novella  Cement  Company,  Niagara 
Cement  Company,  and  a  director  of  the  Buffalo  Potash  and 
Cement  Corporation. 

Mr.  Ruggles  was  a  member  of  tlie  Engineers'  Club,  the 
Machinery  Club,  the  Psi  Upsilon  and  Cornell  University  Clubs 
of  New  Y'ork  and  a  trustee  of  Trinity  Church  of  Bayonne, 
N.  J.  He  became  a  member  of  this  Society  in  1905.  He  died 
at  his  home  in  Bayonne.  N.  J.,  on  January  23,  1916. 

GEORGE    H-iRWOOD    GUSHING 

George  Harwood  Gushing,  superintendent  of  the  North  and 
South  plants  of  the  H.  P..  Smith  Company  of  Westfield,  Mass., 
was  born  in  AVorcester,  Mass.,  on  October  13,  1860.  He  grad- 
uated from  the  Worcester  Polytechnic  Institute  in  1884.  For 
a  number  of  years  he  was  assistant  superintendent  of  the  H. 
B.  Smith  plants,  w-as  superintendent  of  a  pump  plant  at 
Seneca  Falls,  N.  Y'.,  for  thirteen  years,  and  was  in  charge  of 
a  foundry  at  Montreal,  Canada,  for  two  years.  In  1906  he 
returned  to  the  H.  B.  Smith  Company  at  Westfield. 

jMr.  Cushing  became  a  member  of  this  Society  in  1891.  He 
died  at  his  home  in  AVestfield  on  January  6,  191(!. 

PAUL    G.    ROESTI 

Paul  G.  Roesti  was  born  in  Berne,  Switzerland,  in  April, 
1878.  He  received  his  early  education  in  the  public  schools 
of  his  native  city.  After  graduating  in  mechanical  engineer- 
ing from  the  technical  school  at  Berne,  Switzerland,  in  1896, 
he  was  employed  for  two  years  in  the  engineering  olfices  of 
Frickart  in  Munich,  Bavaria,  and  one  year  with  Sulzer  Bros. 
in  Winterthur,  Switzerland,  working  on  Corliss  and  poppet 
valve  steam  engines. 

In  1899  he  entered  the  Swiss  Technical  High  School  at 
Zurich,  Switzerland,  from  which  he  graduated  in  1903.  He 
then  came  to  this  country  and  was  employed  by  the  Buffalo 
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Forge  Coiupaiiy  :is  a  »]«>sigu8r  of  steam  engines,  eeiitrifiigal 
pumps  and  blowei-s.  hi  1904  he  took  a  position  with  Beck- 
strom  Smith  Steam-turbiue  Co.  and  Filer  and  Stowell  Com- 
pany as  mechanical  engineer  and  designer  of  steam  turbines 
and  steam  engines,  remaining  with  them  until  1907  when  he 
became  a  designing  engineer  with  A.  O.  Smith  Co.,  Milwaukee, 
manufacturers  of  automobiles.  He  was  later  made  chief  en- 
gineer of  this  company. 

In  1911  he  returned  to  Switzerland  to  accept  a  position 
with  Sulzer  Bros,  as  chief  designer  in  the  high-speed  Diesel 
engine  department,  and  he  there  designed  and  standardized 
several  new  t^ypes  of  engines.  He  gave  up  this  position  in 
1915  on  account  of  poor  health.  He  died  in  California  on 
December  23,  1915. 

Mr.  Roesti  was  a  member  of  the  German  Engineers'  So- 
ciety, and  the  Swiss  Engineers'  and  Architects"  Society.  He 
became  a  member  of  this  Society  in  1914. 

AUSTIN    D.    MIXSELL 

Austin  D.  Mixsell  was  born  in  Easton,  Pa.,  on  October  20, 
1873.  He  received  his  education  in  the  schools  of  Easton  and 
at  the  Penn  Charter  School  in  Philadelphia.  He  went  to 
Bethlehem  in  1892  and  was  employed  in  the  freight  office  of 
the  Lehigh  A^alley  R.R.  In  1898,  he  entered  the  employ  of  the 
Bethlehem  Steel  Company,  woikiug  in  the  general  superin- 
tendent's ottiee  and  in  the  sales  department,  and  later  was  made 
the  representative  of  that  company  in  New  York  City.  In 
1909,  he  was  appointed  general  sales  agent  of  the  Company 
and  in  1915,  was  elected  a  vice-president.  At  the  same  time, 
he  became  a  member  of  the  Board  of  Directors  of  the  Com- 
pany. He  was  also  president  of  the  Dietriek  and  Harvey 
Machine  Co.  which  became  a  subsidiary  of  the  Bethlehem 
Steel  Company. 

Mr.  MisseU  was  a  member  of  the  Bethlehem  Club,  Bethle- 
hem, Pa.,  the  Union  League  Club,  Philadelphia,  the  Manu- 
facturers' Club,  Philadelphia,  the  Engineers'  Club,  New  York, 
the  Railroad  Club,  New  York,  the  American  Society  for 
Testing  Materials,  the  American  Iron  and  Steel  Institute  as 
an  Executive  member,  and  the  American  Steel  Foundries  So- 
ciety. He  became  a  member  of  this  Society  in  1913,  He  died 
at  his  home  in  Bethlehem  on  January  15,  1916. 

GARRETT   W.    SIMPKINSON 

Garrett  AV.  Simpkinson  was  born  in  Cincinnati,  Ohio,  on 
August  17,  1860.  He  received  his  early  education  in  the 
schools  of  Cincinnati  and  later  was  instructed  privately  in 
certain  branches  of  engineering.  He  served  four  years  as 
pattern  maker  and  four  years  in  the  drafting  department  of 
the  Lane  &  Bodley  Co.  He  then  entered  the  employ  of 
The  Stilwell  and  Bierce  Mfg.  Co.,  Dayton,  Ohio,  in  charge  of 
the  drafting  and  pattern  departments.  Several  yeai's  later, 
he  returned  to  Cincinnati  to  assist  in  building  the  first  cable 
railway  in  that  city,  designing  track  and  curve  constructions 
as  well  as  the  mechanical  details  of  the  driving  stations. 
After  the  completion  of  this  work,  he  returned  to  the  Lane  & 
Bodley  Co.  and  for  a  time  had  charge  of  their  drafting  de- 
partment and  pattern  shop.  In  1888,  he  became  associated 
with  Bert  L.  Baldwin,  Mem.  Am.  Soc.  M.  E.,  in  designing  and 
constructing  ^  mclmed  planB  ^n3  electric  railways  and  plants 
in  and  near  Cincinnati  and  made  a  specialty  of  machine  shop 
and  foundry  design  and  construction,  as  well  as  structural  and 
architectural  engineering.  He  became  a  member  of  the  firm  in 
1900. 

For  several  years,  Mr.  Simpkinson  instructed  evening  classes 
in  mechanical  drawing  and  mechanics  of  engineering  at  the 
Ohio  Mechanics  Institute,  Cincinnati,  Ohio.    He  was  a  member 


of  the  Cincinnati  Engineers'  ('lub  and  a  member  of  this  So- 
ciety since  1912.  Mr.  Simpkinson  dieil  at  his  home  in  CJi).- 
cinnati  (m  January  22,  1916. 

PER    H.    SCHEDIN 

Per  11.  Schedin  was  born  in  September,  1871,  in  Stockholm, 
Sweden.  He  received  his  education  in  the  Technical  School 
and  College  of  Mining  in  Stockholm  and  his  mechanical  train- 
ing from  the  Stridslmrg  Saw  Works,  Trolhattan.  From  1891 
to  1893,  he  was  chemist  and  foreman  in  the  open  hearth  de- 
partment of  the  GuUofors  Steel  Works,  Sweden.  In  January, 
1894,  he  accepted  a  position  with  the  Midvale  Steel  Company, 
I'liiladclphia,  starting  worlv  in  the  machi)ie  shops  and  rising 
to  the  position  of  chief  draftsman  and  designing  engineer. 

Mr.  Schedin  was  a  member  of  the  Engineering  Society  of 
Western  Pennsylvania  and  of  the  Midvale  Engineering  So- 
ciety.  He  became  a  member  of  this  Society  in  1913.  Ho  died 
at  his  home  in  Nicetown.  Philadelphia,  on  January  22,  1916. 

HOLSTEIN  DE  HAVEN  BRIGHT 
Holstein  De  Haven  Bright  was  born  in  Philadelphia,  Pa., 
on  June  30,  1880.  He  was  educated  at  the  William  Penn 
Cluirter  School  in  Philadelphia  and  then  entered  The  Baldwin 
Locomotive  Works  as  an  apprentice.  He  rose  rapidly  and 
in  a  few  years  was  placed  in  charge  of  the  upkeep  of  the 
works.  He  was  then  transferred  to  be  assistant  secretaiy  of 
tlie  Stajidai-d  Steel  Works  Company,  a  subsidiary  of  The  Bald- 
win L(><nuiotive  Works.  He  also  organized  the  sales  depart- 
ment of  tile  subsidiary'  company. 

In  1912,  he  resigned  to  accept  the  presidency  of  the  South- 
wark  Foundry  and  Machine  Co.,  Philadelphia,  which  position 
he  held  until  1914.  when  he  retired  because  of  ill  health.  He 
died  in  Philadelphia  on  November  2,  1915. 

Mr.  Bright  was  a  member  of  the  Union  League  and  Meridr 
ian  Clubs  in  Philadelphia  and  the  Merion  Cricket  Club.  He 
became  a  member  of  this  Society  in  1905. 

FRANK    HASTINGS    VARNEY 

Frank  Hastings  Varney  was  born  at  San  Jose,  California, 
on  September  15, 1872.  His  parents  later  moved  to  San  Fran- 
cisco where  he  received  his  public  school  education  and  where 
his  business  life  commenced.  His  engineering  work  began  in 
1894  when  at  the  age  of  twenty-two  he  became  engineer  of  the 
Harbnr  Light  &  Power  Co.,  a  position  which  included  prac- 
tically all  duties  from  lineman  to  manager  of  the  25  kw.  sta- 
tion and  lighting  system.  The  following  year,  this  concern 
was  absorbed  by  the  Edison  Company  and  he  was  transferred 
to  the  new  Stevenson  Street  plant  of  that  company,  by  1898 
advancing  to  station  foreman.  The  plant  was  then  purchased 
by  the  San  Francisco  Gas  &  Electric  Company  and  he  was 
made  chief  electrician  in  charge  of  their  three  local  steam 
electric  generating  stations.  In  1900,  Mr.  Varney  was  made 
superintendent  of  all  steam  and  electric  stations,  and  the 
(iistributing  system.  When  this  rapidly  growing  company 
absoibed  the  Independent  Company,  he  was  made  superintend- 
ent of  generating  stations  and  sub-stations,  and  the  company 
later  becoming  part  of  the  Pacific  Gas  &  Electric  Company, 
Mr.  Varney  was  in  1907  made  chief  engineer  of  operating  and 
maintenance  of  steam  stations,  which  position  he  held  at  the 
time  of  his  death.  It  is  interesting  to  note  that  in  his  last 
position  he  had  control  of  an  output  of  90,000  kw. 

Mr.  Varney  became  a  member  of  the  Society  in  1909  and 
was  a  member  of  the  American  Institute  of  Electrical  En- 
gineers, the  National  Electric  Light  Association,  and  the  Engi- 
neers' Club  of  San  Francisco.  He  died  at  his  home  in  San 
Francisco  on  January  21,  1916,  after  several  months'  illness. 
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TT  is  of  the  highest  importance  in  the  development  of  the 
-*  monthly  meetings  of  the  Society,  both  of  the  Sections  and 
of  the  Student  Branches,  that  comprehensive  reports  of  these 
meetings  be  published  in  The  Journal  regularly.  Secretaries 
of  the  sections  and  student  branches  are  urged  to  make  every 
effort  to  get  the  complete  reports  of  their  meetings  to  this  of- 
fice as  quickly  as  possible  after  the  meetings  are  held,  and  also 
where  possible,  copies  of  the  papers  presented  should  be  sent 
in;  if  desired,  the  copy  of  the  paper  will  be  returned  after 
examination.  The  reports  of  meetings  in  order  to  appear  in 
the  next  issue  of  The  Journal  must  be  received  in  this  office 
before  the  18th  of  the  month. 

NEW  YORK,  JANUARY  11 

At  the  January  meeting  of  the  New  York  Local  Section 
Walter  N.  Polakov  presented  a  paper  on  Standardization  of 
Power  Plant  Operating  Costs,  which  attracted  unusual  in- 
terest, there  being  nearly  400  in  attendance  at  the  meeting. 
The  purpose  of  the  paper  was  to  outline  a  method  by  which 
the  owner  of  a  power  plant  can,  without  the  necessity  of 
study  of  technical  details  of  operation,  judge  how  close  the 
actual  performance  of  the  plant  is  to  the  possible  minimum 
cost  at  any  time  and  under  any  circumstances.  Mr.  Polakov, 
in  his  experience  in  power  plant  operation,  has  developed  a 
very  interesting  method  of  power  plant  accounting,  in  which 
all  variable  factors  beyond  operating  control  are  automat- 
ically adjusted,  and  the  result  is  that  his  methods  of  stand- 
ardization of  costs  offer  some  interesting  advantages. 

This  meeting  of  the  New  York  Local  Section  marked  the 
introduction  of  an  important  innovation  in  the  local  activi- 
ties of  the  Society  in  New  York.  In  the  endeavor  to  develop 
increased  interest  in  the  local  meetings  among  the  members 
in  the  vicinity,  an  invitation  was  extended  to  a  large  num- 
ber of  local  members  to  take  part  in  the  work  by  serving  as 
committee  members  on  three  sub-committees  that  were  ap- 
pointed under  the  New  York  Local  Section  Committee.  These 
consisted  of  sub-committees  on  entertainment,  acquaintance- 
ship and  excursions,  and  a  large  number  responded.  Tenta- 
tive plans  were  laid  for  a  smoker  and  an  excursion,  and  pos- 
sibly some  other  form  of  local  entertainment  in  addition  to 
the  regular  monthly  meetings. 

MINNESOTA,  JANUARY  20 

One  of  the  largest  and  best  meetings  in  the  history  of  the 
Minnesota  Section  was  held  on  January  20,  in  the  form  of  a 
banquet,  which  was  attended  by  116  members  and  their  ladies. 
O.  A.  Eberhardt,  ex-governor,  who  had  been  scheduled  for 
an  address,  was  called  out  of  the  city  at  the  last  minute,  so 
his  place  at  the  speakers'  table  was  taken  by  George  H.  Her- 
rold.  The  principal  speaker  of  the  evening  was  Charles  W. 
Tubby,  Chairman  of  the  Minnesota  Section,  who  gave  a  his- 
tory of  the  Minnesota  Section  and  told  of  some  of  the  future 
plans  of  the  Section  looking  towards  cooperation  with  other 
engineering  bodies  to  promote  engineering  as  a  profession. 
Prof.  Wm.  H.  Kavanaugh  spoke  interestingly  on  engineering 
education  and  brought  out  his  various  points  with  some  very 
clever  Irish  stories.  C.  L.  Pillsburj'  spoke  of  the  value  of 
engineering  societies  and  indicated  how  they  would  prove  to 
be  a  very  valuable  asset  to  the  professional  engineer.  Mr. 
Pillsbury  also  referred  to  some  of  his   experiences  on   ap- 


praisal work  and  his  work  in  Washington,  D.  C.  Max  Toltz, 
on  behalf  of  the  Minnesota  Section,  presented  Gebhard 
Bohn,  Sr.,  with  a  beautiful  leather-covered  certificate  which 
was  in  the  form  of  a  testimonial  to  commemorate  the  jjleasant 
occasion  during  the  Spring  Meeting  of  the  Society  in  St.  Paul- 
Minneapolis  in  June,  1914.,  when  Mr.  Bohn,  while  not  a  mem- 
ber of  the  Society,  entertained  the  visiting  members  and 
guests  of  the  Society  at  his  beautiful  summer  home  at  Lake 
Minnetonka.  Mr.  Bohn,  in  a  few  well  chosen  words,  thanked 
the  Minnesota  Section  for  remembering  him  in  such  a  unique 
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Menu  Card  and  Program  for  Banquet  op  the  Minnesota 

Section 

way  and  exjiressed  a  desire  to  be  present  at  the  future  meet- 
ings of  the   Section. 

The  social  features  of  the  meeting  were  emphasized  by  the 
banquet  program,  and  much  interest  was  created  by  the  un- 
usually attractive  invitations  and  combined  program  and  menu 
cards  used  at  the  banquet,  which  were  beautifully  drawn  with 
an  emblem  embracing  the  Am.Soe.M.E.  members'  badge  and 
the  name  of  the  Society  and  Section  as  the  central  feature. 
The  card  containing  menu  and  program  is  reproduced  here- 
with. The  invitation  sheet  was  in  the  form  of  a  drawing  with 
a  similar  badge  emblem  centered  at  the  top,  with  a  modern 
large  heavy  duty  gas  engine  on  the  one  side  and  a  heavy 
MaUet-type  locomotive  on  the  other.  Both  of  these  cards 
were  distributed  in  blue-print  form. 

CINCINNATI,  JANUARY  21 

A  joint  meeting  of  the  Engineers'  Club  of  Cincinnati  and 
the  Cincinnati  Section  of  The  American  Society  of  Mechan- 
ical Engineers  was  held  on  Januarj-  21.  The  Committee  on 
Concrete,  consisting  of  eight  members  who  have  been  work- 
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ing  for  about  eight  months,  presented  a  report  of  its  in- 
vestigations. The  report  detailed  an  investigation  of  five  dif- 
ferent sorts  of  beams  of  full  size  as  ordinarily  used  in  con- 
struction of  supporting  floor  slabs.  Various  methods  for  re- 
inforcing these  beams  were  used.  A  testing  machine  was  de- 
vised by  which  loads  of  100,000  lb.  and  upwards  could  be 
applied  at  the  center  of  these  beams.  During  the  progress 
of  each  test  the  beams  were  calcined  and  the  surfaces  ex- 
amined very  closely  with  reading  glasses  to  discover  cracks. 
As  soon  as  a  crack  was  discovered,  it  was  marked  and  the 
load  eorresji ending  to  the  crack  was  indicated.  The  tests 
showed  remarkably  high  values  and  the  report  caused  a  vig- 
orous discussion  on  the  advisability  of  raising  the  safe  loads 
for  concrete  beams. 

An  investigation  dealing  with  concrete  made  up  of  ma- 
terials found  in  the  vicinity  of  Cincinnati  was  detailed  by 
Prof.  C.  C.  Myers,  Mem.Am.Soc.M.E.  and  a  member  of  the 
Concrete  Committee.  This  portion  of  the  report  was  par- 
ticularly interesting  to  the  members  because  it  gave  definite 
and  carefully  determined  values  for  the  various  materials 
that  may  be  obtained  in  the  vicinity  of  Cincinnati  at  reason- 
able prices.  One  of  the  results  that  was  shown  with  remark- 
able clearness  was  the  great  advantage  to  be  derived  from 
jiroperly  graduating  in  size  the  sand  and  gravel. 

BIRMINGHAM,  JANUARY  26 

An  informal  meeting  in  the  form  of  a  dinner  was  held  by 
the  members  uf  the  Birmingham  Section  on  January  26.  Let- 
ters were  read  and  discussed  concerning  the  appointment  of  a 
member  to  the  Naval  Board;  concerning  the  routing  of  trains 
suggested  by  Mr.  Rice  to  bring  those  from  the  East  through 
Birmingham ;  concerning  the  appointment  of  a  delegate  for 
the  nominating  committee;  and  an  announcement  of  the  ter- 
ritory which  had  been  assigned  to  the  Birmingham  Section 
by  the  Membership  Committee  to  comprise  the  district  from 
which  they  can  draw  new  members  for  the  Section.  The 
question  of  the  entertainment  of  the  visiting  members  on 
their  way  to  New  Orleans  was  discussed,  and  the  members  of 
Birmingham  are  more  than  glad  and  ready  to  show  their 
visiting  members  how  to  spend  a  very  pleasant  and  profitable 
dav  in  Birmingham. 


PROVIDENCE,  JANUARY  26 

The  January  meeting  of  the  Providence  Association  of  Me- 
chanical Engineers  was  held  on  January  26  in  the  Engineer- 
ing Building  of  Brown  University.  Franklin  H.  Wentworth, 
Secretary  of  The  National  Eire  Protection  Association,  spoke 
on  the  work  of  the  Underwriters'  Laboratories  in  the  direction 
of  fire  protection.  He  spoke  of  the  enormous  waste  in  this 
country  from  fire,  and  referred  to  the  growth  of  the  under- 
standing of  the  need  of  fire  protection.  His  talk  was  illus- 
trated by  moving  pictures  showing  the  workings  of  the 
Underwriters'  Laboratories. 

BUFFALO,  FEBRUARY  2 

A  meeting  of  the  Engineering  Society  of  Buffalo  was  held 
on  February  2,  at  which  Morris  L.  Cooke,  Mem.Am.Soc.M.E. 
and  for  four  years  Director  of  Public  Works  in  Philadelphia, 
gave  an  address  on  Public  Service  Problems.  His  address 
dealt  with  questions  relating  to  the  advisability  of  establish- 
ing in  Buffalo  a  municipal  asphalt  plant,  means  of  prevent- 
ing waste  of  water,  electric  light  rates  and  other  municipal 
jjroblems.  After  a  free  discussion,  these  questions  were  re- 
ferred to  a  city  affairs  coromittee,  consisting  of  John  Younger, 


president  of  the  Engineering  Society  of  Buffalo,  David  C. 
Howard  and  David  W.  Somers.  This  committee  is  to  act  as 
a  clearing  house  for  all  suggestions  and  complaints  of  mem- 
bers relating  to  city  affairs ;  to  give  its  services  in  conference 
with  any  of  the  deijartments  that  make  up  the  commission  gov- 
ernment; to  furnish  to  the  city  government  sub-committees  to 
act  without  compensation  in  consulting  or  investigating  capac- 
ities. 

Mr.  Cooke  then  spoke  of  the  engineering  profession  and  its 
relation  to  public  service.  He  said  that  he  was  the  first  engi- 
neer to  be  the  director  of  public  works  in  Philadelphia,  and 
that  his  successor  is  also  an  engineer,  and  that  of  the  70  city 
managers  in  Philadelphia  nearly  all  are  engineers. 

A  number  of  lantern  slides  followed  showing  how  various 
municipal  activities  in  Philadelphia  were  advertised  during 
the  administration  of  Mr.  Cooke. 

ST.  LOUIS,  FEBRUARY  6 

A  joint  meeting  of  the  local  engineering  societies  was  held 
on  February  9,  with  an  attendance  of  105.  F.  W.  Doolittle, 
Consulting  Engineer  of  New  York  City,  spoke  on  the  Cleve- 
land Street  Railway  situation.  His  paper  was  illustrated 
and  brought  out  considerable  interesting  discussion. 

BIRMINGHAM,  FEBRUARY  7 

A  meeting  of  the  Birmingham  Local  Section  was  held  on 
February  7,  at  which  the  following  committees  were  ap- 
pointed: Executive  Committee:  R.  E.  Brakeman,  Chairman; 
C.  B.  Davis,  Vice-Chairman ;  Paul  Wright,  Secretary-Treas- 
urer; F.  G.  Cutler  and  J.  Henry  Klinck,  members;  Commit- 
tee on  Program  and  Papers;  J.  Henry  Klinck,  Chairman; 
Richard  Faull,  E.  B.  Van  Keuren,  M.  J.  Lide;  Membership 
Committee:  C.  B.  Davis,  H.  A.  Moon,  W.  L.  Rouehe,  C.  D. 
BaiT  and  0.  G.  Thurlow,  members. 

After  some  general  discussion.  Major  General  Leonard 
Wood  spoke  on  Preparedness  and  the  coming  Military  Train- 
ing Camp  to  be  held  at  Chattanooga  this  coming  summer. 

BOSTON,  FEBRUARY  8 

The  seventh  annual  banquet  of  the  Boston  Section  of  the 
American  Society  of  Mechanical  Engineers,  the  American 
Institute  of  Electrical  Engineers  and  the  Boston  Society  of 
Civil  Engineers  was  held  on  February  8.  About  600  members 
were  present  and  the  meeting  was  unusually  successful  in 
every  way.  The  speakers  were  His  Excellency  .Samuel  W. 
McCall,  Governor  of  Massachusetts;  Col.  W.  E.  Craighill  of 
the  Corps  of  Engineers,  U.S.A.;  William  Barclay  Parsons, 
Consulting  Engineer,  New  York  City;  John  R.  Freeman, 
and  Dr.  John  A.  Brashear,  Past  Presidents  of  the  Am.Soc. 
M.E.,  and  Calvin  W.  Rice,  Secretary  of  the  Am.Soc.M.E. 

NEW  YORK,  FEBRUARY  8 

An  unusually  large  attendance  marked  the  February  meet- 
ing of  the  New  York  Local  Section,  at  which  T.  Russell  Rob- 
inson, statistical  engineer  for  W.  S.  Barstow  &  Co.,  Inc., 
New  York,  read  a  paper  on  Ways  of  Presenting  Data  for 
Executive  Purposes.  Mr.  Robinson  takes  the  position  that 
all  the  data  which  the  engineer  can  gather  on  costs,  perform- 
ance of  equipment,  output  and  other  information  of  indus- 
trial interest,  are  of  little  use  in  securing  appropriations 
from  directors,  or  investments  from  financiers,  until  he  can 
present  his  findings  in  a  way  that  can  be  comprehended.  He 
showed    in    an    interesting   manner    how    effective    graphical 
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methods  are  for  this  purpose  and  he  proved  that  graphical 
methods  are  applicable  to  practically  all  forms  of  data  pres- 
entation. The  paper  was  illustrated  by  lantern  slides  and 
drew  out  an  extended  discussion. 

This  meeting  was  the  first  in  which  the  newly-appointed 
sub-committees  of  the  New  York  local  committee  on  enter- 
tainment, acquaintanceship  and  excursions  were  brought 
actively  together.  In  order  to  bring  the  local  members  into 
closer  relationship,  the  acquaintance  committee  arranged  for 
an  informal  dinner  preceding  the  meeting  of  the  evening  at 
which  about  125  were  in  attendance.  This  was  effective  in 
bringing  the  new  committee  closely  into  touch  with  their  work, 
and  at  the  dinner  plans  were  laid  for  an  active  campaign  for 
developing  interest  in  the  New  York  local  meetings.  Over 
400  were  in  attendance  at  the  meeting  of  the  evening. 

ST.  LOUIS,  FEBRUARY  9 

On  February  2,  there  was  a  joint  meeting  of  the  Engineers' 
Club  of  St.  Louis  with  the  local  societies.  J.  B.  Marcellus, 
engineer  of  the  Association  of  the  American  Portland  Ce- 
ment Manufacturers,  spoke  on  Recent  Practice  on  Concrete 
Roads.  His  talk  was  illustrated  by  several  slides  rnd  motion 
picture  reels.     There  were  62  present. 

MILWAUKEE,  FEBRUARY  10 

A  meeting  of  the  Milwaukee  Engineers'  Society  which  rep- 
resents the  local  engineering  society,  The  American  Institute 
of  Electrical  Engineers,  The  American  Society  of  Mechanical 
Engineers  and  The  American  Chemical  Society,  was  held  on 
February  10  under  the  ausjiices  of  the  Milwaukee  Section  of 
the  American  Institute  of  Electrical  Engineers.  Arthur  Simon, 
Mem.Am.Soc.M.E.,  and  electrical  engineer  of  the  Cutler- 
Hammer  Mfg.  Co.,  read  a  paper  on  The  Design  and  Appli- 
cation of  Electro  Magnets  for  Industrial  Purposes.  He  dis- 
cussed the  essential  features  which  determine  the  design  of 
the  magnets  and  the  possible  modifications  of  the  design.  He 
showed  that  the  secondary  phenomena  such  as  the  leakage  of 
the  magnetic  circuit  and  the  saturation  of  the  iron,  very  often 
ovei-shadowed  the  basic  phenomena  of  electro  magnetic  induc- 
tion, and  that  by  properly  controlling  these  factors  the  charac- 
teristics of  the  magnet  can  be  changed  to  suit  particular  pur- 
poses. 

The  speaker  also  discussed  in  detail  the  peculiarities  of  the 
alternating  current  magnet  which  presents  a  far  more  serious 
problem  than  the  direct  current  magnet  both  from  the  stand- 
point of  mechanical  construction  and  electrical  design;  the 
extreme  limitations  of  the  alternating  cun-ent  magnet  due 
to  hysteresis  and  eddy-current  losses  in  the  iron  and  to 
the  variation  of  the  self-induction  of  the  magnetic  cir- 
cuit with  the  movement  of  the  armature.  In  closing  the 
speaker  showed  the  appUcation  of  some  magnets  for  heavy 
current  switches  which  control  electric  circuits,  and  also  sev- 
eral types  of  direct  and  alternating  current  magnets  for 
brakes  such  as  are  used  on  cranes,  elevators  and  similar  ap- 
paratus. Moving  pictures  illustrating  the  use  of  a  62  in. 
lifting  magnet  in  the  yards  of  a  steel  mill  for  handling  pig 
iron,  scrap,  and  other  material,  closed  the  lecture. 

In  the  discussion  structural  features  of  some  of  the  mag- 
nets shown  were  brought  out.  An  interesting  application  of 
electro-magnets  for  shifting  the  gears  of  automobiles  and  the 


use  of  magnets  for  the  operation  of  clutches  were  discussed. 
Mention  was  made  of  a  magnetic  clutch  transmitting  2000 
h.p.  at  a  speed  of  100  r.p.m.  This  is  said  to  be  the  largest 
magnet  clutch  thus  far  constructed.  A  buffet  lunch  at  which 
the  discussion  was  continued  informallj'  among  the  members 
closed  the  evening. 

MINNESOTA,  FEBRUARY  10 

The  February  meeting  of  the  Minnesota  Section  of  the  So- 
ciety was  held  at  the  University  of  Minnesota  on  Febi'uary  10, 
at  which  George  P.  Diekmann,  chief  chemist  of  the  Northwest- 
ern States  Portland  Cement  Company,  Mason  City,  Iowa,  gave 
a  very  instructive  illustrated  lecture  on  The  Modem  Manu- 
facture of  Portland  Cement.  He  showed  85  different  slides 
which  illustrated  the  process  of  manufacture  in  detail  from 
the  time  the  material  is  handled  by  steam  shovel  to  the  finished 
jjroduct.  His  pictures  were  of  unusual  interest  because  they 
were  taken  before  the  Mason  City  Plant  was  completed,  and 
in  this  way  gave  a  better  idea  of  the  enormous  amount  of 
equipment  that  is  required  for  cement  manufacture. 

Mr.  Diekmann  then  discussed  the  chemical  side  of  Portland 
Cement.  With  reference  to  the  various  elements  that  are  nec- 
essary to  produce  a  good  brand  of  cement,  he  said  that  silica 
lime,  alumina  and  iron  must*  be  present  in  particular  ratios  in 
order  that  a  certain  chemical  action  be  produced.  The  ratio 
of  lime  to  silica  should  be  from  (2.8  to  3.2)  to  1  and  alumina 
to  iron  (2.5  to  3.5)  to  1.  Mr.  Diekmann  said  that  the  chem- 
ical composition  of  Portland  cement  is  very  uniform  and  is 
usually  as  follows :  Silica,  20  to  23  per  cent ;  alumina,  5  to  8.5 
per  cent ;  iron  oxide,  1  to  4  per  cent ;  lime,  60  to  64  per  cent ; 
magnesia,  0.5  to  3.5  per  cent;  sulphuric  acid,  1.5  to  2.5  per 
cent.  Mr.  Diekmann  also  spoke  of  the  effects  that  each  ele- 
ment has  on  the  setting  of  cement  and  formulae  that  might  be 
used  for  calculating  the  proper  proportions  in  the  raw  mix- 
ture. Mr.  Diekmann's  lecture  was  discussed  by  about  ten  of 
the  members  present.  The  main  questions  raised  were  about 
the  methods  of  sampling  and  testing  cement  residue  on  the 
sieves  after  the  fineness  test,  and  the  question  of  value  of 
water-jiroofing. 

BOSTON,  FEBRUARY  16 

Under  the  scheme  of  cooperation  existing  among  the  engi- 
neering societies  in  Boston,  a  meeting  was  held  by  the  Bos- 
ton Society  of  Civil  Engineers  on  February'  16.  Edward  C. 
Sherman  presented  a  paper  illustrated  with  lantern  slides  on 
the  Spillways  of  the  Panama  Canal. 

BUFFALO,  FEBRUARY  16 

At  a  meeting  of  the  Engineering  Society  of  Buffalo,  on 
February  16,  C.  T.  Myers,  Mem.Am.Soc.M.E.,  gave  a  lec- 
ture on  the  Uses  of  Modern  Worm  Gearing.  Mr.  Myers 
pointed  out  that  worm  gearing  made  by  present  processes  is 
infinitely  superior  to  the  older  types,  some  of  which  often 
had  the  teeth  improperly  formed.  With  present  day  worm 
gearmg,  efficiencies  of  95  per  cent  can  be  readily  obtained 
and  the  old  idea  that  worm  gearing  was  irreversible  has  been 
exploded.  Mr.  Myers  laid  stress  on  the  fact  that  the  worm 
gear  had  been  developed  to  its  present  stage  by  its  successful 
use  on  motor  trucks. 
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BUCKNELL    UNIVERSITY 

At  the  regular  monthly  meetiug  of  the  Buckuell  University 
Student  Branch  on  February  7,  Thomas  L.  James,  '16,  gave 
a  very  interesting  talk  on  Scientifie  Management  of  Machine 
Shops.  He  discussed  the  old  ways  and  the  new  ways  of  man- 
aging a  shop,  taking  an  old  shop  under  the  old  system  and 
converting  it  into  a  shop  under  a  new  system  now  in  practice. 
A  discussion  of  the  subject  followed  by  Professors  Burpee 
and  Kriner.     There  were  23  members  in  attendance. 

BROOKLYN    POLYTECHNIC  INSTITUTE 

The  Febniary  meeting  of  the  Brooklyn  Polytechnic  Insti- 
tute Student  Branch  was  held  on  February  11,  in  the  form 
of  a  Ladies'  Night  consisting  of  a  semi-technical  lecture  illus- 
trated with  slides  and  with  moving  pictures,  and  followed  by 
a  dance. 

Lieut.  Percy  E.  Barbour,  C.A.C.,  N.G.S.M.,  spoke  on  Coast 
Defense.  The  enormous  amount  of  tenitory  in  which  the 
United  States  is  interested  was  pointed  out,  and  also  the  fact 
that  the  chief  source  of  materials  for  our  explosives  are  in 
the  Chilean  nitrate  flelds.  The  natural  conclusion  was  the 
need  of  a  larger  fleet,  especially  on  the  Pacific  Coast.  The 
slides  which  followed  depicted  the  types  of  battlesliips  peculiar 
to  the  United  States,  Clermany,  and  Great  Britain.  Lieut. 
Barbour  explained  that  a  dreadnought  is  an  all  big-gun  ship, 
while  the  sui)er-dreadnought,  the  most  desirable  of  fighting 
vessels,  is  a  battleship  possessing  a  full  complement  of  big 
guns  and,  in  addition,  the  guns  of  the  intermediate  classes. 
He  also  described  the  working  of  typical  coast  defense  guns, 
and  gave  the  audience  a  good  idea  of  the  work  of  gun  crews 
and  i-ange  flndei-s  by  an  exposition  of  the  ballistics  and  meth- 
ods of  range-finding  and  a  description  of  the  Whistler-Heani 
plotting  boards.  The  talk  was  followed  by  two  reels  of  films 
which  illustrated  the  pleasure  and  business  of  life  in  the  camp 
at  Fort  Williams,  Me. 

The  Brooklyn  Rapid  Transit  ('ompany,  who  donated  the 
use  of  the  moving  picture  machine,  showed  a  Him  on  Safety 
First.  This  is  one  of  the  films  which  this  eom])any  has  used 
in  its  campaign  to  minimize  street  ear  accidents. 

LELAND  STANFORD,  JR.,  UNIVERSITY 

The  Leland  Stanford,  Jr.,  University  Student  Branch  held 
a  meeting  on  January  26,  at  which  E.  B.  Anderson,  a  junior 
in  the  mechanical  engineering  department,  gave  a  talk  on  the 
Owen  Magnetic  automobile.  The  description  was  illustrated 
by  a  sketch  on  the  blackboard,  showing  the  location  of  the 
transmission  in  the  car,  the  manner  in  which  the  armatures 
of  the  generator  and  motor  are  connected  to  the  propeller 
shaft,  and  the  position  of  commutators  and  ball  bearings. 
After  showing  the  construction,  Mr.  Anderson  explained  the 
manner  in  which  the  car  is  started  from  rest  and  brought  to 
full  speed  by  different  combinations  of  field  windings  and 
resistances,  and  the  action  when  pulling  up  a  heavy  grade. 
Among  the  advantages  of  this  electrical  transmission  for 
automobiles  which  were  brought  out  were  easy  starting,  free- 
dom from  gear  shifting  with  its  attendant  clashing  and 
jerks,  great  flexibility  and  smoothness  of  drive,  automatic 
adjustment  of  the  speed  of  the  car  to  the  grade,  ability  to 
climb  very  steep  hills  slowly  when  desired,  the  reducing  of 
clutch,  transmission  and  starting  mechanisms  to  one  unit, 
and  the  use  of  the  transmission  as  a  brake  by  means  of  a  re- 
versing switcli.  This  paper  was  discussed  by  .J.  L.  Reynolds, 
W.  H.  Warren,  J.  A.  Shepard,  H.  F.  Elliott,  G.  W.Elsey, 
E.  0.  Bennett,  H.  R.  Hammett,  H.  C.  Parker,  C.  E.  Scholtz, 
and  H.  E.  Waife.  In  the  discussion,  the  ease  of  making  re- 
pairs and  the  small  need  of  repairing  were  featured. 

THROOP    COLLEGE    OF    TECHNOLOGY 

W.  W.  Smith,  chairman  of  the  Los  Angeles  Section  of 
the  Am.Soc.M.E.,  gave  an  illustrated  talk  before  the  Student 
Branch  of  the  Throop  College  of  Technology  on  January  7 
on  Cooling  Water  for  Condensers.  Mr.  Smith  compared  the 
various  methods  of  cooling  condenser  water  used  at  present, 
and  gave  the  limiting  factors  and  difficulties  met  with  iu  each. 


UNIVERSITY   OF  ARKANSAS 

The  mechanical  engineers  of  the  University  of  Arkansas 
met  on  Januai-j'  6  and  reorganized  the  Student  Branch  of 
the  Am.Soc.M.E.  The  following  officers  were  elected:  Prof. 
B.  N.  Wilson,  honorary  chairman;  W.  G.  Horton,  chairman; 
H.  A.  Coflield,  vice-chairman;  J.  C.  Moody,  secretary;  C.  0. 
Bosemeyer,  treasurer.  The  Branch  has  decided  to  hold  joint 
meetings  with  the  Student  Branch  of  the  A.I.E.E. 

At  the  first  joint  meeting  on  January  18,  W.  G.  Horton 
gave  an  illustrated  lecture  on  the  advancement  of  the  steam 
engine.  He  began  with  a  description  of  the  steam  turbine 
and  discussed  the  various  improvements  leading  up  to  the 
modem  Corliss  and  compound  engines.  Two  reels  of  motion 
pictures  of  the  Pittsfield,  Mass.,  electrical  works  were  shown 
by  the  Electrical  Engineering  society. 

At  a  meeting  on  February  1,  J.  C.  Moody  gave  a  paper  on 
the  different  kinds  of  lubricants  and  their  properties  and  the 
changes  which  they  undergo  with  increase  of  temperature. 
Prof.  W.  B.  Stelzner  of  the  Electrical  Engineering  Depart- 
ment, in  a  short  address,  emphasized  the  importance  of  joint 
meetings  of  the  Electrical  and  Mechanical  societies.  He  de- 
clared that  the  work  of  the  two  classes  of  engineers  are  so 
closely'  related  that  an  efficient  engineer  must  have  at  least  a 
general  knowledge  of  both. 

UNIVERSITY    OF    CALIFORNIA 

The  regular  meeting  of  the  Student  Branch  of  the  Univer- 
sity of  California  was  held  on  Tebruary  8,  with  an  attendance 
of  17  members. 

Three  interesting  papers  were  presented,  the  first  by  H. 
Greenwood,  on  Interior  and  Exterior  Ballistics  as  Applied  to 
Large  Guns,  in  which  he  discussed  the  action  of  the  shot 
within  the  gun  aud  also  in  its  path  through  space.  M.  Jones 
discussed  the  subject  of  Recoil  Chambei-s  on  Field  Pieces, 
and  Prof.  Raber,  of  the  Department  of  Mechanics,  spoke  on 
The  Student  Engineer  and  Positions  Held  by  Him,  in  which 
he  showed  the  varied  character  of  the  positions  held  by  gradu- 
ates of  mechanical  engineering  colleges. 

Following  a  discussion  of  the  pajiers  presented  during  the 
evening,  a  banquet  was  held  in  honor  of  the  new  members. 

UNIVERSITY    OF    COLORADO 

A  meeting  of  the  University  of  Colorado  Student  Section 
was  held  on  .Jauuarj-  13.  The  paper  of  the  evening,  which 
was  Rehabilitation  of  Power  Plants,  by  H.  V.  0.  Coes,  Mem. 
Am.Soc.M.E.,  was  read  by  Harvey  Craig.  The  paper  was 
illustrated  with  slides.  Forty-two  members  and  guests  were 
present. 

UNIVERSITY    OF    ILLINOIS 

The  work,  at  the  University  of  Illinois  Student  Branch 
started  with  renewed  vigor  at  the  beginning  of  the  scholastic 
year,  and  was  jiushed  during  the  entire  semester  by  the  mem- 
bers. This  work  consisted  of  a  Mechanical  Engineering  Open 
House,  a  series  of  engineering  lectures  and  the  preliminary 
work  on  the  papers  which  are  to  be  presented  the  second 
semester  of  the  year. 

On  October  15,  1915,  the  Mechanical  Engineering  Open 
House,  which  is  now  an  annual  affair,  was  held.  All  the  shops 
and  shop  laboratories  were  in  full  blast  and  several  interesting 
processes  were  performed  for  the  visitors.  In  the  foundry,  a 
heat  of  cast  iron,  and  several  of  brass  and  aluminum  were  run 
out,  the  molds  being  small  ornamental  paper  weights  which 
were  finished  immediately  and  given  to  the  visitors.  Three 
thousand  of  these  sou^-enirs  were  distributed  in  this  way.  In 
the  machine  shops,  small  sheet  metal  ash  and  pin  trays  were 
stamped  out  and  die-formed,  and  in  the  wood  shop  an  attrac- 
tive pencil  holder  was  given  to  each  of  the  visitors.  These  pen- 
cil holders  were  made  by  the  men  in  the  wood  turning  classes. 
An  exhibition  of  different  forms  of  Prest-o-lite  welding  was 
done,  which  proved  to  be  quite  an  attraction. 

In  the  Engineering  Laboratory,  the  chief  attraction  seemed 
to  be  the  artificial  snow  storm,  which  was  made  by  mixing 
saturated  air  with  the  exhaust  of  a  compressed  air  driven 
engine.  Beside  this,  all  the  other  apparatus  of  the  laboratory 
was  in  operation  as  well  as  that  of  the  power  plant  proper. 


254 


SOCIETY  AFFAIRS 


The  Journal 
Am.Soc.M.E. 


In  conueetion  with  the  Open  House,  several  reels  of  mov- 
ing pictures  wholly  of  an  engineering  and  educational  nature 
were  shown.  Over  4500  people  visited  the  shops  and  labora- 
tories, and  the  Student  IBranoh,  as  well  as  the  department, 
consider  the  Open  House  quite  a  success. 

At  the  beginning  of  the  semester  the  faculty  of  the  Me- 
chanical Engineering  Department  of  the  College  of  Engi- 
neering donated  a  large,  handsome  silver  trophy  cup  which 
will  be  i^resented  to  the  member  of  the  Branch  who  presents 
the  best  original  paper  before  the  Branch  during  the  present 
school  year.  The  papers  will  be  judged  in  the  following  man- 
ner: After  the  paper  is  presented  to  the  Branch,  it  will  be 
passed  upon  by  a  committee  of  five  of  the  younger  instructors 
of  the  University.  This  committee  will  choose  the  five  best 
papers  and  present  them  to  another  committee  composed  of 
three  of  the  professors  of  the  College  of  Engineering  who  are 
members  of  the  Am.Soc.M.E.  This  committee  will  make  the 
final  award. 

The  series  of  lectures  began  on  October  21,  1915,  with  a 
lecture  by  Mr.  Hower.  He  took  up  the  features  of  the  sleeve 
valve  motor  from  an  engineering  standpoint  and  gave  a  most 
delightfully  interesting  illustrated  talk.  About  300  were  pres- 
ent. The  second  of  these  lectures  was  on  November  4,  1915, 
given  by  George  L.  Willman,  who  spoke  on  the  business  side 
of  engineering.  The  lecture  was  well  attended  and  was  in- 
structive as  well  as  interesting.  On  January  13,  1916,  0. 
Monnett  gave  an  illustrated  talk  on  smokeless  combustion 
and  the  methods  of  securing  it.  The  last  lecture  was  by 
W.  A.  Blonck,  who  talked  on  boiler  practice  in  the  United 
States  and  Foreign  Countries.  Mr.  Blonck  had  a  very  com- 
plete set  of  slides  which  enhanced  his  lecture  greatly. 

The  work  of  the  next  semester  will  deal  largely  with  the 
presentation  of  student  papers  which  have  already  been  pre- 
pared, or  are  now  in  the  process  of  preparation.  An  intense 
rivaln,'  between  the  upperclassmen  seems  to  indicate  that  a 
large  number  of  papers  will  be  entered  in  the  contest  for  the 
faculty  cup.  It  is  the  hope  of  the  Branch  that  a  cup  will  be 
donated  each  year,  and  there  is  every  reason  to  believe  it  will 
be  if  the  contest  this  year  is  a  success. 

.  UNIVERSITY    OF   K.^NSAS 

The  Student  Branch  of  the  University  of  Kansas  has  been 
meeting  weekly  at  the  home  of  Prof.  A.  H.  Sluss,  honorary 
chairman  of  the  branch.  On  February  9,  Prof.  C.  A.  Has- 
kins.  State  Sanitary  Engineer,  and  Associate  Professor  of 
Civil  Engineering,  gave  a  valuable  talk  on  Water  Purification. 
Such  gatherings  as  these,  in  which  every  man  enrolled  in  the 
Mechanical  Department  is  "  invited  and  expected  to  attend," 
have  been  a  very  material  influence  in  making  the  Branch 
grow  in  interest  and  numbers  to  a  present  membership  of  37. 

The  Automobile  Show  in  Kansas  City,  February  7-12, 
brought  forth  two  very  interesting  talks  at  the  meeting  of 
February  16.  B.  O.  Bower  reported  on  Automobile  Engines 
and  C.  W.  Hagenbuek  on  Chassis  Development. 

The  Senior  inspection  trip  to  Chicago,  Gary,  and  Keokuk 
afforded  sources  for  an  interesting  report  on  the  routing  sys- 
tem of  the  Western  Electric  Co.  in  Chicago,  by  S.  E.  Camp- 
bell, and  a  summary  of  the  tractor  manufacturing  plant  of 
the  International  Harvester  Co.  by  .J.  E.  Stillwell. 

UNIVERSITY  OF  KENTUCKY 

At  a  meeting  of  the  Student  Branch  of  the  University  of 
Kentucky  on  February  10  the  following  papers  which  have 
been  presented  before  the  Society  at  the  Annual  Meeting 
were  read :  The  Heat  Insulating  Properties  of  Commercial 
Steam  Pipe  Coverings,  by  L.  B.  McMillan,  was  read  by  Webb 
Lail ;  Circulation  in  Horizontal  Water  Tube  Boilers,  by  Paul 
A.  Bancel,  was  read  by  J.  M.  May ;  Performance  and  Design 
of  High  Vacuum  Surface  Condensers,  by  Geo.  H.  Gibson  and 
Paul  A.  Bancel,  was  read  by  H.  P.  Parrigin;  Proportioning 
Chimneys  on  a  Gas  Basis,  by  A.  L.  Menzin,  was  read  by 
M.  S.  Sullivan;  Higher  Steam  Pressures,  by  Robert  Cramer, 
was  read  by  E.  R.  Pursley.  At  the  conclusion  of  each  article 
the  speaker  answered  questions  on  points  that  were  not  clear 
to  the  members. 

At  a  meeting  of  the  Branch  on  February  15,  L.  0.  Arm- 
strong of  the  Bureau  of  Commercial  Economics  gave  a  lecture 
on  Canada. 


UNIVERSITY   OF    MICHIGAN 

A  meeting  of  the  Student  Branch  of  the  University  of 
Michigan  was  held  on  Janviary  24,  at  which  the  following 
oflflcers  for  the  coming  year  were  chosen :  A.  E.  Hecker,  chair- 
man; T.  Toby,  vice-chairman;  W.  F.  Gerhardt,  secretary; 
F.  M.  Sawin,  treasurer.  These  four  officers  together  with  one 
other  member  elected  by  them  form  the  Executive  Committee. 

Twelve  members  of  the  Branch  were  present  and  discussed 
plans  for  increasing  the  membership  and  influence  of  the 
Branch.  A  decision  was  made  to  provide  a  "  sophomore " 
session,  the  general  opinion  being  that  the  Branch  should 
have  more  underclassmen,  who  would  thus  be  available  longer 
for  work  along  the  lines  they  prefer. 

UNIVERSITY    OF   MINNESOTA 

On  January  22,  the  University  of  Minnesota  Student  Branch 
held  an  open  meeting  in  the  Auditorium  of  the  Main  Engi- 
neering Building,  at  which  K.  Llewellyn,  of  the  National 
Tube  Companv,  lectured  on  the  Process  of  Manufacturing 
Butt  Weld  and  Lap  Weld  Steel  Pipe.  The  talk  was  illus- 
trated with  motion  pictures,  and  Mr.  Llewellyn  took  up  each 
process  in  the  manufacture  of  pipe,  from  the  mining  of  the 
ore  to  the  finished  product. 

UNIVERSITY   OF   NEBR.^SKA 

At  a  meeting  of  the  Student  Branch  of  the  University  of 
Nebraska  in  January,  Richard  Ferguson,  manager  of  the 
Yankee  Hill  Brick  Company,  of  Lincoln,  Neb.,  gave  a  very 
instructive  lecture  on  Some  Engineering  Features  in  Brick 
Making.  The  address  was  so  aiTanged  that  the  development 
of  the  science  of  brick  making  from  the  very  simplest  to  the 
most  complicated  processes  was  shown. 

Mr.  Ferguson  first  took  up  the  chemistry  of  brick  material, 
explaining  how  to  select  a  good  clay  deposit  for  the  location 
of  a  brick  factory.  He  then  showed  views  of  the  different 
kinds  of  brick  machines  for  the  dry  and  wet  processes  and 
pointed  out  the  difficulties  encountered  in  the  various  types 
of  machines.  The  processes  of  manufacture,  cutting,  repressing 
and  drjing  were  explained  in  detail.  The  address  as  a  whole 
showed  how  closely  the  work  of  the  mechanical,  civil,  and 
chemical  engineers  is  related  in  brick  manufacture.  At  the 
close  of  the  lecture  Mr.  Ferguson  gave  a  general  invitation 
to  the  University  students  to  inspect  the  Yankee  Hill  brick- 
yard at  any  time. 

At  a  meeting  of  the  Branch  on  February  8,  at  which  29 
members  and  guests  were  present.  Prof.  B.  G.  Elliot,  Profes- 
sor of  Mechanical  Engineering  at  the  University  of  Nebraska, 
who  spent  three  years  in  the  University  of  Wisconsin  exten- 
sion department,  spoke  on  Engineering  Extension.  He  said 
that  the  dean  of  the  extension  department  of  the  University 
of  Wisconsin  was  an  engineer,  and  pointed  out  the  attitude  of 
the  people  toward  the  university,  saying  that,  in  general,  the 
people  were  prejudiced  against  the  university  and  university 
l^eople.  In  Wisconsin,  however,  this  feeling  has  been  removed 
as  a  result  of  the  extension  department,  and  the  change  in  at- 
titude of  the  people  is  shown  by  the  fact  that  they  sent  letters 
and  telegrams  of  protest  to  the  legislature  when  the  support 
of  the  extension  department  was  about  to  be  cut  off.  xhe  ad- 
\antages  offered  have  changed  the  whole  life  of  some  of  the 
students.  This  department  has  also  undertaken  work  in  the 
lienitentiary. 

VIRGINIA    POLYTECHNIC    INSTITUTE 

The  regular  meeting  of  the  Virginia  Polytechnic  Institute 
Student  Branch  was  held  on  January  22.  A  very  interesting 
paper  on  Superheaters  was  presented  by  W.  R.  Ellis  and 
R.  M.  Hutchinson,  who  discussed  the  subject  from  both  a 
mechanical  and  economical  standpoint.  During  the  course  of 
the  paper  the  practicability  of  superheater  installation  was 
clearly  shown. 

At  a  second  meeting,  held  on  January  29,  the  Branch  was 
addressed  by  I.  N.  Moseley,  who  spoke  on  Low  Water  Alarms. 
The  subject  had  been  worked  up  jointly  by  Mr.  Moseley  and 
R.  R.  Connelly,  and  most  of  the  up-to-date  alarms  were  dis- 
cussed in  detail.  Sketches  were  made  of  the  various  types 
now  in  use,  among  which  were  the  float  type,  the  balance  type, 
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and  the  Nathan  type,  all  of  which  are  used  on  stationary 
boilers,  and  the  fusible  plug  and  sentinel  types,  which  are 
used  on  locomotive  boilers. 


WORCESTER   POLYTECHNIC    INSTITUTE 

A  very  interesting  and  successful  meeting  of  the  Student 
Branch  of  the  Worcester  Polytechnic  Institute  was  held  on 
February  4,  at  which  155  members  and  guests  were  present. 
Major  L.  T.  Hillman  of  the  United  States  Army  spoke  on 
Modern  Ordnance,  its  Construction  and  Use.  In  his  opening 
remarks,  he  spoke  of  the  importance  of  the  subject  of  "  Pre- 
paredness "  to  engineers  and  brought  out  the  fact  that  the 
engineer  is  a  most  important  factor  in  modern  warfare.  The 
subject  of  ordnance  was  taken  up  under  the  four  general 
topics :  Small  arms,  cavalry  and  field  artillery,  machine  guns, 
coast  defense.  Mention  was  made  of  the  familiar  small  arms, 
including  the   rifle,   granades,   revolver,   etc.,   after   which    a 


very  interesting  set  of  lantern  slides  was  shown  and  ex- 
plained. Several  pictures  jiresenting  the  principal  types  of 
field  pieces  were  thrown  upon  the  screen  and  particular  men- 
tion was  made  of  the  extreme  effectiveness  of  the  rapid  fire 
machine  guns.  It  was  explained  that  the  fire  of  these  forms 
of  portable  guns  is  confined  to  comparatively  low  elevations, 
while  the  howitzers,  mortars  and  aeroplane  guns  cover  the 
higher  elevations.  Of  particular  interest  was  the  description 
of  the  shrapnel  and  ordinary  bomb  shells.  After  treating  the 
subject  of  portable  guns,  Major  Hillman  spoke  at  some  length 
of  the  coast  defense  ordnance,  both  mortars  and  guns,  and 
the  views  of  the  mortar  batteries  and  coast  fortifications 
equipped  with  the  larger  disappearing  rifles  illustrated  his 
points  admirably.  Photographs  of  the  latest  14  and  16  inch 
rifles  of  the  United  States  were  shown,  and  mention  was  made 
of  some  of  the  difficulties  and  problems  which  arise  in  de- 
signing such  guns  and  their  mountings..  An  interesting  dis- 
cTission  followed  Major  Hillman's  talk. 


EMPLOYMENT  BULLETIN 

The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  and  is  pleased  to  receive  requests  both 
for  positions  and  for  men.  Copy  for  the  Bulletin  must  be  in  hand  before  the  18th  of  the  month. 
The  notices  nozv  appear  in  the  Employment  Bulletin  in  a  form  which  indicates  the  classification. 


POSITIONS  AVAILABLE 

TJie  Society  acts  only  as  a  "  clearing  house  "  in  these  matters  and 
is  not  responsihle  where  firms  do  not  ansiver.  I^tumps  should  he 
enclosed  for  Joricardtng  applications. 

49  ExGiNEERiNCr  Salesman,  in  machinery  department  of 
Pennsylvania  concern.  Man  should  be  not  less  than  35  years 
of  age;  good  draftsman  but  primarily  a  salesman.  Good  sal- 
ary for  a  man  with  these  qualifications.  Location  Pennsyl- 
vania. 

50  Draftsman,  experienced  in  heavy  machinery  work  and 
if  possible  chemical  apparatus.  Salary  $25.00.  Location  New 
Jersey. 

51  Tool  Room  Foreman  wanted  by  a  large  manufacturing 
company.  Must  be  good  executive  and  first-class  mechanic. 
Good  permanent  position  for  the  right  man.  In  reply  give 
full  information  regarding  experience,  age  and  salary  wanted. 
Location  Middle  West. 

53  Draftsman  with  some  experience  in  structural  work. 
Salary  $100.00  a  month,  with  good  prospects  of  advancement. 
Location  Ohio. 


54 
Ohio. 


Assistant  Foreman  for  a  radiator  factory.    Location 


55  Assistant  Foreman  for  gray  iron  foundry  melting  ap- 
proximately 25  tons  per  day,  particular  requirement,  experi- 
ence with  all  types  of  moulding  machines.    Location  Ohio. 

59  Cost  Man  for  new  foundry ;  intelligent,  up-to-date  and 
familiar  with  foundry  materials  and  equipment,  and  experi- 
enced in  foundiy  costs  and  bookkeeping.  Location  Connec- 
ticut. 

63  Assistant  Purchasing  Engineer  for  the  inspection  of 
incoming  materials,  for  Massachusetts  manufacturer  of  small 
electrical  apparatus  in  quantities;  applicants  thoroughly  fa- 
miliar with  electrical,  insulating  and  composition  casting  ma- 
terials; with  practical  knowledge  of  metal  working  and  sim- 
ilar machinery;  state  details  under  heading,  age,  nationality, 
education,  practical  experience,  salary,  when  at  liberty. 

64  Draftsman  experienced  in  design  of  steel  ]nilleys.  Must 
be  accurate,  rapid  and  industrious.  Salary  about  $25  per 
week.  State  age,  experience,  previous  employers  and  refer- 
ences.   Location  Massachusetts. 

66  Superintendent  for  large  European  concern,  engaged 
in  the  manufacture  of  rubber  shoes,  technical  and  surgical  arti- 


cles, covering  for  rollers,  tubes  of  all  kinds,  balls,  toys  and 
similar  articles  made  of  rubber. 

67  Foreman  experienced  in  the  manufacture  of  rubber 
articles  for  European  concern  as  listed  in  position  66. 

68  Development  W(ii;k.  Man  who  has  had  a  technical 
and  practical  mechanical  engineering  education,  with  knowl- 
edge of  electrical  engineering,  machine  shop  work,  drafting, 
etc.,  is  desired  to  assist  in  the  further  development  of  plans 
for  constructing  an  improved  rock  tunneling  machine.  Loca- 
tion New  York. 

71  Sales  Engineer  for  Metropolitan  and  New  England 
district.  Will  be  brought  into  contact  with  manufacturing  and 
construction  work  for  chemical  and  industrial  plants.  Salary 
depends  on  man. 

72  Factory  Superintendent  for  large  watch  making  con- 
cern.   Location  New  England. 

75  Salesman  with  experience  in  marketing  high  grade  hot 
rolled  electric  and  open  hearth  steel  specialties;  one  having 
sufficient  knowledge  and  information  to  post  operations  in 
securing  proper  tonnage  for  mill.  To  receive  attention, 
state  age,  experience  and  salary  expected.    Name  confidential. 

76  Professor  op  Experimental  Engineering  wanted  at 
the  opening  of  the  University  in  September.  Essential  quali- 
fications are,  first,  the  right  sort  of  man;  second,  training  and 
experience  fitting  him  for  the  work  in  question.  Location 
Pennsylvania. 

77  Draftsman  on  detail  machine  design.  One  thoroughly 
familiar  with  this  line  of  work.    Salary  $20  to  $22. 

78  Drafting  and  Testing  Engineer.  A  concern  doing 
general  foundry  and  light  machine  work  is  desirous  of  secur- 
ing services  of  a  young  mechanical  engineer  for  general  draft- 
ing and  testing  work ;  preferable  one  or  two  years  experience 
in  shop  practice;  work  for  the  first  few  months  will  be  de- 
voted mainly  to  drafting  out  the  general  arrangement  of  the 
foundry,  shops  and  apparatus.  Testing  to  consist  princi- 
pally of  power  and  heat  transmission  and  the  economical  op- 
eration of  mechanical  devices  in  the  shops.  Give  references 
and  salary  expected.    Location  Middle  West. 

83  Young  Mechanical  Engineer,  willing  to  start  at  a 
salary  of  about  $25  a  week,  who  has  had  experience  or  is  in- 
terested in  the  operation  of  an  isolated  power  plant  of  about 
1000  b.h.p.  to  consist  mostly  of  testing,  estimating,  superintend- 
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ing  new  eonstnietion  and  keeping  records.     Position  perma- 
nent.   Location  Hoboken. 

87  Machine  Shop  Foreman,  well  qualified  to  take  charge 
of  machine  department  making  tools  and  special  machinery'. 
Location  New  Jersey. 

88  Peoduction  F^ngineer;  preferably  Englishman,  age  28- 
34,  actual  shop  experience,  machine  tools,  light  and  heavy, 
shop  practice,  for  work  consisting  of  reporting,  analyzing  work 
in  shop  with  idea  of  suggestive  improvements  in  outjjut.  etc., 
in  munitions  manufacture.  Headquarters  in  Eastern  Pennsyl- 
vania.   Salary  dependant  upon  man. 

89  General  Superintendent  of  factory  employing  150 
men  engaged  in  manufacture  of  small  j^arts  for  universal 
joints  for  automobiles.  Man  capable  of  laying  out  factory,  or- 
ganization, production,  etc.    Location  Indiana. 

91  Draftsman  experienced  in  the  design  of  reinforced  con- 
crete factory  buildings.  In  applying  give  age,  experience,  sal- 
ary expected,  etc.     Location  Waterbury,  Conn. 

93  Mechanical  Draftsman,  capable  of  laying  out  and  de- 
signing a  varied  line  of  machinery  to  familiarize  himself  with 
the  particular  line  of  manufacture  in  view  of  assuming  charge 
of  drafting  room  of  about  twenty  men.  Must  be  of  the  best 
ability  and  capable  of  handling  men.     Location  Xew  England. 

96  Assistant  to  Machine  Designer;  young  technical 
graduate  who  could  take  general  oversight  of  power  plant 
and  buildings.  Opportunity  for  advancement  would  be 
either  in  the  designing  and  building  of  machinery  or  in  manu- 
facturing, for  whichever  line  the  man  showed  aptitude.  Sal- 
ary according  to  experience  and  demonstrated  ability. 

98  Draftsman  who  has  had  experience  in  the  design  of 
hea^'y  machinerj-,  rolling  mills,  etc.     Location,  Connecticut. 

100  Grey  Iron  Foundry  Forkjian  or  Superintendent, 
for  large  modern  factory  located  in  Xew  England  and  en- 
gaged in  producing  medium  and  light  weight  castings.  Ap- 
plicant must  have  had  extensive  experience  in  the  mechanics 
of  founding,  mixture  of  metals  and  the  systematic  handling 
of  men  and  give  complete  references. 

101  Iron  and  Steel  Engineer,  acquainted  with  modern 
methods,  to  take  charge  of  the  planning  of  extensions  and  im- 
provements of  a  steel  works  in  Norway. 

102  Designee;  an  engineer,  technical  graduate  preferred, 
who  has  had  experience  in  the  design  of  open  feed  water 
heaters,  softeners,  etc.  Good  position  to  right  person.  Write 
fully  giving,  details  of  past  experience  and  references. 

104  Foreman  of  shop  for  manufacturing  chemists.  Loca- 
tion New  Jersey. 

105  Chemist  for  firm  of  manufacturing  chemists.  Loca- 
tion New  Jersey. 

107  Production  Engineers;  young  engineers,  preferably 
technical  graduates  who  have  had  good  shop  experience  and 
are  familiar  with  the  methods  of  progressive  manufacturers. 
Men  are  desired  who  have  had  exjierience  in  machine  shops, 
foundries,  paper  mills,  tanneries,  structural  shops,  or  any 
large  and  highly  organized  industry,  and  who  feel  that  they 
have  acquired  a  thorough  knowledge  of  system  and  modern 
methods,  opportunities  for  advancement  are  exceptional.  In 
reply,  state  age,  education,  experience  and  salary-. 

108  Mechanical  Draftsman,  experienced  in  conveying 
machinery,  design  and  detail.  Splendid  position  for  right  man. 
All  communications  will  be  treated  strictly  coufidentialj  but  to 
receive  consideration  should  contain  particulars  of  experience, 
references,  age  and  salary  expected  to  begin;  only  desire  man 
capable  of  advancement  as  position  offers  good  future.  Loca- 
tion Middle  West.    Apply  through  Society. 

112  Engineer  Salesman  wanted  by  firm  doing  business  in 
various  parts  of  Spanish  America,  with  office  in  Chile  and 
handling  mining,  agricultural,  power  plant  and  railwav  ma- 
chinery.    Must  be  a  native  of  United   States  and  graduate 


mechanical  engineer  with  degree  from  U.  S.  college  or  uni- 
versity. Man  not  under  30  nor  over  45.  Ability  to  write 
specifications  for  pumps,  steam  power  plant  equipment  and 
locomotives;  successful  experience  as  salesman;  culture,  good 
address  and  api)earance  essential.  Unless  one  is  assured  of 
his  especial  fitness  for  this  position,  it  is  useless  to  apply.  Must 
speak  and  write  Spanish. 

113  Draftsman  with  at  least  five  years  experience  along 
mechanical  lines  in  connection  with  machine  design,  pipe  work, 
etc.  Salary  $125  per  month.  Location  New  Jersey.  State 
record  of  positions  held  and  dates. 

114  Young  Engineer,  capable  of  learning  business  thor- 
oughly in  shop,  with  view  of  systematizing  and  improving^ 
shop  conditions.  To  right  man  position  will  eventually  lead 
to  Superintendent.  Modest  salary  to  start.  Comnuinications 
legarded  confidentially,  but  should  contain  particulars  of  ex- 
Iierienee,  age  and  salary  expected  to  start.  Middle  West  loca- 
tion. 

MEN  AVAILABLE 

The  published  notices  of  "men  avaUable"  are  made  up  only  from 
members  of  the  Society,  yotices  are  not  repeated  in  consecutive  issues 
of  the  Bulletin.  Names  and  records  are  kept  on  the  office  list  three 
months,  and  at  the  end  of  such  period  if  desired  must  be  renewed. 

Members  sending  in  notices  for  the  Men  .-Ivailable  section  are  par- 
ticularly requested  in  the  future  to  indicate  the  classification  under 
nhich  they  desire  their  notices  to  appear. 

C-85  Engineer,  technical  graduate,  ten  vears  experience 
m  building  and  power  plant  layout,  inspection  and  testing,  de- 
sires change  in  position. 

C-86  Energetic  Engineer,  with  rolling  mill  and  steam 
power  plant  experience  on  both  operating  and  repairs,  desires 
to  locate  permanently  with  company  offering  good  chance  for 
advancement. 

C^-87  Mechanical  Engineer,  age  30,  married,  technical 
graduate,  seven  years  designing,  experimental,  field  and  pro- 
duction experience,  desires  a  responsible  position  in  the  Cen- 
tral States. 

C-88  Cornell  Graduate,  M.E.  and  M.M.E.  with  thirteen 
years  experience  in  various  forms  of  engineering,  desires  po- 
sition shortly  after  March  1.  Experienced  in  estimating,  de- 
signing, preparing  plans  and  sijecifications  and  in  ordering  ma- 
terials. Has  held  positions  of  development  engineer,  assistant 
to  chief  engineer,  superintendent  of  construction,  etc.  East- 
ern location  preferred. 

C-89  Production  Engineer,  member  experienced  in  the 
application  of  modem  methods  of  management  to  manufactur- 
ing and  sales  departments. 

C-90  Safety  Engineer,  technical  graduate,  age  27,  wide- 
experience  in  factorv  inspection,  guarding  of  machinery  and 

compensation  rating.    At  present  employed. 

C-91  Combustion  Engineer,  at  present  emploved  by  a 
large  industrial  concern  in  Middle  West  and  successfully  ob- 
taining large  savings,  wants  to  communicate  with  prominent 
concerns  burning  large  amounts  of  fuel.  Prefer  one  with 
headquarters  in  New  York  City. 

C-92  Sales  Engineer,  Manager  or  Manufacturers'  Rep- 
resentative. Worcester  Polytechnic  Institute  Graduate, 
M.E.,  age  36,  practical  experience  managing  sales  of  pumping 
machinery,  air  comijressors,  internal  combustion  engines,  pres- 
sure tanks,  overhead  tanks  and  towers  and  design  of  pumping 
combinations.  At  present  executive  in  contracting  concern 
but  desires  change.  ' 

C-93  Sales  Engineer,  married,  with  executive  acquaint- 
ance among  leading  architects  and  contractors  throughout  East 
and  Middle  West.  Experience  in  design  and  construction  of 
equijnnent  relating  to  elevators  and  street  railways  and  at 
present  holding  responsible  position  with  prominent  New  York 
manufacturing  concern. 

C-94  Engineer  and  Executive,  mechanical  engineer  with 
extensive  experience,  iron  foundry,  machine  shop,  design  and 
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operation  of  large  power  plants,  central  station  work  and  as 
consulting  engineer,  is  open  for  engagement. 

C-95  Factohy  Exhineer  or  Factory  Planning  Engineer, 
■working  out  problems  in  mechanical  handling  of  materials  and 
the  design,  installation,  maintenance  and  operation  of  ma- 
chinery, including  the  power  plant  and  all  electrical,  mechan- 
ical, compressed  air  and  hydraulic  equipment;  over  20  years 
successful  experience  in  machine  shop  of  medium  and  heavy 
machinery  and  in  handling  men  of  the  various  trades;  fully 
informed  in  latest  manufacturing  methods;  41  years  of  age, 
married,  available  on  short  notice. 

C-96  Investhext  and  Services,  mechanical  engineer, 
troad,  practical  experience,  with  capital,  desires  to  become 
actively  interested  in  established  business  where  his  experience 
and  training  will  be  of  value :  princijials  only. 

('-97  Mecpiaxk'al  Excixeer,  at  i)rescnt  employed  as  chief 
draftsman,  desires  change.  Twenty  years  experience,  general 
engineering,  successful  designer  of  automatic  machinery,  print- 
ing ijresses,  paper  handling  machinery,  sheet  metal  goods, 
quantity  manufacture  of  precision  jsarts,  best  of  references. 

C-98  Sale.?  Engineer  or  Man-ager  with  technical  educa- 
ion  and  thoroughly  sound  jjractical  experience,  would  be 
pleased  to  communicate  with  a  high  grade  manufacturer,  de- 
siring such  a  man. 

C-99  Experijiextal  Exgixeer,  technical  graduate,  age  33, 
will  consider  either  a  teaching  or  commercial  position.  Four 
years  practical  experience  as  designer  and  as  experimental  and 
efficiency  engineer;  tive  years  experience  in  teaching  mechan- 
ical engineering  subjects,  including  a  large  amount  of  experi- 
mental work;  at  present  professor  of  mechanical  engineering 
in  a  small  university.    Present  salary  $3000.00  per  year. 

C-10(l  Works  Manager,  now  employed,  wishes  to  make  a 
change.  Twenty  years  experience  in  manufacturing  firearms, 
typewriters,  automobiles,  power  house  equipment,  etc.  Best 
of  references. 

C-101  Manufacturers'  Ki-:pke.sextati\-e,  graduate  of  Mas- 
sachusetts Institute  of  Technology,  wishes  to  represent  as  sales 
engineer  in  New  England,  with  lieadcpiarters  in  Boston,  manu- 
facturing concerns  siiecializing  in  either  mechanical  or  elec- 
trical materials  connected  with  building  operations.  Extensive 
experience  in  the  selling  of  building  material  and  acquaintance 
with  architects,  engineers  and  contractors. 

C-102  Specialist  in  Steam  Engineering  and  Power 
Plant  Equipment,  conversant  with  practical  efficiency  engi- 
neering methods,  will  consider  one  or  two  year  contract  in  in- 
vestigating, organization  or  executive  capacity.  Ability 
guaranteed.  Available  July  1,  1916.  M.E.  graduate.  Tail 
Beta  Pi,  Jun.  Mem.  Am.Soc.M.E.,  Assoc.  Mem.  A.I.E.E.  Mar- 
ried.    Exjierience  and  references  upon  application. 

C-103  Works  Encuneei!,  or  Assistant  to  Superintend- 
ent. Associate  member,  mechanical  engineer,  graduate  M.I.T., 
age  29.  married.  Shop,  design  and  testing  experience  on 
power  plant  machinery;  also  five  years  experience  in  investi- 
gation, design  and  erection  of  jjower  jjlants,  involving  wide 
■experience  in  power  ])lant  economy,  piping,  electrification  of 
manufacturing  establishments,  machinei-y  layouts  and  building 
construction.  At  present  employed  but  desires  to  make  a 
■change  in  order  to  avoid  traveling. 

C-104  Advertising  Manager.  Graduate  mechanical  engi- 
neer, age  31,  thoroughly  experienced  in  modem  jmblicity  work 
as  applied  to  products  of  a  mechanical  nature.  Replies  are 
only  desired  from  high  grade  firms  wanting  clean  cut,  digni- 
fied methods  and  willing  to  pay  a  suitable  salarv  for  capable 
services. 

C-105  Executive.  Technical  college  graduate,  honor  man, 
several  years  business  experience,  five  yeai-s  in  present  posi- 
tion as  equipment  engineer,  designing  tools  and  )iroduct,  and 
in  supervision  of  tool  manufacturing  and  production  jobs. 
Experience  in  drawing  and  swaging  operations  and  in  manu- 
facture of  field  gun  cases.     Desires  permanent  position. 


C-106  Export  Engineer,  graduate  M.E.,  age  3S,  speaking 
seven  modern  languages.  Fifteen  years  successful  engineering 
experience.  Eight  years  in  leading  positions  as  chief  engineer 
and  works  manager  of  the  largest  machine  factories,  ship  yards 
and  steel  works  of  Eussia.  Specialized  in  Germany.  Familiar 
with  the  Ajuerican,  European  and  Asiatic  markets,  through 
actual  visits  and  special  study.  High  competence  in  theory 
and  practice  of  modem  machine  manufacture,  shipbuilding, 
and  steel.  Initiative  business  ability.  Wishes  connection  with 
a  reliable  American  firm  desiring  to  establish  an  export  busi- 
ness. 

C-107  Shop  Executive,  A.B.  Yale,  M.E.  Columbia,  four 
years  apiirentieeship  in  railroad  shops,  seven  years  drafting 
room  experience,  eighteen  months  in  charge  of  construction 
work,  desires  a  change  from  present  position  as  draftsman 
to  one  where  shop  experience  will  be  of  value  to  employer. 

C-108  Executive  or  Purchasing  Engineer,  Cornell  M.E., 
age  32,  broad  engineering  experience;  at  jiresent  holding 
managing  executive  i)osition.  Good  judge  of  human  nature 
and  able  to  handle  men  to  advantage.  Conversant  with  or- 
ganization, management  and  efficiency  jiroblems,  desires 
change. 

C-109  Executive  Engineer,  graduate  Stevens  Institute, 
age  44,  nine  years  experience  in  motive  power  departments 
of  railways;  ten  years  with  locomotive  builders,  employing 
2000  men,  rising  from  mechanical  engineer  to  vice  president; 
desires  executive  or  engineering  position.  At  present  employed. 
Experience  in  building  and  equipping  new  shops,  extensive 
acquaintance  among  railroad  officers;  can  furnish  capital  if 
desired. 

C-110  Sales  Engineer,  Chief  Engineer,  Manager  or 
Superintendent,  experienced  mechanical  and  civil  engineer, 
at  present  employed  but  will  be  open  to  make  new  connection 
Ajiril  1st,  1916.  Location  ininiaterial,  jirefer  New  York  or 
vicinity. 

C-111  Sales  Engineer,  age  33,  at  present  employed,  with 
successful  record  as  district  manager  in  Chicago,  well  ac- 
quainted with  architects,  engineers  and  large  manufacturing 
concerns,  desires  to  handle  another  line  in  connection  with 
present  work.  Experience  covers  refrigerating  machinery, 
pumps,  air  compressors  and  jiower  house  equipment  of  vari- 
ous kinds. 

C-112  Superintendent.  Graduate  Stevens  Institute,  age 
38,  married.  Experience  in  shop  and  drafting  room,  steam 
and  electric  machinery  and  air  compressors;  designing  and 
building  electrical  apparatus  for  naval  v?ssel.5;  nine  yenrs  as 
assistant  sujieiintendent  and  sujjerintendent  of  inspection  de- 
partment of  two  large  casualty  companies,  desires  change. 

C-113  Mechanical  Engineer  and  Purchasing  Agent, 
M.I.T.  graduate,  age  29,  married.  Five  years'  experience  as 
u, aster  mechanic  in  textile  plants.    At  present  emploj'ed. 

C-114  Assistant  Mechanical  Engineer,  Cornell  M.E. 
graduate;  age  25;  considerable  drafting  room  experience  and 
at  present  employed  as  assistant  mechanical  engineer  with  a 
large  coal  mining  company,  de.-sires  to  make  a  change.  For 
the  last  two  years  experience  cliiefly  confined  to  power  plants 
and  testing  power  ]ilant  equipment.  Location,  New  York 
preferred. 

C-115  Opportunity  for  advancement  with  manufacturing 
concern,  large  central  station  power  company  or  consulting 
engineer,  wanted  by  member;  age  35,  technical  training  in 
mechanical,  electrical  and  building  consti-uction  course  at 
Lowell  Institute,  experience  in  drafting  room  and  design  of 
steam  boilers  and  steel  plant  work  in  Massachusetts.  Boston 
location  prefen-ed. 

C-116  Student  Member,  Bucknell  University,  free  to  go 
an^-where  giving  chance  for  advancement,  prefers  mathemat- 
ical W'ork,  record  good,  references  when  needed.  AVill  graduate 
in  June. 

C-117  Assistant  to  Executive  Officer:  technical  grad- 
uate, M.E.,  having  had  experience  in  sales,  cost  and  executive 
work;  at  present  employed;  desires  better  op])ortunity  for  ad- 
vancement.    New  York  or  vicinity  preferred. 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the 
Society  and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS  BY  THE  AM.  SOC.  M.  E. 

This  list  Includes  only  accessions  to  the  library  of  this  Society.  Lists 
ot  accessions  to  the  libraries  of  the  A.I.E.E.  and  A.I.M.B.  can  be  secured 
on  request  from  Calvin  W.  Rice,  Secretary  of  Am.  See.  M.  E. 

E.NGixEEKiNa  AS  A  Cakeer.  A  series  of  papers  by  eminent  engineers. 
Edited  by  F.  H.  Newell  and  C.  E.  Drayer.  New  York,  D.  Van  A'os- 
trand  Co.,  1916.    Gift  of  Publishers.     Price,  $1.00. 

Tbis  series  of  essays  is  designed  to  give  Information  to  voung  men 
on  the  prospect  of  success  in  adopting  the  engineering  profession  for 
their  life  work.  It  Includes  short  essavs  on  Mechanical,  Railway, 
Hydraulic,  Metallurgical,  Electrical  Chemical,  Marine,  Sanitary,  Mu- 
nicipal and  Bridge  Engineering.  They  are  written  by  men  who  bave 
gained  success  iu  these  branches  :  and  in  many  instances  interesting 
personal  reminiscenced  are  given.  The  book  should  be  of  especial  value 
to  professional  advisers  of  youth,  and  to  parents  who  have  the  oppor- 
tunity to  learn  the  aptitude  of  their  sons.  W.  P.  C. 

Handbook  op  Carbdretion,  Arthur  B.  Browne.  A'ew  York,  J.  Wiley 
d  Sons,  1916.     Gift  of  publisher.     Price  $2.00. 

.\  comprehensive  treatment  of  the  fundamental  principles  governing 
the  earburetion  of  air.  It  includes  the  methods  of  testing  carburetors, 
and  has  a  chapter  on  the  Chemistry  of  Carburetlon.  W.  P.  C. 

INDDSTKIAL  TJsEs  OP  FoEL  OiL,  F.  B.  Dunn.  San  Francisco,  Technical 
Publishing  Co.,  1916.  Gift  of  .Journal  of  Electricity,  Power  &  Gas. 
Price  $3.00. 

'^'"l?  i'^  *  practical  book  for  practical  men,  covering  matter  not  In- 
cluded in  any  other  book.  It  covers  stationary,  locomotive  and  ma- 
rine oil  fired  boilers  and  the  use  as  fuel  in  the  clay,  lime,  cement,  glass 
sugar  and  rubber  industries,  in  metallurgical  and  shop  furnaces,  In 
the  steel  industry,  and  the  domestic  use.  The  treatment  is  very  com- 
plete. ■„_   ^    Q 

Mechanical  Engineers'  Pocket  Book,  William  Kent.  ed.  9.  New 
York,  John  Wiley  i  Sons,  1916.    Gift  of  Publisher.     Price  $5.00. 

It  is  six  years  since  the  previous  edition  was  published,  and  the 
changes  and  advances  in  engineering  practice  have  made  necessary 
great  revision.    The  book  is  indispensable.  W.  P.  C. 

Ameeican  Society  op  Mechanical  Engineers.    Yearbook  1916.    Gift. 

American  Society  of  Swedish  Engineers.  List  of  Members,  1916. 
Brooklyn,  1916.     Gift  of  Society. 

Association  of  Railway  Electrical  Engineers.  Proceedings  vol.  7, 
1914.     Chicago,  1911,.     Gift  of  Association. 

Boston.  Transit  Commission.  21st  Annual  Report.  Boston,  1915. 
Gift  of  Boston  Transit  Commission. 

Carnegie  Institution  of  Washington.  Tear  Book  No.  14,  1915. 
Washington,  1913.    Gift  of  Carnegie  Institution. 

Electric  Power  Club.  Constitution  and  By-Laws,  August  1,  1915. 
Gift  of  Club. 

Kansas  Fdels  :  Coal,  Oil,  Gas.  University  of  Kansas.  Engineering 
Bulletin  no.  6.    Lawrence,  1915'.    Gift  of  University  of  Kansas. 

Matching  the  Coal  to  the  Plant.  .Yew  York,  1316.  Gift  of  Fuel 
Engineering  Company. 

National  Academy  of  Sciences.  Report  1914.  Washington,  I91S. 
Gift  of  C.  W.  Rice. 

New  York  City.  Board  op  Water  Supply.  Information  for  bidders, 
forms  ot  proposal,  contract,  bonds  and  certificates,  specifications 
and  drawings  for  furnishing  and  placing  copper  lining  In  a  por- 
tion of  the  City  Tunnel  of  Catsklll  Aqueduct  between  shafts  18 
and  19  (Contract  170).  New  York,  1016.  Gift  of  Board  of  Water 
Supply. 

Overhead  Carrying  Devices.  New  Jersey  Foundry  and  Machine  Co. 
Catalog  8S.     Nejo  York,  1916.     Gift  of  Henry  B.  Newhall,  Jr. 

Pan  American  Scientific  Congress  (Second).  Daily  Bulletin,  vol. 
1,  nos.  1-11.     Washington,  191S-16. 

List  of  Latin  American  Delegates.     Gift  of  C.  W.  Rice. 

Preface  to  the  French  Edition  op  "The  Principles  op  Scientific 
Management,  Frederick  W.  Taylor.  By  Henri  Le  Chatelier,  trans- 
lated by  Eleanor  Bushnell  Cooke.  Gift  of  Frederick  W.  Taylor 
Co-operators. 

Princeton  University  Catalogue  1915-16.  Princeton,  1915.  Gift  ot 
University. 

Railway  Development  Association,  Address  by  Howard  Elliott.  Nov. 
10,  1915.     Gift  of  Bureau  of  Railway  Economics. 

REGDL.ATION  OP  PUBLIC  UTILITIES,  Chas.  A.  Prouty.  December,  1915. 
Gift  of  Bureau  of  Railway  Economics. 

Roues  et  Turbines  a  Vapeur,  K.  Sosnowski.     Second  Edition.     Paris, 
Ch.  Beranger,  I90i.    Gift  of  author. 
A  most  complete  treatment  of  the  steam  turbine  up  to  the  date  of 

258 


publication.     Of  course  there  has  since  been  a  great  development  In 
these  prime  movers.  W.  P.  C. 

Society  for  the  Promotion  op  Engineering  Education.  Proceed- 
ings,   vol.  XXIII.    Pittsburgh,  1915.    Gift  of  Society. 

Sweden  Historical  and  Statistical  Handbook,  ed.  2.  2  vols. 
Stockholm,  191i.     Gift  of  Swedish  Government. 

Swedish  Engineers'  Society  op  Chicago.  Year  Book,  1914.  Mem- 
bership Book,  1915.     Chicago,  1915.    Gift  of  Society. 

Water  Supplies  of  Kansas.  Part  I.  Ground  Water  Supplies.  Uni- 
versity of  Kansas.  Engineering  Bulletin  no.  5.  Lawrence,  1915. 
Gift  of  University  of  Kansas. 

EXCHANGES 

American  Ceramic  Society.  Transactions,  vol.  XVII,  Columbus, 
1915. 

American  Society  op  Civil  Engineers.  Transactious.  vol.  LXXIX. 
New  York,  191S. 

American  Society  op  Heating  and  Ventilating  Engineers.  Trans- 
actions,    vol.  XXI,  1915.     Neto  York,  1915. 

Society  op  Automobile  Engineers.  Transactions,  vol.  10,  pt.  2, 
1915.     New  York,  1915. 

United  States  Naval  Observatory.  Publications.  Second  Series, 
vol.  IX,  part  II.     Washington,  1915. 


TRADE    CATALOGUES 

Allis-Chalmers  Manufacturing  Co.     Milwaukee,   Wis.     Centrifugal 

Pumps  and   Centrifugal   Pumping   Units.      (No.   16.'!2   A.)      Bulle- 
tin no.  1630.    Hydraulic  machinery.     Oct.  1915. 
Becker  Milling   Machine   Co.     Hyde  Park,  Boston,   Mass.     Becker 

Vertical  and  Horizontal  Millers.     56  pp. 
Flannery  Bolt  Co.     Pittsburgh,  Pa.     Staybolts.    Jan.  1916. 
Haines,  Jones  &  Cadbury  Co.     Philadelphia,  Pa.     R  Catalogue.     Ha- 

Joca  Plumbing.     1913. 
Leeds   &   Northrup  Co.     Philadelphia,  Pa.     Bulletin   242.     Portable 

Lamp  and  Scale  Galvanometer. 
Leschen,  a.,  &  Sons  Rope  Co.     St.  Louis,  Mo.     Leschen's   Hercules, 

Feb.  1916. 
Newton   Machine   Tool   Works.     Philadelphia,  Pa.     Catalogue  50. 

Rotary  Planing  Machines. 
Norma   Company   of  America.     New   York,  N.   Y.     Catalog  no.   105. 

"  Norma  "  precision  bearings.     1916. 
Progressive  Manufacturing  Co.     Torrington,  Conn.    Machine  Screws, 

Special  Screws,  Rivet  Specialties.     18  pp. 
Westinghouse  Electric  &  Manufacturing  Co.     Ea-st  Pittsburgh,  Pa. 

Descriptive  leaflet  3S00.    Westinghouse  Continuous  Duty  Slip  Ring 

Induction  Motor. 
Wheeler  Condenser  &  Engineering  Co.     Carteret,  N.  J.     Bulletin 

108-A.     Centrifugal  Pumps.    1915. 


ADDITIONS 


BY   THE  UNITED 
ING  SOCIETY 


ENGINEER- 


American   Ephemeris  and  Nadticai,  Almanac,   1918.     Washington, 

1915. 
American  Journal  op  Science.     Index  to  vols.  31-40.     New  Haven, 

1916. 
American  Sewerage  Practice,  Leonard  Metcald  and  H.  P.  Eddy.    vol. 

Ill — Disposal  of  Sewage.     New  York,  1915. 
Anthracite  Mining  Laws  of  Pennsylvania,  1915.    Harrisburg,  191S. 

Gift  of  Penn  State  Library. 
Archiv    fur    Eisenbahnwesen.      Gesamt    Inhaltsverzelchnis.      Jahr- 

gange  I-XXXVI,  1878-1913.     Berlin,  1911 
Argentine    Biological   Theory   of    Immunity,    Julio   Mendez.      Pre- 
sented   to    the    Second    Pan-American    Scientific    Congress    by    Dr. 

Ricardo  Sarmlento-Laspiur.    Gift  of  Dr.  Geo.  F.  Kunz. 
Autogenous  Welding  and  Cutting,  Theodore   Kautny,  translated  by 

the  author  and  J.  F.  Whiteford.    New  York,  wis. 
Beitr'age   zor   Geschichte   der  Technik    und   Industrie.      Band  6, 

1914-15.    Berlin,  1915. 
Beton  Kalender  Taschenbuch  fcr  den  Heton  und  Eiseneetonbau, 

XI  Jahrgang,  1916.     2  vols.     Berlin,  r.ili. 
Bibliographie   der   Deutschen   Zeitsciikiftenliteratcr.     Band   35, 

B  ;  36 ;  36,  A.     Leipzig,  Felia  Dietrich,  1915. 


March 
1916 


SOCIETY  AFFAIRS 


259 


Autoren  Register  Band  34-35.     Leipzig,  uii. 


BiBLIOGRAPHIE   DEB  FKEMDSPRACHIGEN   ZEITSCHRIFTENHTERATCB.      BaDd 

12,  13,  1914.     Leipzig,  Felix  Dietrich,  191S. 

BiTUMiNODS     Mine    Law,    Pennsylvania,     1911.       Harrisiurg,    1911. 

Canadian  Mining  Institute.     Transactions.     toI.  IS.     Montreal,  191S. 

Chronoci'clegr.4ph  Motion  Devices  for  Measuring  Achievement, 
Frank  B.  Gllbreth  and  L.  M.  Gilbreth.  Paper  presented  at  2d 
Pan-American  Congress,  at  Washington,  D.  C,  Jan.  3,  1916.  Gift 
of  autliors. 

Comedstion  and  Smokeless  Furnaces,  Jos.  W.  Hays.     Chicago,  191S. 

Commercial  Organizations  of  the  United  States  Miscellaneous. 
Series  No.  28.     Washington,  191S. 

Compound  Locomotive  Engines.  Worsdell  and  Von  Berries'  System. 
London,  18S7.    Gift  of  G.  L.  Fowler. 

Continuous  Current  Electrical  Engikeering,  W.  T.  Maccall.  Lott- 
don,  1915. 

Corrosion  of  Iron,  L.  C.  Wilson.    Xew  York,  1915. 

Design  op  Drill  Jigs,  A.  N.  Haddow.     Manchester,  1915. 

Eagle  Almanac,  1916.     Brooklyn,  1916. 

Economics  of  Contracting,  Daniel  J.  Hauer.  Vol.  I.    Chicago,  1911. 

Die  Fabeikation  der  Oellacke  und  Siccative.     E.  Stoclc.     Wien,1915. 

Forscherarbeiten  aup  DEM  Geeiete  des  Eisexbetons.  Pt.  25.  Ber- 
lin, 1913. 

Ga.soline  Mine  Locomotives  ix  Relation  to  Safety  and  Health. 
U.  S.  Bureau  of  Mines.    Bulletin  74.     Washington,  1915. 

Geology  and  Dndergp.ound  Waters  of  the  Northern  Llano  Esta- 
CADo.     University  of  Texas.     Bulletin  No.  57.     Avsti7i,  1915. 

Haxdbuch  der  Elektrizitat  und  DES  Maonetismus,  L.  Graetz.  Band 
III,  pt.  2  ;  Band  IV,  pt.  2.     Leipzig,  1915. 

Handbuch  dek  Mineralchemie,  C.  Doelter.  Bd.  II,  no.  8.  Dresden, 
1915. 

Hazards  in  Handling  Gasoline.  Bureau  of  Mines,  Technical  Paper 
127.     Washington,  1915. 

Heat  Transmission  Through  Boiler  Tubes.  U.  S.  Bureau  of  Mines. 
Technical  Paper  114.     Washington,  1915. 

History  and  Development  op  the  Galvanizing  Industry,  1914.  Chi- 
cago, 191i.     Gift  of  Arthur  Worischek. 

Illustrierte  Technische  Wortereucher,  Alfred  Schlomann.  Vol. 
12 — Wassertechnik   lufttechnik,   Kaltetechnik.     Munchen,  1915, 

India  Rubber  Journal,  Diary  and  Yearbook,  1916.     London,  1916. 

Industrial  Abts  Index,  1915.     White  Plains,  1915. 

Industrial  Nitrogen  Compounds'  and  Explosives,  G.  Martin  and  W. 
Barbour.    London,  1915. 

Institution  op  Civil  Engineers.  Minutes  of  Proceedings,  vol.  200. 
London,  1915. 

International  Catalogue  of  Scientific  Literature,  Report  on  the 
United  States  Regional  Bureau  for  the  Fiscal  Year  ending 
June  30,  1915.     Washington,  1915.     Gift  of  Smithsonian  Institute. 

Jahrbuch  der  Wissenschaftlichen  Gesellschaft  pur  Luftfahrt. 
Band  III,  1914-15,  pt.  2.     Berlin,  1915. 

Jern  Kontorets  Annaler.     Register  1901-1905.     Stockholm,  1912. 

Die  Kaltbmaschinen  und  ihre  Anagen,  George  Gottsche.  ed.  5. 
Hamburg,  1912-35. 

Kompendium  der  Rontgenaupnahme  und  Rontgendurchleuchtung, 
F.  Dessauer  &  B.  Wiesner.     ed.  2.     2  vols.     Leipzig,  1915. 

Lehrruch  der  Eisenhuttenkunde,  Bernhard  Osann.  Band  I — Rohei- 
senerzeugung.     Leipzig,  1915. 

Limits  of  Inflammability  of  Mixtures  op  Methane  and  Air.  Bu- 
reau of  Mines,  Technical  Paper  119.     Washington,  1915. 

List  op  American  Doctoral  Dissert.\tioxs  Printed  in  1914.  Pre- 
pared by  Alida  M.  Stephens.  Washington,  1915.  Gift  of  W.  P. 
Cutter. 

Maintenance  of  Way  and  Structures,  Wm.  C.  WiUard.  New  York, 
1915. 

Military  Aeroplanes,  G.  C.  Loening.    San  Diego,  1915. 

Mine-Ventilation  Stoppings,  with  Special  Reference  to  Coal 
Mines  in  Illinois.  U.  S.  Bureau  of  Mines.  Bulletin  99.  Wash- 
ington, 1915. 

Modern  Tool  Making  Methods.  Compiled  and  edited  by  F.  D.  Jones. 
New  York,  1915. 

Municipal  Chemistry.  Edited  by  Charles  Baskerville.  New  York, 
1911. 

New  York  State  Public  Service  Commission,  First  District.  Pro- 
ceedings vol.  X,  1915.     New  York,  1915. 

Origin  op  the  Zinc  and  Lead  Deposits  op  the  Joplin  Region,  Mis- 
souri, Kansas  and  Oklahoma.  U.  S.  Geological  Survey.  Bulletin 
No.  606.     Washington,  1915. 

PLAIN  Directions  for  Obtaining  Photographic  Pictures,  also  Prac- 
tical Hints  op  th'  Daguerreoty-pe.  Philadelphia,  18S\  Gift  of 
Arthur  Worischek. 

Principles  op  Locomotive  Operation  and  Train  Control,  A.  J. 
Wood.     New  York,  1915. 

El  Problema  de  la  Educacion  Primaria  en  la  .America  Latina. 
Memorla  presentada  por  Guillermo  A.  Sherwell.  Second  Pan- 
American  Scientific  Congress.  Washington,  1915.  Gift  of  Dr.  Geo. 
F.  Kunz. 

Prospects  des  Harzwaldes,  H.  Erben.     Niirnberg,  1729. 

Public  Utilities  Reports,  1915 — F.    New  York,  1915. 

PUMPEN  und  Komprbssoren,  H.  Haeder.  Band  II,  ed.  3.  Wiesbaden, 
1915. 


Quarry  Accidents  in  the  United  States  During  the  Calendar  Yeab 
1914.     Bureau  of  Mines,  Technical  Paper  128.     Washington,  1915. 

Die  Rammwirkung  im  Eedreich,  Karl  Zimmermann.  Forscherarbeiten 
auf  dem  gebiete  des  Eiscnbetons,  pt.  25.     Berlin,  1915. 

Emil  Hathenaii,  der  Mann  und  Sein  Were.  Artur  Fiirst.  Berlin, 
1915. 

Reinforced  Concrete  Construction — Bridges  and  Culverts,  vol. 
III.     Geo.  A.  Hool.    Neio  York,  1916. 

Rubber  Machinery,  Henry  C.  Pearson.    New  York,  1915. 

Science  of  Works  Management,  John  Batey.     London,  1911,. 

Scientific  Management  and  Labor,  R.  F.  Hoxie     .Yew  York,  1915. 

Scientific  Memoirs  of  Thomas  Henry  Huxley,  vols.  I-IV.  Lon- 
don, 1S98-1902.     Gift  of  Gary  T.  Hutchinson. 

Second  Pan-American  Scientific  Congress.  Programme  of  Section 
I.  II,  III,  V,  VI,  VIII,  IX.  Washington,  1915-16.  Gift  of  Dr.  Geo. 
F.  Kunz. 

Shot  Firing  in  Coal  Mines  by  Electricity  Controlled  from  Out- 
side. U.  S.  Bureau  of  Mines,  Technical  Paper  108.  Washington, 
1915. 

Smull's  Legislative  Hand  Book  and  Manual  of  the  State  op  Penn- 
sylvania, 1915.  Harrisburg,  1915. 

Specification  and  Design  op  Dynamo-Electric  M.\chinery,  Miles 
Walker.     London-Neto  York,  1915. 

Spbechsaal-kalender  fur  die  Kebamischen,  Glas  und  verwandtbn 
Industries.     VIII  Jahrgang,  1916.     Coburg,  1916. 

Staffordshire  Iron  and  Steel  Institute.  Proceedings,  vol.  XXX. 
Stourbridge,  1915. 

Steam  Power,  W.  E.  Dalby.     New  York,  1915. 

Stevens  Institute  of  Technology.  Annual  Catalogue.  1916-17. 
Castle  Point,  Hoboken,  1916. 

Surface  Water  Supply  of  the  United  States,  1913.  Part  I — North 
Atlantic  Coast  Basins.  U.  S.  Geological  Survey.  Water  Supply 
Paper  3514.     Washington,  1915. 

Die  Technologie  des  Kautschoks,  Rudolf  Ditmar.     Wien,  1915. 

Telephone  and  Telephone  Exchanges,  Their  Invention  and  Devel- 
opment, J.  E.  Kingsbury.    London,  1915. 

Tools,  Chucks  and  Fixtures,  A.  A.  Dowd.    New  York,  1915. 

La  Transmission  Electrique  de  la  Force  entrb  keiegsteiten  et 

SOLEURE  execute  PAR  LA  SOCIETEE  DES  ATELIERS  DE  CONSTRUC- 
TION D'Oerlikon.  Rapport  by  H.  F.  Weber.  Zurich,  18SS.  Gift 
of  Carl  Bering. 

UEDEI:  DEN    EiNFLUSS  VON  GaSEN  AUF  HOCHPROZENTIGEN   NlCKELSTAHL, 

Wilhelm  Forehlich.    Berlin,  191i. 
U.  S.  Geological  Survey.    36th  Annual  Report  of  the  Director.     1915. 

Washington,  1913. 
Vassar  College.    51st  Annual  Catalogue,  1915-16.    Poughkeepsie,  191j. 

Gift  of  Vassar  College. 
Verzeichnis  der  bis  ende  1912  an  den  technischen  Hochschdlen 

DES  Deutschen  Reiches  ekschienenen  Schripten.  Paul  Tromms- 

dorft,  Berlin.  191.',. 
Water  Power  Engineekixg.  Daniel  W.  Mead.     ed.  2.     New  York,  1916. 
Water  Purification  Plants  and  Their  Operation,  M.  F.  Stein.  JTew 

York,  1915. 
Water  Resources  of  Hawaii,  1913.    U.  S.  Geological  Survey.    Water 

Supply  Paper  373.     Washington,  1915. 
The  Watthour  Meter,  W.  M.  Shepard  and  A.  G.  Jones.     Son  Fran- 
cisco, 1910. 

GIFT   OP   JOSEPH   STHUTHERS 

Cowles  Electric  Smelting  and  Aluminum  Company  and  Alanson  T. 
Osborn.  appellants,  vs.  Francis  P.  Lowrey,  Executor  of  the  last 
will  and  testament  of  Grosvenor  P.  Lowrey,  deceased.  Appellee. 
Appeal  from  the  United  States  Circuit  Court  for  the  Northern  Dis- 
trict of  Ohio.     1896. 

Electric  Smelting  and  Aluminum  Company,  Complainant,  vs.  The  Pitts- 
burg Reduction  Company,  Defendant.  Decision  of  U.  S.  Circuit 
Court  of  Appeals,  n.d. 

Handbook  of  Japan  and  Japanese  Exhibits  at  World's  Fair,  St.  Louis, 
1904,  by  H.  Hoshi. 

Kosaka  Mine,  Fujita  &  Co..  description  of. 

Lecture  upon  Alumlno  Thermics,  by  Hans  Goldschmidt.  Nov.  13. 
1903. 

Manila  Rope,   transmission  and  hoisting,  by  C.  W.  Hunt.     1905. 

Mining  and  Mechanical  Enterprises  of  the  Mitsui  Firm.     1903. 

Montana.     Inspector  of  Coal  Mines.    4th  Annual  Report.    190-". 

GIFT   OF   AERONAUTICAL   SOCIETY 

The  .'leronautlcal  Society  has  turned  over  to  the  Library  all  of  Its 
Library ;  as  soon  as  this  collection  can  be  listed  it  will  be  printed 
in  detail  in  a  future  issue  of  this  journal. 

GIFT   OF   BUREAU    OP   RAILWAY   ECONOMICS 

-Address   to   Boston   .\rt    Club,    by    Howard   Elliott,   Chairman    of   the 

Board.     Nov.  27,   1915. 
Government  and   the  Railroads.  Otto  H.   Kahn.     Reprinted  from  The 

World's  Work.  Feb.,  1916. 


261) 


SOCIETY  AF1'A1H.S 


The  Journal 
Aii.Soc.M.E. 


Interstate  (JoiniuLive  Commissinii  aud  llie  Railroads.  By  S.  O.  Dunn. 
Keprinted  from  The  Annals  of  the  American  Af-ademy  of  Political 
and  Social  Science,  Philadelphia,  Jan.,  191G. 

For  the  Railroads.     Various  opinions. 

Public  Ownership  and  the  Wage  Earner,  11.  T.  Newcomb,  Washington, 
1900. 

Railway  Service — Is  it  a  National  Problem  or  a  Local  Issue?  An 
address  by  Frank  Xrumbull.     Oct.  30,  1910. 

Reasonable  Maximum  Rates,  H.  T.  Newcomb.  Reprinted  from  Rial- 
way   World,   Dec.   27,   1907. 

TRADE    CATALOGUES 

Alexander  Milbdbn  Co..  Baltimore,  Md.  The  Wells  light  and  heating 
burner. 


Bo.iTO.N  Ge.\u  Wouhs,  Niirltilk  Uiwuis  Kjuitwj/)  .l/uas.  Catalog  E  9. 
Boston  Gears.     1916. 

I'AiiEELL  Foundry  &  Machine  Comi'ANy,  .-tnsonia.  Conn.  Bulletin — 
Coil  Clutches  ;  Data  Sheet  for  Coil  Friction  Clutclies.  Bulletins : 
General  Rubber  Machinery  ;  Rolling  Mill  Machinery  ;  Rubber  Mill 
Machinery  ;  Shears  ;  Sugar  Cane  Crushing  Machinery. 

IXTERCONTINTENTAL  TELEPHONE  &  TELEGRAPH  CO.,  NeW    YOVk,    N.     Y. 

■' Musso  System''  (Estratti  di  relazioni  e  attestati  sul  "  Sistema 
Musso.")     II  Teletono  Sistema  Musso. 

Scpi'LEE  BiDDLE  Hakdwabe  Cc,  PlUladclpliia,  Pa.,  Monel  metal.  Dec, 
1915. 

The  Sweetland  Filter  Press  Company,  New  York,  N.  Y.  Catalog 
no.  10.  Sweetland  Self-Dumping  Filter,  Clam  Shell  Type.  Bulle- 
tin H.  Sweetland  Laboratory  Pllter  for  the  use  of  Chemists  and 
Engineers. 
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ENGINEERING  SURVEY 

A  Review  of  Engineering  Publications  in  All  Languages.     All  the  leading  periodicals  of  the 
engineering  world,  embracing  over  1000  different  pubHcations,  are  received  at  the  Library. 
These  are  systematically  examined  for  review  each  month  in  the  Survey. 


SUBJECTS  OF  ABSTRACTS 


Aeroplane  Engines  in  Italy. 

Aeroplane,  Mechanics  of  Flight. 

Aeroplane.  Stabilization. 

Di'ST.  Transport  of. 

Semi-Steel. 

Crystal  Twinning  by  Strain. 

Tesse  Rotary  Cylinder  Motor. 


Arranged  in  the  Order  of  their  Appearance  in  the  Survey. 

Boiler  Corrosion. 

Water  Softening  by  Lime  and  Soda. 
Steam    Tdebine    Condensate    as     Feed- 
water. 
Draft  Gages  on  Oil-Fired  Boilers, 


Aluminum  Alloy  Pistons. 
Drills,  Cutting  Speed. 
Drills,  Lubrication. 
Threading,  Methods  of. 
Vertical  Pressure  through   Sand. 


Balancing  of  Rotating  Machine  Pakts. 
Lavaczeck  Process  of  Balancing. 


Equations  for  Ammonia. 
Engineering  Charts. 


THE  solution  of  one  engineering  problem  usually  leads  to 
the  creation  of  another  one,  which  in  its  turn  is  solved 
sooner  or  later  by  the  ingenuity  of  "  mechanical  men,"  as  engi- 
neers are  still  sometimes  called  by  laymen.  A  good  ease  in 
this  connection  is  that  of  the  balancing  of  rotating  masses. 
The  high  speed  electric  generator  and  motor,  the  steam  tur- 
bine, turbo-blower,  centrifugal  pump,  etc.,  have  made  the 
question  of  proper  balancing  of  rotating  machine  parts  far 
more  important  than  it  has  ever  been  before,  and  its  proper 
solution  leads  sometimes  to  results  of  considerable  im- 
portance. In  the  present  issue  an  abstract  of  an  article  on 
the  proper  balancing  of  rotating  machine  parts  is  given,  de- 
scribing among  other  things  the  Lavaczeck  system  of  bal- 
ancing, which  is  claimed  to  permit  of  obtaining  a  theoretically 
perfect  balancing  and  appears  to  be  of  great  sensitiveness. 

THIS    month's   abstracts 

In  the  section  Aeronautics,  are  described  aeroplane  engines 
built  in  Italy.  In  this  connection  attention  is  called  to  an 
article  in  Flight  (Vol.  8,  No.  2,  page  40,  Jan.  13,  1916,  and 
following)  describing  a  160  h.p.  Mercedes  engine  found  on  a 
captured  German  aeroplane.  The  question  of  the  material 
employed  in  the  construction  of  the  engine  has  not  yet  been 
fully  established,  but  as  to  the  design,  several  figures  are 
shown  illustrating  the  engine.  The  bottom  half  of  the  Mer- 
cedes base  chamber  is  shown  as  seen  from  above.  Centrally 
at  top  is  seen  the  air  intake  to  the  carbureter  which  leads  from 
two  apertures  in  the  wall  of  the  casing  to  the  other  side. 
Very  long  steel  bolts  support  the  bearings.  A  detailed  sketch 
of  the  jDartition  walls  housing  the  half  bearings  of  the  crank 
shaft  in  the  top  half  of  the  base  chamber  is  likewise  shown. 
In  the  connecting  rod  of  the  engine  the  perforated  floating 
sleeve  rides  between  the  small  end  and  the  gudgeon  jjin.  On 
the  whole  it  appears  that  the  parts  are  of  quite  robust  pro- 
portions and  generous  weight,  and  it  is  by  careful  and  sci- 
entific disposition  of  the  metal  that  the  remarkable  result 
obtained  has  been  made  possible  in  the  ease  of  the  crank 
chamber.  The  shell  itself  is  extremely  tlan,  but  is  made  very 
rigid  by  the  manner  in  which  it  is  braced.  In  the  lower  half 
there  is  a  double  bottom  running  nearly  the  whole  length  of 
the  space  enclosed  by  forming  the  oi!  sump.  A  series  of  ex- 
terior longitudinal  fins  below  the  easing  not  only  give  stiff- 


ness but  also  serve  as  radiators  for  cooling  the  oil.  By  the 
way,  another  duplication  of  duties  is  seen  in  the  manner  in 
which  the  air  to  the  carbureter  is  also  made  to  cool  the  oil 
and  in  doing  so  to  become  itself  warmed  as  an  aid  to  good 
carburetion.  To  this  end  the  sump  does  not  occupy  the  fuU 
length  of  the  casing  but  really  forms  two  compartments  in 
the  double  bottom,  one  in  front  and  one  in  the  rear,  connected 
together  by  a  large  diameter  tube.  Around  this  tube  and  be- 
tween the  adjacent  end  waUs  of  the  two  compartments  all 
the  air  to  the  carbureter  has  to  pass,  there  being  apertures 
cut  in  the  side  of  the  crank  case  that  lead  to  the  carbureter 
situated  on  the  other  side  of  the  engine.  This  is  an  arrange- 
ment, however,  the  advisability  of  which  is  doubtful.  The 
transverse  end  passages  form  a  ready  receptacle  for  the  ac- 
cumulation of  gasoline  drippings  and  also  for  oil  leaks. 
Should  a  back  fire  occur  in  the  carbureter,  the  vapor  in  the 
passage  is  liable  to  become  ignited  and  to  set  fire  to  the  oil 
and  not  imlikely  to  the  machine  itself. 

Of  further  interest  to  aeronautical  engineers  may  be  a  some- 
what general  article  in  L'Aerophile  (Vol.  23,  No.  23-24,  page 
266,  Dec.  1-15,  1915)  on  the  various  shapes  of  floats  for 
seaplanes.  The  article  brings  out  the  important  fact  that 
while  an  ordinary  boat  with  its  single  floating  element  has  to 
maintain  stability  in  all  the  three  respects,  that  is,  longi- 
tudinal, lateral,  and  of  motion,  the  avion  is  in  itself,  from  a 
static  point  of  view,  extremely  stable  laterally.  It  has  also  a 
good  stability  of  motion,  while  the  longitudinal  stability  is 
maintained  by  the  Little  tail  float  as  well  as  by  the  volume 
of  the  main  float  being  ahead  of  the  center  of  gravity.  In 
addition  to  that,  as  soon  as  the  aeroplane  has  acquired  a  cer- 
tain amount  of  velocity,  the  longitudinal  stability  of  the  air 
part  of  the  machine  stabilizes  the  entire  system.  Hence,  the 
question  of  stability  becomes  really  secondary  from  the  point 
of  view  of  design  of  the  machine. 

In  the  same  section  is  briefly  abstracted  a  paper  on  the 
aeroplane,  being  a  general  discussion  of  the  aeroplane  with 
special  regard  to  mechanics  of  flight  and  stabilization. 

The  transport  of  material  in  the  form  of  dust,  with  par- 
ticular application  to  handling  arsenical  soot,  is  discussed 
in  an  article  abstracted  from  the  Journal  of  the  Society  of 
Chemical  Industry. 

In  the  section  Engineering  Materials  is  an  interesting  dis- 
cussion of  the  subject  of  semi-steel,  taken  from  a  paper  read 
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before  the  Lancashire  Branch  of  the  British  Foundrymen's 
Association.  The  paper  discusses  various  troubles  in  the  pro- 
duction of  semi-steel  and  methods  of  obviating  them.  Judg- 
ing by  the  data  of  the  paper,  semi-steel  does  not  possess 
much  promise  of  further  development. 

The  paper  on  crystal  twinning  by  direct  strain  presents 
data  of  an  investigation  of  apparently  a  very  difficult  sub- 
ject. 

The  Tesse  rotary  cylinder  motor  is  described  in  the  section 
Internal  Combustion  Engines.  Its  essential  feature  is  the 
method  of  locating  the  connecting  rods  and  coneeting  them  to 
the  disc. 

A  discussion  of  the  subject  of  aluminum  alloy  piston,  with 
special  reference  to  the  Cothias  type,  is  given  from  a  paper 
before  the  Society  of  Automobile  Engineers. 

The  same  Society,  by  the  way,  in  the  January,  1916.  issue 
of  the  Bulletin,  publishes  a  report  of  its  Metropolitan  Section 
Research  Committee  on  automobile  engine  governors,  mainly 
with  reference  to  their  use  on  motor  trucks.  The  various 
classes  of  types  of  governors  for  the  internal  combustion 
engine  are  tentatively  listed  as  follows : 

1— Hit-or-miss,  inlet  valve  closed  or  exhaust  open,  so  causing 

engine  to  miss  one  or  more  power  strokes. 
2 — Inlet  valve  control,  time  of  opening  or  closing  inlet  valve 

varied. 
3 — Ignition  control,  ignition  spark  omitted. 
4 — Quality  of  fuel,  lean  or  recharged. 
5 — Quantity  of  fuel,  throttling  charge. 

The  only  type  for  consideration  in  automobile  practice  is 
said  to  be  the  quantity  of  fuel  type  which  controls  the  fuel 
supply  after  the  fashion  of  the  steam  engines  that  throttle 
the  steam  on  its  way  to  the  engine.  In  the  automobile,  the 
throttling  is  usually  accomphshed  by  a  damper  or  other  bal- 
ance valve  placed  in  the  intake  pipe.  The  governor  opera- 
tion may  depend  on  the  speed  of  either  the  engine  or  the 
vehicle.  In  the  engine  speed  type,  the  maximum  speed  of 
the  engine  is  fixed  and  its  racing  prevented.  In  the  vehicle 
speed  type,  the  fuU  horse  power  output  of  the  engine  can 
be  obtained  for  low  gear  work  when  it  is  desirable  or  ex- 
pedient that  the  engine  be  forced  to  'do  its  utmost.  In  one 
device  on  the  market  these  two  control  methods  have  been 
combined. 

The  report  describes  four  classes  of  governors.  Centrifu- 
gal, Hydraulic,  Inherent  Design,  and  Gas  Velocity  in  Intake. 
Some  data  on  governor  drive  and  other  details  are  presented. 

In  the  section  Machine  Shop  will  be  found  an  abstract  of 
an  article  giving  a  formula  for  the  cutting  speed  of  twist 
drills,  derived  from  experimental  wdrk  on  other  cutting  tools. 
In  the  article  itself  an  alinement  chart  is  also  given  to  ex- 
press the  relations  of  the  formula. 

In  the  same  section  is  given  an  abstract  of  an  article  by 
P.  W.  Abbott  representing  a  study  in  the  various  elements 
entering  into  the-  production  of  good  threads,  external  and 
internal.  Among  other  things  the  writer  insists  that  the 
choice  of  lubricant  is  of  secondary  value  and  the  importance 
often  attached  to  it  is  due  to  the  use  of  taps  and  dies  which 
do  not  cut  but  push  or  force  the  metal  off  and  out  of  their 
way.  If  the  tools  are  actually  cutting,  all  that  is  needed  is 
something  to  keep  the  work  and  tools  cool. 

In  the  section  on  Mechanics  are  described  experiments  made 
to  determine  the  distribution  of  vertical  pressure  transmitted 
through  sand.  In  another  abstract  is  discussed  the  problem 
of  balancing  of  machine  parts  referred  to  briefly  above.     An- 


(ither  paper,  this  time  in  Lumiere  Electrique,  un  the  same  sub- 
ject, has  been  received  too  late  for  publishing  an  abstract  of 
it  in  this  issue. 

The  subject  of  boiler  corrosion  is  discussed  in  two  papers. 
That  by  John  C.  B.  Kershaw  takes  up  the  subject  generally, 
with  special  reference  to  methods  of  accumulation  of  dis- 
solved salts  in  feed  water.  The  other  article,  by  M.  R.  Schulz, 
takes  the  subject  up  from  the  point  of  view  of  utilization  of 
water  of  condensation  from  steam  turbines  for  boiler  feed- 
ing and  conditions  under  which  oil  and  impurities  may  be 
present  in  boilers  fed  in  this  way.  A  point  which  both  writ- 
ers emphasize  is  that  water  which  eoidd  be  safely  used  for 
boilers  operating  at  pressures  and  temi^eratures  in  general 
use  some  10  or  15  years  ago  may  become  corrosive  in  their 
action  at  the  high  steam  pressures  and  temperatures  now  in 
use.  Equations  for  ammonia  based  on  new  experimental  ma- 
terial are  presented  by  Fred  G.  Keyes. 

Attention  is  called  to  a  list  of  charts  at  the  end  of  the 
Engineering  Survey.  The  use  of  charts  for  facilitating  vari- 
ous calculations  is  rapidly  increasing  and  an  endeaxor  will  be 
made  to  list  such  as  are  of  interest  to  mechanical  engineers. 

Aeronautics 

Aeroplane  Engines  in  Italy,  W.  F.  Bradley 

Data  on  the  progress  of  construction  of  aeroplane  engines  in 
Italy,  and  some  data  on  the  development  of  automobile  ma- 
chinery. 

An  interesting  tendency  is  shown  by  the  change  from  the 
pump  to  the  thermosj'phon  method  of  cooling.  It  is  admitted 
that  it  is  a  difficult  task  to  produce  a  thenuosyphon  cooled 
motor  which  will  be  satisfactory  both  on  the  hot  plains  of  Italy 
and  in  the  Alpine  passes,  but  it  is  claimed  that  with  careful 
design  and  such  good  foundry  work  as  they  can  produce  in 
Italy,  the  pumjD  can  be  abolished. 

At  the  Chiribirri  factory  the  writer  was  shown  a  40  h.p. 
aviation  motor  with  aluminum  cylinders  and  cast  iron  liners 
built  in  1912  and  flown  in  that  year.  The  paper  shows  also 
a  fixed  six  cylinder  aviation  motor  built  by  the  same  concern. 
Fiat  is  at  presented  interested  in  the  six  cylinder  vertical  water 
cooled  type  with  inclined  overhead  valves  and  a  single  over- 
head cam  shaft.  The  cylinders  are  of  steel,  separate,  with  a 
sheet  steel  water  jacket  common  to  the  cylinders  in  pairs. 
Lancia  is  building  twin  sixes  with  horizontal  valves.  The 
Diatto  Co.  has  taken  up  the  Bugatti  aviation  motor  which  has 
six  separate  steel  cylinders  welded  together  and  surrounded  by 
a  copper  water  jacket.  There  are  four  vertical  valves  per  cylin- 
der with  a  patented  mechanism  by  which  a  single  cam  operates 
direct  on  a  pair  of  valves.  As  in  France,  it  is  ex]iected  that 
the  aviation  motor  will  tend  to  bring  the  twin  six  motor  into 
greater  prominence  and  assist  in  its  adoption  for  car  work. 
(Italy  Developing  Aeroplane  Engines,  The  Automobile,  vol. 
34,  no.  4,  p.  182,  January  27,  1916,  3  pp.,  3  figs,    d.) 

The  Aeroplane,  L.  Goldmerstein 

A  general  discussion  of  the  aeroplane  with  special  regard 
to  mechanics  of  flight  and  stabilization. 

The  author  pays  particular  attention  to  disturbances  in  sta- 
bility due  to  air  gusts  and  variation  in  the  direction  and 
strength  of  the  wind.  All  of  the  stabilizing  systems  are  based 
on  the  principle  that  when  a  machine  gets  out  of  equilibrium, 
some  of  its  component  parts  such  as  ailerons,  fins  or  tiller,  will 
in  some  way  be  moved  to  such  an  angle  as  to  cause  the  ma- 
chine to  return  to  its  original  position.  The  operation  of  aU 
stabilizers  is  based  on  the  assumption  that  the  macliine  is  fly- 
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ing  or  moving  through  the  air  at  a  certain  speed.  But  when 
Wilbur  Wright  went  up  in  the  air  about  300  ft.,  stopped  his 
engine  and  then  tried  to  operate  it,  he  found  that  with  the 
engine  still  the  controls  were  absolutely  useless,  so  that  (as  his 
brother  expressed  it)  he  "  fell  down  200  ft.  in  a  time  too  short 
to  be  comfortable."  All  stabilizing  devices  are  effective  only 
when  the  machine  maintains  a  certain  speed. 

Another  ])oiut  which  the  author  takes  up  is  the  relation  be- 
tween stability  and  transient  stresses  on  the  machine.  The 
aeroplane  is  subjected  all  the  time  to  puffs  of  the  wind  and 
as  the  gusts  are  applied  for  extremely  short  periods  there  will 
be  a  blow  on  the  plane  practically  every  time  the  wind  changes. 
That  is  one  of  the  reasons  why  monoplanes  have  been  prac- 
tically discarded,  as  their  wings  are  apt  to  collapse.  For  ex- 
ample the  German  Taube  which  is  a  modified  Ettrich  mono- 
plane has  been  almost  entirely  discarded  and  biplanes  substi- 
tuted for  it.  The  Taube  was  wonderfully  stable  and  its  sta- 
bility was  its  undoing,  for  instead  of  giving  way  under  gusts 
of  wind,  it  opposed  them,  and  such  excessive  transient  stresses 
were  produced  that  the  machine  collapsed.  (S.  A.  F..  Bulletin, 
vol.  9,  no.  3,  p.  166,  December  1915,  12  pp.,  4  figs.,  t.) 

Conveying 

The  Transport  of  Material  in  the  Form  of  Dust,  T.  C. 

Cloud 

Discussion  of  the  removal  and  transport  of  very  fine  ma- 
terial, such  as,  for  example,  dust  from  the  flues  of  a  set  of 
Lancashire  Boilers,  or  of  impalpable  powders  produced  in 
large   quantities. 

In  a  case  with  which  the  author  had  to  deal,  furnaces  were 
producing  a  gas  highly  charged  with  arsenious  oxide.  This 
was  to  a  large  extent  deposited  in  a  complicated  system  of 
condensing  chambers  and  flues  followed  by  filtration  through 
bags  in  a  bag  house.  The  points  at  which  it  was  necessary  to 
remove  the  arsenious  oxide  from  the  bag  house  flues,  etc., 
were  numerous,  and  it  was  also  necessary  to  deliver  all  the 
material  to  the  packing  room  where  it  could  be  packed  in 
casks  for  marketing.  After  some  experimentation  a  vacuum 
plant,  of  which  the  following  is  a  description,  was  designed: 

The  vacuum  pump  at  normal  speed  of  160  r.p.m.  has  a  dis- 
placement of  20,000  cu.  ft.  per  hr.  and  will  produce  a  vacuum 
of  18  in.  of  mercury  if  all  valves  to  the  various  branch  mains 
are  closed.  In  the  packing  house  the  pipe  main  enters  a 
r-yelone  separator  in  which  the  bulk  of  the  arsenious  oxide  is 
deposited.  Following  this  is  another  small  separator.  Finally 
the  air  is  drawn  through  a  shallow  layer  of  water  and  then 
passes  to  the  vacuum  pump.  The  cyclone  separator  has  a 
small  storage  capacity,  and  the  arsenical  soot  is  automatically 
removed  from  this  apparatus  and  discharged  into  the  casks 
placed  below.  The  smaller  separator  is  furnished  with  baffle 
plates  and  a  coUectiug  receptacle  from  which  the  deposit  is 
only  discharged  at  long  intei^vals  when  the  vacuum  is  off. 
The  water  sejiarator  is  arranged  so  that  a  small  continuous 
supply  of  water  can  be  passed  through  it,  or  it  may  be 
charged  and  discharged  intermittently. 

In  the  piping  about  the  works  all  bends  and  entering 
branches  are  of  large  radius,  and  for  moving  the  material 
upwards  all  vertical  members  are  avoided  and  inclined  pipes 
substituted.  At  numerous  points  capped  branches  are  ar- 
ranged, to  which,  on  the  removal  of  the  cap,  suitable  flexible 
hose,  either  metallic  or  reinforced  rubber,  can  be  attached. 
A  suitable  nozzle  is  fixed  on  the  end  of  the  hose,  and  on  in- 
serting this  into  the  accumulated  deposit  the  latter  is  imme- 
diatelj'  sucked  uji  and  conveyed  to  the  separating  plant. 
This  plant  having  an  air  pump  capacity  of  20,000  cu.  ft. 


l)er  hr.  deals  with  IVa  to  2  tons  of  collected  arsenious  oxide 
per  hr.,  and  the  farthest  point  at  which  a  branch  is  situated 
is  about  200  yd.  from  the  separator.  The  pump  in  tliis  in- 
stance is  electrically  driven,  working  at  the  rate  of  12  to  14 
1i.]i.  It  has  been  found  that  all  annoyance  caused  by  the 
handling  of  this  material  is  removed  and  respirators  are 
superfluous.  (Journal  of  the  Society  of  Chemical  Industry, 
vol.  35,  no.  1,  p.  7,  January  15,  1916,  2  pp.    d.) 

Engineering  Materials 

Semi-Steel,  J.  E.  Hurst 

The  article  represents  a  jiaper  read  before  the  Lancashire 
Branch  of  the  British  Foundrymen's  Association.  It  appears 
that  the  most  imjjortant  difficulty  in  the  production  of  semi- 
steel  is  that  of  maintaining  a  uniform  content  of  carbon  in 
the  melting.  At  first  sight  the  mechanism  of  the  melting  of 
steel  in  the  cupola  is  ajiparently  simple.  Steel  heated  in  con- 
tact with  carbon  or  coke  especially  in  an  atmosphere  contain- 
ing carbon  monoxide  absorbs  carbon  as  the  carbon  content  of 
the  steel  increases  or  the  melting  point  of  the  steel  decreases, 
until  finally  the  melting  point  of  the  steel  in  the  cupola  is 
gradually  reduced  to  a  figure  within  the  temperature  range  of 
the  cupola. 

There  are,  however,  several  points  which  complicate  this 
simple  looking  process.  In  the  first  place  the  effect  of  tem- 
perature on  the  absorption  of  carbon  is  very  often  misunder- 
stood. It  must  be  remembered  that  the  higher  the  tempera- 
ture the  more  rapid  the  absorption  of  carbon  by  steel.  More- 
over this  absorption  of  carbon  is  not  an  instantaneous  action 
but  requires  a  certain  amount  of  time,  the  length  of  time  re- 
quired being  in  its  turn  largely  dejsendent  on  the  temperature 
which  establishes  the  relation  between  time  and  temperature. 
From  a  practical  point  of  view  it  is  important  to  bear  in  mind 
that  the  cupola  method  of  melting  offers  no  practical  means 
of  controlling  such  variables  as  time  and  temper.iture,  with 
the  result  that  the  chemical  composition  and  particularly  the 
carbon  content,  on  which  the  whole  of  the  properties  largely 
depend,  cannot  be  uniform. 

In  a  blow  the  first  charge  comes  in  contact  with  the  hot 
coke  long  before  the  subsef|uent  cliarges,  hence  as  far  as  the 
carbon  content  is  concerned  it  is  not  necessarily  of  the  same 
composition.  Further,  the  character  of  the  steel  scrap,  the 
manner  in  which  it  is  charged  and  in  which  it  sinks  down  in 
the  sack,  all  tend  to  influence  the  carbon  content  in  various 
ways.  Even  after  the  steel  has  passed  the  melting  zone,  the 
absorption  of  carbon  is  not  finished,  for  the  metal  drops  down 
amongst  the  bed  coke  and  there  continues  to  absorb  carbon. 

The  following  exjiei'iment  has  been  made  in  this  connection. 
A  charge  consisting  of  hematite  and  cold  blast  pig,  together 
with  20  per  cent  of  steel  scrap  in  the  form  of  turnings  and 
borings  was  charged  into  the  furnace,  and  the  blast  turned  on. 
Five  minutes  afterwards  a  small  clay  laboratory  crucible  was 
introduced  into  the  eujiola  at  the  end  of  a  steel  rod  inserted 
through  a  tuyere  hole.  The  drops  of  molten  metal  caught  by 
the  crucible  were  withdrawn  and  a  further  sample  taken.  The 
analysis  of  the  two  samples  together  with  that  of  the  final 
metal  are  given  in  Table  1.  The  two  samples  taken  were 
quenched  in  water,  with  the  result  that  the  carbon  was  all  in 
the  combined  form.  The  steel  borings  portion  of  the  charge 
was  put  in  first  and  consisted  of  steel  of  about  0.25  per  cent  C. 

The  dithculty  of  obtaining  perfectly  homogeneous  cast  iron 
has  led  to  the  introduction  of  mixtures  of  pig  iron  and  known 
percentages  of  steel,  which  are  recommended  for  the  produc- 
tion of  castings.  This  method  has  been  largely  used  in  Ger- 
many and  finds  a  parallel  in  the  British  manufacture  of  pig 
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plate,  but  even  with  the  method  it  should  be  remembered  that 
any  mixture  of  cast  ii'on,  the  carbon  content  of  which  is  not 
the  eutectic  percentage  for  the  given  composition,  will,  on 
being  melted  in  contact  with  carbon  as  in  the  cupola,  absorb 
carbon  to  a  greater  or  lesser  extent  according  to  the  particular 
conditions  of  the  cupola.  The  only  remedy  for  this  defect  of 
semi-steel  is  to  adopt  some  plan  similar  to  the  mixer  in  steel 
manufacture,  or  better  stiU  to  melt  in  furnaces  so  designed  that 
the  metal  is  not  in  contact  with  carbon. 

The  author  points  out  the  essential  difference  between 
semi-steel  made  by  the  addition  of  steel  in  the  cupola  and  that 
made  by  the  addition  of  steel  to  molten  iron  in  the  ladle. 
However,  even  in  semi-steel  of  the  latter  type  it  is  necessary 
that  the  metal  be  well  stirred. 

Regarding  the  casting  of  semi-steel  mixtures  there  seems 
to  exist  a  large  amount  of  uncertainty  and  contradiction,  some 
of  which  may  be  due  among  other  causes  to  the  influence  of 
the  casting  temperature.  As  far  as  the  writer's  experience 
goes,  semi-steel  can  be  cast  exactly  as  any  other  cast  iron  with 
the  same  chemical  composition,  but  stirring  is  practically  the 
only  way  of  insuring  homogeneity  of  semi-steel  mixtures. 
Small  minute  pin  holes  are  a  serious  trouble  which  occurs 

TABLE  1    ANALYSIS  OF  TWO  SAMPLES  OF  SEMI-STEEL 


Sample  1 

Sample  2 

Final  Metal 

Per  cent 

Per  cent 

Per  cent 

cc 

2.50 

2.94 

0.86 

Gr.. 

3.07 

Total  <;■ 

3.93 

6i     , 

1.21 

1.59 

1.63 

Mn. 

not  estimated 

not  estimated 

0.4S 

S 

not  estimated 

not  estimated 

0,085 

P.            

0.73 

0.74 

0.66 

very  frequently  in  semi-steel;  the  author  has  personally  ex- 
perienced this  trouble,  especially  in  high  percentage  steel  mix- 
tures (30  per  cent  and  40  per  cent),  and  furthermore  the 
trouble  was  accentuated  in  those  castings  in  the  mixture  of 
which  solid  steel  scrap  was  used.  The  author  is  of  the  opinion 
that  the  Fe^Oj  oxide  cannot  exist  in  the  cast  iron  in  the  pres- 
ence of  high  silicon,  and  that  pin  holes  are  caused  not  so 
much  by  direct  oxidation  as  by  excessive  gas  absorption  and 
local  defects.  The  use  of  ferro-manganese  as  a  deoxidizer  is 
unnecessary,  but  aluminum  in  small  quantities  is  undoubtedly 
beneficial. 

Hard  spots  constitute  another  serious  trouble  in  connection 
with  semi-steel,  but  they  are  also  common  in  castings  with- 
out steel,  especially  low  silicon  iron.  The  mechanical  strength 
of  semi-steel  is  claimed  to  be  from  20  to  30  per  cent  above 
that  of  ordinary  cast  iron;  tests  made  by  the  author  do  not, 
however,  show  very  high  increase  in  tensile  strength. 

In  all  the  author  comes  to  the  conclusion  that  the  meehan- 
ical  properties  of  semi-steel  vary,  and  that  the  steel  itself  may 
conditionally  be  partly  responsible  for  this  change  in  the 
mechanical  strength;  but  the  conditions  are  of  such  a  com- 
plex and  uncontrollable  nature,  that  cupola  melted  semi-steel 
must  be  considered  a  failure  when  considered  from  the  stand- 
point of  those  who  urge  the  wonderful  results  of  this  product. 
However,  semi-steel  possesses  excellent  wearing  properties. 
What  the  author  believes  is  that  the  only  effect  of  steel  in 
the  mixtures  is  to  reduce  the  silicon  and  phosphorous,  thus 
making  a  cheap  substitute  for  the  somewhat  costly  hematite 
and  cold  blast  irons.  The  true  object  of  semi-steel  mixtures 
is  undoubtedly  attained  in  the  mixtures  of  steel  and  cast  iron 
made  in  the  ladle,  the  practical  objection  to  this  method  being 


that  the  temperature  of  the  metal  is  greatly  lowered,  and 
therefore  high  percentage  steel  mixtures  are  not  possible  by 
this  method.  Two  methods  are  suggested  to  overcome  this 
difficulty.  One  is  to  melt  the  cast  iron  in  a  reverbatory  or  a 
regenerative  furnace,  and  then  add  the  steel  scrap  to  the 
molten  cast  iron.  The  other  method  recommends  placing  the 
steel  scrap,  preferably  in  the  form  of  punchings  or  turnings 
previously  heated  to  a  red  heat,  in  the  bottom  of  the  ladle. 
Into  this  ladle  is  tapped  the  heated  cast  iron  from  the 
cupola  and  in  the  metal  is  immersed  a  can  of  theniiit.  The  re- 
action which  ensues  provides  sulBcient  heat  to  rapidly  melt  the 
steel  scrap  and  maintain  the  temperature  of  the  whole  metal. 
None  of  these  methods,  however,  possess  the  peculiar  advan- 
tages of  the  cupola  method  of  melting,  which  are  cheapness, 
economy,  speed,  and  adaptability.  (Lancashire  Branch  of 
the  British  Foundi'vmeu's  Association,  through  The  Foundry 
Trade  Journal,  vol.  17,  no.  168,  p.  657,  December  1915,  5  pp., 
3  figs,     ep.) 

Crystal  Twinning  by  Direct  Strain,  C.  A.  Edwards 

Data  of  an  investigation  made  to  determine  whether  struc- 
tural changes  in  metals  can  be  produced  without  subjecting 
the  mass  to  an  annealing  operation.    The  conclusion  is  drawn 


Fig.  1     Multiple  Twinning  in  Tin  Showing  Change  of 

Direction  in  Certain  Twins  Passing  Through  Others 

— Unetched  and  Magnified  150  Diameters 

that  acicular  markings,  or  markings  having  sharp  points  like 
needles,  formed  on  tin  and  zinc  are  actually  twin  crystals  and 
not  mere  surface  appearances. 

The  difficulty  of  the  investigation  lay  in  the  fact  that  the 
lightest  rubbing  on  the  finest  emery  has  the  effect  of  com- 
pletely changing  the  structure  of  tin  and  zinc  for  a  con- 
siderable depth  below  the  surface.  If.  however,  the  upper 
layer  of  broken  up  crystals  or  amorphous  material  is  dis- 
solved off  by  immersing  the  specimen  in  strong  acid,  and  the 
surface  again  polished  on  chamois  leather,  the  structure  can 
then  be  developed  by  ordinary  etching.  By  working  in  this 
way  it  was  possible  to  obtain  the  evidence  required  to  demon- 
strate that  twin  crystals  are  produced  when  tin  and  zinc  are 
strained. 

Microphotographs  taken  in  the  course  of  the  investigation 
show  the  abrupt  change  in  direction  of  the  so-called  slip  bands 
as  they  pass  through  the  markings  under  discussion,  and  are 
further  proof  that  the  latter  are  twin  crystals.  Fig.  1  is  still 
more  significant,  because  it  shows  a  similar  change  in  direc- 
tion of  certain  twin  crystals  as  they  pass  through  twins  which 
cannot  be  explained  in  any  other  way. 

Regarding  the  mechanism  of  the  formation  of  twin  crystals 
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in  metals  by  direct  mechanical  change,  the  author  attributes 
the  increased  hardness  of  the  metal  to  the  increased  kinetic 
energy  at  the  disturbed  surfaces,  and  asks  whether  crystal 
twinning  involves  external  movement  of  a  kind  which  will 
produce  the  amorplious  layers.  He  believes  that  rotation, 
which  occurs  in  twinning  as  affected  by  the  fact  that  the  twin- 
ning planes  are  not  perfectly  smooth  but  consist  of  numerous 
rectangular  projections,  must  cause  a  crushing  or  breaking  up 
of  the  crystalline  material  on  those  surfaces. 

The    facts   which   have   been    observed    in    connection    with 
tlie  twinning  of  zinc  and  tin   indii-ate  that  the  rotation  does 


rods.  The  obliquity  of  the  secondary  connecting-rods  being 
much  greater  than  tliat  of  the  principal  connecting-rod,  the 
reactions  of  the  pistons  on  their  cylinders  are  greater.  The 
functions  of  the  various  cylinders  do  not  occur  during  the 
same  angular  periods.  Also  as  the  principal  connecting-rod 
is  reinforced  a  balance  of  the  system  of  connecting-rods 
coupled  to  the  crank  is  not  possible.  In  the  case  of  con- 
necting-rods coupled  to  the  crank  by  means  of  curved  slippers 
or  ends,  tlie  large  number  of  conecting-rods  usually  employed 
in  motors  oi'  this  kind  renders  it  compulsory  to  reduce  the 
width  of  the  slipper  of  eacli  connecting-rod  foot  to  such  dimen- 
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Fig.  2    Tesse  Rotart  Motor 


not  proceed  en  masse  in  a  simple  manner.  The  units  which 
go  to  form  twin  lamellae  cannot  retain  after  twinning  the 
same  relative  position  to  each  other  as  they  did  before  the 
twinning  rotation  took  place  in  the  individual  units  or  small 
groups  of  such  units;  and  since  a  movement  of  this  kind  must 
cause  a  further  grinding  between  the  units  or  groups  of  units 
inside  the  twin  lamellae,  the  amount  of  amorphous  matter  or 
distortion  of  the  space-lattice  produced  during  mechanical 
ci-ystal  twinning  must  be  a  maximum.  {British  Institute  of 
Metals,  through  The  Iron  Trade  Review,  vol.  .58,  no.  6,  p.  341, 
Feb.  10,  1916,  5  pp.,  13  figs.) 

Internal  Combustion  Engines 

Tesse  Rotary  Cvlinder  Motor 
In  radial  rotary  cylinder  motors  the  coupling  of  the  con- 
necting-rods of  the  pistons  is  usually  defective  because  only 
the  foot  of  the  principal  or  primary  connecting-rod  describes 
a  circle.  The  feet  of  the  other  connecting-rods  being  pivoted 
or  jointed  on  journals  or  trunnions  in  rigid  connection  with 
the  first,  describe  dissimilar  curves  and  with  a  non-uniform 
movement.  This  causes  detrimental  inertia  stresses  due  to 
variations  of  velocity  of  the  feet  of  the  secondary  connecting- 


sions  that  the  least  defect  of  adjustment  or  lubrication  causes 
heavy  wear  or  even  gripping  of  the  shoes. 

Fig.  2,  I  shows  an  engine  of  the  Tesse  system  with  four  cylin- 
ders rotating  about  the  fixed  centre  S,  the  ends  of  the  con- 
necting-rods being  attached  to  the  fixed  crank  E.  Because  of 
the  eccentric  position  of  E  with  respect  to  the  circle  of  rota- 
tion of  the  cylinders,  the  pistons  A,  B,  C,  D  wiU  move  in  their 
cylinders  exactly  as  they  would  supposing  the  cylinders  fixed 
and  E  rotating  as  a  movable  crank  around  S.  For  uniform 
motion  the  pistons  would  execute  in  the  cylinders  simple  har- 
monic vibrations  varied  slightly  by  the  obliquity  of  the  con- 
necting-rods. 

With  a  large  number  of  cylinders  it  is  inconvenient  to  con- 
nect all  the  rods  to  the  single  crank-pin  E,  but  if  the  crank- 
pins  are  distributed  around  a  disc  as  shown  in  Fig.  II  the 
fixing  is  much  simpler  and  the  motion  of  the  pistons  much 
the  same  as  before,  provided  that  the  disc  rotates  about  its 
own  centre  M  at  the  same  rate  and  in  the  same  direction  as 
the  cylinders.  If  the  disc,  however,  is  simply  free  to  rotate 
about  its  fixed  centre  M,  then  the  connecting-rods  and  pistons 
are  not  completely  constrained ;  that  is,  for  any  given  posi- 
tion of  cylinder  C  the  connecting-rod  may  be  in  any  posi- 
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tion,  b  f  or  gh   (Fig.  II),  the  corresponding  positions  of  tlie 
connecting-rods  of  cylinder  D  being  d  ii  or  k  I. 

It  is  necessary,  therefore,  to  arrange  links  connecting  the 
cylinders  with  the  disc  so  that  the  latter  is  driven  around  at  a 
uniform  rate  with  the  rotating  cylinders.  In  the  Tesse  rotary 
cylinder  motor  this  is  achieved  by  making  bell-crank  levers 
of  two  connecting-rods  driving  the  disc.  These  are  shown  as 
Bb  k  and  A  a  I  (Fig.  Ill)  hinged  to  the  disc  at  the  points  b 
and  a  on  opposite  ends  of  a  diameter  of  the  disc.  The  ends 
k  I  of  these  bell-crank  levers  are  couueeted  by  a  coupler  I  k. 
The  positions  of  the  connecting-rods  and  coupler  after  the 
cylinders  have  turned  through  an  angle  of  90  deg.  are  shown 
at  A^  e  f  and  B,  d  r  respectively.  In  this  position  it  will  be 
seen  that  the  connecting-rod  B^  d  is  no  longer  collinear  with 
a  diameter  of  the  disc,  but  has  turned  through  an  angle  B^  d  m 
relatively  to  it.  The  arm  r  d  has  also  turned  through  an  equal 
angle  h  d  r  relatively  to  the  disc,  and  this  angle  is  practically 
equal  to  the  angle  g  e  f  through  whicii  the  coupler  has  pulled 
the  arm  e  /  of  the  other  connecting-rod  .1^  e.  It  is  plain,  then, 
that  the  angle  A^  e  n  through  which  the  connecting-rod  -.4,  e 
has  turned  relatively  to  the  disc  is  equal  practically  to  the 
angle  S,  d  m. 

Fig.  IV,  is  a  section  of  the  connecting-rod  system  on  X-X 
Fig.  \,  and  Fig.  V  is  a  section  on  Y-Y,  Fig.  IV,  with  the 
connecting-rods  omitted;  m  to',  to  to'  represent  the  principal 
or  master  connecting-rods,  which  are  formed  as  bell-crank 
levers,  and  e^  e,  e^  represent  secondary  connecting-rods  for  the 
other  cylinders.  In  the  example  shown  two  principal  con- 
necting-rods ai-e  employed  to  drive  the  disc  d',  but  any  even 
number  may  be  employed.  All  the  connecting-rods,  principal 
and  secondary,  are  analogously  jointed  or  pivoted  at  a^  a^  a,  on 
a  central  hub  member  d,  which  is  itself  mounted  through  the 
medium  of  ball  bearings  on  the  crank-pin.  The  pivot  pins  a 
are  mounted  in  and  lie  between  the  inside  faces  (f  of  the 
crank  hub  d  and  the  pivoted  ends  of  the  connecting-rods  e  and 
TO  to'  are  forked,  the  limbs  passing  on  each  side  of  the  ring 
or  connecting  member  c  and  being  pivoted  on  the  pins  a.  The 
two  principal  connecting-rods  are  mechanically  connected  to- 
gether by  a  ring  c  (the  coupler),  to  which  their  short  arms 
to'  to'  are  pivotaUy  attached  by  pins  or  trunnions  b.  b  passed 
through  these  forked  short  arms,  and  through  inwardly  pro- 
jecting arms  c'  c'  of  the  ring  c,  but  not  into  the  faces  d'  of 
the  crank  hub.  [The  Practical  Engineer,  vol.  53,  no.  1506.  p. 
4.  Jan.  6,  1916,  2  pp.,  5  figs,  d.) 

The  Aluminum  Allot  Piston,  James  E.  Diamond 

The  author  discusses  the  problem  of  the  aluminum  alloy 
piston  and  considers  certain  phases  of  piston  design. 

The  coefficient  of  friction  of  an  aluminum  alloy  suitable  for 
pistons  is  about  50  per  cent  of  that  of  east  iron.  Because  of 
the  greater  heat  conductivity  of  the  aluminum  alloy  piston, 
under  favorable  lubricating  conditions  very  little,  if  any,  car- 
bon is  deposited.  In  case  an  aluminum  piston  seizes  it  is 
damaged  only  in  rare  cases  and  the  cylinder  is  practically 
never  injured. 

Permanent  mold  pistons  are  considered  superior  to  sand 
cast,  being  25  per  cent  harder  and  having  a  tensile  strength 
ranging  between  25,000  and  30,000  lb.  per  sq.  in.  Further, 
they  can  be  ground  quite  well  with  kerosene  which  is  a  suit- 
able grinding  medium. 

The  design  of  aluminum  alloy  jnstons  can  follow  closely 
that  of  iron  pistons  but  it  is  advisable  to  rib  the  head  to 
better  carry  heat  away  from  it,  eliminating  the  possibility  of  a 
gradual  deterioration  of  the  metal  through  being  subjected  to  a 
high  temperature  for  a  long  time.     Wherever  possible,  it  is 


wise  to  increase  the  length  of  the  piston.  ]iossibly  as  much  as 
25  per  cent. 

The  author  believes  that  the  prejudice  against  the  "  hour 
glass  "  type  of  piston  is  gradually  disappearing,  and  it  was 
mainly  this  that  stood  in  the  way  of  commercial  introduction 
of  the  Cothias  process  of  piston  manufacture.  (^'.  A.  E.  Bul- 
letin, vol.  9,  no.  3,  p.  177,  December  1915,  5  pp.    p.) 

Machine  Shop 

Effect  op  Feed  and  Diameter  on  Cutting  Speed  of  Drills, 
A.  Lewis  Jenkins 

The  article  gives  a  formula  for  the  cutting  speed  of  twist 
drills  derived  from  experimental  work  on  other  cutting  tools. 
This  formula  gives  the  speed  of  cutting  in  terms  of  the  drill 
diameter  and  feed,  in  addition  to  which  a  certain  constant 
is  used.  An  alinement  chart  is  also  given  to  express  the  rela- 
tions of  the  formula. 

The  cutting  sjieed  is  a  function  of  two  variables,  the  feed 
and  the  diameter.  When  the  feed  is  constant  the  cutting  speed, 
increases,  according  to  the  formula  of  Taylor,  with  the  diam- 
eter. It  has  been  generally  observed  that  for  a  given  drill 
working  in  a  material  the  cutting  speed  may  be  increased  when 
the  feed  is  decreased,  and  vice  versa.  The  feed  is  directly 
proportional  to  the  thickness  of  the  chip  as  already  shown  by 
Taylor. 

The   author   from   data  furnished   by   the   experiments   of 

Taylor,  Nicholson,  Lindner,  Herbert  and  others,  expresses  the 

relation  between  feed  and  cutting  speed  for  drills  working  on 

east  iron,  steel  and  brass,  with  a  fair  degree  of  accuracy  by 

the  equation 

constant  -   - 

'  Icr24      L-^1 

where  t  is  the  feed  in  inches  per  revolution,  and  it  was  further 
found  that  the  relation  used  when  the  cutting  speed  is  constant 
for  all  diameters  is  represented  by  the  formula 


t  = 


K 


.[2] 


where  £^  is  a  constant  depending  upon  the  material  drilled,  the 
shape  and  construction  of  the  drill,  and  whether  it  is  made 
of  high-speed  or  carbon  steel.     The  autlior  gives  the  following 
table  of  values  of  factor  K  in  tlie  above  fonnula : 
Kind  of  Cast  Hard       Medium        Soft 

Drill  Iron  Steel  Steel  Steel        Brass 

High-speed 80  115  125  140  105 

Carbon 64  92  100  112  84 

The  following  equation  is  obtained  by  combining  equation  [1] 
with  another  equation  derived  from  the  Taylor  equation  for 
the  cutting  speed  of  a  drill 

V  =  constant  X  ~o  m 

from  which  the  revolutions  per  minute  are  expressed  by  the 
equation 

where  C  is  a  constant  depending  on  the  work,  the  drill  and  the 
feed. 

A  chart  is  given  for  graphically  solving  this  equation.  This 
chart  also  shows  the  feed  m  inches  per  minute  when  the  revo- 
lutions per  minute  and  feed  in  inches  jaer  revolution  are 
known.  The  author  remarks,  however,  that  for  a  given  class 
of  work  it  is  necessary  to  do  more  or  less  experimenting  in 
order  to  find  the  best  feeds  and  speeds  to  use  and  after  these 
have  been  determined,  it  is  not  always  possible  to  get  them 
from  the  machine.  {American  Machinist,  vol.  44,  no.  4',  p. 
152,  Januarj'  27,  1916,  3  pp.,  1  fig.,  ep.) 
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On  Methods  of  Threading,  P.  W.  Abbott 

The  article  presents  a  study  in  the  various  elements  enter- 
ing into  the  production  of  good  threads  internal  and  external. 

The  author  insists  that  just  as  accurate  work  can  be  done  in 
machining  threads  as  on  plain  cylindrical  work,  at  no  greater 
cost  than  poorly  cut  threads  and  without  the  necessity  of  any 
hand  work.  The  taps  and  dies  must,  however,  be  correct  and 
the  author  does  not  believe  that  accurate  work  can  be  done 
with  the  commercial  taps  and  dies  sold  by  the  tap  and  die 
manufacturers  at  tiie  present  time. 

He  recommends  the  following  specification :  The  threads  in 
dies  shall  be  burnished  smooth  after  hardening  to  remove  the 
hardening  scale  and  to  correct  the  lead.  After  this  the  dies 
shall  be  ground  on  outside  diameter  and  on  both  sides  true 
with  pitch  diameter.  That  means  that  they  shall  be  ground 
from  the  thread  itself.  The  die  should  be  0.005  in.  over-size 
on  pitch  diameter  and  should  cut  a  thread  whose  lead  will  not 
vary  over  0.002  in.  either  way,  in  1  in.  Taps  should  be 
straightened  after  hardening  to  be  within  0.002  in.  on  the  pitch 
diameter  and  to  show  correct  for  lead  within  0.002  in.  either 
way,  in  1  in. 

The  author  recommends  the  use  on  threaded  or  tapped  work 
of  roughing  and  finishing  cuts  when  necessary.  Accurate 
threads  cannot  be  tapped  in  one  cut  either  by  h^uid  or  ma- 
chine, but  they  can  be  tapped  with  the  use  of  roughing  and 
finishing  taps,  the  roughing  tap  being  0.010  in.  smaller  than 
the  finishing  tap.  On  large  work  of  say  12  pitch,  two  dies 
should  be  used,  a  rougher  and  a  finisher. 

The  choice  of  lubricant  is  of  secondary  value  and  the  im- 
portance often  attached  to  it  is  due  to  the  use  of  taps  and  dies 
which  do  not  cut  but  push  or  force  the  metal  off  and  out  of 
their  way.  If  the  tools  are  actually  cutting,  all  that  is  needed 
is  something  to  keep  the  work  and  tools  cool,  and  the  correct 
method  is  to  direct  oil  under  pressure  through  the  threading 
spindle  and  out  of  the  front  or  cutting  side  of  the  die,  pre- 
venting chips  from  getting  into  the  die  and  holder  to  clog  and 
damage  the  die  and  threads. 

As  to  lead,  the  author  believes  that  the  only  thing  that  af- 
fects lead  is  the  tools  doing  the  thread  cutting  and  to  know 
what  kind  of  lead  one  gets,  means  must  be  provided  for  meas- 
uring it.  The  saw-tooth  gages  will  show  whether  the  lead  is 
good  or  bad,  but  not  hoiv  good  or  how  bad.  Hence  there 
should  be  in  every  department  cutting  external  threads,  a  lead- 
testing  fixture  (usually  reading  the  lead  in  thousandths). 

Threading  on  multiple  spindle  automatics  should  not  be 
done  at  an  excessive  speed,  and  it  is  very  necessary  that  the 
proper  size  of  tap  drill  or  boring  be  used  for  each  size  of  hole 
to  be  tapped. 

The  quality  of  stock  materially  affects  results  since  if  it 
varies  in  hardness  the  threads  will  vary  also,  due  to  the  spring 
of  the  dies.  Therefore  stock  should  be  purchased  to  exact 
analysis  and  Brinell  hardness  within  reasonable  limits  for 
both  the  bar  stock  and  forgings. 

The  author  discusses  also  the  desirable  limits  of  actual  work 
and  the  alinement  of  tools.  (What's  the  Matter  with  Our 
Methods  of  Threading f  P.  W.  Abbott,  American  Machinist, 
vol.  44.  no.  4,  p.  173,  January  27,  1916,  3  pp.    p). 

Mechanics 

Experiments  on  Distribution  op  Vertical  Pressure 

THROUGH  Sand,  Prof.  Melvin  E.  Enger 
Description  of  experiments  made  to  determine  the  distri- 
bution of  vertical  pressure  transmitted  through  sand.     These 
experiments  were  carried  on  at  the  University  of  Illinois,  and 
thesis  work  by  several  students  and  more  elaborate  experi- 


ments along  the  same  lines  liave  been  planned  at  the  same  Uni- 
versity by  the  Joint  Committee  on  Stresses  in  Railroad  Tracks. 
Experiments  were  made  with  depths  of  sand  of  6,  12  and 
18  in.,  the  sand  being  thoroughly  compacted  before  taking 
readings.  In  order  to  determine  the  effect  of  the  size  of  tlie 
area  loaded  upon  the  way  the  pressure  is  transmitted  through 
the  sand,  the  load  was  applied  to  plates  9  in.,  131/2  in.  and  21 
in.  in  diameter,  and  measured  with  a  6  in.  diaphragm  of  pack- 
ing i-ubber.  In  these  experiments  the  center  of  the  diaphragm 
was  directly  below  the  center  of  the  plate  to  which  the  load 
was  applied,  and  as  shown  by  Fig.  3A,  the  size  of  the  loaded 
area  has  an  important  effect  upon  the  proportion  of  the  ap- 
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Fig.  3    Distribution  of  Vertical  Pressure  Through  Sand 

A,  Results  of  Tests  Concerning  Effect  of  Size  of  tbe  Area  Loaded  upon 
the  Way  the  Pressure  is  Transmitted  through  the  Sand  :  B,  Curves 
Showing  Relation  hetween  Diameter  of  Loaded  Area  and  Load 
Transmitted  to  G-in.  Diaphragm 

25lied  average  unit  pressure  transmitted  through  sand  of  a 
given  depth  to  the  diaphragm.  In  these  tests  the  21  in.  plate 
canied  loads  uj)  to  18000  lb.,  the  13.5  in.  plate  up  to  9000  lb. 
and  the  9  in.  plate  up  to  2500  lb. 

Fig.  B  gives  curves  showing  the  relation  between  diameter 
of  loaded  area  and  load  transmitted  to  6  in.  diaphragm.  In 
it  parallel  straight  lines  pass  through  the  points  plotted  for 
each  given  depth  of  sand.  From  the  slope  of  the  lines  it  is 
found  that  the  jsroportion  of  the  applied  average  unit  load 
which  is  transmitted  through  sand  of  a  given  depth  to  a  dia- 
phragm directly  below  varies  as  the  1.86  power  of  the  diam- 
eter of  the  loaded  area. 

In  the  experimental  work  the  diaphragm  has  been  found  to 
be  a  less  satisfactory  method  for  measuring  the  transmitted 
pressures  than  the  method  of  weighing  the  load  on  the  plug. 
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The  reason  is  that  the  diaphragm  becomes  distorted  when  load 
is  applied,  the  center  being  depressed  and  the  outside  portion 
raised  by  the  water  pressure ;  and  the  distortion  increases  with 
the  rejsetition  of  the  load.  So  much  trouble  was  experienced 
with  the  bursting  of  the  diaphragm  that  it  could  not  be  used 
for  oft'  center  loads  or  thin  layers  of  sand. 

For  the  relation  between  the  intensity  of  pressure  directly 
below  the  center  of  the  loaded  area  to  the  applied  average 
unit  load,  the  following  equation  was  found : 

in  which  p  is  the  ratio  expressed  as  per  cent  which  the  inten- 
sity of  the  transmitted  pressure  at  a  point  h,  8  in.  directly 
below  the  center  of  the  loaded  area  bears  to  the  average  ap- 
phed  unit  load,  and  rf  is  the  diameter  of  the  plate  in  inches. 
This  equation  represents  roughly  the  results  of  the  experi- 
ments, and  it  is  not  probable  that  it  has  a  general  application. 
Curves  are  given  showing  the  intensity  of  the  transmitted 
pressure  at  different  distances  from  the  center  line  of  the  ap- 
plied load  in  terms  of  the  applied  average  unit  load,  as  deter- 
mined by  experiments  in  which  the  transmitted  pressure  was 
measured  by  the  4  in.  plug.  Another  set  of  curves  gives  the 
results  of  experiments  showing  lines  of  equal  vertical  pressure 
in  the  sand  below  the  plate.  The  region  below  the  center  of 
the  load  is  one  of  high  pressure,  and  the  diagram  shows  the 
manner  of  the  distribution  of  the  vertical  pressure  at  different 
depths  and  different  distances  from  the  axis  of  the  load. 
Among  other  things,  it  is  seen  that  the  pressure  in  horizontal 
planes  is  far  from  uniform.  (Bailway  Review,  vol.  58,  no.  4, 
p.  129,  Jan.  22,  1916,  4  pp.,  12  figs,    e.) 

Balancing  of  Rotating  Machine  Parts,  E.  Heidebroek 

The  problem  of  the  proper  balancing  of  rotating  parts  of 
machinery  became  all  the  more  important  with  the  increases 
in  the  speeds  at  which  machine  parts  are  operated. 

In  the  simplest  way  this  problem  is  presented  in  the  ease  of 
disc  shaped  bodies  of  limited  extension  asially,  since,  when  the 
center  of  gravity  of  the  rotating  body  is  located  not  on  the  axis 
of  rotation  but  at  a  certain  distance  from  it,  it  is  usually 
possible  to  place  an  additional  mass  at  such  a  distance  on  the 
opposite  side  of  the  axis  of  rotation  as  to  effect  a  static  bal- 
ancing. To  do  this  methods  of  determining  the  so-called  static 
balance  may  be  used,  of  which  there  are  several.  It  must  be, 
however,  borne  in  mind  that  at  least  some  of  the  processes  of 
determining  this  static  balancing  are  affected  by  the  rolling 
resistance  between  the  body  and  its  supports  which  the  article 
discusses  in  full. 

In  order  to  increase  the  sensitiveness  of  the  process  of  deter- 
mination of  static  balancing,  the  axis  of  the  balanced  body  is 
placed  on  movable  lineal  supports,  for  example,  on  wheel  rims 
having  knife  edge  tires.  Such  wheels  are  supported  so  as  to  be 
easily  rotatable,  and  since  the  rolling  resistance  on  the  periph- 
ery acts  on  the  lineal  support  tangentially,  it  has,  in  reference 
to  the  center  of  the  disc,  a  comparatively  long  lever  arm  and 
will  make  the  disc  rotate  even  if  it  is  very  small  in  itself. 
Fig.  4A  shows  the  Lebert  apparatus  for  the  determina- 
tion of  static  balance.  This  apparatus  is  so  sensitive  that  it 
will  show  an  eccentricity  of  the  center  of  gravity  as  low  as 
0.07  mm. 

A  similar  purpose  may  be  served  by  the  so-called  pendulum 
apparatus  of  which  several  are  shown  in  the  article.  In  this 
the  body  is  suspended  free  to  exert  pendular  motions  so  that 
the  center  of  gravity  of  the  entire  aggregate  must  finally  take 
a  place  exactly  under  the  point   of  suspension.     So   far  no 


very  precise  tests  of  these  apparatus  are  available  and  tlie 
autlior  doubts  their  usefulness  since  they  may  be  affected  by  a 
number  of  sources  of  error  and  in  any  case  cannot  be  more 
jjrecise  than  an  ordinary  pendular  balance. 

In  the  case  of  bodies  rotating  at  comparatively  high  speeds 
as  in  steam  turbines,  turbo-pumps,  blowers,  and  djmamos, 
static  balance  is  entirely  insufficient.  In  a  disc  the  center  of 
gravity  of  which  is  only  0.5  mm  away  from  the  axis  of  rota- 
tion, the  centrifugal  force  which  may  be  considered  as  acting 
on  the  center  of  gravity  of  the  mass,  creates  a  load  on  the  shaft 
which  equals  the  weight  of  the  disc  already  at  a  speed  of  about 
1500  r.p.m.  Hence,  the  bending  stresses  of  the  shaft  due  to 
centrifugal  force  may  under  certain  circumstances  quite  ma- 
terially exceed  that  exerted  under  a  stationary  load.  Period- 
ically alternating  bending  stresses  arise  which  may  set  up  in 
the  shaft  undesirable  oscillatory  phenomena. 

The  distribution  of  mass  forces  becomes  still  more  comjili- 
cated  when  the  body  under  consideration  is  not  a  disc  but  a 
drum-like  structure,  that  is,  with  a  considerable  extension 
axiaUy.  In  this  case,  it  is  impossible  to  obtain  uniform  run- 
ning by  means  of  purely  static  balancing  only,  since  such 
purely  static  balancing  does  not  take  care  of  centrifugal  forces 
which  may  be  at  any  angle  whatsoever  to  one  another.  Fur- 
ther, if  such  centrifugal  forces  be  compounded  they  will  always 
give  a  couple  and  a  single  force  with  the  further  complication 
that  in  nearly  every  case  both  the  couple  and  the  single  force 
will  lie  in  the  plane  of  the  axis  of  rotation,  but  the  single  force 
will  not  lie  in  the  same  plane  as  the  couple.  Fig.  B  gives  an 
illustration  of  what  would  happen. 

A  couple  PI  and  a  single  force  R  are  both  of  constant  mag- 
nitudes as  long  as  the  speed  of  rotation  remains  the  same. 
There  is  further  a  load  G„  due  to  gravity  acting  vertically 
downwards  and  a  couple  G„x  the  magnitude  of  which  period- 
ically varies  from  zero  to  a  positive  and  then  a  negative  maxi- 
mum. The  axis  of  this  last  couple  coincides  with  the  axis  of 
rotation,  and  the  couple  may,  therefore,  under  certain  con- 
ditions, produce  periodic  variations  in  the  speed  of  rotation 
of  the  shaft.  Even  if  this  possibility  be  neglected,  there  still 
remains  the  problem  which  has  to  be  taken  care  of  in  balancing 
and  which  is  determined  by  the  fact  that  the  couple  PI  as  well 
as  the  free  force  R  have  to  be  eliminated  entirely  or  reduced 
as  much  as  possible,  since  both  of  them  moving  at  the  speed 
of  rotation  of  the  shaft,  may  impart  to  the  shaft  more  or  less 
powerful  oscillatory  impulses  or  ^abration. 

This  consideration  of  the  distribution  of  forces  which  affect 
every  rotating  body  shows  that  static  balancing  alone  can  never 
be  sufficient.  The  static  balancing  takes  place  in  a  state  of 
rest  when  only  forces  of  gravitj'  are  present  and  it  helps  only 
to  establish  the  proper  position  of  the  resultant  center  of  grav- 
ity but  does  not  in  the  least  eliminate  the  resultant  couple 
and  free  force  created  by  the  action  of  the  centrifugal  forces. 
Here  and  there  one  can  still  find  in  technical  literature  inti- 
mations that  by  static  means  an  amount  of  balancing  sufficient 
for  practical  purposes  may  be  obtained.  This  is  entirely  wrong 
since  in  rapidly  rotating  machine  parts  the  couple  and  free 
force  connected  therewith  and  described  above  are  of  particu- 
lar importance,  as  under  certain  conditions  they  may  attain 
dangerous  proportions.  This  may  happen  if  they  come  into 
resonance  with  the  natural  period  of  vibration  of  the  system 
affected,  but  even  apart  from  the  question  of  resonance  these 
forces  may  produce  injurious  vibrations.  The  couple  created 
by  the  centrifugal  forces  tends  to  jar  the  shaft  in  its  bearings 
hither  and  thither  which  produces  an  overload  and  excessive 
wear  of  bearings. 
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A  material  improvement  in  the  methods  of  determining  the 
conditions  of  balancing  of  bodies  is  represented  by  the  process 
suggested  and  patented  some  years  ago  by  Dr.  Lavaczeck. 
The  essence  of  the  apparatus  consists  in  the  utilization  of  the 
resonance  action  itself  for  the  determination  of  tlie  lack  of 


zontal  plane  acts  simply  as  a  physical  pendulum  in  which  the 
oscillation  phenomena  can  be  fairly  easily  established  by  cal- 
culation. 

It  is  quite  easy  to  bring  the  entire  system  into  a  state  of 
resonance  even  at  a  slow  speed  of  rotation  by  taking  into  eon- 
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Fig.  4    Balaxcing  op  Rotating  Machine  Parts 


A,    Roller    Apparatus    for    Static    Balancing;    B,    General    Diagram    of   Unbalanced   Forces:   C,    Diagram   of    the    Lavaczek   Balaneln"    \d 
paratus   ((i-ie/ipieftip,  flexible  ;  /irelihuier,  rotatable  bearing;  Pemlellager,   oscillating   bearing)  ;    D,    Recording   Indicator   ,.f   tbe    -Vm 
of  Unbalance     ;   E.   Diagram  Plotted  with   the   Shaft   Uunning  in  Both  Directions,  on  the  Front  Side  of  the  Shaft  ■  F    E   mination 
of  the.Couple  and  Single  Force  by  the  Lavaczek  Method;   G.    Sensitiveness   of   the   Apparatus   when   the   Weight   of   the   Rotatn" 
Mass    IS    about    100    kg    (220    lb.):    ordinate?;    amplitude    of    oscillations,   magnified  twenty  times;  abscissae-   balance  weight*    h~ 


grams. 

balance.  Instead  of  setting  the  shaft  in  bearings  having  free- 
dom of  pendular  motion,  Lavaczeck  provides,  as  shown  in  Fig. 
C,  two  bearings,  one  of  which  has  freedom  of  horizontal  rota- 
tion, while  the  other  is  held  by  springs  and  has  freedom  of 
pendular  action.     Hence  the  entire  system  located  in  a  hori- 


sideration  the  stiffness  of  the  spring,  the  distance  between  the 
bearings,  the  osciDating  masses,  etc.  The  drive  is  apj^lied  by 
a  motor  through  a  flexible  shaft  or  belt,  the  motor  being  placed 
in  the  rear  of  the  rotatable  bearing.  In  order  to  increase  as 
much  as  possible  the  sensitiveness  of  tlie  ajiparatus,  all  bear- 
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ings  and  journals  arc  of  ball  bearing  type  and  hence  prac- 
tically free  from  friction.  In  tests  made  it  has  been  found 
that  the  damping  of  oscillations  no  matter  how  produced  in 
the  system  itself,  is  extremely  slight,  in  fact  the  apparatus  has 
been  found  so  sensitive  that  unbalancing  weights  as  low  as 
fractions  of  one  gram  show  their  presence  quite  noticeably  by 
definite  indications  in  the  development  of  the  state  of  reso- 
nance. 

Of  particular  interest  is  Lavaczeek's  process  for  the  deter- 
mination of  the  "  plane  of  unbalance."  The  head  of  the  oscil- 
lating shaft  (Tig.  D)  carries  a  circular  sheet  of  paper  tightly 
held,  on  which  slides  a  recording  stylus  operated  from  the  oscil- 
lating shaft  by  a  special  indicating  device.  This  is  done  by 
placing  on  the  shaft  a  small  piston  actuated  by  a  slight  spring 
pressure.  If  now  the  shaft  makes  an  oscillation,  the  piston 
transfers  it,  magnified,  to  the  stylus  which  simultaneously 
records  it  on  the  piece  of  paper.  Because  of  the  simultaneous 
rotation  of  the  recording  disc  slight  oscillations  appear  as 
cavitations  of  the  cii'cular  motion  of  the  stylus  with  respect 
to  the  shaft.  The  greater  the  oscillations  the  sharper  are  the 
curvatures  and  if  the  maximum  oscillation  is  allowed  to  reach 
the  middle  part  of  the  sheet  of  paper,  it  is  recorded  as  a  clear 
angular  peak. 

•  If,  therefore,  the  indicator  be  allowed  to  run  over  the  paper 
for  a  certain  period  of  time  during  resonance,  the  peaks  re- 
corded will  show  the  "  plane  of  unbalance  "  which  ( as  is  shown 
elsewhere  in  the  article)  must  have  a  phase  variation  of  about 
90  deg.  with  respect  to  the  maximum  amplitude  of  oscillation. 
For  safety's  sake  the  shaft  may  be  allowed  to  make  one  revo- 
lution forward  and  one  revolution  backward.  If  then  a  radial 
l)lane  be  passed  through  the  peaks  of  the  diagram  thus  ob- 
tained and  the  angle  between  the  two  be  bisected,  the  bisectrix 
of  the  angle  will  directly  indicate  the  "  plane  of  unbalance  " 
on  the  head  of  the  shaft.  Tests  made  in  this  connection  have 
shown  that  the  above  described  process  permits  of  determining 
in  a  few  minutes  the  location  of  the  "  plane  of  unbalance  " 
with  the  precision  of  a  few  degrees.  Fig.  E  shows  such  a 
diagram  taken  with  the  shaft  running  in  both  directions. 

The  Lavaczeck  process  pennits  also  of  eliminating  both  the 
couple  PI  and  the  free  single  force  B;  compare  diagram  Fig. 
F.  The  couple  PI  can  be  assumed  to  be  replaced  by  another 
coujjle  acting  in  the  same  plane  P'V  of  which  the  force  P' 
passes  through  the  point  of  application  of  the  free  force  R 
which  the  other  force  of  the  couple  P'  passes  through  the  cen- 
ter of  rotation  of  the  shaft.  The  forces  P'R  give  together  a 
resultant  K  which  exerts  a  moment  with  respect  to  the  center 
of  rotation  of  the  shaft  and  tends  to  set  up  oscillations  in  the 
shaft.  The  plane  of  tliis  resultant  can  be  easily  found  in  the 
usual  manner. 

In  order  to  equalize  these  oscillations  all  that  has  to  be  done 
is  to  produce  in  this  plane  another  couple  by  the  addition  of 
weights  such  as  to  make  the  shaft  run  oscillation-free.  This 
additional  couple  can  be  again  assumed  to  be  represented  by 
a  couple  of  the  magnitude  Kl'  of  which  one  of  the  forces 
passes  through  the  center  of  rotation  of  the  shaft  while  the 
other  force  opposes  and  eliminates  the  original  force  K.  One 
can  now  imagine  the  force  K.  ha\ang  its  point  of  application 
in  the  center  of  rotation  of  the  shaft,  to  be  resolved  into  its 
original  components  P'  and  R.  It  is  clear  then  that  the  two 
forces  P'  having  their  jioint  of  application  in  the  center  of 
rotation  of  the  shaft  mutually  eliminate  each  other  and  only 
the  force  R  remains  at  the  center  of  rotation. 

The  result  of  this  system  of  balancing  is  therefore  the  entire 
eUmination  of  the  couple  and  the  transference  of  the  single 
force  to  the  center  of  rotation  of  the  shaft.    What  remains  now 


is  to  eliminate  this  single  force.  To  do  tliis  one  iuay  either 
turn  the  shaft  itself  in  its  bearings  so  that  the  force  R  falls 
into  the  pendular  bearing,  or  the  center  of  rotation  may  be 
displaced  from  A  to  B  so  that  the  still  available  free  force  R 
should  have  a  lever  arm  with  respect  to  the  center  of  rotation 
and  would  produce  oscillations  in  the  shaft.  Then  this  single 
force  can  be  balanced  and  its  plane  determined  in  the  manner 
described  above. 

It  appears  therefore  that  this  process  permits  of  obtaining 
a  theoretically  perfect  balancing.  Comprehensive  tests  have 
been  made  on  a  machine  with  steel  discs  weighing  about  50  kg. 
(110  lb.),  each  of  which  would  balance  singly  and  together. 
These  discs  had  a  diameter  of  about  600  mm  (23.6  in.),  a  rein- 
forced rim,  and  bore  of  about  60  mm  (2.36  in.).  Although 
they  were  very  carefully  machined,  previous  to  balancing  they 
produced  quite  violent  oscillations,  while  after  balancing  it 
became  quite  possible  to  reduce  to  resonance  the  practically 
undamjjed  oscillations  of  the  pendular  bearing  of  fractions  of 
1  mm,  or  to  obtain  a  motion  practically  free  from  vibrations. 

Fig.  G  shows  how  sensitive  this  process  is.  It  indicates 
amplitudes  of  oscillations  measured  with  various  additional 
weights  and  shows  that  oscillating  masses  of  100  kg.  (220  lb.) 
were  affected  in  their  motions  by  additions  of  weight  of  0.5 
grams  (77.1  grains)  while  the  total  amplitude  has  a  minimum 
of  only  7/20  mm  (0.0102  in.),  which  is  all  the  more  remark- 
able as  such  an  amplitude  is  obtained  at  resonance.  This  play 
moreover  is  obtained  with  a  fairly  large  bore  of  bearing  and 
disappears  entirely  with  the  slightest  damping.  Since  the 
additional  weight  is  placed  at  a  distance  about  300  mm 
(11.81  in.)  from  the  axis,  a  variation  of  weight  of  0.5  grams 
(77.1  grains)  with  a  total  weight  of  100  kg.  (220  lb.)  repre- 
sents a  displacement  of  the  center  of  gravity  of  the  mass  of 
only  0.001  mm  (0.000039  in.).  Speed  at  resonance  during  the 
tests  lay  between  -lOO  and  600  r.p.m.  and  by  selecting  a  weaker 
spring  this  speed  can  be  still  further  reduced,  so  that  the 
handling  of  the  apparatus  requires  neither  exceptional  care 
nor  very  large  power  consumption,  such  as  is  indispensable 
with  the  higher  speeds. 

The  article  describes  and  illustrates  the  actual  construction 
of  the  Lavaczeck  apparatus.  It  is  of  interest  because,  as  the 
author  states,  a  good  balancing  device  of  the  dj-uamic  ty]3e 
ought  to  be  in  use  now-a-days  in  every  meclianical  shop  side  by 
side  with  other  machine  tools.  (Zeits.  des  Vereines  deiitscher 
Ingenieure,  vol.  60,  nos.  1,  2,  pp.  11  and  32,  January  1  and  8, 
1916,  8  pp.,  25  figs,    ed.) 

Steam  Engineering 

Boiler  Corrosion,  John  C.  B.  Kershaw 
Discussion  of  the  effects  of  dissolved  salts  in  feed  water  upon 
boiler  life  and  management. 

The  author  emphasizes  the  point  that  salts  which  may  be 
quite  harmless  in  their  action  upon  iron  and  steel  at  pres- 
sures and  temperatures  in  general  use  for  boilers  operating 
10  or  15  years  ago,  may  undergo  rapid  chemical  decomposition 
and  become  corrosive  in  their  action  at  steam  pressures  of  180 
to  225  lb.,  equivalent  to  temperatures  of  372  to  392  deg.  fahr. 
He  states,  therefore,  that  under  modern  conditions  of  boiler 
temperature  and  pressure,  sodium  chloride  and  possibly  sodium 
sulphate  in  the  presence  of  an  alkali,  do  attack  and  corrode 
boiler  plates  and  fittings. 

Among  other  things  the  author  gives  several  practical  ex- 
amples personally  known  to  him  of  corrosion  due  to  the  pres- 
ence of  dissolved  salts  in  feed  water.  In  one  case  an  exces- 
sively high  content  of  dissolved  salt  matter  was  found  in  a 
boiler   where   the    feed    water   contained    comparatively    little 
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chlorides  and  ordinary  care  was  taken  as  regards  bIowing-o£f. 
Soda  ash  was  indicated  as  the  origin  of  the  impurity  and  the 
test  of  a  sample  showed  49.5  per  cent  of  sodium  chloride  and 
only  46.3  per  cent  of  carbonate.  This  is  proof  of  the  need  that 
exists  for  all  engineers  who  use  alkaline  salts  for  softening 
purposes,  of  having  them  tested  from  time  to  time  in  order 
to  see  whether  they  contain  cheap  and  dangerous  adulterants 
like  common  salt. 

In  another  case  of  corrosion,  it  was  found  that  an  excessively 
high  content  of  dissolved  salts  was  due  to  their  accumulation 
in  tlie  boiler  and  to  failure  to  blow  off  the  boiler  at  sufficiently 
frequent  intervals. 

The  author  believes  that  the  retention  of  the  old  two-and-a- 
half-thirty-seconds  salinometer  limit  for  sodium  chloride  or 
other  dissolved  salts  given  in  English  engineering  pocket- 
books,  is  responsible  for  much  of  the  trouble  with  land  boilers 
and  only  the  purest  water  sljould  be  allowed  as  feed  water. 
The  author  expresses  this  in  the  formula :  "  To  keep  all  soluble 
salts  outside  the  boiler  and  to  use  for  feed-water  jiurposes 
water  entirely  free  from  dissolved  gaseous  and  salt  impurities." 
{Cassier's  Engineering  Monthly,  vol.  48,  no.  5,  p.  271,  Novem- 
ber 1915,  6  pp.    p.) 

Some   Points   on    Water    Softening   by   Lime   and    Soda 
Process,  Frederick  A.  Anderson 

Discussion  of  the  problem  of  determining,  when  lime  and 
soda  processes  are  applied  for  the  treatment  of  water,  what 
quantities  of  reagents  are  required  and  whether  the  results 
are  satisfactory.  The  article  describes  some  valuable  methods, 
not  yet  to  be  found  in  every  text  book,  for  the  determination 
of  free  carbon  dioxide,  alkalinity,  total  lime  and  total  mag- 
nesia. The  author  expresses  alkalinity  in  '"  degrees,",  one  de- 
gree being  the  equivalent  of  one  graia  of  calcium  carbonate 
per  gallon.  (Journal  of  the  Society  of  Chemical  Industry, 
vol.  34,  no.  23,  p.  1180,  December  15,  1915,  2  j.p.    dp.) 

Water  op  Condensation  from  Steam  Turbines  for  Boiler 
Feeding,  M.  R.  Schulz 

Further  discussion  on  the  question  of  maintenance  of  clean 
feed  water  in  boilers,  now  with  reference  to  the  feeding  of 
boilers  by  water  of  condensation  from  steam  turbines.  For  an 
abstract  of  the  preceding  article  see  The  Journal,  July  1914, 
p.  D149. 

It  is  the  general  impression  that  the  water  of  condensation 
from  steam  turbines  is  quite  clean  in  itself  and  can  cause 
no  scale  deposits  in  the  boiler  or  corrosion  of  metal  parts. 
The  author  strongly  disagrees  with  this  view. 

He  makes  a  distinction  between  rust  and  corrosion,  defining 
rusl  as  a  uniform  oxidation  of  the  entire  surface  of  a  metal 
article  (iron  or  steel),  and  corrosion  as  an  intensive  chemical 
process  essentially  local  in  its  action.  In  the  case  of  boilers 
fed  by  water  of  condensation  from  steam  turbines  one  has 
to  deal  with  a  mixture  of  water  of  cond<?nsation  proper  and 
additional  feed  water  more  or  less  clean  initially  or  cleaned 
in  proper  apparatus.  While  water  of  condensation  from 
steam  turbines  greedily  absorbs  oxygen  and  air,  oxygen  alone 
will  not  produce  any  corrosion  of  iron,  and  it  is  the  air  that 
does  it  mainly. 

The  best  way  to  eliminate  air  from  water  is  to  heat  the  latter 
to  80  or  90  deg.  cent.  (176  or  194  deg.  fahr.)  which  would, 
however,  entirely  eliminate  the  function  of  cast  iron  pre- 
heaters.  Recently  an  apparatus  has  been  placed  on  the 
market  in  which  air  is  eliminated  from  the  feed  water  by 
driving  the  latter  through  a  bed  of  iron  sha\ings.  The  prin- 
ciple is  in  itself  correct,  but  it  seems  that  the  apparatus  has 


not  yet  been  fully  perfected,  as  its  action  ceases  as  soon  as 
the  filler  material  is  consumed,  besides  which  it  has  the  furtlier 
disadvantage  that  a  part  of  the  iron  oxide  produced  by  the 
chemical  reactions  to  which  the  usefulness  of  the  process  is 
due,  is  carried  over  into  the  preheater  and  even  into  the 
boiler,  and  produces  a  dangerous  foaming. 

Another  statement  to  which  the  author  seriously  objects  is 
that  water  of  condensation  from  steam,  turbines  contains  no 
nil.  In  the  first  place,  through  carelessnes"s  of  attendants, 
especially  on  the  low  pressure  side,  a  vacuum  may  be  created 
causing  oil  to  be  sucked  in  from  the  bearings.  Further,  a 
certain  amount  of  oil  may  penetrate  into  the  feed  water  from 
the  intermediary  units  such  as  feed  water  pumps,  condenser 
pumps,  etc.,  and  the  author  states  that  he  has  found  greater 
or  less  amounts  of  oil  in  the  water  of  condensation  in  prac- 
tically all  the  electric  power  stations  which  he  has  investi- 
gated. In  fact,  it  is  easy  to  notice  such  oil  by  observing  the 
opalescent  layer  on  the  surface  of  the  water  of  condensation 
in  the  collector  tank,  and  the  larger  the  surface  of  such  a  tank 
the  easier  the  oil  can  be  seen. 

In  this  connection  it  must  be  borne  in  mind  that  the  oil 
which  flows  on  top  in  the  tank  is  by  no  means  all  the  oil  that 
is  contained  in  the  water,  since  a  large  amount  of  it  is  sus- 
pended throughout  the  water  in  a  state  of  emulsion. 

Settling  tanks  are  of  little  use  in  this  connection  unless 
they  are  extremely  large,  so  large  indeed,  that  the  water  may 
come  freely  to  a  state  of  rest.  The  so-called  coke  or  gravel 
filters,  even  when  built  in  several  compartments,  take  up  only 
that  oil  which  comes  into  immediate  contact  with  the  filter 
material,  while  the  rest  of  the  oil  flows  freely  over.  The 
author  believes,  therefore,  that  there  are  only  two  reliable 
methods  of  oil  separation  and  they  are  the  electrolytic  process 
and  oil  separation  by  chemical  reactions,  e.  ;/..  the  lime-soda 
process. 

He  firmly  believes  that  in  most  cases  where  cnrrusidu  oc- 
curs, it  is  due  in  the  first  instance  to  the  presence  of  oU  in 
the  feed  water.  There  is,  however,  one  other  important  source 
of  corrosion,  and  that  is  the  presence  of  impurities  in  the 
additional  feed  water.  In  some  eases  where  complaints  of 
corrosion  were  investigated,  it  was  found  that  the  cleaning 
apparatus  for  the  additional  feedwater  was  too  small  to  take 
proper  care  of  it.  In  this  connection  the  author  emphasizes 
an  opinion  expressed  elsewhere  both  by  him  and  other  engi- 
neers, that  it  is  not  the  air  itself  but  the  carbon  dioxide  that 
is  the  most  dangerous  agent  of  corrosion,  and  from  this  point 
of  view  he  raises  serious  objections  to  the  use  of  the  so-called 
Permutit  process.  If  day  after  day,  10  per  cent  of  water 
treated  by  Permutit  be  added  to  the  water  of  condensation 
from  steam  turbines,  the  percentage  of  carbon  dioxide  in  the 
form  of  sodium  carbonate  will  gradually  increase  in  the  boiler 
water.  Now,  sodium  carbonate  decomposes  under  the  com- 
bined action  of  pressure  and  high  temperature,  and  the  in- 
teresting part  of  it  is  that  corrosion  coming  from  this  source 
will  affect  steam  piping,  superheaters,  etc..  but  not  1>oilers 
(at  least  not  to  any  large  degree)  since  boilers  are  fed  below 
the  water  level. 

As  regards  using  distilled  water  for  feed-water  jjurposes  the 
author  states  that  distilled  water  is  essentially  clean  water  but 
by  no  means  "  chemically  pure,"  since  there  are  several  im- 
purities such  as  carbon  dioxide  and  ammonia  which  are  not 
eliminated  from  the  water  cither  by  the  initial  va]iorization  or 
by  subsequent  condensation.  They  not  only  stay  in  water  but 
undergo  a  process  of  enriclunent  so  that  they  produce  prac- 
tically the  same  phenomena  of  corrosion  as  when  undistilled 
impure  water  is  used.      (Ueher  Verwendung   row   Dampftur- 
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binenkundcHsat  sum  Speisen  von  Dampfkesseln,  M.  R.  Sclmlz, 
Zeits.  fill-  Dampfkessel  und  Masehinenbetrieb,  vol.  38,  no.  51, 
]).  417,  December  17, 1915,  3  pp.,  p.) 

Draft  Gages  on  Oil  Buenixg  Boilers,  F.  11.  Rosencrants 

Description  of  the  right  and  wrong  ways  of  connecting 
draft  gages  to  oil  burning  boilers  and  the  good  and  bad 
results   which   follow. 

Some  connections  tolerated  on  coal  burning  installations  be- 
cause usually  the  front  dampers  are  kept  wide  open  and  the 
fuel  bed  forms  the  major  portion  of  the  resistance  to  the  gas 
passage,  would  be  entirely  inadequate  for  oil  burning  boilers, 
as  there  is  an  unlimited  number  of  damper  combinations  that 
will  admit  the  same  amount  of  air  to  the  furnace  and  several 
combinations  will  give  a  different  draft  reading.  Hence  the 
draft  readings  obtained  when  both  front  and  back  dampers  are 
used  for  regulating  the  air  supply  are  worthless.  The  writer 
recommends  that  either  all  regulating  be  done  with  the  back 
damper,  the  front  one  always  open  the  same  amount,  or  that 
the  gage  be  connected  as  in  Fig.  5  A  or  B,  as  in  either  case  the 
resistance  offered  to  the  flow  of  gases  between  the  two  points 
of  connection  of  the  gage  is  constant,  and  the  draft  will  vary 
with  the  rate  of  gas  flow.  The  fact  that  the  draft  resistance 
of  oil  burning  boilers  and  other  furnaces  is  small  makes  the 
air  infiltration  small,  but  the  consequent  small  draft  makes  its 
indication  difficult  with  existing  gages  with  sufficient  accuracy 
to  be  of  value.  It  is  important  that  the  gage  be  checked  fre- 
quently to  be  sure  that  it  reads  zero  for  zero  draft,  for  which 
purpose  it  is  advisable  to  install  three  way  valves  as  shown  in 
Fig.  A.  To  increase  draft  readings  it  may  sometimes  help  to 
change  the  combustion  chamber  connection  down  to  the  ashpit 
and  thereby  add  the  resistance  of  the  furnace  to  the  draft 
reading.  Usually  this  will  be  a  mistake  because  the  aspirator 
action  of  the  burner  makes  the  furnace  resistance  negative  and 
reduces  the  draft  below  that  which  will  be  shown  when  the 
gage  is  connected  as  indicated  in  Figs.  A  and  B.  The  draft 
readings  may  be  slightly  increased  by  projecting  the  connec- 
tion at  the  rear  pass  into  the  setting  and  putting  an  ell  on  the 
end  of  the  pipe,  turning  its  o]ien  end  in  the  direction  of  the 
gas  travel.  {Power,  vol.  43,  no.  5,  p.  147,  February  1,  1016,  2 
l)p.,  3  figs,    d.) 

Equatiox.s  for  Ammonia  Based  ox  New  Experimental  Ma- 
terial, Fred.  G.  Keyes 

Presentation  of  data  from  a  series  of  exhaustive  experiments 
on  the  thermal  properties  of  ammonia,  together  witli  some 
equations  and  a  discussion  of  previous  work  in  this  connec- 
tion. The  paper  is  based  on  work  done  at  the  Research 
Laboratory  of  Physical  Chemistry  of  the  Massachusetts  In- 
stitute of  Technology,  and  covers  the  detei-mination  of  the 
vapor  pressure  of  the  liquid  to  the  critical  point,  tlie  specific 
volume  of  the  liquid  to  pressures  of  1000  atmos.  and  to  200 
deg.  cent.,  the  specific  volumes  of  the  vapor  in  the  super- 
heated region,  and  the  specific  heat  capacity  of  the  liquid; 
results  are  given  mainly  in  tables. 

In  computing  the  results  of  experimental  work  of  this  na- 
ture many  corrections  must  be  applied  before  the  final  ex- 
perimental values  can  be  accepted.  Allowance  must  be  made 
for  the  temperature  expansion  of  the  steel  ammonia  con- 
tainer and  the  mercury  used  to  confine  the  ammonia.  The 
dilation  of  the  experimental  system  itself,  due  to  pressure, 
must  be  considered;  likewise  the  various  mercury  and  oil 
levels  existing  in  the  experimental  system  enter  into  the  re- 
duction of  each  pressure  observation.  The  calibration  data 
of  the  thermometers  are  in  themselves  a  small  investigation. 


In  spite  of  aU  the  pains  taken,  the  data  obtained  are  seldom 
as  good  as  within  1/10  per  cent  of  the  true  values. 

It  is  expected  that  in  the  near  future  ammonia  tables  based 
on  the  new  experimental  data  will  be  issued.     The  complete 
equation  giving  the  pressure  in  atmospheres  is  as  follows: 
1969.65 
logic  P  = ^ h  13.31704  —  3.2385  X  10"^  T 

+  5.4131  X  10-^  r  —  3.2715  X  lO-"  r 
It   has  been   known   that  Regnault's  high   pressure   or  closed 
manometer  readings  were  too  low,  and  Mosher's  investigation 
gave  higher  readings.     Table  2  gives  the  pressures  in  atmos- 
pheres  assigned   by   Regnault   and   those   resulting   from  the 


Fic.  5     Proper  Conneotiox.s  of  Draft  Gaols  on 
Oil-Buening  Boilers 

A,  For  IIoriEOutal  Tubular  Boilers;   B,  For  Water-Tube  Boilers 

new  work  for  each  10  deg.  cent,  from  —  30  to  + 100  deg.  Table 
3  gives  the  new  values  of  the  saturation  specific  volume  of 
liquid  ammonia  at  each  20  deg.  cent,  from  —  50  to  -j-  120  deg., 
together  with  older  values. 

For  the  heat  of  evaporation  of  liquid  ammonia,  the  fol- 
lowing- equation  connecting  heat  of  evaporation  and  tempera- 
ture was  obtained : 

log,„  L  =  1.56817  —  2.822  X  lO"^  (T-.  —  T) 

+  0.433871og,„(T_c  — T) 

where  T— c  is  the  critical  temperature.     Table  4  gives  the  values 

of  L,  together  with  those  values  in  the  tables  of  Regnault, 

Jacobus,  and  Kraus. 

For  measuring  heat  capacities  of  liquid  ammonia,  the  fol" 
lowing  method  was  used:  A  steel  bomb  containing  liquid 
ammonia  under  the  pressure  of  its  saturated  vapor  is  brought 
to  a  constant  temperature  in  a  thermostat  above  the  calorim- 
eter. It  is  then  dropped  iuto  a  calorimeter  containing  a 
definite  weight  of  water,  and  the  temperature  change  of  the 
calorimeter  is  observed.  Another  steel  bomb,  identical  with 
the  first  but  containing  water  under  the  pressure  of  its  satu- 
rated vapor,  is  placed  in  the  thermostat  and  dropped  into 
the  calorimeter.  The  weight  of  water  in  the  water  bomb  is 
adjusted  by  repeated  experiments  until  it  gives  practically 
the  same   temperature   change  as  the   ammonia   bomb.     This 


March 
191G 


ENGINEERING  SURVEY 


273 


method  is  dependent  for  operation  on  a  large  temperature  dif- 
ference between  the  thermostat  and  the  calorimeter,  but  the 
errors  are  the  same,  or  nearly  so,  for  both  the  ammonia  and 
the  water  experiments,  and  are  consequently  compensated. 

The  equation  taken  to  represent  the  saturation  liquid  spe- 
cific heat  capacity  is  somewhat  arbitrary.  It  seems  probable 
that  because  of  the  term  dv/dT  the  heat  capacity  becomes  iu- 


TABLE    2 


VAPOR    PRESSURES   OF   LIQUID   AMMONIA    IN 
ATMOSPHERES 


Temp.  °C. 

Regnault 

New  Values 

-30 

1.140 

1.177 

-20 

1.831 

1.885 

-10 

2.821 

2.892 

0 

4.189 

4.278 

10 

6.018 

6.127 

20 

8.402 

8.535 

30 

11.45 

11.60 

40 

15.26 

15.44 

SO 

19.95 

20.16 

60 

25.62 

25.90 

70 

32.47 

32  78 

80 

40.59 

40.95 

90 

50.16 

50.56 

100 

61.36 

61.83 

TABLE  3    SPECIFIC  VOLUME  OF  LIQUID  AMMONIA  AT  SATURATION 
POINT  IN  CC.  PER  GRAM 


. 

Temp.  "C. 

Lange 

Dietenci 

Moaher 

Keyes 

-50 

1.4375 

1.4351 

1.4222 

—30 

1.4895 
1.5480 

1.4851 
1.5415 

1  4742 

-10 

1.5330 

0 

1.5795 

1.5656 

1.5728 

1.5656 

20 

1.6503 

1.6342 

1.6430 

1.6387 

40 

1.7383 

1.7227 

1.7268 

1.7255 

60 

1.8487 

1.8250 

1.8307 

1.8328 

80 

1.9982 

1.9595 

1.9675 

1.9757 

100 

2.1525 

2.16S-4 

2.1859 

120 

2.5538 

2.5965 

TABLE  4    COMPARISON  OF  LATENT 

HEATS.     CAL.  PER  KG. 

Temp. 

Calculated  by 

Percentage 

°C. 

Equation  (3) 

Observed 

Difference 

-33.4 

336.7 

321.3 

-4.58 

Estreicher  &  Schuerr. 

-33.2 

336.5 

336.6 

+   .03 

Franklin  &  Ivraua  measured. 

-33.2 

336.5 

336.8 

+  .08 

Franklin  &  Kraue  from  ebul- 
lioacopic  constant. 

-23.71 

328.1 

316.1 

-3.6 

Regnault — Jacobus — Denton. 

-19.55 

324.5 

335.1 

-1-3.2 

Regnault — Jacobus — Denton. 

-  9.72 

316  0 

317.0 

-1-   .3 

Regnault — Jiicobus — Denton. 

7.80 

29S.4 

293.0 

-1.8 

Regnault — Jacobus. 

finite  at  the  critical  temperature.     For  this  reason  the  empi- 
rical equation  chosen  to  represent  the  heat  capacity  was 


Ca2  =  1.13747 


5.7575       898.53 


-(T^-T)+lTo-T) 


and  this  equation  passes  througli  two  measurements  made  in 
the  course  of  this  investigation.  The  equation  for  the  integral 
heat  referred  to  zero  deu;.  eenl.  is 


I 


C  rf  T  =  1 .  13747r-f  13 .2.57  logioirc - D 
898.53 


+ 


-345.556 


liiiuid 


A  table  gives  a  list  of  values  for  tlie  specific  heat  of 
ammonia  herein  obtained. 

In  the  discussion  which  followed  the  author  stated  that  he  is 
by  no  means  convinced  that  all  the  so-called  throttling  phenom- 
ena are  in  reality  Joule-Thomson  experiments.  .Joule  made  a 
large  number  of  observations  which  imitated  very  closely  the 
so-called  throttling.  He  fomid  that  only  under  very  particular 
conditions  could  he  obtain  numbers  which  coincided  with  the 
meaning  expressed  by  the  equation  : 


The  truth  of  the  matter  probably  is  that  the  reduction  in  the 
temperature  produced  by  the  expansion  of  a  liquid  through  an 
orifice  is,  so  to  speak,  a  mixture  of  this  latter  equation  and 


m- 


As  T/p 


but  further  investigation  is  necessary  to  determine  whether  in 
the  so-called  expansion  valve  a  Joule-Thomson  phenomenon 
really  takes  place.  (A.S.R.E.  Journal,  vol.  2  no.  4,  p.  20, 
January  1916,  19  pp.,  5  figs.    etA.) 
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ANNUAL  MEETING   PAPERS 

nn  HE  final  session  of  the  S6th  Annual  Meeting  of  the  Society  held  in  New  York,  December 
J-  7-10,   1915,   was  devoted   to  papers   on  Industrial  Safety.     There  were  four  papers  con- 

tributed by  the  Sub-Committee  on  the  Protection  of  Industrial  Workers,  as  follows:  Standardiza- 
tion of  Safety  Principles,  by  Carl  M.  Hansen;  Modern  Movement  for  Safety  from  Standpoint 
of  Manufacturer,  by  Melville  W.  Mix;  The  Attitude  of  the  Employer  Towards  Accident  Prevention 
and  Workmen's  Compensation,  by  W.  H.  Cameron;  Industrial  Safety  and  Principles  of  Manage- 
ment, by  W.  P.  Barba.  The  first  three  of  these  papers  are  published  in  abstract  form  in  this  issue; 
Mr.  Barba' s  paper  appeared  in  the  December  1915  issue  of  The  Journal. 


STANDARDIZATION  OF  SAFETY 
PRINCIPLES 

BY  CARL  M.  HANSEN,  NEW  YORK 
Member  of  the  Society 

WITH  the  dawn  of  the  twentieth  century,  it  was  seen 
that  we  had  achieved  an  efficiency  in  our  industries 
surjjassing  that  in  all  other  countries.  The  machine  tools  of 
the  United  States,  for  instance,  were  recognized  as  superior 
to  any  manufactured  elsewhere.  Through  the  clogging  of  our 
courts  with  litigation  involving  injuries  to  operators  of  these 
machines,  however,  we  began  to  ask  ourselves  if  in  our  zeal 
for  productive  efficiency  of  machines,  -we  had  not  overlooked 
one  vital  factor.  Were  these  machines  reasonably  safe  for 
those  workers  who  had  to  give  them  constant  or  intermittent 
attention  ? 

With  an  annual  toll  of  upward  of  fifty  thousand  workers 
killed  and  approximately  two  million  others  more  or  less  seri- 
ous, but  non-fatal  accidents,  we  realized  that  we  were  rapidly 
on  the  road  to  creating  a  nation  of  cripples,  and  that  in  order 
to  measure  true  efficiency  in  our  industries  it  would  be  neces- 
sary to  take  into  account  the  economic  loss  occasioned  by  all 
these  work  accidents.  In  taking  stock  to  that  end  we  found 
that  an  amount  of  between  five  and  six  hundred  million  dol- 
lars had  to  be  added  to  our  cost  of  production  in  order  to  col- 
late an  exhibit  of  our  true  efficiency. 

Some  of  our  larger  corporations,  particularly  the  United 
States  Steel  Corporation,  The  International  Harvester  Com- 
pany and  several  others,  at  the  same  time,  and  even  earlier 
began  to  study  the  subject  and  someone — who  it  was  has 
never  yet  been  flmaUy  decided- — coined  the  happy  expression 
''  Safety  First."  It  was  recognized  that  compensation  for  in- 
juries was  a  just  and  equitable  plan,  generally  in  the  interest 
of  society  at  large,  but  that  if  we  could  prevent  the  injuries 
from  haiDpening  we  should  eliminate  not  alone  a  tremendous 
amount  of  human  suffering  and  hardship,  but  we  should  make 
one  of  our  greatest  forward  steps  in  economic  efficiency.  The 
whole  movement  was  characterized  by  duplication  of  action 
and  resulting  inefficiency,  until  at  last  in  the  fall  of  1912  the 
National  Safety  Council  was  formed  in  the  City  of  Milwaukee 
for  the  purpose  of  bringing  to  some  extent  harmony  out  of 
the  existing  conflict  of  opinions.  This  organization,  now  em- 
bracing a  membership  of  many  of  the  most  progressive  cor- 
porations and  individuals  in  every  state  of  the  Union,  has 
done  splendid  work.  It  has  been  a  powerful  factor  in  arous- 
ing public  opinion  to  the  subject  and  in  bringing  it  to  the 
stage  where  the  engineering  profession  must  take  due  eogniz- 
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anee  of  it  and  do  their  share  iu  bringing  about  universal  safety. 

It  is  through  standardization  that  engineers  must  play 
their  most  important  role  and  in  the  standardization  of  safety 
principles  there  are  the  five  requirements,  to  put  the  matter 
tersely,  that  these  principles  must  be  high,  comprehensive, 
practical,  simple  and  jDositive. 

By  high  standards  is  meant  those  which  afford  all  possible 
safety  to  life,  Umb  and  jiroperty  from  accident  and  fire 
hazards;  that  a  building  or  a  piece  of  equijsment  is  safe 
enough  only  when  it  is  as. safe  as  it  can  possibly  be  made  or 
only  when  it  is  as  safe  as  any  other  building  or  piece  of 
equipment  designed  to  perform  the  same  function. 

By  comprehensive  standards,  is  meant  those  which  embodj' 
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Fig.  1     Safe  Areas  of  Buildings  on  City  Lots 

not  alone  the  equipment  in  a  building,  but  the  building  itself 
as  weO,  and  not  only  a  plant  in  New  York,  but  rather  any 
plant  regardless  of  location. 

By  practical,  is  meant  those  which  do  not  destroy  or  dis- 
tort either  the  convenience  or  efficiency  of  the  equipment  to 
which  they  are  applied. 

By  simple,  is  meant  that  they  be  so  prepared  that  they  will 
be  readily  understood  and  applied  by  the  ordinary  mechanic, 
that  the  safest  way  will  always  be  the  easiest  way. 

By  positive  standards  is  understood  to  be  meant  that  they 
will  eliminate  the  hazard  for  which  they  were  designed ;  that 
is,  that  they  wiU  do  something,  or  cause  something  to  be  done, 
or  absolutely  prevent  something  from  being  done,  rather  than 
simply  sending  as  a  suggestion — that,  in  other  words,  they 
can  be  depended  upon  for  unfailing  action  with  as  little  con- 
sideration as  possible  for  the  universally  uncertain  human 
factors,  such  as  knowledge,  memory  and  involuntary  acts,  etc. 

In  the  following  an  attempt  will  be  made  to  illustrate  these 
])rineiples  in  actual  application.  Commencing  with  a  typical 
factoiy  building,  the  supposition  is  that  the  site  has  been 
selected  and  that  the  problem  is  to  design  and  equip  the 
building  for  maximum  safety  without  interfering  with  effi- 
ciency or  convenience. 
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An  isolated  factory  presents  few  difficulties,  but  the  city 
factory  offers  problems  in  planning,  due  to  the  proximity  of 
other  buildings,  which  must  be  regulated  by  standards.  It 
has  been  determined  that  a  certain  percentage  of  the  lot  must 
remain  uncovered  in  order  to  provide  sufficient  air  and  light. 
What  that  area  of  unoccupied  space  should  be,  given  the  size 
of  the  lot,  is  indicated  in  Fig.  1.    This  illustration  shows  the 


The  windows  exposed  to  fire  hazard  from  other  buildings 
are  glazed  with  wire  glass  set  in  metal  sash.  All  lintels  are 
far  enough  below  the  ceiling  so  that  the  heated  gases  will  be 
contained  to  operate  automatic  extinguishers  and  so  that 
flames  breaking  out  through  the  windows  are  diverted  from 
the  other  wall  openings. 

Even  allowing  for  this  and  for  the  minimum  width  of  piers. 


Fig.  2    Factory  Building  ]\Iill  Consteuctiox.    Fiest  Floor  Plan- 


Fig.  3    Factort  Building  Mill  Construction.       Typical  Floor  Plan 


percentage  of  area  which  can  safelj'  be  occupied  with  any 
class  of  building  on  any  type  of  a  city  lot. 

Having  deterrained  the  outline  of  the  plan,  the  next  step 
is  to  determine  means  of  rapid  and  safe  egress  which  at  the 
same  time  will  not  interfere  with  the  efficiency  of  the  manu- 
factuiing  processes  and  are  based  on  total  occupancy  of 
building.  Figs.  2,  3  and  4  show  suggested  arrangements  of 
such  a  plan  by  means  of  stairs  enclosed  in  fire  resisting  walls 
and  smoke  proof  towers. 

As  will  be  noted,  the  power  plant  and  the  vertical  trans- 
mission shafts  are  separated  from  the  rest  of  the  building 
to  prevent  the  spread  of  fire,  and  elevator  shafts  are  inclosed 
in  fire  resisting  walls  and  equipped  with  automatic  fire  doors. 


ample  lighting  facilities  are  obtained.  Space  is  provided  for 
toilets  and  wash  rooms  having  outside  light  and  ventilation 
and  with  a  sufficient  number  of  wash  basins  and  other  toOet 
facilities  to  accommodate  the  employees. 

The  construction  should  be  fire  resisting  to  a  high  degree, 
as  illustrated  in  Fig.  5,  but  in  case  this  should  prove  too  ex- 
pensive, owing  to  location  or  other  circumstances,  a  good 
type  of  slow-burning  construction  may  safely  be  adopted. 
Whether  it  be  fireproof  or  slow-burning  mill  construction, 
fire  fighting  equipment  should  be  provided,  such  as  automatic 
sprinklers,  wall  and  yard  hose,  portable  extinguishers,  etc. 

It  is  admitted  that  no  specific  standard  can  be  laid  down 
which  will  embody  specifications  covering  any  or  all  of  the 
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foregoing.  All  that  the  author  is  endeavoring  to  show  in 
these  illustrations  is  the  principle  which  must  be  applied  to 
the  particular  problem  confronting  the  architect  or  engineer 
in  designing  a  building  and  he  desires  to  emphasize  the  funda- 
mental fact  that  these  principles  are  essential. 


Tower  wi+h  Ves+rbule  Errlrance 


Tower  wi+h 

Balcony  En+rance 


Ves+i  bule  Common 
+o  Two   Building 


Fig.  4    Smoke  Proof  Towers 


ing  products  of  the  controlling  political  parties,  is  it  not 
too  much  to  assume  that  scientific  results  will  be  obtained? 

As  practical  men,  however,  it  would  be  impossible  to  con- 
demn all  buildings  now  in  existence  which  do  not  embody  the 
ideal  safety  principle.  Our  plan  must  therefore  include  ex- 
isting buildings  as  well. 

Taking  the  building,  for  example,  where  adequate  means  of 
egress  has  not  been  provided,  it  may  be  necessary  to  over- 
come this  deficiency  by  means  of  outside  exit  stairways  of  a 
type  as  shown  in  Fig.  6,  but  under  no  circumstances  should 
the  so-called  "  fire  escapes  "  as  commonly  known  be  counte- 
nanced, that  is,  exits  with  such  objectionable  features  as  grid- 
ii'on  balconies  connected  by  open  stairs,  or  ladders  or  exits 
so  located  that  they  adjoin  windows. 

The  horizontal  exit  obtained  by  means  of  bridges  connect- 
ing adjoining  buildings,  or  in  the  case  of  large  floor  areas  the 
breaking  up  of  the  area  with  fire  resisting  partitions  and 
automatic  fire  doors,  are  very  effective  means  for  promoting 
safety  from  the  fire  hazard  in  many  existing  buildings  and 
it  is  quite  incomprehensible  why  those  plans  are  not  more 
extensively  used.  This  method  places  safety  zones  imme- 
diately next  to  the  danger  zones. 

It  is  naturally  impossible  in  a  paper  of  this  nature  to  go 
largely  into  details.  There  are  many  more  questions  which 
properly  should  be  considered  in  connection   with   buildings 
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Fig.  5     Saw  Tooth  Factory  Constructiox 


It  may  be  maintained  that  all  these  factors  are  having  care- 
ful attention  at  this  moment  and  are  being  embodied  in  mod- 
ern structures.  It  is  admitted  that  such  is  the  case  in  in- 
dividual instances,  but  as  a  general  rule — ^No!  Facts  are 
against  such  a  contention.  Very  few  factory  and  even  few 
office  buildings  which  have  been  designed  and  built  in  this 
countrj'  in  the  last  few  years  are  truly  safe  for  the  occu- 
pants. It  is  not  asserted  that  they  fail  to  comply  with  ex- 
isting codes,  law  and  regulations,  but  as  long  as  each  indi- 
vidual city  has  its  own  building  code,  often  based  upon  the 
particular  market  of  its  locality  and  dominated  by  the  build- 


but  it  is  hoped  the  foregoing  will  illustrate  the  points  in- 
volved. 

We  nest  come  to  the  selection  and  installation  of  machin- 
ery and  equipment  generally.  Where  machine  tools  are  to  be 
used,  only  those  should  be  specified  which  have  all  possible 
safeguards  embodied  in  original  design:  that  is,  as  an  in- 
tegral part  of  the  machine  itself.  A  safeguard  on  a  machine 
should  not  be  an  extra  attachment  or  an  after-thought;  it 
should  be  as  much  an  original  part  of  that  machine  as  are 
the  gears  or  the  pulleys.  A  manufacturer  of  machine  tools 
should  consider  it  an  insult  to  have  a  purchaser  of  his  prod- 
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uct  add  parts  or  equipment  to  it  after  it  has  been  installed. 

Gears  are  necessary  on  certain  classes  of  machines  for  the 
transmission  of  power,  but  no  engineer  will  admit  that  these 
gears  have  to  run  openly  in  order  to  perform  their  function. 
Knowing  that  as  long  as  they  run  openly  they  present  a 
hazard,  and  knowing  further  that  it  is  an  unnecessary  hazard 
and  that  it  will  not  reduce  the  efficiency  of  the  machine  to 
eliminate  it,  it  must  appeal  as  a  logical  proposition  that  such 
elimination  should  be  effected  in  original  design  rather  than 
after  the  machine  has  been  installed.  This  applies  equally 
to  all  other  points  creating  an  accident  hazard. 

In  order  to  meet  the  principle  of  safety  a  guard  for  a  ma- 
chine should  be  so  constructed  as  to  prevent  the  removal  or 
misuse  of  its  essential  parts.  Wherever  possible,  it  should 
be  so  designed  in  relation  to  the  machine  to  which  it  is  ap- 


PiG.  6     Approved  Type  op  Outside  Exit  Stairway 
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plied  that  the  machine  cannot  be  operated  unless  the  safe- 
guard is  in  position.  This  may  seem  to  present  insuperable 
difficulties  in  the  design  of  certain  types  of  machines.  It 
has  been  the  author's  experience,  however,  that  where  con- 
centrated study  has  been  given  to  that  particular  principle 
in  machine  design,  it  has  been  met  in  ever>'  instance.  Fig.  7 
indicates  the  principle  applied  in  the  door-lock  on  a  laundry 
extractor.     This  principle  is  again  illustrated  in  Fig.  8. 

A  further  study  of  the  question  of  safeguarding  has 
brought  out  the  fact  that  the  application  of  a  safety  principle 
often  increases  the  efficiency,  as,  for  instance,  in  the  case  of 
stamping  presses  equipped  with  slide  and  gravity  feeds,  as 
shown  in  Fig.  9.  It  is  a  fact  well  established  in  stamping 
press  operations  that  that  method  of  feed  naturally  increases 
the  output  on  the  machines  and  often  produces  that  result. 
It  must  be  noted,  however,  that  the  automatic  feed  as  such 


does  not  in  itself  form  a  complete  guarding  of  that  press. 
Some  further  protection  must  be  provided,  making  it  impos- 
sible for  the  attendant  to  put  his  or  her  hands  in  the  actual 
danger  zone  during  the  downward  stroke  of  the  ram. 

If  from  a  construction  standpoint  the  buUding  Ls  properly 
provided  with  all  safety  features,  and  the  machinery  and 
equipment  with  its  belts,  pulleys,  gears,  set-screws,  couplings, 
etc.,  embody  all  safety  principles,  there  are  still  other  hazards 
which  must  be  carefully  considered  and  the  principle  for 
elimination  of  these  hazards  established.  The  slipping  haz- 
ard is  one  of  the  most  important.  A  careful  study  of  many 
accidents  as  reported  has  brought  out  the  fact  that  sUppery 
surfaces  constitute  one  of  our  largest  contributory  causes  to 
such  accidents.  That  the  slipping  hazard  is  easily  and  can  be 
practicably  eliminated  by  the  introduction  of  anti-slip  sur- 
faces on  all  stairs  and  on  all  floor  surfaces  where  employees 
or  other  occupants  of  buildings  frequent  is  an  established 
fact.  It  is  particularly  necessary  that  such  anti-slip  surfaces 
be  used  around  machinery. 

Having  proven,  so  the  author  hopes,  the  necessity  of  safety 
as  an  essential  principle  in  the  design  of  buildings  and  their 
equipment;  having  further  proven  the  practicability  of  such 
safety  principles;  and  having  reinforced  this  by  showing  the 
apparent  need  of  standardization  in  the  premises,  the  ques- 
tion is  before  us  of  where  and  how  shall  we  obtain  such 
standards?  The  answer  lies  in  another  question:  Where  did 
we  get  our  industries?  Who  is  responsible  for  the  hazards 
in  these  industries?  Wfr — the  engineers.  We  have  created 
the  machines  used  and  it  is  up  to  us  to  eliminate  any  un- 
necessarj'  hazard  which  these  machines  have  introduced. 

The  unfortunate  phase  of  the  whole  subject  is  that  up  to 
now  safety  has  been  dealt  with  as  a  legal  subject.  We  have 
left  it  to  our  courts,  to  our  lawyers,  to  decide  whether  or  not 
a  building  or  a  machine  was  safe  for  its  occupants  or  oper- 
ators. Now,  the  author  maintains  that  safety  never  was  and 
never  should  have  been  made  a  legal  question.  It  is  not  a 
question  of  law;  it  is  in  every  instance  a  question  of  fact, 
and  who  is  more  competent  to  deal  with  questions  of  fact 
than  engineers,  especially  when  these  facts  pertain  to  their 
own  business? 

To  give  a  typical  illustration  of  legal  and  engineering 
standards:  The  hazard  of  moving  elevators  and  open  shaft 
doors  has  long  been  recognized  through  occurrence  of  hun- 
dreds of  fatal  and  serious  non-fatal  accidents.  Legislators  in 
different  municipalities  and  states  have  passed  statutes  to 
the  effect  that  it  shall  be  deemed  unlawful  for  an  elevator 
operator  to  start  his  car  untU  the  doors  of  the  shaft  are 
closed  and  latched.  This  is  a  typical  standard  produced  by 
legislators.  But  does  this  prevent  the  occurrence  of  elevator 
accidents  from  open  doors?  It  does  not,  because  it  is  im- 
possible to  enforce  the  act  in  time  to  prevent  the  accident. 
The  only  thing  that  such  a  statute  accomplishes  is  to  estab- 
lish responsibility  for  the  accident  after  it  has  occurred. 

Let  us  consider  briefly  how  an  engineer  would  solve  the 
same  problem.  He  would  analyze  the  mechanism  of  the 
elevator,  the  door,  and  the  motive  power.  He  would  find  the 
contributing  causes  which  produced  the  hazard  and  re-design 
his  elevator  so  that  it  would  become  impossible  for  the  oper- 
ator to  reproduce  the  dangerous  conditions,  and  would  compel 
him  to  perform  a  certain  act  before  he  could  get  motive 
power — the  act  in  this  case  consisting  in  closing  the  door  in 
order  to  move  his  operating  lever. 

When  engineers  have  developed  such  a  principle  and  shown 
it  to  be  a  practical  one,  our  legislators  may  well  assist  them 
in  giving  legal  force  to  it,  but  this  should  be  done  without 
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any  unnecessary  phraseology.     To   write   a   law   book   on   a 
question  of  fact  which  can  be  expressed  in  a  line  is  folly. 

Before  closing,  it  is  desired  to  express  a  further  word  in 
respect  to  buUding  design.  Our  architects  may  well  say  this 
is  an  architectural  problem  and  one  which  should  be  left  to 
them  to  deal  with  and  solve.  Let  it  be  clearly  understood 
there  is  no  desire  upon  the  part  of  the  author  to  dictate  what 
is  and  what  is  not  proper  building  design.  Let  it  further  be 
understood  that  there  is  no  intention  to  advocate  that  our 
architects  should  sacrifice  art,  utility  or  any  other  desirable 
feature  of  building  construction  in  the  interest  of  safety. 
But  it  is  maintained — and  this  with  a  fair  degree  of  convic- 
tion— that  the  architect  of  the  future  must  combine  safety, 
convenience,  efficiency  and  art  in  order  properly  to  serve  the 
interests  of  society,  with  alwaj's — as  in  the  case  of  the  engi- 
neer—"  Safety  First." 


Fig.  7    Door-Lock  on  Ovee-Drivex  Extractor 

Let  it  be  further  understood  on  the  part  of  the  author's 
brother  engineers  that  no  attempt  is  made  or  will  be  made 
on  the  part  of  the  organization  which  he  represents,  namely, 
the  Workmen's  Compensation  Service  Bureau,  to  enter  into 
specification  details  in  any  standards  which  that  organiza- 
tion may  be  responsible  for.  In  fact,  the  term  "  standard " 
as  used  under  the  auspices  of  that  organization  refers  solely 
to  standardization  of  principles,  leaving  it  then  to  the  engi- 
neers of  the  various  industries  to  apply  these  principles  in 
their  particular  field,  a  task  for  which  they  are  far  better 
qualified  than  anyone  else. 

The  Workmen's  Compensation  Service  Bureau,  however, 
has  a  vital  economic  interest  in  the  premises.  It  is  an  or- 
ganization composed  of  the  leading  liability  insurance  com- 
panies on  this  continent.  It  deals  with  the  matter  in  a  con- 
crete sense  in  so  far  as  its  constituent  company  members  in- 


sure the  liability  occasioned  by  any  hazard  present  in  build- 
ings and  equipment.  To  value  these  hazards  properly  and 
to  eliminate  them,  as  well  as  to  avoid  discrimination,  specific 
standardization  is  essential.  We  have  undertaken  it  in  the 
interest  of  our  own  business,  but  the  interest  is  equally  as 
great  on  the  part  of  the  industries  insured  because  the  rates 
for  insurance  are  in  direct  ratio  to  the  presence  or  absence 
of  any  hazard. 

In  conclusion,  the  author  believes  it  a  self-evident  fact  that 
the  engineers  as  creators  of  our  industries  owe  it  as  a  duty 
to  these  industries  and  the  nation  of  which  they  form  so  im- 
portant a  part  to  exert  their  utmost  efforts  in  the  conser- 
vation of  life  and  property  which  are  so  essential  to 
the  economy  of  the  individual  plant  and  so  essential  to  the 
nation  as  a  whole.  The  subject  should  be  treated  with  the 
consideration  which  some  of  us  at  least  feel  it  justly  deserves. 
Our  methods  for  reducing  waste,  whether  it  be  material  or 


Fig.  8     Two  Examples  of  Padlocks  as  Safeguards 

vital,  must  be  improved  through  preventive  methods  and 
none  is  better  fitted  to  lead  such  a  movement  than  the  engi- 
neers. It  is  not  proposed  that  a  new  branch  of  engineering 
shall  be  established  for  this  problem.  The  real  object  must 
be  to  make  each  branch  of  the  engineering  profession  in  the 
true  sense  of  the  word  "  Safety  Engineering." 

DISCUSSION 

Frederick  R.  Hutton.  In  the  historic  development  of  any 
productive  industry,  the  first  consideration  had  to  be  to  make 
something  that  would  do  the  work, — that  was  the  condition 
from  the  seventies  to  the  nineties.  Then  came  the  period  of 
improving  the  efiiciency  with  which  the  result  was  attained. 
In  the  early  part  of  the  twentieth  century,  the  third  stage 
was  reached;  that  is  the  evolution  takes  the  forms  of,  f.rst, 
getting  the  result;  second,  getting  it  economically  and  effi- 
ciently, and  third,  getting  it  with  safety  to  the  men  con- 
cerned. 

Mr.  Hansen  has  not  mentioned  what  I  know  he  very  clearly 
sees,  and  that  is  that  the  most  effective  way  for  designing 
engineers  to  attain  the  desired  results  is  by  means  of  what  is 
called  the  interlocking  principle.  In  a  laundry  machine,  for 
example,  it  should  be  impossible  to  shift  the  belt  to  start, 
until  you  have  closed  the  machine  and  locked  it,  and  got  your 
hand  out.  It  should  be  impossible  to  start  the  elevator  until 
the  door  has  been  closed;  correspondingly,  it  should  be  im- 
possible to  open  the  door  until  the  elevator  has  been  stopped. 

Mr.  Hansen  has  not  referred  to  one  unfailing  method  of 
securing  safety,  and  that  is  that  it  should  require  the  use  of 
both  hands  to  start  a  machine.     If  the  operator  must  pull  a 
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lever  with  the  right  hand  aud  then  pull  a  lever  with  his  left, 
to  either  start  or  stop  the  machine,  he  has  no  hand  free  which 
he  can  get  in  the  way  of  maiming  forces. 

Complementing  the  author's  statement  of  basic  principles, 
and  his  defmition  of  "  practical "  safety  devices,  I  would  say 
that  these  devices  must  be  such  that  they  do  not  diminish 
production. 

In  closing,  may  I  express  my  pleasure  that  the  Society 
should  have  devoted  a  session  at  this  meeting  to  the  discus- 
sion of  this  most  important  subject.  I  have  been  interested 
in  the  subject  of  Safety  since  about  1895,  when  nobody 
thought  much  about  safet\-  engineering.  I  did  not  myself 
until  it  was  brought  to  my  attention  that  the  practice  in  Eu- 
rope was  far  ahead  of  our  own.  We  are  catching  jip,  and  it 
is  to  the  credit  of  the  engineer  that  this  result  should  come 
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about,  and  to  organizations  such  as  thuse  cif  whieli  Mr.  Han- 
sen is  representative. 

Fraxk  E.  Law  contributed  a  written  discussion,  stating: 
I  doubt  whether  safety  standards  should  be  absolute,  should 
be  hard  and  fast.  It  seems  to  me  that  there  are  often  several 
ways  of  accomplishing  a  desirable  end,  and  one  way  should 
not  be  adopted  to  the  exclusion  of  others.  All  that  should  be 
necessary  is  that  the  particular  way  adopted  will  achieve  the 
desired  end.  If  some  latitude  is  allowed  in  the  choice  of 
means,  we  can  often  secure  the  cooperation  of  a  workman 
through  his  pride  of  authorship.  A  workman  is  much  more 
likely  to  use  willingly  aud  effectively  a  guard  devised  by  him- 
self than  one  imposed  upon  him  by  authority.  I  think,  there- 
fore, that  Mr.  Hansen  is  proceeding  along  the  right  lines 
when  he  announces  "  that  no  attempt  is  made  or  will  be  made 
on  the  part  of  the  organization  which  he  represents,  namely, 
the  Workmen's  Compensation  Sei-vice  Bureau,  to  enter  into 
specification  details  in  any  standards  which  that  organization 
may  be  responsible  for.  In  fact,  the  term  '  standard  '  as  used 
under  the  auspices  of  that  organization  refers  solely  to  stand- 
ardization of  principles,  leaving  it  then  to  the  engineers  of 
the  various  industries  to  apjily  these  principles  in  their  par- 
ticular field.     .     .     ." 


I  would  urge  upon  engineers  the  propriety  and  desirability 
of  checking  all  designs  of  structures  and  machinery  prepared 
in  their  oflSces  from  the  safety  standpoint,  and  when  pur- 
chasing machinery  to  include  safety  requirements  in  the  spec- 
ifications. 

I  would  express  doubt  as  to  the  advisability,  in  legislating 
with  regard  to  safety  measures  required  of  employers,  of 
setting  forth  in  detail  the  guards  to  be  provided,  but  would 
instead  recommend  a  statement  of  the  principles,  imposing 
upon  the  Commissioner  of  Labor  the  duty  of  issuing  regula- 
tions covering  the  details. 

It  constitutes  a  distinct  reproach  to  the  engineer  that  he 
has  done  so  little  in  the  field  of  safety  engineering.  At  the 
same  time  it  is  only  fair  to  bear  in  mind  that  he  has  often 
l;een  hampered  by  his  employers  and  by  the  limitations  im- 
posed by  competition  and  expense. 

It  is  interesting  to  luite,  however,  to  what  a  considerable 
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degree  the  work  of  the  Society  has  had  to  do  with  things  that 
lie  within  the  realm  of  safety  engineering.  The  design  and 
construction  of  structures  and  machines  to  secure  maximum 
strength,  the  choice  of  proper  materials,  is  safety  engineer- 
ing. A  large  part  of  the  work  of  the  Boiler  Code  Committee 
had  to  do  with  the  proper  design  and  construction  of  boilers 
from  the  safety  standpoint  and  the  choice  of  proper  steel  for 
the  shell,  furnaces,  stays,  rivets,  and  other  component  parts. 
But  there  is  much  more  that  the  members  of  the  Society  can 
do,  and  the  field  of  subjects  for  papers  dealing  with  safety 
problems  is  practically  unlimited. 

Safety  engineering,  unfortunately,  like  every  other  effort 
for  betterment,  often  runs  afoul  the  matter  of  expense.  The 
expense  of  perfect  design,  materials,  construction,  conditions, 
is  jirohibitive.  We  have  constantly  to  bear  in  mind,  there- 
fore, the  distinction  between  what  is  desirable  and  what  is 
feasible,  having  regard  to  the  matter  of  expense.  The  prob- 
lem of  the  engineer  is  to  secure  the  maximum  of  safety  at 
tlie  minimum  of  cost.  It  is  easy  to  wreck  a  promising  safety 
jirogramme  on  the  rock  of  expense. 

The  insurance  companies  have  done  and  are  doing  a  great 
deal  to  help  solve  the  problem  of  the  prevention  of  accidents. 
They  have  published  literature  on  the  subject,  have  made  and 
are  making  safety  inspections,  and  have  established  sendee 
bureaus  and  inspection  boards  to  make  merit  or  schedule 
rating  inspections  for  the  jnirjiose   of  determining  discounts 
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and  additions  to  the  rates,  as  safety  measures  are  or  are 
not  adopted  by  employers.  The  companies  earnestly  hope 
that  they  will  have  the  full  and  complete  cooperation  of  engi- 
neers everywhere  in  the  great  work  of  promoting  industrial 
safety.  Mistakes  will  be  made  at  the  outset,  for  we  are  doing 
pioneer  work,  but  we  hope  these  will  be  as  few  as  possible, 
-and  we  hope  also  that  we  shall  have  the  benefit  of  construc- 
tive, not  destructive,  criticism  of  our  friends  and  feUow- 
workers,  the  engineers. 

John  H.  Bark  (written).  The  author  states  that  only 
those  tools  should  be  specified  which  have  all  possible  safe- 
guards embodied  in  original  design.  It  may  be  difficult  at  the 
present  day  to  get  always  the  machine  required  with  all 
•danger  points  guarded  in  accordance  with  modern  ideals,  but 
the  statement  that  safeguards  should  be  included  by  the  maker 
and  as  a  part  of  the  original  design  is  absolutely  sound.  Not 
only  on  aesthetic  considerations,  but  in  the  interests  of  ef- 
fectiveness and  true  economy  should  this  be  done.  Until 
builders  generall3'  adopt  the  practice  of  supplying  "  built  in  " 
safeguards  (and  for  some  years  afterwards  while  old  ma- 
chines are  still  in  action)  the  poultry  netting,  picket  fence 
and  ashcan  types  of  makeshifts  will  persist  in  offending  the 
€ye.  It  is  not  necessary  to  dwell  on  the  unsightliness  of 
these  contraptions,  much  as  we  may  rejoice  to  see  them  where 
no  protection  previously  existed.  In  many  cases  they  are  not 
as  effective  as  would  be  well-considered  designs  made  in  the 
shops  of  the  builders. 

It  is,  however,  the  consideration  of  real  economy  which  may 
be  expected  to  make  consistent  well  designed  safeguards  the 
rule  rather  than  the  exception.  In  the  first  place,  the  intro- 
duction of  the  "  merit  rating  system  "  will  be  an  incentive  to 
purchasers  to  call  for  aU  necessary  safeguards  with  the 
original  purchase.  The  history  of  factory  fire  insurance 
proves  that  owners  will  respond  to  higher  requirements  when 
convinced  that  there  "  is  money  in  it."  When  purchasing 
agents  show  a  preference  to  the  bidder  whose  product  has 
these  features  properly  incorporated,  the  seller  will  begin 'to 
take  notice. 

I  beHeve  the  progressive  builder  is  disposed  to  anticipate 
such  demands  and  that  he  would  voluntarily  go  much  further 
in  the  matter  than  he  has  yet  done  if  there  were  adequate 
assurance  that  any  design  he  can  offer  will  meet  the  statutory 
requirements,  the  insurance  standards  and  the  idiosyneracies 
of  inspectors  wherever  his  product  is  sold.  At  present,  un- 
fortunately, he  has  no  such  assurance.  The  chaotic  condition 
of  today  must  be  remedied  before  the  situation  can  become 
reaUy  satisfactory. 

Such  work  as  that  done  by  the  National  Machine  Tool 
Buildei-s  Association,  the  Abrasive  Wheel  Manufacturers  and 
the  Machine  Shop  Practice  Committee  of  this  Society  on  the 
Safety  Code  for  the  Use  and  Care  of  Abrasive  Wheels  will 
have  great  influence  on  legislation  in  the  various  states  and 
will  tend  strongly  toward  uniformity  of  requirements. 

In  a  letter  to  the  sub-committee  of  this  Society  on  Protec- 
tion of  Industrial  Workers,  Dr.  S.  W.  Stratton,  director  of 
the  U.  S.  Bureau  of  Standards,  said : 

We  are  in  entire  sympathy  with  your  feeling  that  the  great 
obstacle  to  the  adoption  of  more  complete  standardization 
from  the  safety  standpoint  by  manufacturers,  is  the 
diversity  of  requirements  and  the  conflict  with  existing 
regulations  in  different  sections  of  the  country  and  even 
by  different  jurisdictions  in  the  same  territory. 

This  statement  sums  up  the  matter  quite  conclusively. 
Adequate,  yet  reasonable  and  practicable  codes,  generally 
acceptable  to  all  interests,  must  be  worked  out  for  each  class 


of  mechanical  equipment.  If  this  work  is  well  done,  it  is  not 
unreasonable  to  expect  that  eventually  it  may  be  generally 
adopted.  While  other  organizations  may  be  better  adapted 
to  promote  the  important  work  of  safety  propaganda  and 
while  the  prosecution  of  various  phases  may  be  projjerly  left 
to  different  agencies,  it  is  believed  that  this  Society  is 
peculiarly  called  upon  to  take  a  leading  part  in  formulating 
several  of  these  standard  codes  and  in  exerting  its  influence 
toward  securing  their  adoption  throughout  the  United  States. 

John  W.  Irwin'  (written).  The  effort  to  standardize 
safeguards  would  be  more  immediately  effective  if  there 
could  be  devised  some  way  to  show  manufacturers  the  waste 
resulting  from  lack  of  standards.  There  are  so  many  men 
who  have  their  own  ways  of  doing  things,  and  who  are  un- 
willing to  look  about  them  and  see  what  has  already  been 
done  by  others.  Many  know  the  end  to  be  attained  and  have 
a  general  idea  of  how  to  reach  it,  but  have  neither  the  knowl- 
edge nor  the  equipment  of  the  organizations  which  specialize 
(in  the  subject. 

The  matter  of  mechanical  safeguards  and  their  standardi- 
zation is  an  engineering  question  in  the  sense  brought  out  in 
the  paper,  but  the  profession  can  render  a  further  service  for 
industrial  safety.  Engineers  can  develop  methods  of  guard- 
ing, but  they  can  also  be  teachers  and  leaders.  They  can 
disseminate  information  about  what  has  already  been  done. 
They  can  utilize  countless  opportunities  of  pointing  out  the 
waste  of  experimental,  haphazard'  safeguarding. 

The  waste  from  ignorance  in  guarding  is  not  to  be  com- 
pared with  the  cost  of  industrial  accidents,  but  it  is  suffici- 
ently large  to  warrant  the  attention  both  of  engineers  and 
safety  men  generally.  This  waste  may  be  reduced,  and  gradu- 
ally eliminated,  by  concerted  action  on  the  part  of  all  who 
come  in  contact  with  people  who  are  trying  to  find  their 
own  ways  of  doing  things  that  have  already  been  successfully 
accomplished. 

The  desirability  of  standards  is  quite  sufficiently  obvious. 
The  thing  that  is  now  needed  is  a  widespread  knowledge  that 
a  long  step  in  standardization  has  already  been  taken.  I 
refer  to  the  Universal  Safety  Standards  as  already  developed 
by  the  author  and  his  associates. 

Our  company  takes  the  attitude  that  mechanical  safeguards 
constitute  the  beginning  of  accident  prevention;  and  the  edu- 
cation of  the  workmen  towards  the  elimination  of  accidents 
resulting  from  ignorance  and  carelessness  is  of  equal,  if  not 
(jf  more  importance. 

We  have  found  that  safety  work  as  a  whole  must  comprise 
the  a|)]ilication  of  mechanical  guards,  the  elimination  of  such- 
general  hazards  as  may  exist  in  a  plant,  and  then  a  sys- 
tematic, progressive,  never-ending  campaign  to  develop  the 
minds  of  the  men  in  the  direction  of  safety- — of  carefulness 
through  force  of  habit. 

The  men  must  be  reached  by  varying  methods.  Frequently, 
general  welfare  work,  plant  sanitation,  social  features  and 
the  like,  are  effective  in  proving  good  faith  on  the  part  of 
employer,  and  bringing  the  men  to  believe  that  the  influences 
for  safety  are  for  their  own  good. 

An  educational  plan  cannot  be  operated  until  the  matter  of 
mechanical  guards  has  been  covered.  You,  as  an  employer, 
cannot  consistently  ask  and  require  that  your  employees  exer- 
cise caution,  and  cultivate  the  spirit  of  universal  safety,  until 
you  have  proved  your  good  intentions  by  doing  what  you  can 
to  make  accidents  impossible.  In  a  recent  issue  of  a  promi- 
nent magazine  an  illustration  showed  a  workman  operating  a 
machine  bearing  a  placard :  "  Think  Safety  " — a  flywheel  re- 
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volved  within  a  foot  of  the  ojserator's  head,  and  it  was  not 
guarded;  there  were  no  belt  guards  visible,  and  exposed  gears 
were  easily  discernible  in  the  pieture.  This  merely  shows  that 
there  are  multitudes  of  little  things,  and  big  things  too,  yet  to 
be  learned,  both  by  the  average  plant  operator  and  by  the 
one  supposed  to  know  better. 

No  better  "  Safety  Method  "  can  be  conceived  than  an  ideal 
combination  of  high  engineering  skill,  100-point  common  sense, 
and  the  experience  of  the  successful  teacher.  The  devising  of 
efficient  guards,  removal  of  building  hazards,  and  the  Uke,  are 
engineering  subjects  purely.  What  we  urge  upon  all  engi- 
neers is  to  go  further  than  that,  and  lend  influence,  example, 
and  earnest  cooperation  in  extending  the  work  beyond  the 
point  of  engineering  as  such,  thus  advancing  the  ideal  condi- 
tion where  there  is  no  machine  unguarded,  no  unprotected 
building  hazard,  and  where  every  workman  knows  what  to  do 
to  protect  himself  and  his  fellows — and  invariably  does  it. 

W.  M.  Kidder  contributed  a  written  discussion,  stating 
that  opposition  to  measures  intended  to  prevent  accidents 
arises  from  self-interest  both  of  workers  and  of  those  in 
authority  over  them. 

The  owner,  the  stockholder,  fears  in  the  compulsory  adop- 
tion of  accident  preventive  appliances  and  measures  a  new 
drain  upon  the  earnings  of  his  business.  Nevertheless,  he 
may  become  a  powerful  ally  of  this  latest  move  toward  in- 
dustrial efficiency  when  he  realizes  the  practical  economy  of 
accident  prevention  in  the  -long  run. 

To  every  serious  accident  there  are  many  minor  ones  and 
each  represents  an  interruption  of  industry — idle  machines 
while  feUow  workers  aid  the  injured  one,  damage  to  product, 
damage  to  machinery,  and  often  a  gang  or  a  department 
thrown  out  of  balance  by  the  absence  of  an  essential  worker. 
These  things  do  not  merely  add  to  the  difficulties  of  the  fore- 
man in  charge  and  of  his  superintendent;  they  cost  the  stock- 
holder money.  Just  so  far  as  he  realizes  this  will  he  desire 
accident  prevention,  because  it  increases  his  profits  by  de- 
creasing their  impairment. 

If  the  possible  potent  aid  of  the  stockholder  is  utilized  by 
engineers  and  a  broad  view  is  taken  of  the  commercial  aspect 
of  the  standardization  of  safety  principles,  the  added  impetus 
of  this  powerful  influence  will  lighten  the  task  of  the  engi- 
neer and  leave  him  the  more  free  to  deal  with  the  technical 
side  of  the  matter,  which  holds  quite  enough  problems  to  en- 
gage his  best  energies. 

David  S.  Beyer'  (written).  The  author,  in  stating  that 
the  real  goal  must  be  to  make  each  branch  of  the  engineering 
profession  Safety  Engineering,  has  established  a  motto  which 
raight  well  hang  over  the  desk  of  every  engineer  in  the  coun- 
try. It  is  a  primary  duty  of  the  engineer  to  eliminate  need- 
less expense  and  waste,  and  during  the  past  few  years  it  has 
been  shown  conclusively  that  one  of  the  most  appalling  wastes 
in  industry  is  that  caused  by  preventable  accidents. 

The  most  effective  time  to  prevent  accidents  is  when  the 
construction  drawings  are  being  evolved  under  the  pencil  of 
the  engineer.  Then  the  erasure  of  a  line,  or  a  few  additional 
strokes  of  the  pencil,  may  mean  the  saving  of  a  human  life 
or  the  elimination  of  hundreds  of  dollars  of  unnecessary  ex- 
pense in  making  changes  later. 

It  might  be  said  that  there  are  two  equal  doors  to  the 
House  of  Safety,  the  first  marked  Mechanical  Safeguards, 
the  second  Safety  Education.  The  engineer  has  always  held 
the  key  to  the  former  through  his  control  of  the  design  and 


construction  of  new  buildings  and  machinery.  This  phase  of 
his  work  is  usually  most  prominent  in  our  minds,  and  I  no- 
tice Mr.  Hansen  has  confined  his  remarks  to  it.  The  attitude 
of  the  man  who  runs  a  machine  is  just  as  important,  how- 
ever, from  the  standpoint  of  accident  prevention,  as  the  con- 
dition of  the  machine.  On  account  of  the  ever-increasing  in- 
flux of  engineers  into  all  industrial  lines  and  the  fact  that 
executive  positions  are  being  filled  more  and  more  by  men 
of  engineering  training,  the  matter  of  safety  education  of 
employees  should  aceordinglj'  be  mentioned  as  a  vital  form 
of  standardizing  safety  principles. 

The  safety  organization  has  become  an  integral  part  of  the 
working  organization  of  hundreds  of  our  foremost  industrial 
plants,  and  the  knowledge  of  how  to  organize  the  working 
force  for  safety  and  how  to  interest  the  employees  in  acci- 
dent prevention  is  an  essential  part  of  the  engineer's  equip- 
ment, if  he  aspires  to  the  largest  fields  of  usefulness. 

Jaiies  0.  Gibbons  (written).  One  of  the  most  interest- 
ing points  brought  out  in  this  paper  is  that  safety  should  be 
considered  as  an  essential  element  of  good  engineering  de- 
sign, rather  than  as  something  to  be  added  just  because  the 
customer  or  the  law  demands  it.  Of  course  this  idea  has  been 
gaining  ground  for  some  time,  but  if  it  can  be  shown  that  the 
liabiUty  of  a  machine  to  cause  injury  caUs  for  an  actual  cash 
charge  against  it  as  insurance  of  the  risk,  we  are  putting  safety 
efficiency  on  the  same  plane  as  production  efficiency. 

As  has  been  pointed  out,  the  loss  to  the  community  through 
preventable  injuries  is  very  great.  It  is  perhaps  not  quite 
so  easy  to  show  just  what  the  loss  to  the  indi\'idual  employer 
is,  because  in  addition  to  the  time  taken  lajing  off  for  re- 
covery, there  is  the  moral  effect  produced  by  accidents,  the 
effect  of  which  on  efficiency  is  hard  to  estimate. 

Knowledge  on  this  subject  of  safety  is  a  great  help,  be- 
cause however  much  we  may  wish  to  do  the  right  thing  for 
its  own  sake,  the  surest  way  to  put  safety  on  a  sound  foun- 
dation is  to  show  that  it  pays  as  a  business  proposition. 

Geo.  M.  Pmce'  (written).  I  regard  this  movement  for  the 
standardization  of  safety  principles  by  safety  engineers  as 
one  in  the  right  direction  and  an  important  advance  in  the 
safety  and  sanitation  of  industrial  establishments.  Your 
society  and  the  Workmen's  Compensation  Bureau  are  doing 
what  the  German  Trade  Associations  have  been  doing  for  a 
great  many  years,  and  the  results  of  such  standards  of  safety 
devices,  etc.,  are  bound  to  be  a  great  improvement  in  the 
safeguarding  of  the  workers'  lives  and  limbs  in  factories  and 
workshops. 

May  I  not  suggest  that  there  is  also  a  great  need  in  ex- 
tending the  standards  not  only  to  safeguards  and  safety  de- 
vices, but  also  to  the  sanitation  and  general  hygienic  environ- 
ment in  industrial  establishments.  May  I  also  make  the  sug- 
gestion that  your  Society  endeavor  to  introduce  the  study  of 
safety  engineering  in  the  various  technical  and  engineering 
schools  so  that  the  future  managers  and  heads  of  industrial 
establishments  should  be  fully  prepared  to  put  into  practice 
all  possible  safety  devices  for  protection  of  workers. 

Another  suggestion  would  be  that  the  description  of  safety 
devices  should  be  couched  in  a  simple  and,  if  jjossible,  non- 
technical language  so  that  the  workers  and  mechanics  may 
be  able  to  understand  them  and  put  them  into  practice. 

The  Author.  I  desire  to  express  my  appreciation  of  the 
interest  which  my  paper  has  created,  as  indicated  by  the  dis- 
cussion. 


^  Mgr.  .A-ccident  Prevention  Dept.,  Mass.  Employees  Insurance  Assn. 
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MODERN    MOVEMENT    FOR    SAFETY 
FROM  STANDPOINT  OF  MANU- 
FACTURER 

BY  MELVILLE   W.   JlIX,  MISHAWAKA,  IND. 

Member  of  the  Society 

THE  successful  salesman  is  the  man  who  first  sells  him- 
self on  his  proposition,  who  becomes  so  saturated  with 
its  merits,  so  enthusiastic  in  his  beliefs  that  conviction  is  auto- 
matically transmitted  to  the  buyer.  Substantially  the  same 
principle  holds  with  the  modern  safety  movement;  no  manu- 
facturer will  make  real  progress  in  the  movement  until  he 
takes  a  personal  interest  in  it,  and  is  able  to  transfer  his  en- 
thusiasm and  earnestness  to  those  directly  in  charge  of  work 
and,  through  them,  in  turn,  to  the  workers  themselves.  A 
form  of  evangelism  is  required  that  arouses  the  spirit  of  all 
concerned. 

In  these  days  of  Workmen's  Compensation  and  high  dam- 
age awards  in  employei-'s  liability  suits,  the  manufacturer 
will  not  be  slow  to  grasp  the  main  idea  that  "  saving  is  earn- 
ing," and  act  accordingly.  He  will  find  that  the  market  is 
full  of  "  guai'ds  "  of  all  kinds  for  all  sorts  of  protecting  pur- 
poses and  places,  and  a  large  supply  of  propaganda  calcu- 
lated to  encourage  him  to  spend  money  in  an  endless  way  on 
preventive  appliances.  He  will  find  an  anny  of  inspectors 
ready  and  active  with  unlimited  recommendations  and  orders 
for  every  machine  and  for  everj'  nook  and  corner  of  his  fac- 
tory. He  may  be  pursuaded  to  buy  them  all  and  to  protect 
without  limit,  but  if  he  is  not  himself  converted  to  their  effi- 
ciency and  need,  and  if  he  has  not  the  cooperation  in  spirit 
of  his  employees,  foremen  and  superintendents,  his  financial 
investment  in  them  counts  for  little. 

In  no  place  is  there  a  better  or  more  practical  way  to  de- 
velop the  "  save  my  pal  "  movement  than  in  a  factory  or  mill. 
Not  only  must  the  worker  look  out  for  himself,  but  his  every 
thought,  when  engaged  in  hazardous  work  involving  opera- 
tions with  which  others  have  to  do,  must  be  "  how  about  my 
fellow  worker?"  When  in  a  factory  organization  such 
thoughts  become  automatic  from  president  to  "  sweep,"  then 
money  spent  for  guards  becomes  a  real  capital  investment; 
but  without  that  spirit  its  principle  effectiveness  is  to  exjoand 
the  inventory  and  keep  up  the  insurance  rates. 

We  spend  thousands  of  dollars  in  fire  protection  in  order 
to  reduce  the  hazard  and  save  in  ojjerating  expenses.  We 
drill  our  factory  fire  brigades  without  thought  of  the  cost,  be- 
cause we  are  educated  by  actual  experience  to  realize  what 
such  losses  mean  in  actual  money  and  stoppage  to  business. 
It  has  taken  years  to  learn  the  lesson,  but  we  have  done  so, 
and  fire  protection  is  a  recognized  essential  part  of  wise  busi- 
ness administration.  We  do  not  stop  at  the  installation  of 
fire  prevention  appUanees,  but  we  put  them  under  constant, 
careful  inspection;  we  insti-uct  every  man  in  their  location 
and  uses;  we  leave  no  stone  unturned  to  insure  the  effective- 
ness of  the  apparatus  when  called  upon. 

But,  with  safety  "  guards,"  until  we  can  see  the  same  bene- 
fits in  providing  the  same  relative  protection  to  the  individual, 
until  we  can  bring  him  to  see  how  it  affects  him  physically 
and  financially  to  "  keep  right  with  the  guards,"  we  fail  to 
realize  the  full  benefit  of  the  investment  of  money  and  time 
spent  in  education.     As  a  concrete  example  of  what  may  be 


accomplished  in  this  direction,  I  give  here  figures  (Table  1) 
showing  the  experience  for  the  past  five  years  of  the  com- 
pany with  which  I  am  associated. 

A  wage  bonus  of  two  days'  extra  pay  for  all  men  in  a  de- 
partment having  a  perfect  score  for  one  year  was  based  on 
the  general  effect  of  a  cash  bonus,  but  more  particularly  on 
the  fact  that  a  man  will  do  for  the  benefit  of  the  gang  or  de- 
partment what  he  would  consider  beneath  his  dignity  to  do  to 
safeguard  himself  against  minor  accidents. 

We  have  numerous  eases  on  record  where  men  have  cau- 
tioned each  other  with  the  admonition  that  such  recklessness 
would  endanger  the  standing  of  the  department.  One  in- 
stance where  a  foolish  act  of  one  man  lost  two  days'  pay  for 
a  whole  department  has  proven  a  wonderful  object  lesson  to 
the  entire  plant. 

In  these  days  of  scientific  management  and  administration, 
there  may  be  a  tendency  to  the  thought  that,  as  such  things 
do  not  seem  to  show  immediate  cash  credits  on  the  balance 
sheet,  their  importance  may  be  set  back  for  the  moment  for 
motion  studies,  rewards  on  operations,  etc.,  but  there  is  no 


TABLE  1     COST  OF  ACCIDENTS  COMPARED  WITH  PAYROLL,  AND 
TIME  LOST  COMPARED  WITH  TIME  WORKED 


Five 

Year  Record 

Year 

1910 

1911 

1912 

1913 

1914 

Total  cost  of  accidents  for 

Score 

Score 

Score 

each  one  hundred  dollars 

board 

board 

board 

of    annual    payroll,    in- 

adopted 

in  use. 

in  use. 

cluding  first  aid.  hospital, 

Actual  cost 

bills  and  claims,  if  any . . 

$0,503 

SO.  228 

JO. 112 

JO. 079 

JO. 070 

Time  lost  due  to  accidents 

beyond   the   fraction  of 

No 

No 

Fraction 

Fraction 

Fraction 

the  first  day.  Percentage 

record 

record 

of  1  per 

of  1  per 

of  1  per 

of  number  of  men-days 

kept 

kept 

cent 

cent 

cent 

lost  to  the  total  number 

of  men-days  worked 

0.394 

0.1924 

0.1165 
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economy  in  tolerating  a  condition  that  may  require  new  men 
to  be  broken  in  to  replace  those  impairments  which  a  little  time 
spent  in  educating  men  and  in  arousing  them  to  the  Safety 
First  pitch  might  have  avoided.  It  is  impossible  to  place  a 
money  value  on  a  pair  of  eyes,  a  leg  or  an  arm;  and  while 
the  expression  "  the  human  scrap  heap  "  displeases  us,  we 
must  know  that  there  is  such  a  thing,  and  that  the  right  word 
at  the  right  time  may  be  effective  in  saving  a  fellow  worker 
from  that  untimely  and  imseemly  misfortune. 

Why  not  be  practical  and  do  all  we  can  whenever  we  can  to 
prolong  the  usefulness  from  the  physical  standpoint,  if  from 
no  other,  or  every  man  or  woman  that  we  employ.  Exiserienee 
has  developed  that  guards  are  not  especially  effective  if,  with 
them,  we  do  not  have  the  cooperation  of  the  workman.  If  we 
make  things  automatically  safe,  we  are  quite  as  a):)t  to  do  the 
worker  an  injustice  in  weakening  his  own  spirit  of  self-pres- 
ervation. Workers  must  recognize  danger — they  must  re- 
spect it,  and  be  ever  watchful  in  every  phase  of  life  as  well 
as  when  at  work.  The  family  must  have  it  drilled  into  them; 
schools  must  preach  and  teach  it;  the  citizen  must  be  a  party 
to  the  campaign  of  education,  as  only  in  that  way  may  we 
be  assured  that  the  practice  of  "  Thinking  First "  comes  before 
Safety  First. 

Out  of  30,000,000  male  workers  in  the  United  States,  about 
7,250,000  are  engaged  in  the  general  manufacturing  lines. 
The  annual  loss  due  to  fatal  accidents  is  about  one  to  four 
thousand,  the  lowest  of  the  eighteen  principal  occupational 
groups ;  yet  from  the  standpoint  of  jiublic  attention,  the 
inainifaetuvfr   is   held   up   liefore  tiie   pulilie   as   the   cause  of 
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nearly  all  of  the  physical  suffering  and  loss  due  to  occupa- 
tional disaster. 

This  situation  would  not  exist  if  the  manufacturer  were 
more  personally  interested  and  inclined  to  fight  for  his  rights 
and  a  proper  recognition  of  his  standing  on  the  score  board 
of  national  employment.  Out  of  22,500  fatal  accidents  in 
1913,  only  1819  are  attributed  to  the  manufacturing  occupa- 
tions— comparatively  small  indeed.  Yet  it  can  be  much 
smaller  if  we  will  only  approach  the  subject  from  the  per- 
sonal standpoint,  evangelize  with  our  employees,  and  arouse 
in  them  a  spirit  of  cooperation  and  thoughtful,  prudent  re- 
gard for  themselves  and  their  fellow  workers  that  will  be 
automatic,  and  a  habit  for  protection  and  carefulness,  of 
which  they  cannot  break  themselves  even  if  they  should  wish 
to.     That  is  the  manufacturer's  work  today. 

Numerous  plans  have  been  devised  for  arousing  and  main- 
taining this  personal  interest:  score  boards,  bonuses,  special 
favors  to  winnei-s,  lectures,  mo\'ing  pictures  and  many  other 
plans  are  being  used.  To  the  extent  that  a  management  be- 
lieves in  these  plans  and  encourages  their  uses,  just  to  that 
extent  will  it  be  rewarded  with  the  association  of  an  unim- 
paired, efficient  organization  of  contented,  prosperous 
workers. 

DISCUSSION 

Luther  D.  Buelixgasie  agreed  that  while  we  are  giving 
attention  to  the  matter  of  guarding  and  protecting  our  ma- 
chinery and  buildings,  we  should  give  equal,  if  not  greater, 
attention  to  engendering  the  si^irit  of  safety  among  our  em- 
ployees, and  should  consider  the  various  means  which  can  be 
used  to  develop  the  safety  habit  among  the  workmen. 

He  was  not  fully  in  accord  with  the  author  as  to  the  state- 
ment that  putting  guards  on  machines  might  make  the  work- 
men lax  in  regard  to  safety  matters,  and  therefore  increase 
the  hazards  rather  than  otherwise.  He  believed  we  should 
do  all  the  guarding  possible,  and  protect  the  machines  as 
fully  as  possible.  Even  then  there  will  be  hazards  enough  to 
keep  the  workman  alert  and  make  it  advisable  to  preach 
safety  in  the  organization,  and  preach  it  so  hard  that  the 
spirit  of  the  workman  shall  be  that  a  part  of  his  value  lies 
in  working  in  a  safe  way.  and  that  the  spirit  of  the  foreman 
shall  be  that  a  part  of  his  value  lies  in  seeing  that  his  work- 
men work  in  a  safe  way. 

Frederick  R.  Huttox.  I  would  like  to  contribute  some- 
thing to  the  statement  that  "  a  man  will  do  for  the  benefit  of 
the  gang  or  department  what  he  would  consider  beneath  his  dig- 
nity to  do  to  safeguard  himself  against  minor  accidents."  There 
is  a  splendid  philosophy  in  that  sentence.  The  difficulty  with 
many  of  us  is  that  we  are  inclined  to  take  the  position  that 
we  are  immune  from  accidents  which  might  befall  someone 
else  less  fortunate.  If,  therefore,  we  can  safeguard  the  less 
gifted  alongside  of  ourselves  and  make  that  protection  our 
responsibility,  we  shall  have  done  a  great  deal  in  securing 
safety. 

To  this  end,  I  would  like  to  emphasize  the  creation  among 
the  working  people  themselves  of  committees  of  safety.  After 
a  workman  has  served  on  such  a  committee,  and  has  himself 
seen  the  philosophy  and  importance  of  the  habit  of  safety, 
he  will  not  only  find  it  very  much  easier  to  protect  his  reckless 
neighbor,  but  he  himself  will  not  offend.  He  will  keep  him- 
self from  doing  that  which,  as  a  member  of  the  safety  com- 
mittee and  serving  to  prevent  accidents  for  a  week,  or  for  a 
month,  he  was  called  upon  in  an  administrative  way  to  pre- 
vent in  someone  else. 


Fraxk  E.  Law  emphasized  the  point  that  securing  the  co- 
operation of  the  workmen  was  often  more  important  in  pre- 
\enting  accidents  than  installing  safety  devices.  He  in- 
stanced the  case  of  a  large  manufacturing  corporation  which 
had  spent  upwards  of  five  million  dollars  in  safety  work.  It 
had  been  estimated  that  not  more  than  fifteen  per  cent  of  this 
vast  sum  had  been  directly  effective  in  preventing  accidents, 
but  the  money  had  been  weU  spent  because  the  expenditure 
resulted  in  securing  the  cooperation  of  the  workmen.  When 
the  employer  himself  does  all  that  is  reasonably  possible,  he 
is  pretty  certain  to  evoke  cooperative  response  from  his  em- 
ployees. 

JoHX  H.  Barr  fully  agreed  that  the  importance  of  the  edu- 
i-ational  work  is  frequently  greater  than  that  of  merely  pro- 
viding guards.  He  said,  however,  that  the  Committee  on  Pro- 
tection of  Industrial  Workers  had  decided  its  work  should  be 
confined,  at  least  for  the  present,  to  an  attempt  to  develop 
and  bring  about  the  adoption  of  standard  Safety  Codes,  be- 
cause so  many  other  organizations  and  agencies  are  working 
■\-ery  effectively  on  the  educational  side. 

The  influence  of  this  Society,  he  believed,  would  help  in 
the  adoption  of  such  standards,  whereas  other  organizations 
have  made  a  specialty  of  propaganda  work.  He  said  the  com- 
mittee is  fully  in  svinpathy  with  this  work  and  desires  to  co- 
operate, but  it  has  selected  what  is  conceded  to  be  the  nar- 
rower field,  because  it  seemed  to  be  the  one  in  which  it  can 
work  with  the  best  effect  at  the  present  time. 

Carl  M.  Haxsen  said  that  the  standardization  of  the  hu- 
man equation  is  a  factor  he  did  not  believe  anybody  was  able 
to  cope  with.  He  thought  we  should  confine  ourselves  as 
nearly  as  possible  to  mechanical  details  of  safeguarding. 

Leoxarii  Waldo  said  that  he  had  noticed  that  in  some  of 
the  great  steel  works  the  safety  first  idea  has  so  permeated  the 
administrative  staff'  and  the  men  that  you  will  find  notices 
constantly  posted  for  semi-weekly,  weekly  and  bi-monthly 
meetings  on  safety  subjects.  Prizes  are  offered  for  the  best 
safety  work;  certain  men  are  appointed  to  supervise  safety 
matters  around  the  different  parts  of  the  plant;  highly  or- 
ganized hospitals  are  established,  and  there  is  a  wonderful 
movement  on  the  part  of  the  intelligent  control  of  great 
works  towards  safety  among  operatives. 

A  bad  accident  almost  invariably  occurs  because  the  sense 
of  danger  is  not  present,  on  account  of  some  new  modifica- 
tion or  some  novelty  of  the  process.  If  we  codify  our  rules 
of  safety,  we  have  been  of  the  greatest  possible  help  to  the 
administration  of  the  Safety  First  movement. 

In  all  our  occupations  new  forces  are  coming  into  use  every 
day:  in  regard  to  these  new  forces  there  is  no  explanation 
or  codification  of  what  the  possible  dangers  are,  and  many 
l)eople  are  injured. 

F.  D.  Pattersox'  said  that  from  the  standpoint  of  manu- 
facturing, safety  paid  dividends  not  only  in  dollars  and  cents, 
but  also  as  a  matter  of  fact  in  added  happiness  to  every  em- 
]iloyee,  by  the  prevention  of  industrial  accidents. 

He  dwelt  on  his  experience  at  the  plants  with  which  he 
i.^  connected,  showing  that  before  active  safety  work  was  un- 
dertaken the  accident  curves  were  mounting  upwards,  but 
upon  adoption  of  safety  measures,  these  plants  not  only  had 
their  experienced  men  saved  from  injurv  and  available  for 
productive  labor,  but  thereby  avoided  the  necessity  of  having 
inexperienced  workmen   laboring  in   their  place:   and   he  em- 
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phasized  the  fact  that  from  the  accident  standpoint   the  new- 
employees  fonn  one  of  the  perils  of  modern  indnstry. 

He  considered  that  the  work  in  accident  prevention  in  indus- 
trial plants  comprises  two  distinct  features: 
a  Guarding   of   all   accident    hazards   by   mechanical   guards 
which  will  reduce  the  number  of  accidents  approximately 
20  per  cent. 
b  A  campaign  of  education  bringing  home  to  every  workman 
the  facts  that  he  is  personally  responsible  for  the  acci- 
dents that  occur  and  that  he  ought  to  constitute  himself 
a  safety  committee  of  one  to  see  that  accidents  do  not 
occur  either  to  himself  or  to  his  fellow  employees. 

THE    ATTITUDE    OF    THE    EMPLOYER 

TOWARDS    ACCIDENT    PREVENTION 

AND   WORKMEN'S   COMPENSATION 

BY  W.  H.  CAMERON,'  CHICAGO,  ILL. 

Non-Membei- 

THERE  was  a  time  when  workmen  were  expected  to  as- 
sume the  hazards  of  their  work,  and  employers,  through 
insurance  companies,  paid  as  little  as  possible  for  accidental 
injuries  or  death.  In  one  State  only  seven  deaths  in  the  hun- 
dred were  paid  for.  Employers  were  not  inhuman — workmen 
were  careless  or  reckless  and  simply  suffered  for  their  fool- 
ishness. 

This  condition  has  changed.  lu  thirty  States  the  democ- 
racy has  said  that  the  financial  burden  shall  be  borne  by  the 
industry.  This  meant  social  and  industrial  revolution.  Many 
employers  predicted  that  the  whole  movement  was  a  transient 
outburst  of  humanitarianism  and  that  it  would  die  out  in  the 
course  of  time,  just  as  fashions  in  clothes  changed.  There 
were  others,  however,  who  had  an  overwhelming  sense  of  the 
safety  movement,  who  realized  that  it  spelled  industrial  effi- 
ciency and  justice  and  was  a  symptom  of  progress  in  civiliza- 
tion. 

The  census  reports  do  not  show  the  number  of  employers 
for  or  against  Workmen's  Compensation  Laws,  or  industrial 
safety  measures,  but  a  radical  transformation  in  relationships 
to  this  problem  has  brought  about  many  and  varying  atti- 
tudes towards  it.  This  paper  is  an  attempt  to  interpret  these 
tendencies  in  as  unbiased  a  manner  as  possible. 

Interest  ifi  accident  prevention  is  not  new.  For  many  years 
our  Government  has  been  a  leader  in  providing  a  measure 
of  protection  for  mariners  through  the  lighthouse  and  life 
saving  sei-vices,  the  Interstate  Commerce  Commission  has 
ordered  the  use  of  certain  safety  appliances  for  raOroad  cai-s, 
and  other  agencies  have  contributed  to  the  general  movement. 
About  twelve  years  ago,  however,  America  began  to  realize 
that  preventable  industrial  accidents  were  a  national  evil  of 
appalling  magnitude.  The  agitation  for  Workmen's  Com- 
pensation Laws  brought  forth  astounding  facts  and  figures. 
It  was  shown  that  both  the  number  of  accidents  and  the 
economic  losses  occasioned  by  them  were  increasing  in  ratio 
more  rapidly  than  the  output  of  our  industries,  but  it  was 
not  until  the  extent  of  the  evil  became  fully  apparent  that  the 
safety  campaign  began. 

For   many   years    labor   unions    had    demanded    safeguards 
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for  machiuer\ ,  and  we  had  on  our  statute  books  various  kinds 
of  safety  requirements,  which,  though  perfunctorily  observed, 
were  not  really  enforced.  As  soon,  however,  as  Workmen's 
Compensation  Laws  transferred  the  burden  of  industrial  ac- 
cidents from  the  workman  to  the  industrj',  the  "  Safety 
First"  movement  began.  Mention  should  be  made,  however, 
of  some  of  the  large  corporations  who  had  "  seen  the  light " 
several  years  previously,  and  had  voluntarily  taken  decisive 
steps  not  only  to  safeguard  their  employees,  but  to  compen- 
sate every  injured  workman. 

Under  the  stimulation  of  self-interest,  national  commis- 
sions. Governmental  bureaus,  employers'  organizations  and 
chambers  of  commerce  began  a  serious  study  of  the  causes 
of  accidents  and  a  possible  means  of  preventing  them — the 
methods  of  minimizing  the  losses  from  accidents.  Finally, 
there  has  resulted  a  full  and  fi-ee  interchange  of  ideas  through 
various  engineering  and  industrial  organizations  and  through 
the  National  Safety  Council,  which  has  made  the  work  im- 
mensely more  effective. 

The  effects  of  this  work  were  another  triumph  for  method 
when  applied  to  the  social  and  industrial  question.  The  work 
had  previously  been  done  in  a  haphazard  and  unscientific 
way,  and  was,  in  consequence,  very  unsatisfactory. 

It  should  be  further  stated  that  it  was  commonly  assumed 
that  the  rapid  increase  in  industrial  accidents  was  inevitably 
caused  by  the  growing  use  of  power  driven  machinery.  This 
view  has  been  shown  to  be  far  from  the  truth,  because  the 
majority  of  industrial  accidents  are  not  caused  so  much  by 
machinery  as  by  carelessness  in  its  use — carelessness  proven 
to  be  very  largely  preventable  through  extensive  and  thor- 
ough educational  methods.  The  employee  "  took  chances " 
and  the  employer  expressed  his  attitude  on  the  subject  by 
the  slogan :  "  Get  out  the  work."  The  man  who  received  his 
approbation  was  the  man  who  "  did  things "  and  accidents 
were  accepted  as  part  of  the  price  of  success.  This  fallacy 
had  to  be  very  ob\it)us  before  it  was  exploded. 

This  attitude  of  mind  was  reflected  in  the  state  of  the  law, 
which  held  that  while  the  employer  was  bound  to  carrj'  on 
his  work  in  a  reasonably  safe  manner,  in  a  reasonably  safe 
place,  with  reasonably  safe  tools  and  reasonably  safe  work- 
men, reasonable  safety  did  not  require  him  to  take  undue  pre- 
cautions, the  hazard  being  put  on  the  workmen  through  the 
three  archaic  common  law  defenses,  viz.,  the  fellow  servant 
dcjctrine,  acceptance  of  risk,  and  contributory  negligence.  In 
other  words,  the  employer  was  not  bound  to  abolish  the  dan- 
ger spots  even  if  they  were  vital  to  production,  and  did  not 
place  him  outside  of  the  "  reasonableness "  test.  The  com- 
mon law  held  that  the  employer  was  not  under  any  obligation 
to  provide  guards,  unless  they  were  required  by  a  special 
statute.  The  real  cause  of  the  acceptance  and  growth  of  acci- 
dents was  the  general  and  philosophical  acceiitauce  on  the 
■  ijart  of  both  emiiloyers  and  workmen  that  nearly  all  accidents 
were  due  to  the  "  human  equation  "  and  an  inevitable  part 
of  the  business,  and  that  it  was  impracticable  to  guard  against 
or  jn-event  them.  There  was  no  true  appreciation  of  the 
causes  of  accidents,  and,  therefore,  no  logical  plan  jnit  for- 
ward as  a  remedy. 

The  first  step  in  accident  i)revention  was  to  disprove  this 
doctrine  and  to  show  that  accidents  were  unnecessary.  This 
could  only  be  done  by  serious  study  of  the  causes  of  acci- 
dents, and  a  willingness  to  invest  time,  money  and  brains  in 
remedial  methods.  Sentiment  may  make  men  anxious  to 
abolish  accidents,  but  "  self  interest "  spurs  them  on  to  collect 
and  classify  accident  statistics,  to  hire  competent  engineers 
t'l    devise   methods   of   accident    prevention,    and    to   spend    a 
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great  deal  of  money  in  making  these  methods  productive. 
That  is  why  eii'ective  sat'etj'  work  coincided  with  the  introduc- 
tion of  Workmen's  Compensation  Laws.  Credit  should  be  given, 
however,  to  the  concurrent  growth  of  a  larger  belief  in  the 
doctrine  of  fellowship;  and  feeling  of  resiDonsibility  for  the 
welfare  of  their  men  on  the  part  of  a  large  number  of  em- 
ployers has  been  a  powerful  adjunct  to  the  force  of  necessity 
in  bringing  activity  to  a  focus. 

It  was  also  feared  that  if  machinery  could  be  safeguarded, 
oi-  changed  in  character,  or  operated  at  lower  speed,  economic 
operation  of  industry  would  be  interfered  with.  This,  too,  has 
happily  been  pro\en  untnie,  for  good  safety  worlj  has  been 
found  the  partner  and  pai-t  of  eflSciency;  for,  being  simply 
the  study  of  the  right  and  orderly  way  to  do  things,  it  has 
aided  shop  methods  and  economy  in  a  very  marked  degree. 
Safety  work  has,  therefore,  evolved  as  a  great  constructive 
economic  force  in  industry,  as  well  as  a  social  and  humani- 
tarian one. 

What  then  is  the  jjresent  attitude  of  employers  toward 
effective  methods  for  reducing  industrial  accidents,  and  pay- 
ing for  every  personal  injury  suffered  by  workmen  under 
Workmen's  Compensation  Laws. 

The  ultra-conservative  type  of  employer  is  not  yet  awake 
to  the  modem  methods  of  accomplishing  results.  He  is  often 
the  man  who  has  come  up  from  the  ranks,  or  the  one  who  has 
inherited  the  established  customs  of  his  forefathers — the  em- 
ployer who  feels  that  he  only  gets  as  much  work  out  of  a 
man  as  he  can  force  out  of  him — that  industry  is  a  struggle 
between  two  men  as  to  who  wiO  get  the  "  best  of  the  bargain." 
This  type  of  employer  has  not  taken  kindly  to  the  suggestion 
of  his  responsibility  for  safe  methods  of  doing  work  in  his 
shop.  His  attitude  is  that  he  owns  the  business — that  he  has 
the  exclusive  privilege  of  directing  it,  and  the  suggestion  that 
his  foremen  or  workmen  be  asked  to  tell  him  where  the  dan- 
gers of  the  business  may  Ue  is  obnoxious  to  him  and  wrong 
in  principle.  He  is  afraid  that  if  his  workmen  are  organized 
into  accident  prevention  committees  this  will  encourage  the 
union  idea  among  his  men.  The  Workmen's  Compensation 
Law  forces  this  type  of  employer  to  study  more  carefuUy  the 
causes  of  accidents  suffered  by  his  employes,  and  because  he 
has  to  pay  the  cost  of  the  accidents  he  may  be  converted  and 
study  the  results  secured  by  other  employers  through  more 
humane  measures.  He  will  first  have  to  learn  to  do  business 
bj'  the  cooperative  method,  and  if  he  wants  to  eliminate  the 
excessive  cost  of  accidents  he  must  realize  that  his  employees 
should  be  recognized  as  having  a  part  in  the  organized  plan 
to  eliminate  accidents.  He  must  be  willing  to  educate  his 
workmen  in  safe  practices — the  right  way  of  doing  things — 
to  study  their  operation  of  the  work  in  his  shop  from  the 
standpoint  of  safety,  and  make  his  worlanen  understand  that 
"  Safety  must  be  the  first  consideration." 

A  second  group  of  employers  may  be  said  to  occupy  the 
'■'  middle  ground."  These  are  the  employers  owning  modemly 
constnicted  plants,  well  ventilated  and  illuminated  and  clean 
and  orderly — and  who  take  a  moderate  interest  in  the  safe- 
guarding of  machinery-,  if  it  does  not  cost  too  much  money— 
but  who  do  not  believe  in  "  new-fangled  notions."  This  em- 
ployer is  shocked  by  the  horrible  details  of  an  accident,  but 
considers  himself  to  be  a  model  of  propriety  in  his  own  per- 
sonal relationships.  He  would  resent  any  insinuation  that 
he  was  not  vitally  interested  in  the  welfare  of  his  employees. 
At  the  same  time  he  is  rather  slow  to  accept  new  conditions — 
he  believes  in  all  the  rights  of  the  "  boss."  He  is  averse  to 
publicity  methods  concerning  accidents;  he  dislikes  criticism 
or  any  intimation  that  there  may  be  an3^hing  wrong  with  the 


ojjcration  of  his  plant.  A  large  percentage  of  the  owners  of 
small  plants  may  be  included  in  this  category.  This  applies 
particularly  to  employers  whose  businesses  are  not  generally 
considered  to  be  of  an  especially  dangerous  character.  Em- 
ployee in  this  group  have  not  actively  opposed  Workmen's 
Compensation  Laws  but  are  apt  to  support  associations  who 
boost   propaganda  against  radical  legislation. 

The  attitude  of  the  third  group  may  be  termed  that  of  the 
progressive  type — the  pioneers  in  the  accident  prevention 
movement.  The  large  employers  of  labor,  the  leaders  in  in- 
dustrial life,  and  the  employer  who  is  himself  working  ear- 
nestly for  the  welfare  of  the  race,  are  among  those  who  have 
taken  the  lead  in  making  an  effort  to  solve  the  accident  pre- 
vention problem.  They  are  in  favor  of  a  fair  and  equitable 
AVorkmen's  Compensation  Law.  They  have  equipped  their 
plants  with  sanitai-y  toilets,  locker  facilities,  modern  wash- 
rooms and  recreation  centers,  and  do  everything  within  their 
means  to  make  their  work  places  attractive  and  comfortable. 

This  class  of  employers  asks  safety  engineers  to  review- 
plans  for  new  shop  buildings  from  the  standpoint  of  safety 
and  comfortable  working  conditions.  Tacitly  they  confess  to 
their  employees  that  they  may  not  have  done  their  full  duty 
towards  them  in  the  past  in  providing  safe  working  condi- 
tions, and  urge  cooperation  by  encouraging  the  men  to  work 
with  them  in  establishing  safe  working  practices  to  eliminate 
as  many  of  the  hazards  of  the  industry  as  may  be  possible. 
They  organize  their  workmen  into  committees  for  the  pur- 
pose of  getting  their  suggestions  in  making  conditions  safe, 
and  cari-y  on  a  vigorous  educational  campaign  to  teach  the 
workmen  the  real  causes  and  remedies  for  accidents.  These 
are  the  employers  who  reduce  accidents  in  their  i)lants  from 
25  to  85  per  cent,  and  whose  efficiency  account  shows  savings 
up  to  many  million  dollars  per  year.  These  employers  unani- 
mously declare  that  results  are  securable  from  safety  work 
commensurate  with  the  time  and  effort  put  into  the  task.  One 
of  them  has  recently  stated  that  his  investment  for  safety 
has  brough  a  tangrible  return  of  80  per  cent. 

The  increase  in  insurance  rates  for  protection  from  liability 
under  workmen's  compensation  has  brought  about  a  revision 
in  the  methods  of  establishing  premium  rates,  and  now, 
through  the  (so-called)  "merit  rating  system,"  this  group  of 
employers  realizes  the  benefits  of  making  their  plants  safe. 

To  summarize,  from  the  anciently  accepted  attitude  of  in- 
different or  ignorant  acquiescence  in  accidents  has  come: 

I  An  awakening,  caused  by 

a  publicity  that  has  compelled  a  realization  of  the  in- 
humanity and  fearful  economic  waste  of  accidents 

h  the  discovery   and   growing   conviction   that   accidents 
are  preventable 
II  The  employer  has  proceeded  to  prevent  accidents 

a  impelled  by  his  humanitarian  impulses 

b  spuiTed  by  compensation  laws  that  put  the  burden  and 
responsibilit.v    on    the    industry     and     employer,    and 
sweeping  away  the  old  outgrown  customs  and  laws 
III  The  result  has  been 

a  a  great  and  gratifying  reduction  of  accidents  through 
mechanical  safeguarding  and  education  of  workmen 

b  the  discovery  that  good  safety  work  has  been  a  big 
money  saver  over  the  old  accident  conditions 

c  the  discovery  of  the  great  constructive  value  of  safety 
work,  it  proving  to  be  a  study  of  the  proper  way  to 
accomplish  manufacturing  results  and,  therefore,  a 
great  aid  to  industrial  efficiency  and  economy 
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d  the  briugiug  of  employer  and  employee  together  on  a 
common  ground  of  mutual  interest,  thus  producing  a 
fellowship  and  good  feeling  and  cooperation  in  indus- 
try that  nothing  else  could  have  accomplished. 

Aside  from  the  attitude  of  tlie  three  groups  of  employers 
referred  to,  it  should  be  stated  in  all  fairness  that  when  the 
history  of  the  safety  movement  is  written  a  great  deal  of 
credit  will  be  given  to  the  employer.  It  has  been  due  to  his 
study  and  interest  that  the  cause  of  accident  prevention  has 
grown  to  immense  proportions  in  an  amazingly  short  time. 

No  better  evidence  could  be  given  of  the  attitude  of  em- 
ployers toward  real  interest  in  accident  prevention  than  the 
development  and  growth  of  the  National  Safety  Council. 
The  council  was  organized  by  a  group  of  representative  em- 
ployers as  the  result  of  a  safety  meeting  held  in  Milwaukee 
in  1912.  The  headquarters  of  the  council  were  not  opened 
until  October  1913,  but  within  a  period  of  two  years  this 
organization  has  secured  a  membership  of  over  1600  em- 
ployers, representing  150  industries,  included  within  which 
are  5500  representatives  located  in  every  State  of  the  Union, 
except  two,  and  in  many  foreign  countries.  These  employers 
have  voluntarily  joined  the  council  for  the  purpose  of  for- 
mulating information  to  promote  the  cause  of  accident  pre- 
vention. Through  the  dissemination  of  the  collective  experi- 
ence of  the  members  of  the  council  of  various  methods  adopted 
to  eliminate  accidents,  a  great  deal  of  light  has  been  thrown 
upon  these  problems.  The  National  Safety  Council  has  or- 
ganized twenty-three  active  local  councils  in  various  parts  of 
the  country  from  San  Francisco  to  Boston.  The  Fourth  An- 
nual Congress  was  attended  by  over  1500  employers,  or  their 
representatives,  and  for  attention  and  interest  this  meeting 
has  rarely  been  excelled. 

Some  emjjloyers  predict  the  most  far-reaching  etfect  from 
the  safety  organization  plan  in  bringing  the  employer  and 
employee  together  into  closer  relationship,  by  obliterating 
the  class  feeling  which  has  kept  employer  and  employee  apart. 
When  both  sit  down  at  a  safety  meeting  to  discuss  a  problem 
of  common  interest,  there  is  apt  to  grow  up  a  better  under- 
standing of  the  aims  and  purposes  of  each  party.  If  the  em- 
ployee has  imagined  in  the  past  that  the  emjsloyer's  indiffer- 
ence has  been  the  cause  of  accidents,  he  soon  learns  that  the 
remedy  hes  jarincipally  within  himself. 

While  it  is  realized  that  many  employers  are  not  yet  in 
sympathy  with  many  of  the  aspects  of  the  accident  preven- 
tion problem,  and  that  the  Workmen's  Compensation  Laws 
are  defective  in  many  ways,  it  is  believed  that  both  employer 
and  employee  will  profit  by  the  new  status  of  the  work  and 
wiU  gain  a  new  and  better  view  of  their  industrial  obligations. 

DISCUSSION 

John  Price  Jackson.  I  believe  that  this  paper  is  a  clear 
review  of  the  attitude  of  the  employer  in  Pennsylvania  toward 
safety,  and  the  work  that  is  being  done.  From  the  point  of 
view  of  safety  legislation,  the  situation  to-day  is  that  prac- 
tically every  State  in  the  Union  now  has  something  in  the 
nature  of  what  may  be  called  an  Industrial  Board.  In  many 
cases  there  are  obligatory  laws  which  are  enforced  by  these 
Boards  and  the  accompanying  inspection  forces,  but  many  of 
these  laws  are  often  imperfect  and  without  uniformity  over 
the  whole  country.  Suppose  Pennsylvania,  through  its  Board, 
calls  for  a  certain  kind  of  guarded  lathes,  and  Illinois  calls 
for  another  kind,  and  Indiana  for  a  third  kind,  then  undoubt- 
edly waste  and  useless  expense  is  involved.    There  are  a  great 


many  kinds  of  machinery  where  a  great  many  types  of  guards 
can  be  used,  and  therefore,  where  the  Boards  can  make  a  great 
differentiation  and  cause  unnecessary  lack  of  uniformity  by 
specific  requirement. 

If  such  a  body  as  this  Society,  through  its  Committee  on 
Protection  of  Industrial  Workers,  can  put  on  record  a  rea- 
sonably sound  practice  for  providing  all  of  our  industrial  ma- 
chinery with  safety  devices,  then  the  Boards,  instead  of  mak- 
ing haphazard  rules  and  regulations,  may  be  guided  to  make 
niles  according  to  this  practice. 

We  have  another  group  of  laws  growing  up — compensation 
laws — which  have  been  adopted  in  nearly  every  State.  Under 
these  laws  an  employer  who  saves  human  loss  of  life  and  ca- 
jiaeity  as  carefully  as  he  now  saves  fuel  loss,  is  actually  going 
to  save  many  dollars  in  his  actual  outlay,  and  also  in  his  in- 
surance rate. 

There  is  a  very  material  opportunity  for  financial  saving  by 
having  available  acceptable  practices  for  the  installation  of 
safeguards  and  safety  devices. 

The  subject  of  safety  organizations  and  safety  methods, 
though  more  a  matter  of  management  than  design,  is  of  even 
greater  importance  than  that  of  safeguards.  It  should,  there- 
fore, have  the  careful  consideration  of  this  Society  in  order 
that  the  best  methods  may  be  outlined  for  the  development  of 
carefulness  on  the  part  of  all  connected  with  an  industry. 

Summarizing,  my  thought  is  that  this  Society  of  the  Indus- 
tries, with  the  help  of  its  whole  membership,  should  put  on 
record  conclusions  and  opinions  which  will  be  the  directive 
force  in  the  safety  movement,  and  will  keejD  this  movement  in 
the  right  direction,  both  as  to  the  laws  that  may  be  passed  in 
the  several  States,  and  as  to  the  methods  that  may  be  used  by 
the  manufacturers  themselves,  and  by  the  Industrial  Boards 
and  safety  and  inspection  oflicers. 

Charles  Whiting  Baker.  In  the  general  discussion  of 
safety,  a  fact  which  is  often  ignored,  is  that  safety  is  always 
a  relative  term,  and  that  there  is  no  such  thing  as  absolute 
safety. 

We  cannot  prevent  all  accidents,  but  what  we  can  do  is  to 
make  reasonable  requirements  that  will  raise  our  standards  of 
safety.  The  question  then  arises  as  to  where  shall  we  draw 
the  line.  This  is  a  matter  which  can  only  be  determined  by  the 
engineer  from  exjjerience  and  expert  knowledge. 

There  is  another  serious  side  of  this  subject,  and  that  is  the 
question  of  fixing  responsibility  for  accidents.  As  engineers, 
we  should  always  remember  to  have  some  charity  for  the  men 
who  are  responsible.  It  very  often  happens  that  the  accidents 
which  occur  may  have  come  from  some  cause  for  which  any  of 
us  might  have  been  responsible.  Ignorance  of  some  of  the 
simple  principles  of  physics  on  the  part  of  some  of  the  wisest 
is  sometimes  responsible  for  serious  accidents. 

Lew  Russell  Palmer.  The  engineer  is  playing  a  greater 
part  every  day  in  the  work  of  accident  prevention.  Engi- 
reers,  as  a  rule,  stand  for  efficiency.  There  is  nothing  that 
indicates  inefficiency  in  such  a  marked  degree  as  a  useless 
waste  in  human  energy.  Plant  managements  woke  up  several 
years  ago  to  the  fact  that  they  could  produce  double  the 
amount  of  material  with  the  same  number  of  men  if  they  in- 
stalled proper  appliances  and  safeguards.  Safety  work  is 
another  application  of  the  efficiency  idea. 

Mr.  Cameron  states  that  cooperation  is  the  keynote  of  the 
work,  and  we  need  cooperation,  both  from  safety  organiza- 
tions and  State  and  National  organizations  of  engineers. 
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rHE  aim  of  this  paper  is  to  outline  the  principle  for  a  method  by  which  the  owners  of  power 
plants  can,  without  the  necessity  of  going  themselves  into  technical  details  of  operation, 
judge  how  close  the  actual  performance  of  the  plant  is  to  the  possible  minimum  cost  at  any 
time  or  under  any  circumstances,  all  variable  factors  beyond  operating  control  being  automat- 
ically adjusted. 


THE  cost  of  manufacture  of  power  or  any  other  commodity, 
being  a  result  of  numerous  factors  involved  in  produc- 
tion, is  in  final  count  the  eliief  criterion  upon  which  the  market 
price,  range  of  use,  legislation,  future  developments,  social  wel- 
fare, etc.,  are  depending.  Few  if  any  of  these  questions  can  be 
intelligently  answered  from  the  knowledge  of  actual  costs, 
owing  to  the  effect  of  an  unknown  factor — degree  of  perfection 
of  the  actual  performance.  The  importance  of  an  accurate 
knowledge  of  the  meaning  and  significance  of  actual  cost  data 
to  the  financier  warrants  the  development  of  a  method  where- 
by a  cost  report  tells : 

a  What  the  power  costs 

b  What  it  should  cost 

c  Where  the  loss  has  occurred 

d  Why  the  loss  has  occurred 
These  questions  answered,  elimination  of  waste  is  a  compara- 
tively simple  engineering  problem. 

Standardization  and  predetermination  of  cost  of  power  pro- 
duction have  never  before  been  considered  as  possible  under- 
takings, and  their  advantages  were  thought  questionable.  Pre- 
determination of  operating  costs  has  not  been  made  use  of  for 
other  than  estimates  of  probable  future  expenses  prepared  by 
promoters  or  contractors.  These  estimates  are  usually  based, 
as  is  always  the  ease  in  work  of  such  nature,  either  on  past 
performances  modified  by  expectations,  or  on  data  obtained 
from  actual  performance  of  another  plant  considered  as  sim- 
ilar. The  accuracy  of  such  estimates  depends  at  least  on  the 
following  conditions : 

a  How  reliable  were  the  cost  records  used 

h  How  near  the  possibilities  were  realized 

c  How  close  is  the  similarity  of  the  equipment  of  plants 

under  consideration 
d  What  effect  the  location  has 
e  What  effect  the  nature  of  load  has 
/  What  effect  the  labor  market  produces 
g  How  completely  the  future  factors  were  foreseen 

Since  there  is,  however,  no  assurance  that  in  the  sample  plant 
the  operating  methods  are  perfect,  neither  is  it  reasonable  to 
expect  that  another  plant  is  in  every  respect  identical  to  the 
sample  plant,  and  the  value  of  such  guessed  operating  cost  is 
highly  problematic. 

Realizing,  on  the  other  hand,  that  such  estimates  are  inev- 
itabh'  colored  by  the  personal  sjTiipathies  and  prejudices  of 
the  estimator,  a  demand  for  a  class  of  disinterested  counsel- 
lors has  been  created.  As  the  financial  and  not  the  thermo- 
tlynamic  side  of  the  question  is  more  vital  in  the  eyes  of  the 
mvestors,  the  predetermination  of  results  of  power  produc- 
tion is  often  entrusted  to  public  accountants  who  may  or  may 
lot  be  fully  equipped  to  account  thoroughly  for  the  influence 
:f  such  factors  as  chemical  and  physical  properties  of  avail- 
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able  fuels  on  efficiency  of  boilers  and  furnaces,  effect  of  load 
and  machine  factors,  water  rate  of  turbines  under  predominat- 
ing condition  of  load,  role  of  power  factor,  wattless  current, 
phenomenae  of  electric  transformation,  transmission,  drop  of 
voltage  in  distributing  lines  and  numberless  other  factors  af- 
fecting the  cost  of  current  either  directly  or  indirectly. 

PEEVIODS  EFFORTS  TOWARD   STAXDARDIZATION 

Urgent  need  of  dependable  measure  for  financial  efficiency 
of  operation  prompted  managers  and  owners  to  compare  their 
operating  cost  data  with  those  available  from  other  plants.  An 
attempt  to  form  an  opinion  whether  one's  operation  is  as  eco- 
romical  as  possible  by  comparison  with  oi:)erating  data  from 
other  plants  whose  equipment  and  sei-vice  is  more  or  less  rad- 
ically different  would  be  absurd  were  it  not  for  the  want  of 
a  better  method.  Table  1  presents  examples  of  such  typi- 
cal effort  to  make  use  of  cost  data  comparing  monthly  cost 
reports  of  seven  central  stations.  Their  equipments  are  wide- 
ly different;  no  two  of  them  use  the  same  grade  of  coal;  the 
arrangement  of  machinery  requires  in  some  cases  double  the 
number  of  attendants;  one  is  generating  electric  current  for 
a  trunk  railroad,  whereas  others  supply  suburban  and  tunnel 
traffic  or  even  private  consumers,  with  consequent  differences^ 
in  characteristic  of  current,  distribution  of  load  and  peaks 
during  the  day,  etc.  Under  such  circumstances,  to  say  from 
those  data  that  one  is  operating  more  eflSciently  than  another- 
is  at  least  too  presumptuous. 

The  most  interesting  attempt  to  devise  means  for  more  ra- 
tional cost  studies  was  offered  by  Messrs.  H.  Gr.  Stott  and  W. 
S.  Gorsuch  (Transactions  A.  I.  E.  E.  1913.  Vol.  II,  p.  1619). 
Yet  the  use  of  various  factors  tending  to  compensate  for  dif- 
ferences in  fuel,  load  factor  of  load,  labor  cost,  etc.,  are  evi- 
dently inadequate.  Prices  per  heat  unit  in  shape  of  fuel, 
if  adjusted,  do  not  ascribe  the  differences  in  cost  to  either  in- 
herent efficiency  of  boilers,  furnaces  and  stokers,  or  to  the 
methods  of  firing  and  the  personal  element  of  attendance. 
The  effect  of  load  factor  corrections  is  entirely  offset  by  ex- 
isting differences  in  the  water  rate  of  turbines  and  influences 
of  auxiliary  apparatus  in  the  plants  under  comparison.  Pay- 
roll correction  factors  established  on  the  basis  of  mere  pay- 
rates  is  erroneous,  because  of  the  size  of  units,  floor  plans, 
automatization  of  certain  operations,  etc.,  not  mentioning  the 
fact  that  generally  low  pay  to  attendants  results  in  high 
cost  per  kilowatt-hour,  usually  on  the  coal  item  and  often  in 
maintenance.  Even  if  these  factors  of  correction  were  un- 
questionably correct,  this  method  leaves  the  effect  of  suprem- 
acy of  equipment  efficiency  unseparated  from  efficiency  of 
methods  of  management.  Finally,  even  if  all  factors  are  fuUy 
accounted  for,  the  fact  that  one  plant  is  equally  economical  to- 
another  does  not  tell  how  far  each  of  them  is  from  its  pos- 
sible degree  of  perfection. 

The  idea  was  voiced  at  the  Spring  Meeting  of  the  Society 
in  Buffalo,  in  June,  1915,  by  Da^id  Rushmore,  that  the  oppor- 
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tunity  existed  for  standardizing  cost  accounting  for  industrial 
plants,  and  hoped  that  some  member  would  lay  before  the  So- 
ciety a  method  and  data  for  establishing  such  a  standard. 
Proper  tabulation  and  distribution  of  costs  is,  however,  of 
lesser  importance  than  a  satisfactory  method  of  analyzing  the 
data  collected.  It  is  the  writer's  belief  that  the  time  is  now 
ripe  to  consider  these  questions,  at  least  in  this  one  branch  of 
manufacture,  namely,  generation  of  power. 


decreasing  with  the  increase  of  output.  They  are  exempli- 
fied by  interest  on  investment,  depreciation,  sinking  fund,. 
insurances,  management,  pay  roll  (in  some  cases),  taxes,  etc. 
Expenses  that  vary  with  the  output  of  the  plant  charac- 
terize, other  conditions  being  constant,  the  efficiency  of  opera- 
tion, and  their  elements  stand  together  in  dependent  sequence. 
If  represented  graphically,  they  show  very  irregular  shaped 
curves  peculiar  to  each  set  of  equipment.     Unit  cost  has  a 
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CLASSIFICATION  OF  EXPENSES 

All  expenses  incurred  in  the  course  of  power  production 
fall  under  analysis  into  two  main  groups : 

a  Constant  (within  a  certain  range)  for  any  output 
b  Variable  in  some  direct  proportion  with  the  output 

Expenses  that  are  independent  of  volume  of  output  are  at 
the  same  time  independent  of  each  other  and  do  not  character- 
ize the  efficiency  of  processes  performed  in  the  power  plant. 
Their  effect  on  unit  cost  is  represented  by  a  parabolic  curve 


general  tendency  to  drop  with  increased  output,  as  the  effi- 
ciency of  boilers,  turbines,  etc.,  tends  to  improve  with  in- 
creased load;  yet  as  with  higher  degrees  of  overload  the 
efficiency  decreases,  the  unit  cost  rises.  With  further  in- 
crease of  load  when  an  additional  unit  is  started,  the  effi- 
ciency again  begins  to  improve  until  their  cumulative  efficient 
capacity  is  exceeded,  when  the  unit  cost  commences  to  in- 
crease again.  Such  waves  are  sometimes  very  pronounced 
and  generally,  throughout  the  range  of  the  plant's  capacity,. 
the  number  of  waves  on  the  unit  cost  curve  is  equal  to  the 
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number  of  generating  units  installed.  Fuel,  water,  certain 
supplies,  and  in  less  pronounced  dependence,  maintenance 
expenses,  belong  to  tins  group  of  expenses,  and  for  the  pur- 
pose of  classification  of  expense  account,  it  is  best  to  itemize 
them  correspondingly  to  the  steps  in  -which  the  energy  is 
transformed  during  the  generating  process. 

The  criterion  of  economy  is  formulated  by  the  interplay 
of  three  factors,  time,  product  and  cost.  When  only  one 
factor  varies,  its  effect  on  economy  can  easily  be  foreseen. 
Thus  greater  product,  without  change  of  time  required  or 
cost,  increases  the  economy.  Increase  of  either  time  of  pro- 
duction or  cost  of  production  reduces  the  economy.  Gener- 
ally, however,  aU  the  factors  vary  simultaneously,  in  which 


case  the  analysis  of  the  equation  of  economy  criterion  e 


P 

lit 

can  be  made  for  any  influential  element  n,  and  the  increase 
of  economy  of  unit  increase  of  ii.  if  differentiated,  is 
P 


ct 


/P'n      C'n      t'li  \ 


all  elements  essentially  positive. 


Fig   1. 


^  g  S' 

Kilowa-tt-hours    per   Day 

Curves  Showing  Variation  in  Standard  Costs  of  Operation  in  a  Public 
Utility  Central  Station 


Such  a  general  study  can  be  made  with  respect  to  economy 
if  more  than  one  influential  element  is  involved  as  simul- 
taneous equations  for  each.  The  graphic  method  offers,  how- 
ever, an  easier  means  of  solving  the  problem.  To  determine 
the  economic  limit  reached  by  continuous  increase  or  decrease 
of  influential  elements  is  by  no  means  an  easy  problem,  but 
unless  it  is  solved  we  are  in  the  dark  not  only  as  to  what 
economy  can  be  obtained,  but  also  what  changes  in  conditions 
and  methods  are  essential.  The  analysis  of  the  effect  of  the 
variations  of  these  elements  involved  in  determination  of  max- 
imum limit  of  economy  can  be  compared  to  a  determination 
of  the  height  of  the  apex  of  a  hill  by  taking  altitude  readings 
on  both  slopes  in  one  direction  and  then  repeating  observa- 
tions in  the  crosswise  direction. 

STAXDARD    COSTS 

It  is  relatively  imimportant  whether  the  maximum  limit  of 
economy  is  determined  empirically  by  rigorous  observations, 
tests  and  analyses  of  all  influential  elements,  or  calculated 
from  the  principal  data  already  available.     It  is  imperative 


that  such  study  be  made  and  the  economy  limdt  established, 
as  this  is  the  only  criterion  for  judging  the  actual  perform^ 
ance.  Carrying  out  the  analysis  of  economy  limit  to  its  logi- 
cal conclusion,  the  standard  cost  of  product  is  arrived  at,  and 
evidently  during  this  investigation,  not  only  are  itemized 
costs  of  individual  partial  processes  found  out,  but  the  condi- 
tions and  methods  whereby  standard  cost  can  be  attained  are 
established.  In  other  words,  unless  the  standard  costs  are 
established  there  is  no  measure  of  existing  losses  or  exact 
knoidedge  how  to  eliminate  them. 

Manifestly,  in  the  course  of  determination  of  standard 
operating  cost,  such  factors  as  inherent  efficiency  of  equip- 
ment, its  efficiency  under  different  loads,  prices  of  fuel  and 
supplies,  necessary  and  sufficient  number  of  attendants  and 
their  compensation,  etc.,  are  already  taken  into  consideration 
for  a  given  plant.  Any  deviation  observed  between  the  actual 
operating  cost  and  this  standard  cost  indicates  that  some  of 
the  necessary  conditions  were  not  lived  up  to  and,  if  stand- 
ardization has  been  carried  out  in  sufficient  detail,  it  leads 
directly  to  the  allocation  of  the  loss  to  operating  methods. 
On  the  other  hand,  any  change  in  the  basic  data  used  in  de- 
termination of  the  standard  cost  being  known,  adjustment  of 
the  standard  cost  can  easily  be  made  before  the  blame  is  put 
at  the  door  of  the  operators.  The  efficiency  of  the  thermo- 
dynamic process,  domineering  the  operating  cost  in  a  power 
plant,  should  be  made  a  subject  of  a  most  thorough  investiga- 
tion to  ascertain  first  the  maximum  efficiency  limit  of  each 
partial  process,  and  then  the  result  of  their  interplay.  When 
this  is  accomplished,  the  entire  process  will  be  re-studied  for 
the  purpose  of  standardizing  methods  and  adjusting  for  such 

a  balance  of  efficiencies  of 
partial  processes  as  will  se- 
cure the  maximum  profit  or 
economy  from  the  expendi- 
ture of  time,  energy  and 
money  involved.  In  this,  it 
is  sometimes  found  that  the 
most  economical  thermal  effi- 
ciency is  somewhat  below  the 
maximum  obtainable,  as  the 
slight  additional  gain  in  effi- 
ciency necessary  to  reach  the 
maximum  is  not  warranted 
by  the  expenditure  required 
for  its  attainment.  When 
these  limiting  conditions  are  studied  and  determined,  a  method 
can  then  be  defined  for  each  member  of  the  working  force, 
prescribing  his  duties  and  the  conditions  he  must  maintain  to 
secure  the  most  profitable  degree  of  efficiency. 

Upon  the  conclusion  of  these  studies,  the  best  efficiency  of 
each  unit  and  their  combination  being  known  for  any  load, 
the  standard  cost  for  any  output  in  a  given  time  unit  can 
be  conveniently  represented  in  graphical  form. 

The  principles  of  determining  the  standard  cost  of  main- 
tenance and  upkeep  of  the  plant  and  equipment  are  substan- 
tially the  same;  the  method  of  study,  however,  is  somewhat 
different.  It  involves  a  study  of  design  and  construction  of 
all  elements  of  equipment;  minute  records  of  their  service 
and  cost  of  maintenance  may  lead  to  a  modification  of  design, 
use  of  cheaper  renewable  parts,  etc.  Next,  the  standardiza- 
tion of  supplies,  beginning  in  the  laboratory  and  followed 
by  actual  service  tests,  helps  to  determine  not  alone  the  pur- 
chase price,  but  the  lowest  service  cost.  Finally,  time  studies 
embracing  schedules  for  inspection,  routes  for  maintenance 
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men,  standardization  of  tools,  motions,  methods,  etc.,  conclude 
the  investigation.  The  criterion  is,  of  course,  not  the,  wages 
of  the  employee,  but  freedom  from  accidents,  breakdowns  and 
the  lowest  attainable  cost  of  upkeep  per  unit  of  the  plant's 
output.  It  is  evident  that  there  maj'  not  be  any  theoretically 
certain  standard  cost  of  maintenance,  but  an  empirical  stand- 
ard thus  developed  is  generally  but  a  fraction  of  the  best 
actual  records  of  the  past. 

CURVES    OF    STANDARD    COSTS 

Upon  conclusion  of  this  double  analysis  of  the  maximum 
economy  obtainable,  the  graphs  of  standard  cost  of  ])ower 
production  may  be  drawn.  Curves  may  be  conveniently  ar- 
ranged in  the  co-ordinates  of  cost  C  and  product  per  unit  of 

P 
time  —(output).    It  wiU  then  be  noted  that  the  time  element 

is  one  of  the  most  influential  factors  in  power  economy. 
Whereas  in  some  cases,  where  the  number  of  generating  units 
is  large,  the  coal-rate  per  unit  of  output  remains  fairly  flat 
and  the  other  items  of  cost  reduce  rapidly  with  increased 
production  per  unit  of  time,  in  other  cases  the  standard  cost 
of  fuel  also  decreases  as  the  time  during  which  a  certain  out- 
put is  produced  is  reduced.  Figs.  1  and  2  represent  curves 
of  standard  operating  costs.  It  is  evident  that  any  number 
of  curves  may  be  plotted  following  the  above  metliod,  each 
curve  representing  an  itemized  standard  cost  according  to 
the  adopted  classification.  Fig.  1  is  thus  prepared  for  a  me- 
dium size  public  utility  central  station.  It  shows  the  varia- 
tions of  standard  costs  of  coal,  boiler  room  labor,  water, 
supplies,  overhead  charges,  engineers  and  supemsion  per 
kilowatt-hour  at  various  monthly  outputs.  The  cost  scale  does 
not  show,  however,  the  actual  standard.  This  plant  comprises 
four  600  h.p.  boilers  and  three  turbo  generators,  one  of  2,500 
kva.  and  two  500  kva.  rating;  it  operates  24  hr.  per  day,  7 
days  a  week. 

From  this  diagram  it  apjjears  that  the  cost  of  coal  per 
kilowatt-hour  is  lowest  when  the  output  of  the  plant  is  ap- 
proximately 1,900,000  kw-hr,  per  moutli.  Further  increase 
of  output  coincides  with  the  increased  cost  for  fuel  required, 
due  to  the  characteristic  of  boilers  and  turbines  that  they  lose 
in  their  efficiency  at  higher  rates  of  driving.  Again,  costs  of 
labor,  supplies,  pro-rate  overhead  charges,  etc.,  per  kilowatt- 
hour,  which  drop  more  rapidly  than  the  cost  of  fuel  rises, 
offset  the  difference  and  render  a  greater  monthly  output 
more  desirable  economically.  Even  there,  however,  we  meet 
a  limit  when  at  the  rate  of  2,200,000  kw-hr.  per  month  the 
unit  cost  becomes  higher  than  it  was  at  the  lower  output  of 
1,900,000  kw-hr.  per  month. 

Fig.  2  illustrates  a  few  characteristic  curves  of  standard 
cost  per  kilowatt-hour  for  various  rates  of  output  of  a  large 
central  station  feeding  the  lines  of  an  electrified  trunk  rail- 
road. The  plurality  of  waves  on  the  fuel  cost  curve,  etc.,  is 
explained  elsewhere  in  this  paper  and  the  tendency  of  total 
standard  cost  to  go  steadily  downward  with  increase  of  the 
output  rate  is  due  to  the  plurality  of  generating  units. 

USE    OF    STANDARD    COST    CURVES 

Practical  use  of  such  predetermined  standard  costs  can  be 
made  extremely  simple  by  the  use  of  these  graphs.  For  busy 
executives  or  owners,  the  entire  cost  record  xnsualized  by 
graphical  representations  of  the  items  of  account  is  found 
very  convenient.  An  example  of  such  a  graph  is  seen  in 
Fig.  3,  wherein  the  actual  unit  cost  and  the  standard  unit 
cost  are  plotted  to  the  same  scale,  the  deviation  of  one  from 
the  other  suggesting  at  a  glance  the  degree  of  perfection  of 
the  perfoi-mance.    The  total  expense  curve  and  the  cumulative 


expense  curve  may  be  shown  on  the  same  graph  to  a  suitable 
scale ;  the  latter  curve  is  found  very  serviceable  for  comparing 
these  items  with  the  appropriation  made.  A  cost  system  kept 
on  a  card  file  in  this  manner  will  represent  clearly  in  any 
desired  detail  for  any  length  of  time  and  at  any  period : 

a  How  much  was  spent 

b  How  much  each  unit  of  output  cost 

c  How  much  it  should  have  cost 

d  What  the  fluctuations  of  expenses  and  unit  cost  are 

e  What  the  fluctuations  of  efficiency  are 

/  How  close  the  actual  amount  spent  in  any  time  is  to  the 
appropriation. 

The  accuracy  of  such  graphic  records  is  sufficient  for  most 
practical  uses  and  references,  as  it  allows  the  interpolation 
of  unit  costs  to  0.001  of  a  cent.  If  the  exact  total  of  expendi- 
ture is  wanted  it  can  be  had  at  any  time  from  the  book  rec- 
ords, whereas  the  use  of  books  and  figures  exclusively  lacks 
the  comprehensiveness  and  visual  instructive  value  of  graphs. 
Any  comparison  of  production  costs  of  various  plants  may 
now  be  made  in  a  different  light.  By  comparing  standard 
costs  of  one  plant  with  those  of  another,  one  gains  the  knowl- 
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Fig.  2.     Curves  showing  Variation  of  Standard  Costs  of 

Power  Production  at  an  Electrified  Railway 

Central  Plant 

edge  of  how  much  cheaper  the  power  can  be  produced  in  one 
plant  than  in  another,  due  to  its  various  physical  advan- 
tages, corrections  for  load  and  output  all  being  automatic. 
Again,  by  comparing  how  near  the  actual  cost  of  one  plant 
is  to  its  standard  cost  with  the  difference  between  actual  and 
standard  cost  of  another  plant,  one  has  at  once  a  measure  of 
quality  of  methods  and  management.  Thus,  referring  to  our 
Mgs.  1  and  2,  the  actual  cost  per  kilowatt-hour  of  35  cents 
in  one  plant  means  a  worse  operating  efficiency  than  48  cents 
in  another  plant  under  another  load  condition.  Yet  without 
such  accurately  predetermined  standard  costs  that  are  indi- 
vidual for  each  plant  and  condition  of  load,  no  correct  com- 
parison is  possible,  and  conclusions  from  a  mere  study  of 
accountants'  figures  are  apt  to  be  grossly  in  error. 

standardization  of  overhead  charges 
In  the  above  discussion  of  standard  cost  we  left  out  of  con- 
sideration, however,  a  very  important  feature — namely,  fixed 
charges  borne  by  the  plant.  It  is  a  very  common  policy  to 
install  in  power  plants  considerable  spare  equipment,  partly 
as  a  protection  against  possible  breakdown  and  partly  to  take 
care  of  high  jieak  loads.    In  both  cases,  it  would  not  be  logical 
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to  adulterate  production  eosts  by  the  addition  of  all  overhead 
eharges  incident  to  this  idle  equipment.  If  all  charges  due  to 
policy,  over-equipment,  protection,  spare  units,  new  business 
anticipation  and  similar  allied  items  are  accounted  where 
they  belong — not  against  the  operation — the  cost  of  producing 
the  current  will  appear  constant  unless  prices  of  fuel,  sup- 
plies, wages,  etc.,  are  changed  or  methods  of  management  are 
not  unifoi-m. 

Inasmuch  as  the  spare  equipment  has  a  function  identical 
to  a  stand-by  plant  at  some  distant  point  of  transmission 
line  or  a  breakdown  emergency  connection  with  a  power  com- 
pany nearby,  it  seems  entirely  proper  to  segregate  this  por- 
tion of  charges  and  treat  them  in  the  same  manner  as  the 
bills  of  an  emergency  contract,  i.e.,  to  carry  the  cost  on  a 
separate  business  account.  The  ]>arallel  between  a  break- 
down connection  contract  and  a   plant's  own   breakdown   re- 


if  they  were  properly  charged  to  a  separate  account,  the  ex- 
cessive charge  against  the  stand-by  equipment,  both  for  fixed 
charges  and  running  expense,  would  produce  a  stimulus  for 
the  new  business,  or  commercial,  or  transportation  depart- 
ments to  secure  additional  load.  It  is  a  quite  common  condi- 
tion that  these  departments  are  not  fully  aware  of  the  reserve 
capacity  of  the  plant  or  plants  or.  on  the  contrary,  secure 
more  load  than  it  is  safe  to  carry  permanently  or  until  an 
additional  generating  equipment  is  provided.  Standard  cost 
of  protective  policy  would  act  in  all  such  cases  as  a  gage  on 
a  tank  of  certain  capacity  with  outlet  and  inlet  valves  subject 
to  continuous  adjustments.  In  other  words,  the  new  business 
departments  should  at  all  times  Ahoic  the  ratio  between  ideal 
protective  costs  and  actual  cost  of  carrying  the  unutilized 
portion  of  power  generating  equipment. 


Fig.  3.     Visu.\lized  Records  of  the  Entire  Cost  of  Power  Plant  Operation,  in  which  the  Actual  Unit  Cost  and 

THE  Standard  Unit  Cost  are  Plotted  to  Same  Scale 


serve  is  apparent,  yet  it  is  only  too  often  that  the  same  con- 
cern, charging  the  bills  on  such  a  contract  against  the  general 
business  or  protection  account,  insists  that  the  power  depart- 
ment shall  absorb  in  its  operating  account  all  expenses  ac- 
crued in  the  reserve  jilant  or  any  part  thereof. 

The  degree  of  safety  and  protection  from  interruptions 
with  which  it  may  be  desired  to  maintain  the  service  is  dic- 
tated by  the  general  policy  of  the  concern ;  similarly,  the  deci- 
sion to  keep  a  stand-by  station  in  readiness  to  go  into  service 
at  a  moment's  notice  or  the  policy  of  keeping  within  the 
central  station  a  certain  number  of  boilers  banked,  turbines 
warmed  up  and  generators  phased,  should  not  obscure  the  cost 
and  efficiency  data  pertaining  to  the  generation  of  power.  The 
expenses  incurred  in  connection  with  such  a  protective  service 
should  not  be  charged  to  the  operating  or  ijroduction  account, 
but  might  be  arbitrarily  standardized,  reduced  or  increased  as 
the  business  policy  might  require  and  be  treated  as  an  inde- 
pendent account. 

If,  in  the  case  of  a  plant  built  and  equipped  to  produce 
twice  the  output  it  normally  carries,  iixed  charges  are  dumped 
together  with  operation  costs,  it  reflects  unfairly  on  the  abil- 
ity of  the  superintendent  and   his   operating   force;   whereas 


COMPARISON   OP   COSTS   AND   EFFICIENCIES 

The  cost  system  develojied  along  the  lines  discussed  will 
not  only  afford  a  means  for  clear  understanding  of  operating 
and  managerial  problems,  but  offer  a  basis  for  cost  compari- 
son of  different  jslants.  The  essentials  of  knowledge  gained 
through  a  comparison  of  actual  cost  in  conjunction  with  the 
standard  are: 

a    Relative  supremacy  of  plants  proper 

h     Relative  advantages  of  managerial  methods 

c     Relative  extent  of  preventable  losses 

d     Relative  advantages  of  prices  of  materials,  etc. 

These  cannot  be  found  unless  there  is  a  comparable  basis  or 
scale  for  comparison,  which  is  offered  by  standard  costs  deter- 
mined for  each  plant  individually,  as  at  least  ten  main  varia- 
bles must  be  accounted  for,  as  follows : 

a     Nature  of  load 

b     Character  of  service 

c     Conditions  imposed  by  location 

d     Inherent  efficiency  of  equipment 

e     Arrangement  of  equipment,  floor  plan,  etc. 

/     Cost-efficiency  of  fuel  and  supplies 
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g  Legal  requirements 

h  Methods  of  operation 

i  Labor  conditions 

j  Methods  of  compensation  ft)r  service 

Each  of  these  variables  being  in  its  turn  a  product  of  a  plural- 
ity of  factors,  it  is  manifestly  impossiljle  to  state,  without  the 
aid  of  carefully  worked  out  standard  costs,  that  the  economy 
of  one  plant  or  another  is  satisfactory,  or  where- and  how  it 
can  be  bettered. 

Inasmuch  as  standard  cost  cannot  be  determined  without 
first  finding  out  how  the  maximum  economy  can  be  secured, 
the  process  of  standardization  of  costs  is  also  a  jjrocess  of 
devising  the  best  way  for  operation  and  management.  Once 
both  methods  and  results  are  positively  established,  costs  are 
but  the  foi-m  of  exjjression  of  the  final  result.  It  is  true  that 
the  standard  cost  is  influenced  by  the  price  of  commodities 
used  in  the  course  of  generation  of  power,  as  well  as  by  some 
conditions  beyond  the  control  of  the  management  and  operat- 
ing engineers,  but  the  adjustment  of  the  standard  costs  to 
every  change  of  these  factors  can  be  made  as  simple  as  the  use 
of  a  slide  rule.  Furthermore,  a  sepai'ate  account  should  be 
kept  for  such  charges  as  are  the  part  of  business  policy,  so 
that  a  division  of  responsibility  between  those  managing  the 
production  and  directing  the  business  could  be  drawn. 

As  long  as  costs  of  production  of  jtower  come  as  an  unex- 
pected surprise  and  arouse  the  curiosity  to  an  extent  of  com- 
paring them  with  the  preceding  month,  year,  or  any  other 
plant's  data — the  management  of  such  power  plants  is  evi- 
dently a  very  haphazard  undertaking,  lacking  the  aim  at  any 
definite  goal.  Without  pre-determined  standards,  super- 
intendents and  managers  will  continue  to  believe  that  they 
control  the  production  and  owners  will  remain  in  a  happy  ig- 
norance as  to  how  much  of  their  money  goes  to  waste  and 
why.  Only  after  the  establishment  of  standards  and  ideal 
costs  of  production  by  means  of  the  most  rigorous  analysis, 
will  cost  accounting  be  of  help  to  engineers,  and  only  then 
can  it  be  said  that  the  generation  of  power  is  directed  by 
management  and  controlled  by  engineers. 

DISCUSSION 

R.  J.  S.  PiGOTT  (written).  Mr.  Polakov's  instructive  j)aper 
deals  with  graphic  methods  such  as  the  writer  is  at  present 
using  in  analyzing'  costs  in  the  plant  with  which  he  is  connected. 
Mr.  Scofield  of  the  Minneapolis  Street  Railway  Company  is 
also  making  use  of  similar  methods,  and  has  been  for  some 
years.  In  the  Power  Generation  Committee  report  for  the 
American  Electric  Railway  Association  for  1915,  Mr.  Scofield 
and  the  writer  gave  an  analysis  of  steam  ])ower  station  cost 
along  similar  lines  to  the  pajjer  of  Messrs.  Stott  and  Gorsuch, 
in  which  Mr.  Scofield  gave  in  full  the  method  of  analysis  of 
steam  power  station  cost  graphically. 

There  is  another  supplementary  use  of  this  method  of  analy- 
sis which  is  also  very  important,  viz :  laying  out  and  selecting 
the  apparatus  in  the  design  of  a  power  station.  The  writer 
did  a  good  deal  of  development  work  on  this  method  while 
teaching  at  Columbia  LTniversity  in  1911  and  1912;  earlier  work 
was  done  by  Horace  W.  Flashmann  and  C.  E.  Lucke.  The 
method  in  general  involves  the  use  of  the  so-called  Willans 
line,  for  both  individual  apparatus  and  for  the  station  as  a 
whole.  The  value  of  this  method  depends  chiefly  upon  a  thor- 
ough knowledge  of  the  heat  distribntinn  in  the  plant. 

William  D.  Ennis  presented  a  wiitten  discussion  in  which 


he  stated  it  is  perfectly  true  that  accountants'  records  in  them- 
selves are  inadequate  and  that  such  records  must  be  supple- 
mented by  more  detailed  information  for  engineering  analysis; 
yet  it  must  not  be  forgotten  that  the  former  records  are  the 
(illicial  and  final  figures,  and  that  owners  are  interested  only 
in  tiie  final  result.  They  will  not  take  kindly  to  the  elimination 
of  overhead  charges  on  idle  equipment  from  the  operating 
account.  It  all  goes  in  the  jackpot.  Furthermore,  relative 
necessities  for  reserve  equipment  and  breakdown  service 
strongly  influence  the  decision  as  to  what  is  the  best  type  of 
equipment  for  a  given  set  of  conditions.  Certainly  breakdown 
service  is  not  provided  for  the  sake  of  anticipated  "  new  busi- 
ness." 

While  Mr.  Polakov,  who  speaks  from  the  operating  rather 
tlian  the  design  standpoint,  regards  the  proper  tabulation  and 
distribution  of  costs  as  less  important  than  their  analysis,  there 
is  something  to  be  said  on  the  other  side.  Proper  tabulation 
is  the  essential  prerequisite  for  any  sort  of  analysis,  and  in 
this  respect  our  power  plant  management  is  defective  or  at 
least  un-standardized.  Table  1  gives  operating  and  mainte- 
nance costs.  It  would  be  a  matter  of  some  complication  for 
any  power  operator  to  line  up  these  figures  with  his  own. 
Different  power  companies  classify  their  costs  in  different 
ways.  There  is  not  even  a  clear  distinction  drawn  between  the 
items  "  operation  "  and  "  maintenance."  It  would  be  a  de- 
cidedly useful  thing  if  we  had  a  standard  classification  in 
power  station  accounting,  such  a  standard  classification  as 
those  used  by  all  industrial  corporations.  The  preparation 
of  such  a  classification  would  be  very  properly  the  joint  work 
of  a  number  of  national  and  commercial  engineering  societies, 
together  with  |>erhaps  the  representatives  of  public  service 
commissions.  It  is  too  big  a  job  for  one  man  or  even  one 
committee.  It  should  have  been  done  long  ago.  Mr.  PoIako\'s 
paper  (perhaps  unintentionally  on  the  part  of  its  author) 
emphasizes  its  necessity.  The  classification  should  be  flexible 
enough  to  include  any  type  of  power-generating  industry  and 
specific  enough  to  show  at  a  glance  the  standard  account 
chargeable  for  every  possible  item  of  expense.  It  should  be 
accompanied  by  a  standard  list  of  subordinate  data  desirable, 
such  as  heat  value  of  coal,  load  factor,  service  log,  etc.  Cen- 
tral stations  would  no  more  than  at  present  be  expected  to 
publish  their  costs,  but  when  costs  were  furnished,  the  reader 
would  know  without  explanation  the  meaning  of  each  item. 

Geo.  L.  Fowler  said  that  there  is  probably  not  one  owner 
of  a  power  plant  in  a  hundred  who  has  tlie  slightest  idea  of 
what  it  costs  him.  and  if  Mr.  Polakov  can  go  out  and  persuade 
all  the  power  plant  owners  in  this  country  to  find  out  what  it 
costs  them  to  run  their  engines  and  boilers,  the  saving  he  would 
be  the  means  of  effecting  would  be  tremendous. 

He  related  some  personal  experiences  of  what  it  costs  to 
lun  a  power  plant  under  the  condition  of  absolute  apathy  of 
tlie  ownei-s  as  to  the  conditions  in  the  engine  room.  In  one 
case  he  had  found  that  the  cost  per  horsepower  per  year  in  a 
number  of  plants  in  one  town  ranged  from  $28  to  $150,  and 
he  thought  this  was  typical  of  the  condition  of  affairs  all 
through  the  country. 

He  cited  the  case  of  an  engine  in  which  a  slight  shift  of 
the  eccentric  varied  the  cut-off  sufficiently  to  cause  the  effi- 
ciency to  drop  down  22  per  cent,  and  lie  said  that  all  over  the 
country  we  have  hundreds  of  engines  in  just  that  condition. 

He  admired  the  authors  ambition  in  presenting  this  paper 
and  endeavoring  to  get  the  engine  owners  of  this  country  to 
accept  his  theory  and  work  along  these  lines,  but  he  thought 
the  task  was  almost  impossible  of  accomplishment. 
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Henry  G.  Stott.  I  think  that  by  the  word  "  standardiza- 
tion "  in  the  title  of  this  paper  the  author  means  "  segrega- 
tion," for  he  seems  to  advocate  treating  each  plant  by  itself 
and  establishing  a  standard  for  each  plant.  "  Stan<lardiza- 
tion  "  is  to  bring  into  one  category  a  number  of  plants,  each 
of  which  is  different. 

Real  standardization  can  only  be  accomplished  on  two  prin- 
ciijal  bases:  first,  the  thermodynamic  efiflcieney  of  the  cycle 
used  in  the  plant  as  compared  to  the  ideal,  and  second,  the 
measure  of  efficiency  of  management  of  the  apparatus  which 
has  been  put  at  the  disposal  of  the  man  who  is  running  the 
plant,  and  that  is  the  cost  of  power. 

There  is  no  more  complex  subject  than  the  cost  of  power, 
as  there  are  so  many  elements  entering  into  it.  The  paper 
touches  upon  only  a  few  of  these  elements.  Contrary  to  the 
author's  statement,  predetermination  of  results  of  power  pro- 
duction is  purely  an  engineering  question,  so  far  as  the  power 
operation  is  concerned.  I  have  never  heard  of  an  accountant 
being  asked  to  fui-nish  an  estimate  of  how  much  it  costs  to 
furnish  power. 

The  items  in  Fig.  1  are  interesting,  but  no  basis  is  given  as 
to  how  they  are  deri\ed. 

The  author  states  the  expense  incurred  in  connection  with 
keeping  a  standby  unit  should  not  be  charged  to  the  operation 
or  production  account,  but  should  be  treated  as'  an  independent 
account.  That,  of  course,  is  absolutely  impossible,  because  it 
is  just  as  much  a  part  of  the  cost  of  producing  power  to  carry 
the  reserve  power  as  it  is  to  carry  the  main  unit  in  operation, 
and  it  is  just  as  proper  to  charge  a  reserve  unit  into  the  cost 
of  power  as  the  operating  unit. 

W.  r.  ScHALLER.  It  seems  that  in  attempting  to  establish 
a  standard  for  any  particular  power  plant,  the  coal  and  sup- 
plies used,  the  labor,  to  a  certain  extent,  and  also  the  method 
of  keeping  accounts,  should  be  standardized.  This  leads  to  a 
series  of  accounts  for  power  plants  which  can  probably  best 
be  obtained  from  a  central  office. 

A  central  power  plant  office  of  this  kind  can  be  maintained 
at  rather  low  cost.  For  instance,  one  power  plant  in  the 
vicinity  of  New  York  maintains  such  an  office  at  an  expense 
of  about  0.4  of  1  per  cent  of  the  total  payroll. 

As  to  the  proposition  of  figuring  standby  costs  and  charging 
them  to  separate  accounts,  if  a  plant  has  such  a  load  that  a 
number  of  extra  boilers  have  to  be  kept  on  the  line,  and  the 
plant  is  to  be  compared  with  another  which  has  a  steadier  load, 
so  that  the  smaller  number  of  boilers  need  be  kept  hot  in  re- 
serve, it  is  unfair  to  compare  directly  the  coal  per  kilowatt. 

William  Kent.  Some  time  ago  we  endeavored  to  learn 
what  was  the  standard  of  performance  for  the  woolen  mills 
in  the  valley  between  Worcester  and  Pawtucket.  We  investi- 
gated the  cost  of  production  in  every  mill  between  those  tn'o 
cities,  and  obtained  the  steam  cost  as  well  as  we  could  from 
data  of  boiler  and  engine  tests,  house  books,  etc.  The  mini- 
mum cost  in  a  plant  of  50  h.p.  ran  at  about  $110  per  horee- 
power  year.  In  a  2000  h.p.  plant  it  was  about  $18.  Plants 
which  figured  out  higher  than  the  minimum  for  their  particu- 
lar size  were  obviously  variations  from  the  standard. 

The  standard  in  this  case  was  a  first-class  compound  con- 
densing engine  with  good  vaeuvim  and  good  boilers.  Today 
we  would  say  that  this  standard  should  be  lowered.  For  in- 
stance $1  or  $2  should  be  taken  off  on  account  of  the  use  of 
first-class  mechanical  stokers. 

For  any  plant,  it  is  necessary  to  have  the  standard  for  the 
conditions,   not  the   tliermodynamic   standard,   nor  the   Diesel 


engine  standard,  nor  the   Carnot  standard,   but  the  standard 
for  the  best  accepted  practice  in  that  size  plant. 

JoHX  W.  LiEB.  Mr.  Polakov  m  his  analysis  has  indicated, 
in  addition  to  the  analysis  from  the  viewpoint  of  the  operating 
engineer,  certain  factors,  such  as  politics,  business  manage- 
ment, and  fixed  charges,  which  are  not  properlj'  qualified 
operating  costs,  but  elements  of  central  station  economics 
having  to  do  with  finance  and  management.  From  this  point 
of  view,  the  author  has  not  been  very  happy  in  his  standardi- 
zation of  terms.  He  starts  out  with  a  statement  of  production 
costs.  Now  production  costs  in  central  station  economics  have 
come  to  mean  a  definite  thing.  They  are  the  items  of  operat- 
ing cost  comprised,  for  instance,  within  the  standard  classifi- 
cation accounts  used  by  the  company  members  of  the  N.  E. 
L.  A.  They  do  not  include  any  fixed  charges,  or  general 
expense,  but  definite  items  of  expense  incurred  within  the 
walls  of  a  power  plant.  They  exclude  all  elements  of  interest, 
insurance,  taxes,  general  exjiense,  return  on  capital  and  de- 
preciation of  various  kinds.  They  include  merely  the  items 
that  go  into  what  is  known  as  switchboard  cost,  which  is 
a  very  specific  and  definite  thing  in  the  central  station  in- 
dustry, and  jiroduction  costs  axe  quite  different  from  the 
cost   of   power. 

In  this  question  of  production  costs,  some  work  has  still  to 
be  done  in  the  branch  of  standardization  from  year  to  year, — 
generally  accepted  standardization  as  to  comparisons  between 
which  shall  serve  as  the  unit  measurement  of  the  production 
costs;  whether  that  shall  be  the  gross  output  of  the  generators, 
or  the  gross  output  less  auxiliaries,  or  the  gross  output  less 
excitation,  or  the  gross  output  less  lighting  and  power  uses 
within  the  power  plant,  or  the  net  output  as  delivered  to  the 
outgoing  high  tension  feeders.  Then,  again,  as  to  considering 
the  load  factors  as  the  basis  of  comparison  between  one  station 
and  another,  there  is  not  a  general  agreement  as  to  the  time 
interval  over  which  the  so-called  maximum  demand  on  the 
plants  shall  be  made,  so  that  there  is  still  adequate  room  for 
the  standardization  of  production  costs. 

J.  C.  Percy.  I  believe  that  the  system  of  standardized  sta- 
tistics, such  as  the  United  States  Steel  Corporation  uses  on 
their  blast  furnaces,  is  the  greatest  factor  for  imjiroved  opera- 
tion. This  guides  the  executive  committee  and  aids  each  man- 
ager. By  these  statistics  equipment,  quality  of  material,  chem- 
ical actions  and  skill  in  management  are  all  compared.  This 
leads  to  an  improvement  in  operation  which  has  no  fixed  limit 
for  a  standard. 

Many  of  our  large  public  service  corporations,  recognizing 
the  value  of  this,  have  an  elaborate  system  for  the  interchange 
of  statistics  and  data. 

The  smaller  power  plants  of  the  factories  which  interest 
many  of  us  have  not  been  touched  upon ;  a  greater  good  could 
come  to  these  plants  by  establishing  such  a  standard  of  inter- 
change of  statistics,  giving  a  deadly  parallel  for  comparison, 
than  by  a  separate  predetermined  standard  as  given  in  Mr. 
Polakov's  paper  for  each  small  plant. 

J.  A.  KiNKEAD.  It  is  evident  that  the  central  station  plant 
and  the  isolated  plant  are  separate  propositions.  There  is  no 
question  at  all  that  the  large  central  jilant  can  throw  out  obso- 
lete equipment,  and  can  employ  the  veiy  best  engineers  to 
operate  their  plants,  because  their  units  are  so  immense  that  a 
very  slight  saving  in  percentage  means  a  big  saving  at  the  end 
of  the  year.  On  tlie  otlier  liand,  the  smaller  power  plants  can- 
i:ot  conveniently  discard  tlieir  obsolete  machines  and  put  in 
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new  equipment,  but  it  is  of  very  great  importance  to  the  users 
of  small  plants  to  know  whether  their  plants  are  being  oper- 
ated under  the  most  economical  conditions  or  not. 

As  I  understand  this  paper,  its  idea  is  to  give  some  basis 
on  which  to  compare  various  power  plants  operating  in  this 
country, — not  necessarily  the  central  station  power  plants, 
because  we  know  most  of  them  are  operated  under  the  maxi- 
mum conditions  of  efficiency. 

Selby  H.4AR.  If  a  certain  ideal  condition  is  established,  as 
suggested  by  Mr.  Polakov,  or  one  of  a  similar  character,  how 
long  will  it  remain  standard?  Every  hour  even  some  improve- 
ment is  brought  forward,  and  the  bottom  is  knocked  out  of  all 
of  our  preconceived  and  carefully  standardized  ideas. 

The  Author.  It  is  to  be  regretted  that  in  the  entire  dis- 
cussion drawn  by  this  pai:)er,  both  subject  and  method  pre- 
sented were  not  touched  upon.  It  is  true  that  an  average 
owner  of  a  power  plant,  as  Mr.  Fowler  says,  does  not  know 
much  about  the  basic  principles  involved,  but  it  is  not  true 
that  accountants  are  never  asked  to  furnish  power  cost  data. 

Mr.  Lieb  overlooks  the  division  line  drawn  in  the  paper 
between  jiroduction  cost  and  overhead  charges,  and  it  is  just 
the  thing  that  the  paper  exposes  as  a  harmful  fallacy  that 
Messrs.  Percy  and  Ennis  ajjprove  of.  Again,  Mr.  Haar's 
criticism  is  apijlicable  onlj'  to  a  hypothetical  plant  in  which 
"every  hour"  a  new  improved  equipment  is  .installed,  but  the 
author's  central  and  only  idea  in  this  monograph  was  silently 
accepted. 

The  cost  of  power  is  the  result  of  method  as  well  as  of 
other  factors.  Price  of  commodity  and  labor  used  is  known; 
efficiency  of  equipment  used  is  known;  nature  of  service  is 
known,  and  their  influence  on  cost  of  jaroduct  is  easily  found 
from  a  comparatively  simple  study.  In  a  given  plant  these 
factors  remain  constant  until  change  is  made  by  purchase.  For 
different  plants  factors  of  merit  could  be  established  equaliz- 
ing for  the  unequal  condition.  Now  if  costs  vary  it  is  due  to 
variation  of  the  methods  of  management  of  the  plant.  If  these 
methods  are  standardized,  and  the  costs  still  vary,  other  con- 
ditions being  constant,  it  means  that  standard  methods  are 
not  lived  up  to;  that  is,  the  management  fails  to  manage. 

The  paper  thus  offers  a  method  of  measuring  the  efficiency 
of  the  plant  management.  If  the  principles  and  methods  are 
right,  the  results  will  necessarily  be  the  best  obtainable  and 
consequently  the  onlj'  best  method  or  "  standard  method  "  finds 
its  expression  in  the  lowest  possible  cost  or  "  standard  cost." 

Comparing  such  standard  and  actual  results,  with  due 
allowance  for  uncontrollable  factors,  we  get  the  measure,  estab- 
lished on  a  scientific  basis.  Under  such  regime  the  plant  man- 
agement ceases  to  be  a  humpty-dumpty  undertaking  and  most 
preventable  losses  are  eliminated.  Separate  and  aside  from 
the  operating  and  production  costs  are  other  elements  of  over- 
head charges,  and  a  separate  plea  is  made  to  analyze  them  in- 
dependently, so  that  their  reason  and  purpose  be  clearly  in- 
dicated, and  if  expense  is  made  for  no  useful  purpose  or  on 
poor  reason  the  remedy  could  be  found. 


The  new  buildings  of  the  Massachusetts  Institute  of  Tech- 
nology situated  on  the  Charles  River  Basin,  Cambridge,  Mass., 
will  be  dedicated  on  June  12,  13  and  14,  1916.  The  engineer- 
ing buildings  will  contain  extensive  hydraulic,  steam  and  chem- 
ical laboratories,  in  addition  to  the  electrical  department.  The 
group  of  science  laboratories,  situated  apart  from  the  engineer- 
ing laboratories,  will  be  most  complete  in  facilities  for  precise 
research  work  in  addition  to  undergraduate  instruction. 
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THIS  paper  has  a  more  direct  bearing  on  the  special  steels 
used  in  automobile  service  than  elsewhere.  However,  I 
understand  that  the  demands  made  on  special  steels  by  gas 
tractor  practice  are  in  most  cases  similar  to  those  made  by 
automobile  service.  At  any  rate,  the  advantages  possessed  by 
the  special  steels  over  the  ordinary  carbon  steels  apply  with 
equal  force  to  the  two  services.  Materials  for  certain  tractor 
parts  would  be  selected  with  reference  to  abrasion  resistance, 
especially  at  somewhat  elevated  temperatures,  whereas  in 
automobile  service  material  for  the  same  parts  would  be 
selected  with  particular  reference  to  its  djmamic  toughness. 

Nickel  Steel.  The  first  important  special  steel,  of  the  type 
used  in  automobile  practice,  was  nickel  steel ;  in  fact,  the  nickel 
steel  first  described  by  Riley  in  1889  was  an  entirely  new  type 
of  special  steel,  the  special  steels  up  to  that  time  being  those 
used  for  tool  steel,  etc. 

The  nickel  is  added  for  two  reasons — first,  on  account  of 
the  strengthening  effect,  as  S^/^  per  cent  nickel  increases  the 
elastic  limit  of  carbon  steel  by  50  per  cent;  and,  second,  the 
dynamic  toughness,  as  shown  by  fatigue  tests  and  the  notched 
bar  impact  test,  is  double  that  of  carbon  steel.  It  must  be 
jjointed  out,  however,  that  this  great  improvement  in  prop- 
erties can  be  secured  only  by  use  of  a*  proper  heat  treatment. 

Chromium  Steel.  Chromium  steel  was  introduced  by  Mushet 
in  the  60's  in  England  and  by  Bauer  in  New  York  at  about 
the  same  time.  Its  most  noteworthy  effect  on  carbon  steel  is 
the  increase  in  hardness  jiroduced,  but  the  elastic  limit  like 
that  of  nickel  steel  is  also  in  excess  of  the  elastic  limit  of  car- 
bon steel.  Chromium  also  improves  the  physical  structure  of 
steels  by  making  them  finer  grained.  This  has  the  effect  of 
offsetting  the  lack  of  ductility  of  chromium  steels  which  is 
"vident  from  the  relatively  lower  elongation  and  reduction  of 
area.  In  this  way  chromium  steel  furnishes  an  example  of  the 
fallacy  of  judging  steels  by  static  tests  alone,  as  the  real 
toughness  of  construction  steel  is  brought  out  only  by  tests 
such  as  the  dynamic  tests  and  notched  bar  impact  tests. 

Chrome-Nickel  Steel.  Here  we  come  to  the  most  renowned 
of  all  automobile  steels.  In  considering  the  effect  of  adding 
chromium  and  nickel  to  carbon  steel,  let  us  consider  first  the 
nickel  and  then  the  chromium.  Nickel  on  being  added  to  car- 
bon steel  dissolves  almost  entirely  in  the  ferrite  and  the  effect 
is  to  increase  the  elastic  limit.  The  second  influence  is  that  of 
decreasing  the  grain  size  which  causes  a  marked  increase  in 
toughness  which  I  have  already  referred  to.  Chromium,  on 
the  other  hand,  forms  a  double  carbide  with  iron  and  the  effect 
of  adding  chromium  to  nickel  steel  is  to  increase  the  hardness 
by  means  of  the  double  carbide.  In  this  way  chromium  raises 
the  elastic  limit  and  elastic  ratio  of  nickel  steel,  but  does  not 
destroy  its  toughness. 

Hence  it  is  clear  that  chromium  and  nickel  added  together 
to  carbon  steel  increase,  verj'  materiallx-,  the  elastic  limit,  the 
elastic  ratio,  the  dynamic  toughness,  and  the  hardness.  This 
steel  is  an  excellent  example  of  the  manner  in  which  one  special 
element  can  reinforce  another  special  element  when  added  to 
carbon  steel  and  combine  to  produce  a  much  superior  steel. 
'Ihere  are  numerous  steels  on  the  market  which  have  equal  or 

'  .Assistanr  I'l-nfossor  of  Metallography,  Tbe  University  of  Mliinf- 
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even  better  static  properties,  but  it  is  doubtful  if  they  are. 
ei|ually  capable  of  standing  up  in  service  chiefly  on  account  of 
the  difference  in  dynamic  properties. 

Chrome-Vanadium  Steel  and  Clirome-Niekel-Vanadium 
Steel.  Vanadium  added  to  chromium  steel  and  chrome-nickel 
steel  produces  an  increase  in  toughness  due  to  the  fact  that  it 
makes  them  finer  grained,  more  uniform,  and  more  susceptible 
tn  heat  treatment.  The  chrome-vanadium  and  chrome-nickel- 
vanadium  steels  are  classed  with  the  chrome-nickel  steels  as 
being  the  best  construction  steels  as  yet  developed  for  this 
'.\  pe  of  service. 

Silico-Manganese  Steels.  Certain  types  of  silico-manga- 
nese  steels  have  been  developed  which  possess  exceptionally 
liigh  elastic  limits  and  which  can  resist  vibratory  stresses  and 
therefore  are  useful  as  springs. 

Tungsten  Steels.  Tungsten  steels  were  used  originally  as 
tool  steel  on  account  of  their  great  hardness,  but  they  also 
possess  a  property  which  makes  them  of  use  in  automobile 
service;  viz.,  that  of  resistance  to  abrasion  at  elevated  tem- 
peratures.   On  this  account  they  are  used  for  valves. 

The  advantage  of  the  special  steels  over  the  carbon  steels 
for  use  as  construction  steel  is  due,  more  than  to  anything 
else,  to  the  increase  in  toughness  which  is  secured,  especially 
dynamic  toughness.  The  carbon  steels  can  be  made  appreci- 
ably stronger  by  increasing  the  carbon  content  and  by  heat 
treatment,  but  they  would  be  made  brittle  and  therefore  of  no 
use.  The  special  steek,  however,  can  be  made  strong  and 
tough  at  the  same  time. 

The  increased  toughness  can  be  utilized  in  three  different 
ways,  according  to  Le  ChateUer: 

1.  Maintaining  the  same  strength  and  touglmess,  tlie  jjarts 
can  be  made  appreciably  lighter.  This  is  of  great  importance 
in  automobile  construction  where  weight  is  of  prime  impor- 
tance, especially  as  far  as  speed,  endurance,  economy,  and  up- 
keep are  concei-ned.  The  diminished  weight  is  also  an  impor- 
tant factor  in  the  cost  of  production  as  tlie  extra  cost  of  the 
special  steels  is  oftentimes  more  tiian  balanced  b\-  the  lower 
manufacturing  costs  due  to  the  lower  weight.  In  gas  tractor 
service  a  saving  in  the  weight  of  the  parts,  especially  the  mov- 
ing parts,  lessens  the  sudden  strains  which  are  imposed  by 
forced  stopping  and  other  irregularities  in  the  service.  But 
the  advantages  of  using  light  weight  parts,  in  place  of  heavy 
])arts  comprise  not  only  the  saving  in  handling  tlie  material 
on  the  floor,  in  machining  and  in  assembling,  but  also  the  ad- 
vantages derived  by  the  buyer. 

2.  With  the  same  weight  and  toughness  the  i«irts  can  be 
more  heavily  loaded.  This  lessens  the  danger  of  over-loading 
which  often  results  in  deformations  sufficient  to  put  the  over- 
loaded part  out  of  service. 

3.  With  the  same  weight  and  strengtli  much  greater  tough- 
ness can  be  secured  which  amounts  to  insurance  against  acci- 
dents and  failures. 

In  wliat  is  presented  above,  I  have  referred  not  to  static 
toughness  as  determined  by  static  tensile  tests,  but  to  dynamic 
touglmess  as  detennined  in  dynamic  and  impact  tests.  In  fact 
a  great  mistake  is  made  by  judging  the  value  of  special  steels 
by  means  of  static  tests  alone,  not  only  that  the  relative  values 
of  special  and  carbon  steels  are  not  brought  out,  but  that  at 
times  the  results  of  static  tests  are  directly  misleading.  This 
is  not  a  pleasant  thought  for  him  who  would  go  to  but  little 
trouble  and  expense  in  testing  construction  steels,  but  it  is  a 
fact  and  as  such  must  be  squarely  met. 


I  wish  to  repeat  another  important  jioint  in  connection  with 
the  production  and  use  of  special  steels ;  viz.,  in  order  to  make 
special  steels  wortli  whUe,  to  justify  the  increased  cost,  they 
must  be  properly  heat  treated.  This  is  a  subject  which  has 
not  as  yet,  at  least  in  our  country,  received  the  attention  whioli 
it  deserves  and  which  in  the  future  is  bound  to  be  paid  to  it. 
This  neglect  is  due,  I  believe,  not  only  to  the  fact  that  tlie 
special  steel  industry  is  in  its  infancy,  but  also  to  the  special 
difficulties  of  a  scientific  nature  involved,  both  in  the  deter- 
mination of  the  proper  heat  treatment  to  be  emjiloyed  for 
each  particular  case  and  in  proiserly  can-ying  out  the  heat 
treatment  of  the  parts  concerned. 

Also  I  might  add  that  the  solution  of  the  problem  lies  in 
two  directions.  The  users  of  special  steels,  such  as  gas  tractor 
and  automobile  manufacturers,  must  be  awake  to  the  possi- 
bilities of  such  use.  In  other  words,  the  manufacturer  must 
create  a  demand  for  a  superior  jn-oduct  in  order  that  he  may 
produce  a  more  salable,  a  more  durable,  and  a  more  econom- 
ical machine.  But  it  is  also  necessary  for  the  maker  of  spe- 
cial steels,  not  only  to  produce  high  grade  steels  of  the  proper 
chemical  analysis,  but  he  must  also  know  the  kind  of  steel  to 
be  used  and,  what  is  more  important,  the  proper  heat  treat- 
ment to  suit  the  individual  recjuirenients. 

Whether  the  maker  of  the  steel,  the  manufacturer  or  a 
middle-man  shall  actually  perform  the  heat  treating,  depends 
on  which  one  is  best  equipped  to  do  that  kind  of  work.  Of 
prime  importance  is  that  the  heat  treatment  be  i)ro]>erly  done. 
In  other  words,  the  steel  maker  should  advise  with  the  manu- 
facturer and  tell  him  which  steel  is  best  suited  for  his  par- 
ticular ])uriK)ses,  all  tilings  considered,  and  what  heat  treat- 
ment is  necessary  in  order  to  bring  out  the  desired  properties. 

Prom  my  own  experience  I  cannot  say  that  this  ideal  state 
of  affaire  exists  in  the  United  States.  As  a  matter  of  fact, 
the  steel  makers,  as  represented  by  their  salesmen,  while  ready 
at  all  times  to  recount  the  virtues  of  their  si)ecial  steels,  seem 
to  possess  little  serviceable  information  for  the  purchaser  and 
transactions  are  carried  on  largely  on  a  basis  of  the  static 
jiroperties.  One  cannot  wonder  that  many  manufacturers  feel 
that  special  steels  are  but  an  expensive  luxury. 

Xext  the  kinds  of  steel  used  for  different  parts  will  be  taken 
up  briefly  and,  incidentally,  I  shall  have  a  few  words  to  say 
about  case  hardening  practice. 

Axles.  It  falls  to  the  lot  of  axles  to  receive  some  of  the 
severest  strains  which  are  eneoimtered.  Axles  must  be  stat- 
ically strong  (high  elastic  limit),  dynamically  tough,  and,  if 
jioor  design  or  workmanship  must  be  considered,'  they  should 
also  have  both  high  static  and  dynamic  notch  tougimess. 
Toughness  is  secured  by  nickel  and  vanadium  while  strength 
is  secured  by  nickel  and  chromium  so  that  the  steels  to  be 
recommended  for  axle  service  are-  nickel,  chrome-nickel, 
chrome-vanadium,  and  chrome-nickel- vanadium  steels 

Crank-Shafts.  Many  times  it  is  desirable  to  reduce  the 
weight  of  the  crank-shaft  and  at  the  same  time  maintain  a  cer- 
tain degree  of  toughness  and  stiffness.  If  so,  it  is  advisable 
to  use  chrome-nickel  or  clirome-vanadium  steel  but  of  course 
the  heat  treatments  would  be  different  from  those  for  axles. 
The  requirements  for  this  service  are  high  resiliency  in  com- 
bination with  comparatively  low  elongation  so  that  heavy  im- 
pacts can  be  absorbed  without  causing  serious  deformations 
in  the  crank-shaft. 

Cam  Shafts.  The  duty  is  naturally  lighter  on  cam  shafts 
than  on  crank-shafts  and  axles,  but  a  saving  in  weight  can 


^  It  has  come  under  my  personal    observation     that     both     of     these 
points  require  serious  consideration. 
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be  effected  by  using  nickel,  chrome-nickel,  or  chrome-vanadium 
steel. 

Gears.  Many  heat  treated  gear.s  are  being  used  in  place 
of  case  hardened  gears.  The  combination  desired  is  hardness 
and  toughness,  two  properties  which  are  difficult  to  combine 
in  any  one  piece.  However,  a  greater  degi'ee  of  toughness 
can  be  .secured  with  the  same  hardness  by  using  special  steels. 
The  chrome-nickel,  chrome-vanadium,  and  clirome-silieo-man- 
gauese  steels  are  used  for  this  jjurpose. 

Springs.  Springs  require  a  combination  of  high  elastic 
limit  and  high  dynamic  resiliency,  and  of  course  dynamic 
toughness.  Springs  and  crank-shafts  share  the  property  of 
high  dynamic  resiliency  in  common.  The  difference  for  these 
two  services  is  that  in  one  ease  the  i)ermissible  deformation 
is  very  small  while  in  the  other  case  it  is  necessarily  large. 
The  steels  used  for  springs  are  chrome-vanadium  and  a  spe- 
cial type  known  as  silico-manganese. 

Frames.  Frames  must  be  tough  and  have  high  resistance 
to  vibratory  stresses.  Nickel,  chrome-nickel,  and  chrome-vana- 
dium steels  are  used  extensively  for  this  work. 

Steering  Arms.  Steering  arms  are  subject  to  a  combina- 
tion of  stresses  which  is  probably  more  complex  than  the 
strains  on  the  other  parts.  For  this  reason  the  design  and 
workmanship  of  steering  arms  are  especially  important.  The 
steels  used  are  nickel  and  chrome-nickel. 

Roller  Bearings.  Roller  bearings  must  be  hard  and  yet  not 
too  brittle.  There  have  been  two  types  of  steels  developed 
for  this  work,  viz.,  the  high  carbon-high  chromium  steel  and 
chrome-vanadium  steel  oil-hardened. 

Valves.  If  a  special  steel  is  desired  for  valves,  it  is  usually 
tungsten  steel,  but  certain  high  nickel  steels  are  also  used. 

Case  Hardening  Practice.  The  first  step  in  the  process  of 
case  hardening,  is  annealing  in  the  case  hardening  mixture  or 
"  cement "  for  a  sufficient  length  of  time  and  at  a  sufficiently 
high  temperature  to  produce  the  case  desired.  The  second  step 
is  called  the  first  C]uenehing  which  has  as  its  object  the  regen- 
eration or  toughening  of  the  core.  The  third  step  is  the  sec- 
ond quenching  which  has  as  its  object  the  hardening  of  the 
case.  There  are  many  advantages  secured  by  using  the  spe- 
cial steels  and  I  shall  mention  several  of  them. 

1.  Certain  of  the  special  tyjjes  are  much  less  affected  by  the 

first  annealing  process  than  the  carbon  steels.  That  is, 
the  annealing  produces  a  much  smaller  growth  in  grain 
size  which  in  itself,  aside  from  the  greater  natural  strength 
and  toughness  of  the  special  steels,  retains  a  greater 
tenacity  and  toughness  in  the  core. 

2.  Certain  special  steels   permit   a  modification   of  the   heat 

treatment  so  that  the  first  and  second  (juenchings  can  be 
combined  into  one  treatment  which  is  so  calculated  that 
it  is  satisfactory  for  bot>h  the  ease  and  the  core. 

3.  The  results   are  rendered   more  certain   by   using   special 

steels;  i.  e.,  the  case  can  be  made  more  uniform  and 
harder  while  the  core  can  be  made  stronger  and  tougher. 

4.  Deformations  due  to  quenching  can  be  raore  easily  avoided 

with  certain  special  types  of  steels,  for  instance,  the  air 
hardening  steels.  These  steels  belong  to  a  class  of  steels 
that  is  not  generally  manufactured  at  present  in  the 
United  States,  and  should  nut  be  confounded  witli  tool 
steels. 

5.  A  higher  carbon  content  can  be  permitted  in  the  core  with- 

out losing  the  property  of  tougliness.  An  example  is  fur- 
nished by  the  chrome-nickel  steels  with  which  a  carbon 
content  of  30  per  cent  can  be  used,  a  steel  which  also 
produces  a  hard  case  suitable  for  jiarts  subject  to  wear 
and  shock. 


(i.  In  carbon  steels  two  of  the  constituents,  ferrite  and  eement- 
ite,  have  a  habit  of  forming  in  relatively  large  crystals, 
the  [iresence  of  which  is  dangerous  on  account  of  the 
brittleness  and  liability  of  exfoliation  produced  thereby. 
This  can  be  eliminated  by  using  special  steels. 
7.  The  use  of  special  steels  greatlj'  increases  the  efficacy  of 
the  treatment. 

The  parts  which  are  commonly  ease  hardened  are  cam  shafts, 
roller  bearings,  and  gears.  For  cam  shafts  a  low  carbon, 
nickel  or  chrome-nickel  steel  is  used  which  is  case  hardened 
on  the  wearing  surfaces  of  the  cams.  For  roller  bearings,  low 
carbon,  nickel,  chromium,  and  chrome-nickel  steels  are  used 
depending  upon  the  service.  Steels  which  are  quite  generally 
used  for  gears  are  low  carbon,  chrome  nickel  and  chrome-vana- 
dium steels,  and  it  might  be  added  that  these  steels  properly 
case  hardened  give  a  more  satisfactory  combination  of  prop- 
erties than  is  jjroduced  by  the  heat  treated  parts,  although  the 
expense  is  somewhat  greater. 

In  the  limits  of  a  paper  such  as  this,  it  is  not  possible  to 
enumerate  the  many  advantages  aside  from  saving  in  weight, 
increased  toughness,  etc.,  which  are  derived  from  the  use  of 
special  steels,  but  I  wish  to  cite,  in  conclusion,  a  case  which 
will  show  at  least  one  of  the  possibilities. 

This  example  is  taken  from  the  work  of  Guillet,  the  noted 
French  metallographer.  This  steel  was  developed  primarily 
to  simplify  the  heat  treatment  and  in  fact  it  is  simply  neces- 
sary to  heat  the  steel  up  to  about  1550  deg.  fahr.  and  allow 
it  to  cool  in  air.  This  treatment  produces  the  desired  prop- 
erties in  the  same  manner  that  the  double  heat  treatment  does 
for  the  carbon  steels.  The  composition  of  the  steel  is  as  fol- 
lows :  C  0.75  per  cent,  Ni  3.82  per  cent,  Cr  1.28  per  cent,  Mn 
0.52  per  cent. 

The  i)roperties  are  given  in  the  following  table: 


Tensile 
Strength 

Elastic 
Limit 

Elong, 
per  cent 

Elong. 
R.  of  A. 
per  cent 

Resistance 
to  Impact 

Anne,"iled     

Air  Hardened 

138,000 
192,000 

110,000 

iss,noo 

12 
10 

40 
20 

3 

8 

The  elongation  and  reduction  of  area  are  less  in  the  air 
hardened  steel,  but  the  resistance  to  impact  is  appreciably 
greater,  showing  a  greater  dTOamie  toughness,  the  property 
which  serves  better  than  any  other  to  demonstrate  the  supe- 
riority of  sjjecial  steels  over  the  carbon  steels. 

I  wish  to  render  my  thanks  to  Mr.  Wm.  Howland,  Jr.,  of 
the  Illinois  Steel  Company,  for  information  furnished  me  on 
the  use  of  special  steel  in  this  country. 


Very  often  the  problems  of  the  sugar  industry  do  not  touch 
so  much  on  the  design  of  new  machinery  as  the  adaptation  of 
old  machinery,  and  the  increase  in  its  efficiency,  or  duty,  for 
a  minimum  outlay  of  capital.  Nevertheless,  a  thorough  knowl- 
edge of  the  i^rinciples  of  design  and  some  actual  experience 
in  that  bi-aneh  of  engineering  are  of  incalculable  assistance  in 
solving  the  normal  wet  season  problem  of  how  to  modify  some 
apjjaratus  to  do  better  or  achieve  more  work.  Take  the  case 
of  the  multiple  effect:  this  is  one  apparatus  that  is  very  often 
the  capacity  gage  of  the  house;  and  given  that  the  effect  can 
be  augmented  in  ca]jacity,  the  other  units  can  frequently  be 
arranged  to  pass  the  increased  volume  of  work. — Chas.  E. 
Newbold,  Mem.Am.Soc.M.E.,  in  the  International  Sugar  Jour- 
nal. Fehniarii,  1016. 
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THE  FUTURE  OF  THE  ENGINEERING 
PROFESSION 

BY  A.  J.  HIMES,^  CLEVELAND,  O. 

Xon-member 

THERE  is  a  T\idely  ijrevalent  feeling  among  engineers 
that  the  material  rewards  for  the  practice  of  their  pro- 
fession are  in  general  and  relatively  to  other  lines  of  endeavor 
disproportionate^  low.  Much  can  be  said  both  for  and 
against  this  proposition,  but  I  have  chosen  rather  to  recite 
certain  adverse  conditions  affecting  engineering  practice  and 
to  advocate  therefor  a  specific  and  deflnite  remedy. 

First:  There  is  the  age-long  antagonism  to  exclusive  knowl- 
edge for  which  Galileo  and  other  scientists  have  suffered  per- 
secution. It  is  well  for  us  to  understand  that  this  deep  seated 
aversion  of  humanity  towards  everything  new  and  difficult  of 
comprehension  is  a  natural  instinct  intended  as  a  safeguard 
against  impending  danger.  The  more  mysterious  the  danger, 
the  greater  becomes  the  alarm  and  the  more  eomjiletely  do 
people  lay  aside  the  usual  staid  and  dignified  behavior  and 
give  way  to  frantic  and  unreasonable  thoughts  and  acts. 

So  when  the  young  college  man  apjjeared  on  the  railroad 
■with  his  curve  formulee  and  logarithms  and  a  text  book  on 
track,  the  Irish  section  foreman  took  fright  and  instituted  a 
violent  and  unreasonable  warfare.  He  had  held  a  good  jiosi- 
tion — here  was  a  man  of  youth  and  inexperience  who  held 
essential  knowledge  beyond  Pat's  comprehension  and  Pat 
feared  his  doom. 

In  the  struggle  which  followed  at  least  a  few  of  the  Pats 
became  captains  of  industry,  men  who  with  the  dignity  and 
thought  of  mafurer  life  still  preserve  an  armed  neutrality  to- 
ward the  presumption  of  one  who  finds  in  books  the  inspira- 
tion for  a  successful  life. 

Second:  During  recent  years  there  have  come  to  me  many 
applications  for  employment  from  men  of  prominence  in  the 
profession,  earnestly  pleading  for  employment  at  any  salary. 

Third:  In  casual  discussions  among  older  men  it  is  some- 
times asserted  that  the  engineering  profession  is  an  ideal 
myth;  engineering  is  only  a  trade. 

Fourth:  In  this  age  of  research,  investigation  and  compila- 
tion, when  the  world  is  richer  than  ever  before  in  vast  accumu- 
lations of  knowledge,  great  multitudes  of  people  are  dying, 
suffering  with  disease  and  infirmity,  blundering  through  life 
with  failure  upon  failure,  because  this  great  accumulation  of 
knowledge  is  not  within  the  reach  of  those  who  feel  its  need. 

These  conditions  indicate: 

a.  The  need  of  the  profession  that  the  mists  and  cobwebs  of 

medieval  times  be  cleared  away  so  people  may  see  dis- 
tinctly and  understandingly  the  great  benefits  to  be 
secured  through  the  free  use  of  experimental  and  sci- 
entific knowledge. 

b.  That    the    accumulated    knowledge    stored    away    in    the 

archives  of   colleges   and   jiublic   libraries    shall   be   dis- 
seminated among  the  people  so  that,  being  available,  it 
may  be  used. 
It  is  conceivable  that  if  the  dissemination  and  utilization  of 
knowledge  were  a  commercial  problem,  there  would  not  be 
wanting  men  who  would  bottle  it  up  in  convenient  and  use- 
ful, perhaps  tempting,  form,  and  by  means  of  immense  dis- 
tributing organizations  place  a  day's  supplj"  on  each  door- 
step every  morning  along  with  the  breakfast  cream. 


1  Chairman  Valuation  Committee,  N.  Y.  C.  &  St,  L.  ER. 

Presented   at   a   Meeting   of   the   Cleveland   Engixeerixg   Society, 
Cleveland,  O.,  on  November  9,  1915. 


People  do  not  rise  to  the  height  of  their  opportunities. 
We  complain  of  poverty  when  the  world  is  full  of  everything 
good  eagerly  awaiting  our  use.  If  we  could  understand  that 
the  proper  use  of  the  works  of  scientific  men  would  rapidly 
multiply  our  material  resources,  enabling  all  to  enjoy  com- 
forts and  happiness,  as  yet  hardly  hoped  for,  our  energies 
would  be  bent  more  intently  upon  the  use  of  knowledge 
already  acquired. 

The  use  of  knowledge  is  the  justification  of  engineering 
and  our  present  controlling  ijroblem  is  the  exte)ision  of  that 
use. 

Reverting  again  to  commercial  forms  and  putting  the  ideas 
in  plainest  terms,  I  would  say,  "  Let's  advertise."  Unpro- 
fessional, apostasy,  heresy  may  fail  to  express  the  shock 
this  proposal  will  bring  to  certain  ethical  minds,  but  we  must 
admit,  in  \iew  of  the  conditions  stated,  something  shocking 
and  shaking  and  revolutionary  is  needed. 

Advertising  is  a  ver>'  old,  consen-ative,  well  tried,  respect- 
able, and  successful  device  for  stimulating  business.  Is  it 
less  fitting  that  we  should  acquaint  the  public  with  the  merits 
of  our  wares  by  description  and  explanation  in  print  than 
that  we  should  utilize  paper  and  ink  in  our  computations? 
Does  an  inventor  bury  his  iiroduct  in  the  earth  less  perchance 
some  poor  unfortunate  shall  look  upon  it  and  be  saved? 
What  does  tlie  Bible  say  about  hiding  one's  light  under  a 
bushel?  It  is  a  barbarous  idea  that,  locked  in  the  secrets  of 
his  heart,  a  man  should  take  with  him  to  the  grave  knowledge 
that  might  be  useful  to  his  survivors. 

The  Cleveland  Engineering  Society  has  been  advertising 
three  years.  Look  at  the  record.  Does  it  pay?  The  increase 
o1'  membership  has  been  48.1  per  cent.  The  increase  of  assets 
has  been  37.7  per  cent.  Have  we  suffered  in  prestige  or  repu- 
tation? 

On  the  contrary.  The  eyes  of  the  country  are  upon  us, 
watching  our  success  and  eagerly  seeking  to  imitate  it. 

Assuming  it  is  agreed  by  the  profession  to  advertise,  we 
arrive  immediately  at  the  practical  question  of  intersociety 
relations.  There  must  be  cooperation.  We  must  work  to- 
gether. A  mass  of  broken  stone  will  not  cohere — it  is  friable ; 
it  falls  apart.  Mixed  with  cement  it  will  support  great 
bridges.     So  with  men. 

Farmers  are  notoriously  indeijendent  in  thought  and  action. 
They  will  not  cohere  and  their  influence  is  small.  Cemented 
together  with  a  vital  purpose,  they  have  on  more  than  one 
occasion  proved  the  salvation  of  the  country.  We  must  see 
that  certain  great  achievements  involve  collective  effort.  We 
cannot  stand  alone. 

The  public  does  not  quickly  sense  the  fine  distinction  be- 
tween engineers  of  dift'erent  kinds  and  grades.  It  has  neither 
patience  nor  ability  to  differentiate  their  needs.  In  their  rela- 
tions to  the  public  all  engineers  should  stand  together.  For 
this  reason  it  is  well  that  the  local  society  should,  within  its 
field,  marshall  the  full  strength  of  the  whole  profession.  Its 
local  standing  will  be  higher.  Its  interests  will  receive  greater 
attention  and  consideration  than  would  be  possible  if  it  were 
broken  into  several  units  representing  different  branches  of 
engineering. 

The  preparation  and  utilization  of  advertising  matter  is  so 
liiborious  and  expensive  that  matter  once  prepared  should  be 
available  anywhere.  In  this  way,  if  all  local  societies  were  in- 
terested, the  unit  cost  would  be  a  minimum.  A  publication 
bureau  supported  by  a  number  of  local  societies  would  be  an 
efficient  device  for  handling  such  business. 

The  national  societies  do  not  seem  to  be  in  a  condition  to 
join  such  an  undertaking.     They  are  ultra-conservative,  and 
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not  inclined  to  coalesce.  The  function  which  tliey  have  filled  so 
well  in  the  past,  of  stimulating  the  publication  of  papers  and 
their  discussion  and  of  conducting  engineering  investigations, 
is  of  prime  importance  and  should  be  continued.  As  organiza- 
tions there  is  small  hope  of  aid  from  them  in  publicity  affairs. 

The  increase  of  membership  in  local  societies  consequent 
upon  a  publicity  campaign  would  undoubtedly  increase  the 
interest  in  national  societies  and  stimulate  their  growth.  For 
stability  the  growth  must  be  from  the  bottom  up  and  a  more 
lively  local  interest  in  engineering  would  add  greatly  to  the 
power  and  influence  of  the  national  societies.  If  it  were  possible 
to  combine  all  national  societies  in  a  single  organisation  that 
in  matters  of  legislation  and  public  polici/  would  represent  the 
whole  profession,  the  ideal  condition  of  strength  might  Ihiis 
be  attained. 

The  individual  seeking  emi)loyment  may  ask  wherein  this 
program  may  be  of  benefit  to  him.  The  answer  may  be  found 
in  a  comparison  to  the  development  of  travel.  Make  it  pos- 
sible to  ride  fifteen  miles  for  five  cents  and  travel  will  develop. 
Modern  railroad  trains  and  motor  cars  were  inconceivable  one 
hundred  years  ago. 

Make  the  public  familiar  with  engineering,  its  jiossibilities 
and  limitations,  teach  the  public  how  to  use  it  efficiently  and 
successfully  and  there  will  be  no  dearth  of  opportunity  for 
engineering  skill. 


The  temjjerature  of  the  outside  surface  of  a  steam  jjipe  is 
very  nearly  that  of  the  (saturated)  steam  in  the  pipe.  There 
is  no  appreciable  difference  in  the  temperature  of  the  out- 
side surface  whether  the  pipe  is  bare  or  covered  with  a  1  in. 
layer  of  magnesia  pipe  covering.  Therefore  the  conductivity 
of  the  iron  in  the  pipe  is  so  high  that  only  a  fraction  of  a 
degree  of  temperature  drop  between  the  two  surfaces  is  needed 
to  conduct  through  the  metal  all  the  heat  that  can  be  radiated 
from  the  outside  surface  of  the  pipe  under  almost  any  con- 
dition ;  also  the  rate  of  impartation  from  the  steam  to  the  in- 
side surface  of  the  pipe  is  so  high  that  the  metal  is  kept  at 
the  same  temperature  as  the  steam.  This  is  undoubtedly  due 
to  the  fact  that  saturated  steam  can  give  off  a  large  quantity 
of  heat  by  condensation  without  any  change  in  temperature. 

From  the  preceding  deductions,  it  follows  that  in  comput- 
ing the  heat  losses  through  pipe  coverings  the  resistance  to 
the  heat  flow  through  the  metal  of  the  pipe  can  be  dropped 
out  of  the  i)roblem  and  only  the  resistance  of  the  covering 
material  considered.  That  is,  it  is  safe  to  assume  the  inside 
surface  of  the  covering  at  the  same  temperature  as  the  steam. 

The  above  deductions  hold  true  only  for  saturated  steam. 
With  superheated  steam  and  hot  water,  both  of  which  give  off 
heat  by  drop  in  temperature,  the  results  would  very  likely  be 
greatly  modified. — Technical  Paper  114,  U.  S.  Bureau  of 
Mines. 


No  one  thing  has  been  more  potent  to  contributing  to  the 
elimination  of  visible  smoke  than  the  advent  of  mechanical 
stokers  and  other  forms  of  automatic  furnaces. 

Mechanical  stokers  provide  for  the  progressive  movement 
of  the  fuel  into  the  furnace;  they  generally  provide  for  an 
ample  flameway  and  a  brick  arch  under  which  the  initial  com- 
bustion may  proceed.  They  are  rarely  installed  except  where 
satisfactory  draft  conditions  are  assured;  as  a  consequence, 
it  is  commonly  assumed  that  the  mechanical  stoker  or  hopper- 
fed  furnace  is  a  smoke-abating  device,  and  in  general  this  as- 
sumption is  justified.— W.  F.  M.  Goss,  Mem.Am.Soc.M.E.,  in 
Jour.  Franklin  Institute,  March,  1916. 


ENGINEERS  IN  POLITICS 

BY  C.  E.  DRAYER,'  CLEVELAND,  OHIO 
Non-Member 

SPEAKING  at  the  annual  dinner  of  the  Cleveland  Engi- 
neering Society,  last  June,  Mayor  Baker  said: 

The  part  that  I  like  to  think  about  in  the  Engineering  So- 
ciety is  that  its  members,  a  good  many  of  them,  day  after  day 
and  week  after  week,  have  contributed  to  the  public  good  with 
no  compensation  coming  to  them,  with  no  fame  or  no  polit- 
ical aspirations,  no  particular  recognition.  ...  If  the  city 
had  been  required  to  employ  those  men  it  would  have  cost  a 
great  deal  of  money;  and  the  results  of  the  labor  they  per- 
formed freely  are  undoubtedly  highly  beneficial  to  us. 

In  expressing  my  gratitude  for  that  service,  I,  of  course, 
speak  as  Mayor,  and  in  doing  so  I  express  the  sentiments  of 
every  citizen  of  Cleveland. 

Lately  we  have  heard  a  great  deal  from  engineers  about  the 
lack  of  appreciation  accorded  their  efforts  by  the  public.  Here 
a  public  official  speaks  in  praise  of  the  services  of  engineers 
as  citizens,  not  in  praise  of  their  work  as  builders  of  material 
things.  The  building  of  railroads,  canals,  water  supply  and 
sewerage  systems  are  fundamentally  a  public  service,  but  they 
do  not  relieve  the  engineer  of  his  other  duties  as  a  citizen.  On 
llie  contrary  the  public  character  of  his  work  creates  new  op- 
portunities for  civic  leadership  and  increases  his  responsibil- 
ity as  a  citizen.  Even  as  the  engineer  is  a  product  of  modem 
times,  so  must  he  take  his  part  in  the  solution  of  the  human 
l>roblems  arising  from  his  material  achievements.  Modem 
problems  of  citizenship  are  solved  in  most  instances  in  the 
school  of  politics. 

The  intense  seeking  after  technical  knowledge  in  recent 
years  and  the  great  amount  of  work  imposed  by  discovery  after 
discovery  in  science,  gave  i-ise  to  a  specialization  among  tech- 
nical men  until  they  lost  in  a  measure  sympathy  with  the  peo- 
]ile  outside  of  their  narrow  field. 

While  specialization  is  necessary  to  scientific  progress,  there 
is  need  that  we  engineers  study  the  relation  of  our  occupation 
to  the  wider  interests  of  mankind.  Let  us,  as  it  were,  break 
\\\<  the  crystals  of  our  old  ideals,  one  of  which  is  the  time- 
honored  precept  that  our  achievements  are  sufficient  witnesses 
to  our  ability,  and  see  if  the  new  crystallization  does  not  take 
on  a  different  form.  Advertising,  publicity,  and  politics  may 
bt  commendable  forms  of  activity  if  rightly  practiced.  The 
end  to  be  sought  must  not  be  political  preferment  or  personal 
reward,  but  serviice  to  the  community.  That  is  bedrock  and 
cannot  yield. 

That  the  public  is  interested  in  the  engineer  is  evidenced 
by  the  halo  of  romance  that  has  been  cast  about  him  in  lit- 
eiature.  It  will  be  far  better  for  both  the  engineer  and  the 
public  when  the  public  learns  that  in  civic  affairs  the  engi- 
neer is  an  honest  and  efficient  servant  of  the  people,  capable 
of  taking  administrative  control. 

Verj'  recently  a  public  official  at  the  head  of  one  of  the 
engineering  divisions  of  Cleveland  told  the  author  that  the 
average  councilman  did  not  consider  the  engineering  ability 
of  the  head  of  the  department  superior  to  that  of  a  rodman 
or  chainman,  as  the  latter  are  engineers  as  well  as  he. 

The  implication  of  the  public  official  who  was  a  lawyer  that 
the  engineer  could  not  be  found  with  the  judicial  cpiality  of 
mind  to  ser\'e  on  the  Interstate  Commerce  Commission  would 


'  Secretary  of  the  Cleveland  Engineering  Society  and  assistant  engi- 
neer, Valuation  Department,  N.  X.  C.  &  St.  L.  RR. 

Presented   at  a   meeting  of   the  Engineering   Society   of   Buffalo 
on  December  15,  1915. 
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doubtless  find  general  support  today,  for  most  people  picture 
the  engineer  drawing  hieroglyphic  plans  according  to  myste- 
rious i-ules — he  is  silent  and  ajjart;  his  language  is  that  of 
blue  prints,  and  the  desire  of  his  heart  finds  expression  before 
the  public  in  terms  of  earth  and  metal,  inanimate  tilings. 

As  Berton  Braley  says,  illustrating  the  talkativeness  of 
■■  Leather  Leggin's,"  the  engineer: 

When  you  need  to  dam  a  river  or  to  turn  it  u]iside  down, 
Or  to  tunnel  undez'neath  it  in  the  mud, 

Or  to  bore  an'  blast  a  subway  through  the  innards  of  a  town. 
Or  to  blow  aside  a  mountain  with  a  tliud — 

Why  you  call  ou  Leather  Leggin's  and  he  does  that  little  thing, 
An'  tlieu  comes  'round  an'  asks  you  "  Is  that  all?" 

Our  position  with  reference  to  the  jjublic  is  not  inilike  that 
of  Joim  Alden  courting  Priscilla  for  Miles  Standish;  let  us 
sj.eak  for  ourselves.  And  let  us  learn  to  speak  where  engi- 
neering principles  are  at  issue  with  such  clarity  and  vigor 
that  iu  the  trial  of  a  case  before  the  jury  of  public  opinion 
we  will  get  a  unanimous  verdict.     We  can. 

Our  training  and  habits  ha\e  not  endowed  us  with  eloquent 
tongues,  although  the  ability  to  talk  well  will  be  added  when 
the  awakening  sjiirit  impels  us  to  reach  up  to  our  opportu- 
nities. But  a  channel  by  wliich  our  story  can  be  favorably 
told  the  public  lies  within  easy  reach.  There  is  a  demand  on 
the  part  of  all  people  to  know  about  the  things  which  have  a 
far-reaching  influence  on  public  welfai'e,  on  health  and  indus- 
try. So  we  find  at  our  door  an  opportunity  and  a  duty  to 
place  before  the  public  dependable  information  about  technical 
subjects. 

What  can  the  local  society  do?  It  can  at  least  fumisli 
through  its  committees  and  open  meetings  a  forum  where  ana- 
lytical minds  can  help  solve  problems  about  wliich  engineers 
are  qualified  to  speak.  The  engineering  societies  should  be 
able  to  contribute  to  civic  progress  somewhat  as  they  have  to 
technical  advancement.  The  same  standardization  of  output 
cannot  be  effected,  perhaps,  and  therefore  many  are  discour- 
aged. 

Recently  the  Cleveland  Board  of  Education  set  uut  to  mate- 
rially reduce  the  pay  of  teachers  in  our  teclmical  and  commer- 
cial high  schools.  Its  action  was  taken,  notwithstanding  the 
fact  that  the  Cleveland  Foundation  was  spending  thousands 
of  dollars  emplo\'ing  exiierts  in  a  sui-v^ey  of  Cleveland  schools 
and  the  subject  of  compensation  paid  teachers  was  receiving 
special  consideration. 

The  Executive  Board  of  the  Engineering  Society  sent  to 
the  Board  of  Education  a  communication  expressing  its  in- 
terest in  the  schools  of  the  city  and  a  desire  to  aid  j'euth  in 
jiroeuring  the  best  possible  opportunities  for  education  and 
self-advancement  and  i)etitioning  the  Board  of  Education  to 
defer  action  until  such  time  as  legislation  had  been  prepared 
to  cover  all  steps  that  maj'  be  necessai">-  to  completely  readjust 
the  matter  of  compensation  for  teaching.  We  did  not  give  a 
copy  of  this  letter  to  the  papers,  but  sent  a  coj)y  to  the  Cleve- 
land Foundation,  as  well  as  to  the  Board  of  Education.  Ac- 
tion on  salary  cutting  was  deferred.  It  might  be  said  that 
the  Board  of  Education  is  hard  put  for  money,  but  such  econ- 
omy as  was  devised  was  penurious  and  wasteful.  It  was  our 
plain  duty  to  keep  the  School  Board  from  digging  a  pit  and 
falling  into  it. 

To  the  Mayor-elect  who  tt)ok  office  on  .lanuai-y  1,  we  sent 
the  following  letter: 

The  Cleveland  Engineering  Society,  being  vitally  interested 
in  the  welfare  of  Cleveland  and  the  best  administration  of  its 


iniblic  works,  tenders  you,  through  its  Executive  Board,  its 
hearty  cooperation  in  the  advancement  of  the  interests  of  the 
city. 

Ordinances  ajiproved  by  the  voters  at  the  recent  election  call 
for  the  expenditure  nf  many  millions  of  dollars,  much  of  which 
may  be  used  to  the  best  advantages  of  our  citizens  if  proper 
jjrofessional  knowledge  and  experience  be  employed  in  its  ad- 
ministration. Many  functions  of  munieiijal  government,  such 
as  water  supply,  sewage  disposal,  street  repairs  and  renewals, 
may  be  most  economically  and  efficiently  performed  by  men 
having  engineering  experience. 

We  recommend,  therefore,  that  the  positions  of  Director  of 
Public  Service  and  of  Director  of  Public  Utilities  be  tilled  by 
men  ha\ing  a  broad  engineering  experience  combined  with  ad- 
nunistrative  ability. 

In  this  instance  we  gave  the  letter  to  the  papers  as  soon  as 
it  was  read  before  the  Society  in  open  meeting  which  was  be- 
fore it  reached  the  Mayor-elect.  One  of  the  jjapers  on  the 
morning  following  gave  the  letter  wide  publicity  in  a  manner 
above  suggestion  for  improvement. 

The  Mayor-elect  has  appointed  his  cabinet  apparently  as 
different  from  our  ideas  as  could  be  imagined.  To  be  Director 
ot'  Public  Utilities,  he  appointed  a  labor  leader  who  is  gradu- 
ated through  labor  councils  from  the  waiters'  union.  To  be 
Director  of  Public  Senice,  he  appointed  a  former  councilman 
who  is  a  lawyer.  It  should  be  said  that  it  was  not  ex])eeted 
by  the  sponsors  of  this  letter  that  its  advice  would  be  fol- 
lowed. But  the  chief  object  of  the  letter  was  accomplished, 
to  place  the  principles  before  the  public. 

But  how  shall  the  public  know  that  the  engineer  is  a 
capable  adviser  and  that  the  iirineiples  he  enunciates  are 
trustworthy?  Education  and  acquaintance  lead  to  mutual 
understanding.  The  most  effective  and  direct  method  to  bring 
about  this  desirable  relation  is  in  the  use  of  the  public  print. 
It  is  not  an  exaggeration  to  say  that  the  newspaper  is  the 
greatest  educational  factor,  at  least  in  its  possibilities,  of  our 
present  day  civilization,  and  this  takes  into  consideration  the 
school,  the  college  and  the  church.  The  more  progressive 
editors  recognize  their  responsibility  and  are  oi)ening  their 
columns  to  signed  articles  by  people  of  constructive  ideas. 

Referring  to  the  civic  activities  of  the  Cleveland  Engineer- 
ing Society,  Cleveland  has  been  struggling  lately  with  the 
revision  of  the  building  code.  The  actual  work  of  revision 
was  done  by  a  joint  committee  composed  of  the  Chairmen  of 
the  Building  Code  Committees  of  the  Cleveland  Engineering 
Society,  Builders'  Exchange,  and  the  Cleveland  Chapter  of 
the  American  Institute  of  Architects.  The  code  has  been 
carefully  studied  by  the  Committee  and  some  460  sections 
have  been  revised  and  260  new  sections  added,  the  City  Coun- 
cil turning  into  law  what  the  Committee  approved.  It  has 
been  a  herculean  task  to  wliich  these  men  g^ive  unselfishly 
of  their  time  without  remuneration  of  any  kind. 

The  Civil  Service  Commission  asked  the  Cleveland  Society 
to  assist  it  by  taking  charge  of  the  jjreparation  and  marking 
of  papers  for  engineering  positions.  Results  to  both  the 
Society  and  the  Commission  have  been  veiy  gratifying.  The 
Commission  secured  the  services  of  experts  at  no  cost  to  the 
city,  whereas  during  the  previous  year  it  had  paid  some  $900 
for  examination  of  candidates  for  engineering  positions,  yet 
comijlaints  had  been  made  that  proper  relative  weights  had 
not  been  given  to  experience  and  theoretical  training.  The 
Secretary  of  the  Commission  told  us  that  candidates  were  sat- 
isfied after  the  Engineering  Society  took  charge.  In  this  case 
our  Publicity  Committee  tijjped  off  the  reporters  and  they 
dug  up  their  own  stories  from  the  Commission. 

Our  first  ])ublicity  work  was  in  August  of  1912,  concern- 
ing the  report  of  the  Committee  on   Technical  Education  of 
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tlie  .Society  after  it  had  studied  Cleveland's  teclinical  scliouls, 
and  much  publicity  was  devoted  to  arousinj;  public  sentiment 
against  unnecessai'y  smoke  and  to  induce  as  many  as  possible 
to  attend  a  popular  lecture  on  "  How  to  Bum  Soft  Coal 
Economically  and  Witliout  Smoke,"  delivered  by  Dr.  Breck- 
euridge  at  a  joint  meeting  between  the  Chamber  of  Com- 
merce and  the  Engineering  Society.  The  meeting  was  at- 
tended by  600  engineers,  manufacturers  and  citizens. 

Later  the  Bridge  and  Grade  Crossing  Committees  of  the 
Society  found  little  had  been  done  in  planning  the  work  of 
grade  elimination  in  the  city  in  a  systematic  manner  and 
recommended  that  future  work  be  anticipated  in  some  gen- 
eral comprehensive  scheme. 

An  aeroplane  article  that  ai>peared  in  a  Sunday  magazine 
section  was  our  tiret  feature  article.  Attention  was  called 
to  the  meeting  by  an  advance  notice  of  the  meeting,  consist- 
ing of  a  jiicture  of  the  speaker  and  some  100  words  telling 
about  him  and  what  he  was  to  talk  about.  When  we  went 
to  the  Sunday  editor  and  asked  him  if  he'd  like  a  feature 
article  on  flying  machines,  he  said,  "  Yes,  only  yoa  engineers 
are  too  technical."  We  told  him  we  were  interested  mainly 
ill  knowing  whether  he  was  receptive  to  the  idea  and  that  he 
didn't  need  to  print  the  article  if  it  didn't  suit  him.  "  That's 
a  go,"  he  said. 

The  Chairman  of  the  Publicity  Committee  has  been  seek- 
ing the  right  sort  of  an  assistant  for  a  long  time.  When  he 
found  a  young  man  ready  to  attempt  the  preparation  of  this 
article  under  his  direction,  he  felt  about  the  young  man  as 
the  editor  did  toward  the  article — he  might  come  through,  but 
jiast  evidence  was  to  the  contrary.  The  article  was  blocked 
out.  The  writer  came  back  with  a  sophomoric  composition, 
a  good  undergraduate  essay.  We  went  over  it  in  detail  and 
he  rewrote  it,  improving  it  considei-ably  and  approaching 
newspaper  style.  Again  it  was  given  back  to  him  to  rewrite. 
He  did  it  over  the  third  time  and  never  flinched.  The 
editor  was  highly  pleased.  Now  both  our  Sunday  papers  are 
eager  for  our  feature  copy  and  one  article  has  been  paid  for. 
Pay  had  been  offered  us  previously,  but  we  then  told  the 
editor  the  material  was  not  for  sale.  The  effect  this  state- 
ment produced  upon  him  was  worth  the  sacrifice  in  money. 

We  stated  before  that  any  plan  for  ))ublicity  by  engineers 
must  be  based  on  a  systematic  scheme  to  educate  the  public. 
From  the  standjjoint  of  the  engineer,  the  public  includes  the 
men  who  make  the  uewspajjers.  For  instance,  an  article  en- 
titled :  How  Gunnere  Pick  Their  Target  Though  Far  Away, 
might  just  as  well  have  been  captioned:  Long  Range  Trajec- 
tories. Had  we  attempted  such  an  article  in  the  early  stages 
of  our  publicity  work,  the  editor  would  have  been  inclined 
to  view  the  attempt  as  too  technical.  Indeed,  a  good  many 
engineers  would  be  prone  to  say  that  the  subjects  of  tra- 
jectories and  ballistics  are  too  involved  to  be  understood  by 
the  average  reader  of  the  daily  newspaper.  After  the  article 
was  published  and  opinions  expressed  as  to  its  value,  the 
Sunday  editor  wrote  us  characterizing  the  article  as  a 
''  knockout "  and  asking  if  we  couldn't  write  him  another 
soon. 

While  no  positive  statements  are  made  in  the  article, 
whether  the  Germans  with  reasonable  care  could  have  avoided 
the  destruction  of  historic  and  sacred  edifices  in  the  cities 
they  were  bombarding  with  cannon  located  20  miles  -away, 
no  great  acumen  is  required  of  the  reader  to  judge  correctly. 
The  editors  of  both  papei-s  have  expressed  appreciation  of  the 
line  drawings  to  make  the  text  clear.  We  furnished  text  and 
diagram,  while  the  newspaper  furnished  the  "  filling  in " 
witli   pictures  and  sketches. 


An  article  entitled:  Why  No  Boat  Can  Withstand  a  Tor- 
pedo, was  devoted  to  an  e.xplanation  of  the  principles  of 
buoyancy  governing  the  design  of  ships.  By  picturing  the 
difficulties  an  urchin  meets  in  trying  to  keep  a  floating  tomato 
can  ujjright  until  he  discerns  tliat  he  must  put  some  stones 
in  the  can,  very  technical  terms  like  center  of  gravity,  center 
of  buoyancy,  and  metacenter  can  be  introduced  without 
frightening  the  nontechnical  reader.  Even  an  engineer  came 
to  us  and  told  us  that  he  enjoyed  the  article  and  learned  sev- 
eral things  from  reading  it. 

Touching  upon  the  point  of  timeliness  of  news,  this  article 
was  cast  for  the  presses  when  the  Eastland  capsized.  One  of 
the  editors  accused  us  of  being  accessories  before  the  fact. 
In  defense  we  would  say,  had  the  Eastland  turned  over  a 
week  earlier  the  caption  would  doubtless  have  been  different. 
In  this  article,  as  in  the  gun  pointing  one,  we  furnished  the 
text  and  diagi'am,  the  paper  the  "  filling  in."  It  was  syndi- 
cated by  the  paper  that  published  it,  but  no  division  of  re- 
ceipts was  made  with  the  Publicity  Committee.  We  are  going 
to  try  a  little  syndicating  of  our  own  in  the  no  distant  future. 

The  ability  to  meet  new  conditions  with  new  methods  is 
ai'  ordinary  attribute  of  the  engineer.  This  was  featured  in 
an  article  on :  How  a  Railroad  Was  Saved  from  Burial.  This 
article  describes  how  a  z'ailroad  engineer  stopped  an  earth 
slide  by  blowing  up  into  a  barrier  the  soapstone  on  which  the 
superincumbent  earth  was  slipping.  The  feat  was  performed 
on  a  railroad  connecting  Cleveland  and  Pittsburgh,  hence  had 
local  color  common  to  both  cities.  The  story  as  published  in 
a  Pittsburgh  paper  was  funiished  by  the  Engineers'  Society 
of  Western  Pennsylvania. 

With  the  local  story  as  a  "  news  peg,"  several  earth  move- 
ments of  interest  were  reviewed,  some  that  liad  hapijened  sev- 
ei'al  yeare  ago,  and  which  had  been  written  up  in  the  news- 
papers at  the  time.  It  may  be  truthfully  infeiTed  that 
ancient  history  may  be  made  into  news. 

The  Good  Will  Number  of  the  Journal  of  the  Society  is  an 
argument  for  universal  peace,  but  uudces  no  reference  to  the 
present  cataclysm  in  Europe.  It  is  based  on  the  idea  that 
modern  war  is  a  mathematically  scientific  game  played  with 
deadly  machines  evolved  by  the  engineer.  With  the  same 
scientific  principles  in  mind,  if  the  efforts  sj^ent  in  war  were 
turned  to  the  works  of  peace — in  peaceful  rivalry  instead  of 
destruction — a  tremendous  advance  in  human  welfare  would 
be  the  result.  The  Publicity  Committee  sent  copies  of  the 
Good  Will  Journal  over  the  country,  wrote  reWews  of  it  for 
periodicals  and  distributed  several  hundred  copies  to  citizens 
of  Cleveland,  and  placed  them  in  downtown  offices  of  physi- 
cians and  dentists,  libraries  and  the  like,  where  they  would  be 
read  by  many  jteople. 

Engineers  Are  the  Men  Who  Make  Dreams  Real.  This 
was  suggested  as  the  subject  of  an  article  by  the  Publicity 
Committee  to  one  of  the  sub-editors  who  was  charged  with 
writing  an  interesting  story  for  each  Sunday.  Naturally 
the  most  difiScult  part  of  liis  task  was  to  find  a  subject  and 
material.  We  arranged  for  an  interview  with  an  engineer 
who  could  talk  in  an  interesting  manner  to  a  reporter.  The 
definition  of  "  engineer  "  the  newspaper  evolved  is  rather  apt. 
''  An  engineer  is  a  man  who  somehow,  some  way,  tames  the 
forces  of  nature,  helped  by  science,  and  makes  them  do  man's 
bidding." 

At  a  time  when  the  electrification  of  railroads  entering 
Cleveland  was  being  agitated,  the  Engineering  Society  in- 
vited N.  M.  Storer,  of  the  Westinghouse  Electric  &  Mfg.  Co., 
to  lecture  on  the  subject.  The  meeting  was  held  at  Case 
School  and  was  attended  bv  several  of  the  citv  officials. 
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Ou  a  Tuesday  evening,  our  regular  meeting  night,  we  had 
three  newspaper  men  tell  us  about  the  making  of  a  news- 
paper. One  spoke  from  the  standpoint  of  the  editor,  a  second 
about  the  business  and  advertising  end,  mid  a  third,  a  mem- 
ber of  our  society,  gave  the  principal  address  which  was  de- 
voted to  the  power  presses  and  other  machinery  of  a  news- 
paper plant.  On  the  following  Saturday  afternoon  we  vis- 
ited the  largest  tliree  plants  in  the  city,  each  within  a  few 
minutes'  walk  of  the  others.  The  Press  took  our  pictures 
just  after  we  had  started  through  its  building  and  in  42  min- 
utes had  the  paper  printed  ready  to  hand  to  us  as  we  left. 

A  very  pleasant  and  profitable  custom  of  visiting  back  and 
forth  has  grown  up  between  the  engineering  societies  of  our 
section.  We  have  visited  the  Engineering  Society  of  Pitts- 
burg, Buffalo,  and  Detroit,  and  plan  a  trip  to  Toledo.  The 
Detroit  engineers  on  September  11  returned  our  visit  of 
last  spring. 

I  am  inclined  to  place  greater  value  on  the  social  and  good- 
fellowship  part  of  these  programs  than  on  the  professional 
benefit  gained  from  visiting  plants  in  other  cities,  large  as 
that  may  be.  Trips  by  boat  are  effective  in  getting  members 
acquainted  with  each  other,  out  of  which  grows  a  common 
interest. 

An  article  entitled  Bridge  Fonndatiuns  a  Mighty  Problem, 
properly  may  be  classified  as  service  to  the  community.  The 
building  of  the  foundations  of  a  great  high-level  bridge,  the 
main  artery  between  two  parts  of  Cleveland,  gave  rise  to  a 
lively  controversy  as  to  their  safety.  The  public  had  a  right 
to  know  the  truth.  The  county  bridge  engineer  was  asked  to 
read  a  paper  before  the  society  describing  the  foundations. 
His  paper  was  abstracted  with  technicalities  omitted  or  so 
worded  as  to  be  understood  by  the  reader  of  average  educa- 
tion, and  published  in  one  of  the  papers  on  the  Sunday  fol- 
lowing the  meeting. 

An  article  entitled:  Local  Men  Will  Be  Prominent  in 
American  Electric  Railway  Association  Meeting,  appeared 
ir  the  sections  of  our  papers  devoted  to  railroads.  The 
longest  article  that  ajjpeared  was  signed  by  the  rail- 
road editor,  and  the  test  is  verbatim  as  we  prepared 
it.  Railroad  Engineers  Conclude  Convention  wa-s  the 
title  of  a  telegraphic  report  sent  from  Chicago,  press 
rates  collect,  to  the  Cleveland  papers  after  one  of  the  rail- 
road editors  had  suggested  that  we  do  it.  When  Hunter  Mc- 
Donald, then  president  of  the  American  Society  of  Civil  En- 
gineers, was  being  mentioned  as  possible  head  of  the  con- 
struction forces  for  the  Government's  Alaskan  railroad,  an 
excellent  "  news  peg "  was  at  hand  on  which  to  hang  quite 
a  story  about  the  American  Railway  Engineering  Association 
and  American  Society  of  Civil  Engineers. 

Shortly  after  the  new  weather  forecaster  took  up  his  work 
ill  Cleveland  he  became  a  member  of  the  Engineering  Society. 
It  was  quite  proper  that  both  the  man  and  his  lecture  on 
the  U.  S.  Weather  Bureau  and  Its  Work  should  be  given 
some  publicity,  introducing  him  to  the  community.  Cleve- 
land is  in  a  district  subject  to  so  many  and  sudden  changes 
of  weather  that  the  lot  of  the  weather  man  is  a  precarious 
one. 

When  we  came  to  write  the  advance  notices,  we  got  down 
our  cyclopedia  and  discovered  some  interesting  things,  one 
of  which  was  that  a  Clevelander  while  in  Congress  had  a 
hand  in  the  formation  of  the  Weather  Bureau.  This  and 
several  other  interesting  points  were  ancient  history,  unless 
there  could  be  found  a  "  news  peg  "  to  hang  them  on,  that 
is,  to  justify  them.  The  new  weather  man  and  his  lecture 
was  the   peg. 


As  to  publicity  work  done  by  other  local  engineering  so- 
cieties, in  St.  Paul  a  special  committee  of  the  Engineering 
Society  made  a  careful  study  of  the  depot  approaches  and 
traflic  distribution.  The  report  was  published  in  the  daily 
jiapers  in  advance  of  the  meeting  in  order  that  engineers 
and  the  public  generally  might  be  fully  informed  and  be 
prepared  to  discuss  the  report  at  the  meeting. 

In  Buffalo,  an  arrangement  was  made  with  one  of  the 
papei-s  whereby  the  equivalent  of  two  columns  of  space  in 
the  Sunday  issue  was  placed  at  the  disposition  of  the  Engi- 
neering Society.  Several  columns,  of  which  Mr.  Swasey's 
picture  is  a  part,  set  forth  quite  fully  information  about  the 
Engineering  Foundation  and  its  possible  uses  and  was  pub- 
lished on  March  21,  nearly  two  months  after  the  dinner  at 
which  the  gift  was  announced. 

Space  obtained  for  this  subject  by  the  Publicity  Com- 
mittee of  the  Cleveland  Engineering  Society  consisted  of 
the  two  6-in.  items  headed:  ".$200,000  Gift  for  Science" 
and  "  Swasey  Aids  Science."  These  placed  alongside  the 
Buffalo  article  for  contrast  illustrate  graphically  a  funda- 
mental law  of  newspaper  work.  It  is  to  be  borne  in  mind 
Mr.  Swasey  is  a  Cleveland  man.  If  information  had  been 
available  three-quarters  of  a  column  would  have  been  used 
to  announce  an  event  of  such  importance  as  the  Engineer- 
ing Foundation.  Our  efforts  by  letter  and  wire  brought  noth- 
ing to  the  papers  the  night  of  the  dinner  but  the  next  day, 
after  the  papers  to  which  it  was  addressed  were  out,  there 
came  a  long  wire  from  the  engineers  in  charge  of  the  function. 
From  the  standpoint  of  news,  the  message  was  then  ancient 
history. 

In  other  words,  news  is  a  commodity  of  a  most  perish- 
able nature.  Unless  the  time  element  is  clearly  understood, 
a  good  item  may  be  lost  due  to  its  reaching  the  paper  an 
hour  late. 

Early  in  our  publicity  work  there  was  published  in  one  of 
the  local  papere  a  letter  from  a  j'oung  man  to  the  editor 
asking  what  the  opportunities  are  in  civil  and  mechanical 
engineering.  The  editor  printed  below  the  letter  a  request 
that  engineers  of  each  of  these  branches  answer  the  ques- 
tion. Of  course,  we  are  amused  that  anyone  should  expect 
the  editor  of  a  daily  jaaper  to  answer  the  question,  but  the 
asking  indicates  at  once  the  opportunity  to  perform  public 
semce  througli  the  medium  of  the  daily  papers. 

Here  was  an  opportunity  for  the  Publicity  Committee. 
It  accordingly  asked  the  President  of  the  Society  to  jirepare 
an  article  in  answer  to  the  question  to  be  offered  to  the- 
editor  of  one  of  our  papers.  The  editor  liked  the  idea  so 
well  that  he  called  for  more,  and  the  series  grew  until  there 
were  fourteen  articles.  These  articles  with  a  few  on  the 
branches  not  treated  in  the  Cleveland  series  have  just  ap- 
peared in  book  form.  Engineering  as  a  Career,  from  the  press 
of  D.  \'an  Nostrand  Co. 

In  any  local  engineering  society  there  are  men  pre- 
eminently qualified  to  tell  the  young  man  what  the  oppor- 
tunities are  in  the  engineering  profession  and  what  is  re- 
quired in  tlie  way  of  training  to  succeed.  Thousands  of 
youths,  their  guardians  and  parents  would  eagerly  welcome 
such  advice,  but  they  don't  Imow  how  or  where  to  get  it. 
We  are  of  the  opinion  that  such  a  series  as  was  run  in 
Cleveland  could  be  written  in  any  engineering  society  and 
that  the  jiajiers  would  gladly  share  in  the  opjiortunity  to 
place   sudi    dependable   information   before   the   community. 

There  are  several  ways  that  may  be  used  by  engineers  to 
educate   the    jiublic   besides   the   public    press,   where   an    un- 
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sympathetic  editor  may  inhibit  our  efforts.  The  Engineers' 
Society  of  Pennsylvania  has  conducted  Industrial  Welfare 
and  Efficiency  Conferences  to  the  evident  satisfaction  of  all 
participants. 

As  soon  as  time  permits  we  ]ilan  in  Cleveland  to  enlist 
a  few  of  our  younger  engineers  to  give  illustrated  lectures 
on  engineering  subjects  before  small  gatherings  in  churches, 
schools,  libraries  and  the  like.  It  is  hoped  that  a  sjnnjja- 
thetic  understanding  of  engineering  knowledge  and  skill  can 
be  brought  about  more  quickly  by  a  personal  contact  of  this 
sort.  In  addition,  the  speakers  will  gradually  acquire  by 
practice  that  facility  of  expression  on  their  feet  which  is 
necessary-  in  order  that  we  may  argue  on  equal  footing 
subjects  in  dispute  before  legislative  bodies  or  large  gath- 
erings  of  citizens. 

It  is  evident  that  the  first  missionary  work  must  be  done 
among  engineers  and  that  the  measure  of  our  progress  in 
civic  activities  will  be  determined  largely  by  our  working  to- 
gether, not  only  in  communities  but  everywhere — in  a  word, 
Engineering    Cooperation. 

The  experience  which  has  been  gained  in  one  society 
should  not  only  be  the  common  property  of  all,  but  the 
peculiar  conditions  existing  in  each  place  should  be  inter- 
tcrpreted  so  that  general  principles  may  be  formulated. 
For  instance,  in  Philadelphia  the  local  sections  of  national 
societies  are  affiliated  with  the  local  society.  In  Detroit  the 
quarters  of  the  Engineering  Society  are  rented  to  local  sec- 
tions, but  coordination  of  effort  is  still  to  be  worked  out. 
In  Cleveland  the  formation  of  sections  of  the  national  so- 
cieties comes  about  slowly  because  it  is  felt  that  the  local 
society  fills  the  field.  Here  are  suggested  the  large  ques- 
tions : 

Can  the  interests  of  the  national  societies  be  best  for- 
warded by  having  local  sections  in  affiliation  with  or  sepa- 
rate from  the  local  society;  and,  on  the  part  of  the  local 
societies,  do  local  sections  of  the  national  societies  tend  to 
strengthen  or  disintegrate  the  local  organization.  The 
author  inclines  to  the  opinion  that  interest  in  the  local 
society  is  the  jiarent  of  prosperity  in  the  national  organiza- 
tion. 

It  seems  apparent  that  the  interests  of  all  engineers  and 
technical  men  have  so  many  points  in  common — dovetail,  as 
it  were — that  in  any  community  there  should  be  one  home 
for  all  and  that  along  certain  lines  all  shoulders  should  be 
to  the  wheel  for  the  best  interest  of  the  community  and  the 
engineering  profession. 

It  can  be  truthfully  said  that  legislation  has  often  failed 
to  take  the  constructive  form  favorable  to  public  interest, 
and  largely  because  the  engineer  has  not  taken  his  just  re- 
sponsibility as  a  citizen.  To  what  extent  should  we  enter 
politics?  It  might  be  rashness  to  enter  actively  in  political 
campaigns  as  yet,  for  the  stage  is  not  properly  set  nor  are 
the  actors  trained  to  reach  the  audience  in  jjublic  debate. 
But  in  matters  of  pending  legislation,  the  lawmakers  are 
ready  to  listen  to  what  engineers  say.  In  Cleveland  the 
present  Mayor  would,  I  venture,  not  tiiink  of  appointing  a 
committee  of  citizens  where  engineering  principles  are  under 
consideration  without  selecting  a  due  jiroportion  of  engi- 
neers, and  that  after  aslcing  for  nominations  by  the  board  of 
the  Society.  Our  recently  appointed  City  Plan  Commission 
is  headed  by  a  member  of  our  Society.  Two  out  of  three 
members  of  the  committee  having  charge  of  building  our  new 
$2,000,000  library  building  are  members  of  our  Society. 

Licensing  of  engineers  by  states  is  advocated  in  many  quar- 
ters, by  engineers  as  well  as  by  the  public.    This  is  a  subject 


for  consideration  in  a  broad  minded  and  unselfish  way — 
Engineering  Cooperation. 

To  sum  up,  in  the  discharge  of  his  ordinary  duties  the  en- 
gineer is  usually  contributing  to  the  substantial  advancement 
of  the  community.  Yet  there  remains  a  large  undeveloped 
opportunity  for  him  to  aid  in  promoting  public  welfare. 

The  age  of  selfish,  although  valuable,  speciahzation  is  giv- 
ing way  to  the  age  of  cooperation.  The  engineer  at  once  has 
the  right  and  rests  under  the  obligation,  because  of  his  train- 
ing and  ability  to  act  as  leader  in  the  changing  conditions. 

If  we  are  to  make  progress  along  the  course  just  outlined, 
the  engineer  and  the  public  must  first  get  well  acquainted. 
I'here  must  be  a  systematic  direction  and  education  of  the 
pubUc  to  a  realization  that  in  civic  affairs  the  engineer  is  an 
lionest  and  efficient  servant  of  the  people. 

Let  me  add  one  thought  in  closing.  Suppose  we  engineers 
should  publish  regularly  a  magazine  devoted  to  engineering 
written  in  such  a  manner  that  it  would  be  attractive  to  the 
intelligent  layman.  To  make  the  idea  concrete  for  com- 
parison, make  it  something  after  the  standard  of  the  National 
Geographic  Magazine  but  devoted  to  engineering,  controlled 
and  jjublished  l)y  engineere.  Would  it  not  contribute  more 
than  any  single  thing  we  can  do  to  advance  the  interests  of 
both  the  public  and  the  engineer? 

We  in  Cleveland  plan  to  get  out  a  special  issue  of  our  Jour- 
nal in  1916  tending  toward  the  ideal  pictured  above.  Sup- 
pose engineers  in  Buffalo,  Detroit,  Boston,  Philadelphia, 
Pittsburgh  and  elsewhere  should  contribute  copy,  and  that 
the  engineering  societies  of  these  several  cities  should  buy  and 
give  away  in  their  cities,  as  we  did  our  Good  Will  number 
of  our  Journal  in  Cleveland,  only  a  thousand  copies  each. 
Then  suppose  the  idea  grew  and  we  published  regularly  to 
paid  subscribers  a  magazine  that  would  bridge  the  gap  be- 
tween the  engineer  and  the  layman.  Who  has  the  imagination 
to  measure  the  future?     Let  us  think  on  it. 


In  1!)14-15,  the  first  year  of  operation,  1,.317  ocean-going  ves- 
sels passed  through  the  Panama  Canal.  This  included  com- 
mercial, naval,  and  pleasure  vessels.  The  aggregate  net  ton- 
nage, according  to  the  Panama  Canal  measurement,  was 
4,596,644  tons,  and  the  aggregate  gross  tonnage  6,494,673  tons. 
The  average  net  tonnage  per  vessel  was  3,490  and  the  average 
gross  tonnage  4,931. 


Very  considerable  attention  has  been  given  to  the  compo- 
sition and  treatment  of  tool-steel  for  machine  tools,  but  the 
three  implements  of  the  hand  worker — the  file,  the  chisel,  and 
the  hammer — have  been  comparatively  neglected.  Important 
work  has  recently  been  done  in  testing  the  former  of  these, 
and  there  is  little  need  of  improvement  with  the  last-named, 
but  it  is  believed  that  the  chisel  has  not  received  the  systematic 
attention  its  importance  deserves. 

The  material  usually  employed  for  chisels  is  not  ordered  by 
specifications,  but  a  well-known  and  tried  brand  purchased. 
After  considerable  experiment  it  was  decided  to  order  chisel 
steel  to  the  following  specifications:  Carbon,  0.75  to  0.85  per 
cent;  manganese,  0.30;  silicon,  0.10;  sulphur,  0.025;  phos- 
phorus, 0.025. 

The  analysis  of  a  chisel  which  had  given  excellent  service 
was:  Carbon,  0.75  per  cent;  manganese,  0.38;  silicon,  0.10; 
sulphur,  0.028;  phosphorus,  0.026.  The  heat  treatment  this 
chisel  received  was  unknown. — Jour.  Inst.  Mecli.  Engrs,,  Feb- 
ruary, 1916  (February  18  meeting.) 
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In  the  modw'u  liig;li-spci'd  steam  autl  internal  tombustioii 
engines,  cast  iron  is,  up  to  the  present,  the  only  metal  which 
has  given  satisfactoi-y  working  results  when  used  for  the  con- 
structiou  of  certain  vital  parts,  such  as  pistons,  jjiston  rings, 
and  cylinders.  This  fact,  coupled  with  the  serious  drawbacks 
of  cast  iron  in  other  ways,  is  sufficient  to  prove  the  tremend- 
ous importance  of  a  careful  study  of  the  subject. 

The  two  chief  [iroperties  required  of  cast  iron  for  the 
purposes  named  are  maximum  resistance  to  wear,  and  the  most 
perfect  running  properties  under  the  conditions  existing  in 
the  engine.  The  mechanical  properties,  such  as  tensile  and 
transverse  strength,  can  usually  be  obtained  sufficiently  high 
to  withstand  the  stresses  involved  in  the  use  of  the  generally 
accepted  thickness  of  material.  The  modern  tendency,  how- 
ever, seems  to  be  to  cut  down  the  weights  of  members,  and 
for  this  reason  higher  tensile  strength  irons  will  be  more  and 
more  in  dem-diid.-^Eiigineeriitg,  February  IS,  1916. 


One  of  the  most  imjxirtant  problems  that  has  to  be  solved 
by  any  organization  is  the  problem  of  i^ay.  This  is  especially 
true  of  an  organization  operating  under  scientitic  manage- 
ment. In  tlie  first  place,  there  has  been  so  much  discussion 
of  the  matter  that  the  men  who  became  members  of  the  or- 
ganization are  jirone  to  be  critical  upon  the  subject.  An- 
other reason  is  that  the  education  of  the  workers  under  this 
type  of  management  occupies  so  much  time,  and  is  so  expen- 
sive, that  it  is  a  decided  loss  to  have  a  trained  man  leave  be- 
cause of  dissatisfaction  with  his  pay.  The  third  is  that  this 
type  of  management  depends  absolutely  for  its  permanence 
and  success  on  the  spirit  of  cooperation  that  exists.  Finally 
the  jiay  system  under  the  scientific  tyjie  of  management  is 
scientifically  determined. 

The  problem  of  pay  is  one  upon  which  close  attention 
must  be  continually  concentrated.  When  this  pay  problem 
based  on  time  study  is  solved  to  the  satisfaction  of  all  con- 
cerned, an  important  part  of  the  success  and  the  jiermanence 
of  the  installation  of  scientific  methods  of  management  is  se- 
cured.— F.  B.  and  L.  M.  Gilbreth,  in  The  Iron  Age,  March  9, 
1916. 


The  temperature  of  a  boiler  tube  is  within  10  to  20  deg. 
cent,  the  same  as  that  of  the  boiler  water,  and  tlie  tempera- 
ture of  the  tube  is  affected  very  little  by  the  temperature  of 
the  hot  gases,  but  follows  the  temperature  of  the  boiler  water. 

As  the  temperature  drop  along  the  path  of  heat  travel  is 
nearly  proportional  to  the  resistance  to  heat  travel,  the  re- 
sistance appears  to  be  very  high  from  the  hot  gases  to  the 
gas-side  surface  of  the  tube  and  very  low  from  this  surface 
to  the  boiler  water.  This  fact  indicates  that  a  boiler  tube 
can  transmit  very  easily  all  the  heat  that  can  ever  be  im- 
parted to  it  by  the  hot  gases,  and  that  as  long  as  the  tubes 
are  kept  free  from  scale,  oil  and  other  deposit,  and  filled  with 
water,  it  is  impossible  to  overheat  the  tubes,  no  matter  how 
hard  the  boiler  is  worked. 

The  slow  part  in  the  path  of  heat  travel  is  from  the  hot 
gases  to  the  boiler  tube.  It  is  this  part  of  the  path  that  is 
responsible  for  the  slow  rate  of  heat  transmission  in  boilers 
as  now  designed  and  operated.  Anything  that  will  increase 
the  rate  of  heat  impartation  by  the  hot  gases  to  the  boiler 
tube  will  almost  directly  increase  the  rate  of  working  of  the 
boiler.  This  is  an  important  fact  and  should  be  kept  in  mind 
by  the  designer  when  designing  a  boiler  which  is  to  be  oper- 
ated at  high  capacity. —  Technical  Paper  114,  U.  S.  Bureau  of 
Mines. 


CORRESPONDENCE  FROM  MEMBERS 
OF  THE  SOCIETY 

Prucisions  liavt'  been  made  bg  the  Publication  Committee  for 
(orrespoindence  Departments  in  Tlie  Journal  a.s  follows: 

A  Department  for  contributed  discussions  on  papers  pre- 
viously published,  or  new  matter. 

A  Members'  Correspondence  Department  including  sugges- 
tions on  Society  affairs. 

Contributions  for  these  departments  are  earnestlii  solicited. 

TURBINES    VS.     ENGINES    IN    UNITS    OF 
SMALL  CAPACITIES 

To  tlic  Editor: 

In  tlie  paper  on  Turbines  Vs.  Engines  in  Units  of  Small 
Capacities,  by  J.  S.  Barstow,  published  in  the  September  issue 
of  The  Journal,  a  statement  is  made  in  the  last  paragraph 
that  engines  are  jjarticularly  applicable  for  condensing  units 
where  the  condensing  water  supjily  is  limited  and  where  the 
water  must  be  rc/ooled  and  recirculated. 

A  compound  condensing  engine  or  a  single  cylinder  uniflow 
engine  has  high  efficiency — that  is,  utilizes  a  large  share  of 
tht  available  energy  between  the  terminable  pressures,  pro- 
vided the  exhaust  pressure  is  not  too  low.  A  vacuum  of  26 
in.  is  about  as  high  as  it  pays  to  go  with  an  engine.  Now 
where  water  must  be  recooled  by  a  spray  pond  or  a  tower, 
very  high  vacuums  are  not  attainable  because  of  the  physical 
and  commercial  limits  to  the  temperature  to  which  the  water 
can  be  cooled,  to  say  nothing  of  the  cost  of  pumjiing  the 
water  if  a  large  quantity  is  circulated.  Thus  the  recipro- 
cating engine  has  a  field  of  peculiar  ap])licability  in  plants 
of  this  kind. 

The  steam  turbine  is  at  a  disadvantage  under  these  condi- 
tions of  moderate  vacuum.  In  a  turbine  the  efficiency  of  con- 
version of  energy  of  the  steam  into  mechanical  energy  is 
greater,  the  lower  the  existing  pressure.  High  vacuum  is 
doubly  imjjortant  to  the  steam  turbine — to  fumish  more  energy 
and  to  furnish  energy  which  can  be  abstracted  most  efficiently. 

The  turbine  is  cheai)er  than  the  engine,  requires  less  space 
and  foundations,  is  cheajier  to  operate  and  can  be  built  in 
larger  units  than  the  engine,  and  therefore  it  is  pertinent 
to  in(juire  liow  far  it  is  possible  and  jirofitable  to  go  in  ob- 
taining high  vacuum,  so  as  to  reduce  steam  consumption  t& 
that  of  the  engine. 

The  higher  the  vacuum,  the  greater  the  power  of  the  aux- 
iliaries (and  it  is  to  be  remembered  that  the  circuhiting  water 
is  pumped  against  considerable  head)  and  the  greater  the 
fixed  charges  for  the  condensing  and  water  cooling  apparatus. 
These  charges  offset  the  gain  in  the  turbine.  The  critical 
vacuum  varies  with  conditions,  but  is  usually  found  to  be 
around  27  in.  vacuum  for  atmospheric  conditions  of  75  deg. 
and  70  deg.  humidity.  The  chart  of  Fig.  1  is  taken  from  an 
article  by  the  writer  in  Power,  of  November  11,  191.3.  en- 
titled: Best  Vacuum  with  a  Cooling  Tower.  It  shows  that 
there  is  a  saving  of  .^200  per  year  by  increasing  the  vacuum 
from  26  to  27  in.  for  a  500  kw.  turbine  with  $3.00  coal,  50 
per  cent  load  factor  and  other  assumptions  given  in  the  arti- 
cle. Further  investment,  however,  to  obtain  a  higher  vacuum,^ 
actually  results  in  a  smaller  gain,  until  at  slightly  over  271/2 
in.,  the  net  gain  (above  26  in.  operation)  is  nothing.  The 
increased  fixed  charges  and  operating  cost  wipe  out  the  gain 
in  turbine  economy. 

Let  us  assume  steam  conditions  of  175  lb.  pressure,  100  deg. 
sui)erheat  and  26  in.  vacuum  for  the  engine  and  27  in.  vacuum 
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for  tlie  turbine.     The  engine  effleieney  referred  to  Ihe  Rankine 
cjcle  may  be  taken  at  70  per  cent  and  the  turbine  cfficieney  at 
65  per  cent.     We  then  have  the  following: 
a  Keoiprucatiug  engine,  26  in.  vacuum. 

Theoretical  steam  consumption,  7.8  lb.  per  bv.  h.p. 
Actual   steam  consumption   at    70   per  cent   efficiency, 
11.15  lb.  per  br.  h.p. 
b  Turbine,  27  in.  vacuum. 

Theoretical  steam  consumption  7.4  lb.  per  br.  h.p. 
Actual   steam    consumption    at    65    per   cent    efficiency, 
11.40  lb.  per  br.  h.p. 
There  is  a  difference  of  0.25  lb.  per  br.  li.p.  in  favor  of  the 
engine,  to  which  must  also  be  added  the  difference  in  power 
consumption  of  the  auxiliaries. 

The  average  turbine  efficiency  of  65  per  cent  corresponds 
approximately  to  an  efficiency  starting  at  55  per  cent  at  the 
high  jiressure  end  and  increasing  to  75  per  cent  for  the  wheels 
operating  in  high  vacuum  steam.    If  it  were  profitable  to  install 


* 

700 

^ 

■_^ 

- 

u 

^^ 

-^ 

"t 

»V°i" 

^< 

< 

S    300 

„0« 

"t 

Oai 

• 

1         ° 

t?r>'r 

' 

t 

Ti^J.-i- 

1— ■ 

-<v, 

^-.i         1 

i 

<f^ 

r" 

n 

^ 

1^1 

— -1 

-ij 

-». 

1 

1 

"^ 

-~ 

-  '" 

-., 

-;.??-> 

"7 

1 

Ae, 

% 

1 

2    Ann 

Los. 

5  soo 

I 

In 

■- 

i 

1 

Fifi.  1     Diagram   Indicating  Saviki;   Due  to   Increase  of 
Vacuuji 

cooling  tower  equipment  for  28  in.  vacuum  (for  the  same  at- 
mospheric conditions),  the  increase  in  available  energy  would 
be  20  B.t.u.  per  lb.,  of  which  75  per  cent  would  be  utilized  by 
the  turbine  and  as  the  energy  available  at  27  in.  vacuum  is 
344  B.t.u.,  the  percentage  gained  in  output  would  be  75  per 
cent  .X  20  -^  (344  x  65  per  cent)  =  6.7  per  cent,  and  the  steam 
consumption  would  be  reduced  from  11.4  lb.  to  apjiroximately 
10  63  lb. 

Now  suppose  that  the  turbine  is  operated  with  only  half  of 
the  steam  expanded  to  the  28  in.  vacuum,  and  the  otlier  half 
expanding  to  the  original  27  in.  vacuum  conditions.  No  addi- 
tional investment  in  condensing  or  water  recooling  apparatus 
would  be  needed.  The  steam  consumption  would  be  the  aver- 
age of  the  two  figures  given,  or 
•c  Turbine,  vacuums  of  27  and  28  in. 

Average  steam  consumption  11.02  lb. 

This  steam  consumption  is  slightly  lower  than  that  of  the 
engine;  the  difference  0.13  lb.  would  offset  the  greater  power 
consumption  of  the  condenser  auxiliaries  rec|uired  with  the 
turbine,  as  compared  to  the  engine  equipment. 

In  order  to  condense  the  steam  exhausted  from  the  turbine 
at  two  vacuums,  a  two-stage  condenser  is  necessary,  as  shown 
in  Fig.  2: 

Ordinarily  the  condensing  water  is  heated  to  its  final  tem- 
perature in  one  step  while  condensing  all  of  the  steam  at  27 
in.  vacuum.  In  the  two-stage  condenser  it  is  heated  through 
the  first  half  of  its  total  rise  while  condensing  half  of  tlie  steam 


at  28  in.  vacuum,  and  through  the  final  half  of  its  I'ise  while 
condensing  the  remainder  of  the  steam  at  27  in.  vacuum.  The 
size  and  cost  of  the  cooling  tower,  the  amount  of  water  circu- 
lated and  the  cost  of  pumping,  all  remain  the  same. 

Half  the  steam  is  condensed  at  28  in.  vacuum  in  the  upper 
section  (F'ig.  2)  and  the  other  half  at  27  in.  vacuum  in  the 
lower  section.  The  air  is  withdrawn  from  the  high  vacuum 
section  by  steam  jets  which  act  as  augmenters  to  improve  the 
vacuum  by  withdrawing  the  air  in  a  very  rarified  state,  at  the 
same  time  reducing  the  amount  of  condensing  surface  neces- 
sary. Another  feature  of  the  construction  is  the  arrangement 
for  heating  the  cold  condensate  from  the  upper  jiart  of  the 
condenser  by  bringing  it  into  contact  with  steam  in  the  lower 
j)art  of  the  condenser.  All  the  condensate  is  thus  returned  at 
the  temperature  of  the  hottest  steam. 


'See  nrticio  In  Power  on  Tlie  Two-staac  rfniileiiser,  Sept.  21,  191.J. 


Fig.    2     Two    Stage    Condenser    for    Operation    in    Con- 
nection With  a  Turbine 

The  decrease  in  turbine  steam  consumption  from  11.40  lb. 
per  h.p.  to  11.02  lb.  per  h.p.  is  obtained  without  added  cost  of 
cooling  tower  or  spray  jiond,  iniinps,  piping  or  condenser.  It 
is  true  that  even  this  recooling  and  condensing  equipment, 
v.-hich  is  the  same  size  as  that  required  for  standard  27  in. 
vacuum  operation  is  more  costly  than  that  for  26  in.  vacuum 
with  the  engine,  but  on  the  other  hand  the  engine  is  more  costly 
than  the  turbine. 

The  two-stage  condenser  is  also  applicable  to  plants  having 

a  natural  supply  of  water.     Take  for  example  a  turbine  and 

condenser  installation  for  28'  2  in-  vacuum  with  70  deg.  water. 

Half  the  steam  can   advantageously   be   expanded   to   29   in., 

making  a  gain  of  a  very  valuable  half  inch  of  vacuum  on  half 

the  steam.    The  efficiency  of  a  complete  turbine  of  a  large  size 

may  be  taken  at  75  per  cent.     The  efficiency  of  the  last  blades 

IS  85  per  cent  or  more.     The  percentage  gain  in  power  per 

pound  of  steam  is  found  to  be  one  half  of  5.7  per  cent  or  2.8 

per  cent  for  steam  conditions  of  200  lb.  pressure  and  150  deg. 

superheat.     AVitli   a   10,000   kw.   turbine   this   is   worth    from 

$2000  to  .$5000  per  year,  depending  on  coal  price,  load  factor,. 

etc. 

New  York,  N.  Y.  n  a     n 

P.4UL  A.  Bancel. 
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THE  DIESEL  ENGINE  AND  ITS  APPLI- 
CATIONS IN  SOUTHERN  CALIFORNIA 

To  the  Editor: 

In  view  of  the  high  value  and  profit  that  can  accrue  from  a 
correspondence  department  dutifully  supported  by  the  mem- 
bers of  the  Society,  I  feel  it  incumbent  upon  me  to  offer  my 
contribution  to  this  good  work  on  an  occasion  when  so  many 
others  will  perforce  not  find  scope  to  assist.  I  have  had  some 
reluctance  to  overcome,  for  I  have  so  frequently  refrained 
from  comment  when  tlie  oil-engine  and  particularly  the  Diesel 
oil  engine  has  been  the  subject  of  wrongful  or  inaccurate 
statements,  that  I  fear  to  be  thought  guilty  of  an  ulterior 
motive  in  selecting  Mr.  Adams'  paper  for  criticism.  The 
explanation  seems  due  to  Mr.  Adams  that  his  errors  occur 
when  he  has  had  to  rely  for  guidance  upon  printed  sources, 
not  aware  that  much  is  published  which  arises  from  ignorance. 

Referring  to  the  statement  in  the  paper  by  Mr.  Adams,  that 
"  air  inlet  and  exhaust  \alves  are  not  required."  it  is  more 
usual  to  find  the  flow  of  scavenging  air  controlled  by  valves. 
Of  only  three  designs  can  it  be  said  that  the  exhaust  valves 
and  air  admission  valves  are  absent.  Between  the  extremes 
there  occur  two  interesting  intermediate  styles :  a.  the  Sulzer 
fashion,  in  which  the  scavenging  air  is  admitted  through  ports 
at  the  base  of  the  cylinder,  but  with  a  positive  cut-off  in  the 
shape  of  a  valve  controlling  the  flow  of  air  to  the  ports,  and 
h.  the  Sabathe  mode,  in  which  part  of  the  scavenging  air 
enters  through  ports  and  part  through  a  valve  in  the  head  of 
the  cylinder.  The  trend  is  markedly  towards  the  control  of 
scavenging  air  by  valves. 

The  statement  that  ''  in  marine  work  the  reduction  in  num- 
ber of  valves  makes  it  easier  to  reverse  a  2-cycle  engine  ''  is 
ambiguous.  The  jirobability  is  that  this  remark  will  gen- 
erally be  interpreted  as  an  assertion  that  the  2-cycle  Diesel 
engine  is  easier  to  reverse  than  the  4-cycle  engine,  which  would 
be  a  sorry  impression  to  give.  What  has  been  the  least  sim- 
ple reversing  mechanism  applied  to  any  Diesel  engine  has  been 
that  fitted  to  all  the  Carels  2-stroke  sets.  On  the  other  hand 
the  small  Polar  2-cycle  sets  ha\e  had  a  simpler  rexersing 
device  than  any  other  engine  has  possessed,  but  this  is  not  true 
of  the  larger  Polar  engmes,  such  as  were  for  a  while  in  the 
tankship  Sebastian. 

Again  while  the  designs  of  the  M.A.N.  2-cycle  submarine 
engine  (as  exemjjlifled  in  NLSECO  construction,  for  instance) 
and  of  the  FIAT  submarine  engine  show  extremely  simple 
reversing  mechanism,  they  do  not  derive  it  from  having  fewer 
valves  than  the  4-cycle  type  possesses,  for  they  have  two 
scavenging  valves,  besides  the  injector  and  the  starting-valve. 
By  contrast,  the  larger  Polar  engines  (Sebastian  type)  have 
no  scavenging  valves  in  the  head,  but  their  reversing  mechan- 
ism is  not  simpler  than  that  of  the  4-cyele  engines. 

There  is  no  general  rule  governing  the  case,  and  the  most 
that  can  be  said  to  the  favor  of  the  2-cycle  engine  in  this 
regard  is  that  it  can  he  adapted  to  have  a  simpler  reversing 
mechanism  than  the  4-cycle  engine  can  possess.  I  have  pre- 
ferred to  refer  to  "  simplicity  of  mechanism "  rather  than 
to  "  ease  of  reversing,"  because  all  the  marine  Diesel  engines 
of  any  credit  reverse  very  easily.  ]Mr.  Adams'  phrase  sug- 
gests a  different  state  of  affairs. 

Literally  it  is  correct  that  "  the  use  of  the  2-?troke  cycle 
has  also  made  large  units  possible,'"  and  that  1200  h.p.  per 
cylinder  in  a  single-acting  engine  has  been  built,  but  without 
the  qualifications  that  would  show  the  limits  of  this  statement, 
the  remark  is  misleading.     Would  it  not  be  thou2:ht  bv  Mr. 


Adams'  audience  and  circle  of  readers  that  the  large  2-cycle 
unit  is  a  commercial  realization  and  not  merely  the  experi- 
mental production  which  it  is  at  present?  Would  it  not  also 
appear  that  Mr.  Adams  had  indicated  tlie  maximum  cylinder 
power  yet  furnished  in  the  experimental  construction  of  the 
large  European  fii-ms? 

As  a  matter  of  fact,  Sulzei-'s  have  been  making  trials  with 
a  single-acting  unit  which  develops  about  2000  h.p.,  but  of 
which  I  caiuiot  quote  either  the  maximum  "  overload  "  power 
or  the  "  normal "  test-bed  output.  And  in  the  double-acting 
style  of  construction,  which  it  seems  appropriate  to  mention 
at  this  place,  over  2000  h.p.  per  cjlinder  has  been  attained  in 
the  experimental  sets  of  the  Krupp  shipyard  and  of  the 
Nuremburg  works.  Yet,  of  all  this  costly  effort  no  practical, 
commercial  result  has  been  born. 

The  Sulzer  factory  has  made  a  great  showing  of  orders  for 
2-cycle  Diesel  engines  of  considerable  power  and  has  made 
some  deliveries.  If  the  six-cylinder  4000  h.p.  engine  for  the 
Harland  &  Wolff  shipyard  at  Belfast  has  not  been  erected 
and  started  in  regular  service  then  the  largest  2-cycle  engine 
operated  in  independent  service  is  a  four-cylinder  2400  h.p. 
set  by  Sulzer.  How  trustworthy  such  engines  are  in  their 
particular  service  has  not  yet  been  established  by  independent 
testimony.  If  they  are  not  worked  for  long  periods  or  under 
continuous  full  load  they  probably  are  satisfactory,  but  that 
they  can  develop  full  power  and  assume  occasional  brief  over- 
loading during  uninterrupted  periods  of  300  hr.,  or  even  of 
200  hr.  we  know  from  marine  experiences  to  be  improbable. 
The  largest  2-cycle  engines  that  have  rendered  in  marine 
seivice  the  equi\aleut  work  and  satisfaction  of  steam  machin- 
ery are  the  four-cylinder  800  b.h.p.  sets  in  the  "  Monte  Penedo," 
these  sets  also  being  of  Sulzer  construction.  The  famous 
Swiss  firm  has  achieved  more  in  the  development  of  the  2-cycle 
Diesel  engine  than  any  other  factory  has  to  its  credit. 

And  here  comes  a  _.irther  qualification  of  Mr.  Adams' 
remark  that  "  the  2-stroke  cycle  has  made  large  units  possible," 
a  figure  of  335  h.p.  per  cyelinder  liaving  proved  thoroughly 
successful  in  a  single-acting  engine  under  arduous  marine  con- 
ditions, this  being  to  the  credit  of  the  Burmeister  &  Wain 
works  of  Copenhagen,  while  moreover  in  the  4-cycIe  double- 
acting  tandem  design  the  development  has  proceeded  to  2000 
h.p.  per  crank-throw,  not  in  an  experimental  shop  engine, 
but  in  the  Augsburg-  engine  delivered  to  one  of  the  compressed 
air  stations  in  Paris. 

Will  Jlr.  Adams  state  that  cylinders  of  50  in.  diameter  will 
not  prove  satisfactory  in  4-cycle  engines  and  will  he  aver 
that  the  tandem  double-acting  style  of  construction  does  not 
alter  the  cost  comparison  between  the  two  types,  to  which  he 
refers  in  the  early  part  of  the  paper?  The  man  who  will  to- 
day venture  on  a  prophecy  of  the  outcome  of  the  battle  be- 
tween the  cycles  has  much  to  learn.  Design,  it  is  true,  pro-* 
duces  occasional  advances  in  technics — witness  the  heat  shield 
conceived  during  the  collaboration  of  the  engineers  of  the 
Blohm  &  Yoss  shipyard  and  of  the  M.A.N.  Company,  several 
interpretations  of  which  are  being  tested  on  the  six-cylinder 
2O00  h.p.  engine  at  the  Brooklyn  Navy  Yard. 

It  is,  however,  to  metallurgical  science  that  one  must  turn 
prayerfully  for  assistance  in  striving  to  overcome  the  diffi- 
culties presented  by  the  large  Diesel  engines.  To  speak  of 
the  number  of  heat  units  passing  through  a  unit  of  surface  in 
the  space  containing  the  burning  or  burnt  gas  is  to  divert 
attention  to  problems  overcome.  All  is  well  where  the  heat 
units  pass:  the  troubles  come  where  the  heat  units  accumulate 
and   do  not  pass.     To  think  in   averages  does  not  help  one 
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here;  reflection  rather  must  be  directed  to  the  extreme  con- 
ditions. 

Can  Mr.  Adams  name  sailing  vessels  in  which  Diesel  en- 
gines have  been  installed  other  than :  Stein,  Orion,  Fram, 
Cornells,  San  Antonio,  Sound  of  Jura,  Quevilly,  France,  a 
small  Italian  schooner  and  a  German  training  ship  (a  Danish 
training-  ship  now  building  is  to  have  a  Diesel  engine)  1 
There  are  a  few  other  small  craft  in  which  pole  masts  are 
stepped  for  a  small  spread  of  canvas  to  stiffen  the  vessel  in 
a  nasty  cross-sea  or  to  assist  in  quickening  a  passage  before 
the  wind,  but  they  do  not  handle  properly  under  canvas  alone 
and  cannot  thus  be  classified  as  "  sailing  vessels."  Of  the 
craft  enumerated,  only  the  Quevilly,  France  and  two  training 
ships  exceed  500  tons,  and  of  these  the  first-named  has  had 
her  machinery  removed.  Under  particular  local  conditions  an 
auxiliary  vessel  can  be  profitable,  but  the  concensus  of  opinion, 
backed  by  general  experience,  is  that  such  a  craft  does  not 
suit  the  economics  of  remunerative  ship-owning.  Hence  the 
very  small  number  of  Diesel  engines  installed  as  auxiliary 
power  in  sailing  vessels. 

The  very  first  engines  built  at  Augsburg  to  the  order  of 
customers  were  entirely  satisfactory,  and  the  patriarch  of 
of  them  all  was  doing  its  daily  work  at  a  match  factory  in 
Kempton,  Germany,  when  the  war  started — and  probably 
nothing  has  since  interferred  with  its  satisfactory  operation. 
As  in  all  branches  of  mechanical  construction,  the  Diesel  en- 
gine industry  has  known  factories  that  could  not,  or  certainly 
did  not.  produce  as  well  as  they  should  have  done,  but  these 
have  prevailed  more  of  later  years  than  at  the  start.  Occa- 
sionally one  of  the  leading  firms  has  gone  astray,  sometimes 
effecting  a  quick  recovery,  but  sometimes — more's  the  pity — 
remaining  a  confirmed  delinquent  for  long.  To  relate  what 
was  done  that  was  bad  and  to  show  how  much  was  done  that 
was  good  would  carry  one  through  the  whole  crowded  history 
of  the  Diesel  engine.  In  sum,  however,  it  may  be  stated  that 
most  of  the  work  has  always  been  good,  and  it  is  totally  wrong 
to  believe  that  "  engines  giving  satisfactory  service  have  only 
been  made  in  Europe  within  the  last  five  years."  As  if  any 
type  of  engine  could  survive  13  years  of  unsatisfactory  service 
in  the  competition  of  modern  days ! 

There  would  have  been  considerable  advantage  in  adding 
to  the  footnote  a  reference  to  the  1914  paper  by  Mr.  Setz. 
There  has  not  been  published  in  this  country  any  exposition 
of  the  Diesel  engines  wliich  is  sounder  in  its  consideration 
than  this  monograph  by  Mr.  Setz.  It  expresses  mature 
opinions  and  displays  a  fine,  clear  sense  of  the  fundamental 
factors  which  should  rule  all  reflections  about  the  Diesel  en- 
gine. The  1911  paper  by  the  same  author  should  not  be  read 
until  after  the  later  article  has  been  studied. 

Not  having  at  hand  the  references  which  would  enable  me 
to  quote  the  cylinder  dimensions  of  the  smallest  Diesel  engine 
that  has  been  marketed  I  can  amend  Mr.  Adams'  citation  only 
by  the  bald  assertion  that  the  Delaunay-Belleville  establish- 
ment, of  Paris,  exhibited  at  the  Turin  exposition,  1911,  a 
single-cylinder  4-cycle  unit  developing  5  h.p.  at  about  500 
r.p.m.  Mr.  Louis  Nobel  has  furnished  from  his  Petrograd 
factory  to  the  Russian  Imperial  Navy,  50  h.p.  four-cylinder 
4-eycle  sets  to  furnish  the  propelling  power  in  the  diminutive 
submarines  of  50  tons  displacement  commissioned  about  1911 
or  1912.  He  has  supplied  similar  sets  for  other  purposes 
also.  The  Polar  firm  at  Stockholm  has  a  special  tool  equip- 
ment for  the  production  of  the  121/2  h.p.  4-cyele  cylinders 
which  it  builds  into  units  or  sets  as  required.  The  Daimler 
Engine  Co.  constructed  at  the  Marienfelde  Works,  near  Ber- 
lin, a  considerable  number  of  65  h.p.   four-cylinder  4-cycle 


motors  for  boats  of  German  ships-of-the-line.  Also  at  Berlin, 
the  A.E.G.  had  begun  the  production  in  quantities  of  25  h.p. 
two-cylinder  2-cycle  engines  direct-coupled  with  generators. 
Sulzer's  even  have  not  ignored  the  possibilities  of  the  small 
Diesel  engine.  Not  one  of  these  small  sets  enumerated  has 
cylinders  larger  than  those  quoted  by  Mr.  Adams  as  the 
lowest  of  which  he  had  knowledge.  Several  of  them  have 
cylinders  appreciably  smaller  and  all  have  a  lower  rated 
power  at  their  respective  high  speeds. 

The  higher  limit  is  reached  certainly  in  the  2000  h.p.  single- 
cylinder  built  by  Sulzer  for  trial;  this,  being  operated  on  the 
2-stroke  cycle,  has  a  cylinder  diameter  of  probably  about 
44  in.  In  all  likelihood,  the  big  Krupp  &  M.A.N,  double- 
acting  sets  with  about  2000  h.p.  per  crank  have  a  larger  cylin- 
der diameter  than  that  quoted  by  Mr.  Adams  for  the  Carels 
engine.  This  latter  is  given  as  developing  1250  b.h.p.  and  its 
mean  effective  pressure  as  106  lb.  per  sq.  in.  Obviously  this 
should  read  1250  i.h.p.  and  106  lb.  per  sq.  in.  mean  indicated 
pressure,  if  the  complementary  figures  are  correct.  One  may 
also  observe  that  to  obtain  even  this  indicated  power  a  piston 
speed  of  nearly  1000  ft.  per  min.  is  utilized  and  the  mean 
pressure  is  not  such  as  Carels  have  ever  succeeded  in  main- 
taining for  long  in  a  2-cycle  cylinder. 

It  is  apparently  impossible  that  the  development  of  the 
double-acting  Diesel  engine  be  mentioned  without  some  state- 
ment or  retort  that  there  is  difficulty  in  keeping  the  stuffing- 
boxes  tight.  Can  it  not  be  understood  that  if  a  piston  can  be 
packed  in  a  cylinder,  a  conneetuig  rod  can  be  packed  in  a 
stuffing-box'?  There  is  no  trouble  with  this  detail,  the  ex- 
perience obtained  in  double-acting  gas-engine  practice  with 
cylinders  up  to  54  in.  in  diameter  having  in  this  regard  proved 
applicable. 

What  then,  it  will  be  asked,  is  the  bugbear  of  the  double- 
acting  engine  development?  So  far  as  the  4-stroke  cycle  is 
concerned,  one  may  state  that  steady  and  consistent  progress 
has  been  made  by  at  least  one  firm,  viz.,  the  M.A.N,  branch  at 
Augsburg,  and  I  have  been  fully  convinced  that  the  users 
of  these  engines  obtain  full  satisfaction.  The  upper  stage 
of  this  advance  is  marked  at  present  by  2000  h.p.  on  a  single 
crank,  but  the  proof  of  independent  service  is  still  lacking  in 
the  case  of  this  power. 

Four  other  firms  to  my  knowledge  have  proceeded  along 
this  path  without  going  further  than  the  first  experimental 
set.  With  the  2-cycle  double-acting  engine  the  case  is  wholly 
different.  The  stresses  arising  from  the  temperature-differ- 
ences within  the  inner  walls  of  the  cylinder  covers  have  so  far 
proved  insuperable  obstacles.  Fair  progress  had  been  made 
against  these  faults  by  more  than  one  German  firm,  but  those 
people  still  had  far  to  go.  There  is  this,  however,  to  be  said 
in  favor  of  the  2-cyele  double-acting  engine  that  it  does  not 
suffer  from  the  bearing  troubles  which  are  the  bane  of  the 
2-cycle  single-acting  engines. 

RefeiTing  to  the  matter  of  erossheads,  in  Europe  all  Diesel 
engines  of  500  h.p.  designed  for  the  propulsion  of  mercantile 
sea-going  or  ocean-going  vessels  have  erossheads.  In  Russia 
some  engines  for  Caspian  Sea  and  River  Volga  service  have 
been  built  without  erossheads  even  in  sets  of  600  h.p.  No 
submarine  engines  have  them,  altliough  the  U.  S.  Navy  has  en- 
couraged the  construction  of  a  twin  pair  of  powerful  sets 
with  erossheads.  All  double-acting  engines  naturally  have 
them  and  at  least  two  manufacturers  have  produced  vertical 
single-acting  land  engines  with  this  feature. 

Reod.  W.  Crowley. 

22  Madison  St.,  Geneva,  N.  Y. 
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COMMENT  ON  ARTICLE  LISTED  IN 
ENGINEERING  SURVEY 

To  the  Editor: 

On  page  274  of  The  Journal  for  March,  1916,  appears  the 
following  heading  at  the  top  of  the  page :  Selected  Titles  of 
Important  Engineering  Articles,  and  the  sixth  one.  ^  these 
selected  titles  is  "  Air  in  Compression  and  Expansion,  C.  K. 
Bennett,  Power,  Feb.  8,  1916." 

One  wonders  whether  an  engineer  read  this  article  before 
the  selection  was  made,  or  whether  it  is  the  policy  of  the 
Editors  of  The  Journal  of  the  American  Society  of  Mechan- 
ical Engineers  to  select  Impoi-tant  Engineering  Articles 
merely  from  the  title  without  regard  to  contents.  It  would 
seem  not  altogether  unreasonable  to  expect  the  ofiBcial  organ 
of  the  Society  to  select  articles  having  real  merit  to  place 
under  such  a  heading. 

In  order  to  enable  those  who  may  not  have  seen  the  article 
by  Mr.  Bennett,  to  appreciate  the  viewpoint  of  the  writer, 
the  following  discussion  of  it  is  offered. 

The  first  statement  in  the  article  is :  "  In  the  compression 
of  air  all  the  work  done  is  converted  into  heat  and  shows 
itself  in  the  temperature  of  the  compressed  air."  This  is  made 
as  a  general  statement  and  as  such  it  is  entirely  wrong  regard- 
less of  the  interpretation  of  the  indefinite  phrase,  "in  the 
compression  of  air."  If  this  phrase  refers  only  to  that  part 
of  the  stroke  during  which  the  pressure  is  being  increased,  but 
no  delivery  of  air  to  the  receiver  is  taking  place,  then  it  would 
be  incorrect  for  all  cases,  except  the  adiabatic.  If,  on  the 
other  hand,  the  phrase  was  intended  to  include  all  the 
processes  involved  in  the  air  compressor  cycle,  the  statement 
becomes  even  worse.  Thus  imagine  a  compressor  with  such 
perfect  cooling  that  isothermal  compression  may  be  attained; 
then  such  a  compressor,  once  started,  would  run  itself,  if  it 
be  true,  as  the  article  states,  that  "  all  the  work  done  shows 
itself  in  the  temperature  of  the  compressed  air"! 

Then  follows  a  discussion  of  a  chart  which  was  intended  to 
give  the  temperature  and  volume  of  air  after  compression 
according  to  the  law  PF°  =  const.  One  statement  is:  "  The 
curves  marked  1.41,  1.35  and  1.25  are  plotted  for  the  given 
exponents  representing  the  ratio  Cp  -h  c,  =  K,  and  express 
the  ratio  of  specific  heat  at  constant  pressure  and  constant 
volume."  It  will  be  news  of  considerable  importance  to  most 
engineers  to  learn  from  this  selected  article  that  this  ratio  of 
specific  heats  of  air,  by  some  magical  power  perhaps,  has  sud- 
denly acquired  the  property  of  changing  its  value  to  anything 
from  1.25  to  1.41! 

Examining  the  chart  itself  one  finds  many  more  incorrect 
values  than  correct  ones.  Thus  for  the  temperatures,  the  only 
curve  which  is  even  approximately  correct  is  the  one  for  which 
n  =  1.41,  the  errors  in  the  other  curves  in  some  cases  amount- 
ing to  20  deg.  fahr.  or  more. 

On  the  right  hand  side  of  the  chart  appears  a  scale  labeled: 
"  Thousands  of  B.t.u.  given  up  to  the  air  per  hour  when  com- 
pressing 100  cu.  ft.  of  free  air  per  min."  This  is  an  indefinite 
expression  but  might  mean  one  of  two  things.  First,  it  might 
be  taken  to  mean  the  gain  in  intrinsic  heat  of  the  compressed 
air.  Second,  it  might  mean  the  net  work  in  B.t.u.  per  horn- 
required  by  an  ideal  compressor  when  handling  100  cu.  ft.  of 
free  air  per  minute.  It  fails  to  do  either,  however,  since  the 
values  given  are  about  40  per  cent  too  high  for  the  former 
and  could  be  correct  for  the  latter  meaning  only  for  the  one 
curve  in  which  n  =  1.41.  The  author  has  evidently  erron- 
eously assumed  that  the  net  work  of  the  compressor  cycle  is 
independent  of  the  exponent,  n.    He  has  therefore  apparently 


plotted  the  values  on   the   right-hand   side   of  the   chart  as 
though  they  depended  on  the  temperature  rise  of  the  air  alone. 

The  article  closes  with  the  statement :  "  the  heat  available 
for  heating  from  the  compressed-air  transmission  pipes  can 
also  be  readily  determined."  It  is  implied  that  this  informa- 
tion might  be  obtained  from  the  chart,  but  the  method  is  left 
to  the  reader's  imagination. 

F.  0.  Ellenwood. 

Ithaca,  N.  Y. 

[The  articles  listed  in  each  issue  at  the  conclusion  of  the 
Engineering  Survey  are  selected  with  reference  to  their  scope 
or  originality,  as  judged  by  a  cursory  examination;  and  the 
Editor  is  glad  to  have  comments  upon  them  from  any  mem- 
bers who  have  had  the  opportunity  to  study  the  oi-iginal  arti- 
cles more  thoroughly. — Editor.] 

NOTES 

The  Russian  Ministry  of  Finance,  through  the  Commercial 
Attache  to  the  Imperial  Russian  Embassies,  44  Whitehall 
Street,  New  York  City,  announces  an  extension  till  Septem- 
ber 1,  1916,  of  the  time  for  presenting  for  competition  for 
prizes  methods  of  utilizing  alcohol  for  industrial  purposes. 


As  a  result  of  the  great  increase  in  the  price  of  red  prussiate 
of  potash,  extensively  used  as  a  coating  material  for  blue- 
print paper,  an  economical  method  of  preparing  the  substance 
has  been  devised  by  the  U.  S.  Department  of  Agriculture.  The 
Department  has  issued  a  circular  describing  the  necessary  ap- 
paratus, which  has  been  developed  primarily  for  use  in  the 
government  service,  but  is  equally  available  for  other  pur- 
poses. 


Elaborate  theories  of  multiple  evaporators  have  been 
founded  on  the  basis  of  equal  temperature  differences  in  each 
vessel,  but  it  is  well  known  that  the  temperature  distribution 
corresponds  much  more  closely  to  equal  pressure  differences, 
though  no  good  explanation  has  been  offered. 

It  has  been  suggested  that  the  transmission  depends  on  ab- 
solute temperature,  on  absolute  pressure,  on  vapor  density, 
etc.,  but  none  of  these  explanations  carry  conviction. 

A  new  theory  is  that  the  explanation  of  the  observed  re- 
sults is  to  be  found  in  the  kinetic  theory  of  gases;  the  appli- 
cation of  this  theorj'  to  multiple  evaporators  at  once  gives 
results  so  closely  in  accordance  with  practice  that  there  ap- 
pears to  be  good  reason  for  considering  the  application  justi- 
fied.—T/ie  Engineer,  February  18,  1916. 


The  Department  of  Engineering  of  the  Johns  Hopkins  Uni- 
versity has  organized  a  course  in  gas  manufacture  and  by- 
product recovery.  This  course  involves  essentially  the  study 
of  the  distillation  of  carbon  and  the  utilization  of  all  the 
products  of  the  process.  It  deals  with  the  principles  under- 
lying the  gas  industry  and  the  production  of  most  of  the 
chemicals  used  in  the  industries  of  the  world.  The  work  is 
taken  up  in  both  lecture  room  and  laboratory,  for  which  spe- 
cial equipment  is  provided.  Capt.  Frederick  H.  Wagner, 
Mem.Am.Soc.M.E.,  chief  engineer  of  The  Bartlett  Hayward 
Company,  Baltimore,  is  delivering  the  course  of  lectures. 

It  is  the  intention  of  the  Department  of  Engineering  to 
publish  monographs  covering  the  work  done  and  to  distribute 
copies  to  those  interested.  The  facilities  of  the  laboratory  will 
be  available  so  far  as  possible  for  special  research  work  in 
the  gas  industry,  full  reports  of  which  will  be  published. 


WORK  OF  THE  BOILER  CODE  COMMITTEE 


AT  a  meeting  of  the  Council  of  the  Society  in  January 
1916,  the  entire  Boiler  Code  Committee  was  reap- 
pointed as  constituted  for  the  year  1915,  to  serve  for  an- 
other year.  The  inquiries  which  the  Committee  had  been 
authorized  by  the  Council  to  consider  for  the  purpose  of  mak- 
ing interpretations,  have  been  submitted  to  the  Committee  in 
increasing  numbers  as  additional  States  have  applied  the 
Boiler  Code  for  local  regulation,  and  an  organized  effort  was 
seen  to  be  necessary  to  meet  the  requirements  in  this  direc- 
tion. 

At  the  meeting  of  the  Boiler  Code  Committee  called  in 
January,  however,  Mr.  John  A.  Stevens  tendered  his  resig- 
nation as  chairman  of  the  Committee,  feeling,  as  he  stated, 
that  on  account  of  his  appointment  to  the  Council  as  one  of 
the  Managers,  the  honor  of  chairmanship  might  properly  be 
incumbent  on  some  other  member  of  the  Committee.  The 
resignation  was  tendered  with  the  idea  that  there  were  other 
members  of  the  Committee  whose  activity  in  the  early  work 
of  formulating  the  Code  entitled  them  to  consideration  for 
the  position. 

The  resignation  was  considered  by  the  Committee  in  ses- 
sion. Dr.  Jacobus  presiding  iu  the  absence  of  the  Chairman, 
and  as  a  result  the  foUowing  resolution  was  unanimously 
passed : 

RESOLVED:  that  the  members  of  the  Boiler  Code  Com- 
mittee, appreciating  the  untiring  energy  and  service  of  Mr. 
Stevens  in  formulating  the  Boiler  Code,  request  him  to  with- 
draw his  resignation  and  remain  Chairman  of  the  Committee. 
(Signed  by  all  of  the  Members  of  the  Committee.) 

Mr.  Stevens,  when  tendered  this  resolution,  expressed  his 
appreciation  of  this  action  and  in  withdrawing  the  resigna- 
tion, he  promised  his  best  efforts  in  the  Committee's  future 
work. 

Three  meetings  of  the  Committee  have  been  held  since  the 
report  published  in  the  January  issue  of  The  Journal  of  the 
interpretations  rendered  in  1915,  which  included  forty-three 
cases  in  all.  Cases  Nos.  47-58  have  been  considered  by  the 
Committee  and  replies  formulated  and  approved  by  the 
Council  of  the  Society;  Case  No.  45,  which  was  reported  in 
the  January  issue  of  The  Journal  as  in  the  hands  of  the 
Committee,  is  now  complete.  In  addition  to  the  above  cases 
that  have  been  approved,  Cases  Nos.  59-66  are  now  under 
consideration  by  the  Co'mmittee. 

The  procedure  in  the  Committee  in  handling  the  cases  is 
as  follows:  AU  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Sec- 
retary of  the  Committee  to  all  of  the  members  of  the  Com- 
mittee. The  interpretation,  in  the  form  of  a  reply,  is  then 
prepared  by  the  Committee  and  passed  on  at  a  regular  meet- 
ing of  the  Committee.  This  interpretation  is  submitted  to 
the  Coimcil  for  approval,  after  which  it  is  issued  to  the 
party  making  the  inquiry  and  later  published  in  The  Jour- 
nal, in  order  that  any  one  interested  may  readily  secure  the 
latest  information  concerning  the  interpretations. 

In  this  issue  are  presented  12  interpretations  rendered  in 
Cases  Nos.  45  and  47-58,  with  the  exception  of  Case  No.  49 
which  is  in  the  hands  of  the  Committee.  In  this  report,  as 
previously,  the  names  of  inquirers  have  been  omitted. 


Inquiry : 


Case  No.  45 
Pars.  19  and  20  of  the  Code  require  a  minimum 


thickness  of  ^  in.  for  shells  and  %  in.  for  heads;  are  these 
thicknesses  necessary  in  small  vertical  tubular  boilers  of  a 
type  built  for  laundry  purposes  to  work  at  pressures  from 
15  to  100  lb.,  which  are  10  in.  in  diameter  by  36  in.  long 
and  contain  seven  1%  in.  tubes  30  in.  long?  Would  shells 
formed  of  10  in.  lap  welded  standard  boiler  tubing  0.202  in. 
thick  which  has  been  tested  to  500  lb.  pressure  be  acceptable? 

Reply:  The  thickness  and  material  for  the  shell  of  this 
boiler  does  not  comply  with  the  Code  requirements.  In  order 
for  such  construction  to  be  stamped  with  the  Code  symbol  it 
would  be  necessary  for  the  material  to  be  of  such  quality  as 
called  for  by  the  Code,  and  other  details  to  comply  v.ith  the 
requirements  as  set  forth. 

Case  No.  47 

Inquiry:  An  opinion  is  requested  as  to  whether  a  particu- 
lar design  of  pressed  steel  lugs  for  horizontal  return  tubular 
boilers,  which  are  of  dimensions  shown  in  catalogue,  are  made 
in  accordance  with  the  Boiler  Code  ?  Par.  323  does  not  specify 
the  dimensions  required  on  lugs  for  boilers  up  to  78  in.  in 
diameter. 

Reply:  All  such  lugs  must  be  large  enough  to  permit  of 
using  the  number  and  size  of  rivets  required  by  Par.  325  and 
where  the  boilers  are  over  78  in.  in  diameter  they  must  meet 
the  requirements  as  to  dimensions  called  for  by  Par.  323. 

Case  No.  48 

Inquiry:  Is  or  is  not  a  bushing  required  on  the  feed  con- 
nection where  it  enters  any  type  of  boiler.  Is  a  bushing  re- 
quired where  the  blow-off  connection  is  threaded  directly 
through  the  dished  head  of  a  boiler  drum,  and  if  so,  how  many 
pipe  sizes  larger  than  the  normal  diameter  of  the  pipe  must 
it  be.    If  a  flange  is  riveted  to  the  head  is  a  bushing  required? 

Reply:  The  boiler  bushing  or  equivalent  is  obligatory  only 
where  both  external  and  internal  pipes  making  a  continuous 
passage  are  used.  The  brass  or  steel  bushings  referred  to  in 
Paragraphs  307,  page  76,  and  315,  page  77,  are  provided  for 
the  purpose  of  making  the  external  and  internal  pipes  abso- 
lutely separate  with  definite  clearance  between  their  ends  so 
that  the  removal  of  either  will  not  disturb  the  other;  a  prop- 
erly designed  flanged  construction  which  will  effect  this  will 
comply  with  the  intention  of  the  Committee.  See  also  Rule 
300,  page  76,  and  Table  7,  page  68. 

Case  No.  49 
(In  the  hands  of  the  Committee.) 

Case  No.  50 

Inquiry:  It  is  recommended  that  in  the  steel  tube  specifi- 
cations in  the  Boiler  Code  that  the  flange  test  be  not  required 
for  tubes  over  5  in.  diameter,  that  tubes  over  6  in.  diameter 
should  be  tested  to  500  lb.  per  sq.  in.,  and  that  in  gaging 
the  tubes  as  to  size,  the  measurements  should  be  made,  accord- 
ing to  the  usual  custom,  near  the  ends  of  the  tubes,  the  vari- 
ation in  diameter  of  tubes  over  4  in.  not  to  exceed  %  of  1 
per  cent  either  way. 

Reply :  The  tube  specifications  in  the  Boiler  Code  were  pre- 
pared at  a  joint  conference  of  the  tube  makers  and  were 
adopted  by  the  Boiler  Code  Committee  in  precisely  the  way 
they  were  presented.  It  can,  therefore,  be  seen  that  should 
any  amplifications  be  made  it  is  no  more  than  fair  that  all 
affected  interests  be  consulted.  No  changes  can  be  made  in 
the  Code  except  at  a  revision  period  at  which  all  interested 
parties  may  be  heard,  which  will  probably  be  deferred  until 
near  the  limit  of  the  two  years  specified  in  the  Code.  The 
Committee,  however,  renders  interpretations  for  features  not 
covered  explicitly  by  the  Code,  and  would  gladly  consider  sug- 
gestions from  the  boiler  tube  manufacturers  who  prepared  the 
specifications  now  in  the  Code. 
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Case  No.  51 

Inquiry:  Please  explain  the  application  of  Par.  182,  182-a, 
and  182-6,  to  rivet  lay-outs  for  quadruple  butt  strap  joints. 

Reply:  Par.  182  of  the  Boiler  Code  fully  describes  the  rivet 
lay-outs  for  quadruple  butt  strap  joints,  to  explain  in  detail, 
riTet  lay-outs  are  shown  in  Fig.  5  to  indicate  its  application. 
The  "  back  pitch,"  which  is  the  distance  A  between  center  lines 
of  any  two  adjacent  rows  of  rivets  measured  at  right  angles 
to  the  direction  of  the  joint,  must  be  not  less  than  twice  the 
rivet  diameter  (Par.  182).  In  details  like  B,  Par.  182-a  is 
applicable,  which  specifies  that  the  sum  of  the  two  diagonal 
sections  of  the  plate  between  the  inner  rivet  and  the  two  outer 
rivets  must  be  at  least  20  per  cent  greater  than  the  section 
of  the  plate  between  the  two  rivets  in  the  outer  row;  that  is, 
a  -\-  h  must  be  at  least  20  per  cent  greater  than  c.  In  details 
such  as  C,  Par.  182-b  is  applicable,  which  specifies  that  the  sum 
of  the  two  diagonal  sections  of  the  plate  between  the  two  inner 
rivets  and  the  two  rivets  in  the  outer  row  shall  be  at  least  20 
per  cent  greater  than  the  difference  in  the  section  of  the  plate 
between  the  two  rivets  in  the  outer  row  and  the  two  rivets  in 
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to  60  per  cent  of  that  for  heads  of  the  same  dimensions  with 
the  pressure  on  the  concave  side,"  and  give  the  formula  on 
which  it  is  based. 

Reply :  The  rules  on  dished  heads  referred  to  were  adopted 
after  investigation  of  the  general  practice  on  the  subject,  and 
practically  agrees  with  other  standards.  It  was  found  that  all 
rules  in  use  are  empirical  and  not  theoretical,  the  latter  being 
too  complicated  for  general  use. 

Case  No.  55 

Inquiry:  In  ordering  a  new  boiler  stamp  to  replace  one 
that  is  worn  out,  is  it  necessary  to  submit  a  new  affidavit  to 
the  Boiler  Code  Committee? 

Reply:  When  a  user  of  the  A.S.M.E.  boiler  stamp  returns 
a  wornout  stamp,  a  new  one  may  be  issued  in  its  place,  at  the 
usual  price,  without  requiring  the  filing  of  a  new  afSdavit. 

Case  No.  56 

Inquiry:     An  opinion  is  desired  as  to  whether  a  particular 
make  of  automatic  water  gage  conforms  to  the  interpretation 
given  in  Case  No.  35. 

Reply:  The  Committee  has  decided 
that  it  will  not  express  opinions  on 
types  of  boilers  or  of  apparatus  and  it 
will  therefore  be  impossible  to  comply 
with  the  request  for  an  opinion.  If 
there  is  anything  ambiguous  in  the 
reply  to  Case  No.  35,  the  Committee  will 
gladly  answer  any  inquiry  respecting 
same. 
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Fig.  5 


A  Typical  Quadruple  Butt  Strap  Joint, 

Par.  182 


Showing  Application  of 


Case  No.  57 

Inquiry:  Ordinary  shop  practice 
does  not  seem  to  be  covered  by  the  Code. 
For  instance,  Par.  239  applies  only  to 
furnaces  of  ^A«  in.  plate  or  thicker;  in 
actual  practice,  however,  furnaces  20  to 


the  inner  row;  that  is,  e  -|-  /  must  be  at  least  20  per  cent 
greater  than  g  —  d. 

Case  No.  52 

Inquiry:  Why  was  the  factor  of  safety  of  5  adopted  for 
stationary  boilers,  while  the  Interstate  Commerce  Commission 
has  established  the  minimum  factor  of  safety  of  4  for  locomo- 
tive boilers,  and  there  have  no  doubt  been  many  boilers  in 
operation  at  lower  factors  of  safety  without  any  trouble? 

Reply:  The  factor  of  safety  of  5  was  selected  for  station- 
ary boilers  for  the  reason  that  all  types  of  such  boilers  under 
all  variations  of  efficiency  of  maintenance  had  to  be  covered 
with  one  factor  of  safety.  Rules  for  locomotive  boilers,  not 
subject  to  Federal  inspection,  may  be  fonnulated  later  and 
added  to  the  Boiler  Code  rules,  which  are  not  intended  to  cover 
locomotive  boilers  subject  to  Federal  inspection. 

Case  No.  53 

Inquiry:  Par.  21  seems  to  work  an  injustice  to  manufac- 
turers of  water  tube  boilers  who  are  using  3  in.  tubes,  as  for 
this  size  one  gage  heavier  than  standard  is  required. 

Reply:  The  gages  of  tubes  to  be  used  have  been  specific- 
ally mentioned  on  page  10  of  the  Boiler  Code,  edition  of  1914 
with  Index. 

Case  No.  54 

Inquiry:  Please  state  the  authority  for  the  requirements  in 
Par.  195  that  "  dished  heads  with  the  pressure  on  the  convex 
side  shall  have  a  maximum  allowable  working  pressure  equal 


40  in.  in  diameter  are  built  of 
plate,  more  or  less  staybolted. 
Reply:  The  furnace  of  a  vertical  fire-tube  boiler  need  not 
be  stayed  if  the  maximum  allowable  working  pressure  com- 
puted by  Par.  239  of  the  Code  is  equal  to  or  in  excess  of  the 
jjressure  under  which  the  boiler  is  to  be  operated.  If  the  pres- 
sure computed  by  Par.  239  is  less  than  that  at  which  the  boiler 
is  to  be  operated,  the  furnace  should  be  fully  stayed  in  accord- 
ance with  the  rules  for  flat  surfaces.  Furnace  sheets  should  in 
all  cases  be  V'"  ii.  thick  or  over. 

Case  No.  58 

Inquiry:  Please  advise  as  to  what  the  Committee  proposes 
to  do  about  correcting  the  rule  limiting  pressure  on  malleable 
iron  to  160  lb.  so  as  to  permit  a  proper  pressure  on  malleable 
iron  junction  boxes? 

Reply:  Attention  is  called  to  Par.  9  on  page  8  of  the 
Boiler  Code,  which  reads  as  follows : 

9.    Cross  pipes  connecting  the  steam   and   water 
drums  of  water  tube  boilers,  headers  and  cross  boxes 
and  all  pressure  parts  of  the  boiler  proper  over  2  in. 
pipe  size,  or  equivalent  cross  sectional  area,  shall  be  of 
wrought  steel,  or  cast  steel  or  class  B  grade,  as  desig- 
nated in  the  Specifications  for  steel  castings,  when  the 
maximum  allowable  working  ])ressure  exceeds  160  lb. 
per  sq.  in. 
This  rule  was  adopted  after  the  matter  had  been  given  very 
careful  consideration  by  the  Committee  and  after  an  extended 
conference  had  been  held  with  the  boilei*  using  and  boiler  manu- 
facturing interests. 
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THE   SPRING   MEETING   AT   NEW  ORLEANS 


IT  has  been  said  that  one  of  the  most  important  functions 
of  a  society  is  the  offering  of  the  right  of  association,  and 
such  association  makes  for  a  sense  of  distinction  and  of  pride. 
The  member  of  a  society  feels  that  in  cities  which  are  strange 
to  him  he  has  yet  the  right  to  fellowship  with  other  members 
there  so  far  as  the  right  may  be  wisely  exercised,  and  in  turn 
he  is  stimulated  to  do  his  own  share  as  he  is  bound  by  an 
esprit  de  corps  to  confer  benefits  upon  his  associates  similar 
to  those  he  has  himself  received. 

It  is  very  gratifying  that  thera  is  at  the  present  time  a 
spirit  of  association  pervading  the  whole  membership  of  the 
Society.  The  Local  Sections  are  strengthening  their  bonds 
with  the  Society  proper  and  with  one  another,  as  are  also  the 
Student  Branches. 

In  the  preliminary  work  for  the  Spring  Meeting,  the  Com- 
mittee on  Meetings  in  New  York  has  experienced  the  closest 
cooperation  with  the  Committee  on  Arrangements  in  New 
Orleans,  and  there  is  no  question  but  what  the  good-fellowship 
spirit  will  permeate  the  whole  meeting,  and  that  members  and 
guests  will  take  with  them  to  their  homes  an  impression  of 
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the  hospitality  of  our  Southern  friends  which  will  stimulate 
them  to  return  to  their  fellow-member  hosts,  by  contributing 
in  increased  measure  to  the  activities  of  the  Society,  benefits 
of  equal  value  to  those  they  receive. 

Full  partieulai-s  of  the  New  Orleans  meeting,  April  11  to 
14,  were  given  in  the  last  issue  of  The  Journal,  in  an  article 
which  included  the  program  of  the  meeting,  transportation 
arrangements,  liotels,  social  features,  etc.  It  only  remains 
therefore  to  list  the  papers  to  be  presented  and  discussed, 
which  are  as  follows: 

Wednesday  morning,  April  12 

Organizing  for  Industrial  Preparedness,  Spencer  Miller, 
Member  of  Council,  Am.Soc.M.E.,  Member  Naval  Con- 
sulting Board. 


Thursday  morning,  April  13 

Capacity  and  Economy  of  Multiple  Evaporators,  E.  W. 

Ken-,  Mem.Am.Soc.M.E. 
The  Evolution  op  Low  Lift  Pumping  Plants  in  the  Gulf 

Coast  Country,  William  B.  Gregory,  Mem.Am.Soc.M.E. 
Mechanical  Equipment  Used  in  the  Port  op  New  Orleans, 

William  von  Phul,  Mem.Am.Soc.M.E. 

Friday  morning,  April  14 

Establishing  a  Standard  of  Measurement  for  Natural 
Gas  in  Large  Quantities,  Francis  P.  Fisher,  Mem.Am. 
Soc.M.E. 

Deviation  of  Natural  Gas  from  Boyle's  Law,  Robert  F. 
Earhart  and  Samuel  S.  Wyer,  Mem.Am.Soc.M.E. 
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Some  Experiments  on  Water-Flow  Through  Pipe  Ori- 
fices, Horace  Judd,  Mem.Am.Soc.M.E. 

The  Measurement  of  Viscosity  and  a  New  Form  of  Vis- 
cosimeteb,  H.  C.  Hayes  and  G.  W.  Lewis. 

Dynamic  Balance,  N.  W.  Akimoff. 

Disastrous  Experiences  with  Large  Center-Crank 
Shafts,  Louis  Illmer,  Mem.Am.Soc.M.E.  (Contributed 
by  the  Gas  Power  Committee.) 

On  the  Transmission  of  Heat  in  Boilers,  E.  R.  Hedrick 
and  E.  A.  Fessenden,  Mem.Am.Soc.M.E. 

The  topic  of  the  first  of  these  papers  is  timely,  ami  it  is 
expected  that  the  paper  will  call  forth  some  interesting  dis- 
cussion. 

Three  of  the  papers  are  "  Southern  "  papers — dealing  with 
engineering  problems  peculiar  to  the  sugar  and  rice  industries 
of  the  South. 

The  remaining  papers  cover  a  wide  field,  and  include  results 
of  highly  important  experiments  and  developments  in  their 
respective  subjects. 

Abstracts  of  the  papers  are  included  below  in  order  that 
members  may  obtain  an   idea  of  their  purport,  and   request 
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copies  of  the  papers  for  contributing  discussion  if  they  have 
not  already  done  so. 

THE  STOP  AT  BIRMINGHAM 

A  unique  entertainment  mil  be  provided  by  the  Birmingham 
Local  Section  for  those  who  stop  over  at  Bii-mingham  on  the 
■way  to  New  Orleans.  The  program  that  has  been  arranged 
is  as  follows:  The  guests  will  assemble  at  the  Tutwiler  Hotel 
at  9  a.m.,  and  from  there  proceed  to  the  Louisville  &  Nash- 
ville depot  where  they  will  board  a  special  train  for  a  trip 
around  the  district.     Tliis  train  will  stop  first  at  the  Republic 


ORGANIZING    FOR    INDUSTRIAL    PREPAREDNESS 
By  Spencer  Miller 

The  engineer  is  active  nowadays  in  army  and  navy  affairs, 
as  witnessed  by  the  appointment  of  the  Naval  Considting 
Board,  the  nomination  of  representatives  for  the  Industrial 
Census,  the  movement  for  an  Engineer  Reserve  Corps  and  the 
notable  lectures  on  Military  Engineering  which  are  being 
given  to  the  engineers  of  New  York  and  vicinity. 

In  recognition  of  this  trend  in  the  engineering  profession, 
the  author  raises  the  question  for  discussion  of  how  the  engi- 
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Iron  &  Steel  Company's  furnaces  at  Thomas,  and  then  at  the 
Ensley  blast  furnaces,  open  hearths  and  mills  of  the  Ten- 
nessee Coal,  Iron  &  Railroad  Company.  From  there  it  will 
proceed  to  Bayview  where  a  view  of  the  impounding  dam  may 
he  had  and  where  a  Barbecue  will  be  served.  Leaving  here 
the  party  will  stop  at  the  Edgewater  Mine  of  the  T.  C.  I.  & 
R.  R.  Co.,  and  will  next  visit  the  by-product  coke  plant  and 
the  works  of  the  American  Steel  &  Wire  Company,  and  from 
there  return  to  Birmingham.  The  party  will  finally  be  taken 
through  the  Manufacturers  Exhibit  Building.  At  about  6 :  15 
p.m.  a  dinner  will  be  served  in  the  banquet  hall  of  the  Tutwiler 
Hotel  for  the  nominal  price  of  $1.50  per  plate,  which  it  is 
hoped  that  the  visiting  members  will  arrange  to  attend  in  order 
to  become  better  acquainted  with  the  local  members  in  Bir- 
mingham. The  dinner  will  be  entirely  informal  and  evening 
dress  is  not  expected. 

PAPERS  FOR  THE  SPRING  MEETING 

In  this  issue  the  complete  list  of  the  papers  for  the  Spring 
Meeting  is  given  in  the  program  and  abstracts  follow  below 
of  all  but  that  by  William  von  Phul,  on  Mechanical  Equip- 
ment Used  in  the  Port  of  New  Orleans,  which  it  is  expected 
will  be  received  in  time  for  the  meeting.  These  papers  are 
of  a  high  order  of  merit  and  are  miscellaneous  in  character, 
treating  of  a  variety  of  subjects.  All  of  these  papers  are 
being  printed  in  pamphlet  form  for  distribution  in  advance 
of  the  meeting  and  copies  of  any  or  all  of  them  will  be  sent 
gratis  to  members  applying  to  the  Secretary  prior  to  the  meet- 
ing. AJter  the  meeting  extended  abstracts  of  the  papers  and 
an  account  of  the  proceedings,  with  discussion,  will  appear  in 
The  Journal  so  that  members  will  have  early  information  con- 
cerning the  events  of  the  meeting.  Finally,  the  papers,  to- 
gether with  the  discussion,  will  be  printed  in  complete  form 
in  the  annual  volume  of  Transactions  for  1916  for  permanent 
reference. 


neer  may  best  ser\e  his  country  as  a  result  of  the  call  by  the 
government  for  cooperation  in  organizing  for  preparedness, 
a  movement  which  is  obviously  very  largely  dependent  on 
engineering. 

The    first    step   in    this    direction    was   the   invitation    from 
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BoNZANO   House,   Jackson's  Headquarters,   Chalmette, 
NEAR  New  Orleans 

Secretary  Daniels  of  the  U.  S.  Navy,  to  The  American  Society 
of  Mechanical  Engineers  and  ten  other  organizations,  to  form 
a  U.  S.  Naval  Consulting  Board  to  be  headed  by  Thomas  A. 
Edison,  Hon.Mem. Am.Soc.M.E.  This  board  resolved  itself 
into  committees,  one  of  which,  the  Committee  on  Production, 
has  as  its   Chairman  Howard  E.   Coffin,  Mem.Am.Soc.M.E., 
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who  formulated  a  jjlau  for  organizing  the  industries  for  pre- 
paredness. This  led  the  President  of  the  United  States  to 
invite  this  Society  and  four  others  to  nominate  a  representa- 
tive in  each  state  to  assist  the  Naval  Consulting  Board  in  "  col- 
lecting data  for  use  in  organizing  the  manufacturing  resources 
of  the  country  for  the  public  service  in  the  case  of  emergency." 
Its  immediate  work  will  be  to  make  an  inventory  of  the  facts 
necessary  to  be  known  to  the  army  and  navy  relating  to  the 
resources  of  the  nation  for  the  supply  of  munitions  of  war 
in  case  of  need. 

The  author  shows  that  with  the  facts  of  this  census  properly 
collated  we  sliall  learn  where  we  are  weak  and  where  strong. 
Not  only  wiU  it  be  known  where  munitions,  which  include 
supplies  of  all  kinds,  can  be  obtained,  but  how  rapidly  they 
can  be  produced;  to  what  extent  America  is  independent  of 
foreign  countries  for  raw  materials  and  manufactured 
products;  for  what  kinds  of  munitions  we  have  ample  manu- 
facturing facilities,  and  wherein  we  must  provide  means  for 
making  up  the  deficiency. 

These  and  other  questions  are  suggested  by  the  author  and 
it  is  hoped  that  by  way  of  discussion  the  membership  will 
present  other  aspects  of  the  situation  which  will  have  a  helpful 
bearing  on  the  problem  of  how  the  engineer  may  best  serve 
his  country. 

Among  the  topics  which  suggest  themselves  are  the  follow- 
ing: 

How  can  mechanical  engineers  consolidate  their  efforts  in  a 
way  to  oversee  effectively  the  manufacture  of  munitions? 

Should  there  be  modification  of  standards  for  arms  and 
ammunition  to  facilitate  their  manufacture? 

What  part  should  tools,  gages,  jigs  and  machine  tools  play 
in  Industrial  Preparedness? 

What  part  should  the  textile  schools  take  in  the  training  of 
men  for  responsible  positions  in  munitions  manufacture,  and 
in  the  testing  of  materials? 

What  should  be  done  in  the  way  of  storing  materials — 
nitrate  and  tungsten,  for  exampl.e — against  a  time  of  need? 

Inasmuch  as  this  paper  is  to  be  presented  at  the  New  Orleans 
meeting,  there  are  certain  questions  relating  to  southern  in- 
dustry which  may  profitably  be  discussed.  The  resources  of 
the  South  might  supply  the  country  with  many  materials 
needed  during  a  period  of  curtailment  of  commerce  with  other 
nations.  For  example,  products,  and  especially  by-products, 
to  be  derived  in  manufactures  of  wood;  in  the  production  of 
sugar,  cotton  oil  and  molasses;  and  in  the  petroleum  and 
chemical  industries,  especially  with  reference  to  crude  oil, 
gasoline  and  sulphur. 

CAPACITY  AND  ECONOMY  OF  MULTIPLE 
EVAPORATORS 

By  E.  W.  I^rr 

In  1913,  the  author  presented  a  paper  before  the  Society 
entitled  "  Tests  upon  the  Transmission  of  Heat  in  Vacuum 
Evaporators,"  giving  the  results  of  a  series  of  experiments 
upon  laboratory  apparatus  at  the  Louisiana  State  University. 
The  present  paper  gives  the  results  of  further  experiments 
on  the  laboratory  apparatus,  though  the  larger  portion  of  the 
paper  is  devoted  to  the  results  of  38  tests  made  on  full-sized 
evaporators  in  sugar  factories.  The  evaporators  tested  in- 
cluded the  following  types: 

A  Vertical  submerged  tube  (so-called  standard) 

B  Horizontal  steam  tube 

C  Horizontal  film 

11  Vertical  film 


E  Vertical  submerged  tube  witli  special  bafiSes  in  calan- 
dria  for  distributing  steam  (vacuum) 

F  Vertical  submerged  tube  with  special  bafHes  in  calan- 
dria  for  distributing  steam  (atmospheric) 

G  Vertical  steam  tube  with  vent  pipe  for  each  tube 
(double  tube) 

and  among  these  were  double,  triple  and  quadruple  effect 
apparatus. 

Preceding  the  results  of  the  experiments  a  general  discussion 
of  the  factors  affecting  heat  transmission  in  evaporators  as 
compared  with  surface  condensers  is  given. 

The  tests  showed  a  great  variation  in  the  coefBcient  of  heat 
transmission,  not  only  for  different  types,  but  in  different 
evaporators  of  a  given  type.  This  variation  was  due  to  dif- 
ference of  design  and  operation,  including  steam  velocity  and 
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density,  method  of  venting,  cleanliness  of  heating  surface  on 
both  steam  and  juice  sides,  velocity  of  liquor  circulation, 
density  and  purity  of  liquor  and  height  of  boiling. 

The  coefficients  of  heat  transmission  in  the  factory 
evaporators  were,  as  a  rule,  lower  than  those  obtained  with 
the  laboratory  apparatus  and  higher  than  is  usually  obtained 
with  surface  condensers.  The  average  coefficients  obtained  in 
the  tests  of  different  types  were  as  follows,  the  coefficient 
for  type  A  being  taken  as  100 : 

A   100 

B lOS 

C   199 

n 135 

E 126 

F 255 

G 149 

These,  however,  cannot  be  taken  as  an  absolute  measure  of 
the  heat  transmitting  capacity  per  unit  of  heating  surface  in 
the  different  types,  because  conditions  were  not  equally  favor- 
able in  all  cases. 

In  thirteen  of  the  tests,  the  steam  condensed  in  the  first 
body  was  determined  and  from  this  and  other  data,  the  thermal 
efficiency  has  been  calculated.  The  thermal  efficiency  varied 
from  85  to  97.5  per  cent.  The  variation  was  due  to  difference 
in  the  radiation  losses  and  vent  losses.  The  radiation  loss 
varied  with  the  capacity  of  the  evaporators,  the  number  of 
bodies,  the  proportion  of  external  surfaces  covered  and  the 
difference  between  the  temperature  of  the  steam  inside  and 
the  atmosphere  outside. 

The  paper  includes  illustrations  of  the  types  tested,  also 
tabulated  data  relative  to  heat  transmission  and  economy. 
From  the  tests,  curves  are  presented  showing  the  coefficients 
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of   heat  transmission   found  in   each   of  the   different   types 
plotted  against  steam  pressure  or  vacuum. 

THE  EVOLUTION  OF  LOW-LIFT  PUMPING  PLANTS 
IN  THE  GULF  COAST  COUNTRY 

By  W.  B.  Gregory 

It  is  the  object  of  this  paper  to  show  the  part  that  pump- 
ing machinery  has  had  in  the  development  of  the  City  of  New 
Orleans  and  in  the  reclamation  of  the  fertile  wet  prairie 
lands  of  Louisiana  and  Texas;  also  to  show  the  importance 
of  pumping  plants  to  the  rice  industry  of  the  Southwest. 
To  this  end  the  history  of  pumping  in  this  section  is  briefly 
related  and  examples  of  typical  pumping  plants  are  given. 

About  ten  years  ago  a  movement  was  started  by  Edward 
Wisner  to  reclaim  the  wet  prairie  lands  lying  at  or  near  Gulf 
level.  The  work  is  now  being  carried  out  on  an  extensive 
scale.  More  than  a  quarter  of  a  million  acres  of  agricultural 
lands  have  been  reclaimed  or  are  at  present  in  the  process  of 
reclamation  in  the  state  of  Louisiana.  The  land  reclamation 
has  been  of  such  recent  development  that  there  is  no  ade- 
quate record  of  the  magniitude  of  the  pumping  plants,  such 
as  was  furnished  by  the  Special  Censors  of  1910  for  irriga- 
tion, and  this  the  paper  aims  to  furnish. 

In  this  section  it  was  only  natural  and  normal  that  pumps 
used  successfully  in  drainage  work  would  be  employed  in 
the  irrigation  of  rice  when  that  industry^  developed.  Often 
the  lift  for  irrigation  did  not  exceed  that  in  common  use  in 
drainage  plants  and  especially  in  relift  irrigation  pumping 
plants.  Drainage  by  pumps  was  an  accomplished  fact  be- 
fore the  in-igation  of  rice  assumed  proportions  that  made  the 
industry  of  economic  importance.  Later  on  drainage  received 
a  fresh  impetus  from  the  reclamation  of  the  wet  prairie  land 
while  the  rice  industries  had  obtained  maturity.  The  story 
of  pumping  plants  in  this  section  therefore  deals  at  times 
with  drainage  and  at  times  with  irrigation. 

ESTABLISHING  A  STANDARD  OF  MEASUREMENT 
FOR  NATURAL  GAS  IN  LARGE  QUANTITIES 

Br  Feaxcis  P.  Flsher 

Some  three  years  ago  the  author  became  associated  with  the 
reorganized  management  of  a  natural  gas  pumping  system  in 
the  Mid-Continent  field.  In  the  course  of  investigations  pre- 
paratory to  outlining  a  general  policy,  there  was  discovered  be- 
tween purchase  and  sales  a  loss  of  gas  which  seemed  wholly 
unreasonable.  The  total  loss  could  be  made  up  from  leakage 
in  field  lines,  leakage  in  main  lines,  leakage  in  distribution  sys- 
tems, errors  in  large  capacity  meters,  errors  in  domestic  meters 
and  errors  in  estimates  of  unmeasured  gas. 

The  first  step  in  elinunating  this  waste  in  various  parts  of 
the  system  was  to  provide  an  accurate  gas  measurement  at 
strategical  points.  Manifestly  the  first  problem  was  that  of 
large  capacity  meter  installation,  and  with  part  of  the  losses 
possibly  due  to  meter  inaccuracy,  the  first  step  was  establish- 
ing a  definite  standard  of  accuracy  in  meters. 

A  catalogue  of  the  weaknesses  and  objections  to  all  known 
and  available  methods  was  formulated,  and  is  given  in  the 
paper.  It  was  determined  that  the  relative  objections  be 
weighed  and  one  of  the  systems  chosen  as  a  standard  to  be 
developed  to  a  closer  degree  of  accuracy  than  heretofore  avail- 
able. The  method  chosen  for  development  was  the  orifice 
meter,  in  the  belief  that  the  objections  to  the  existing  types 
could  be  overcome  at  less  cost  and  more  simply  than  to  any 
of  the  others. 


The  work  done  to  establish  a  standard  has  been  continued 
for  approximately  two  and  one-half  years;  it  has  now  passed 
the  second  phase  of  installing  measuring  stations  to  segregate 
and  locate  definitely  the  remaining  leakage  losses. 

There  is  no  question  but  what  any  of  the  other  methods 
of  measurement  than  the  orifice  meter  is  capable  of  an  equal 
degree  of  refinement,  but  the  present  paper  is  chiefly  concerned 
with  the  work  actually  done  on  this  type  of  meter. 

DEVIATION  OF  NATURAL  GAS  FROM  BOYLE'S  LAW 
By  Robert  F.  Earhart  and  Samuel  S.  Wyer 

In  this  paper  the  magnitude  of  the  natural  gas  compressing 
and  measuring  problem,  and  known  data  regarding  probable 
deviation  of  natural  gas  from  Boyle's  law,  are  summarized. 

Tests  were  made  by  the  authors  in  the  laboratory  of  the 
Department  of  Physics,  Ohio  State  University,  Columbus, 
Ohio,  on  eight  representative  natural  gas  samples  from  various 
parts  of  the  United  States,  to  ascertain  by  accurate  volumetric 
measurement  whether  or  not  these  natural  gases  did  deviate 
from  Boyle's  law,  and  if  so,  under  what  conditions.  The  ap- 
paratus used  and  methods  followed  are  illustrated  and 
described  in  detail.  The  data  obtained  are  given  in  tabulated 
and  graphical  form. 

These  data  shows  conclusively: 

That  all  of  the  observed  deviations  of  natural  gas  from 
Boyle's  law  are  in  one  direction — in  favor  of  the  buy- 
ing company  where  gas  is  measured  under  high  pres- 
sure conditions 

That  the  different  gases  have  marked  peculiarities  and 
marked  differences  of  deviation 

That  there  is  no  direct  relationship  between  the  deviation 
and  ethane  content 

That  the  direct  application  of  Boyle's  law  to  high  pressure 
natural  gas  measuring  problems  gives  only  an  ex- 
ceedingly rough  approximation. 

EXPERIMENTS   ON  WATER  FLOW  THROUGH  PIPE 
ORIFICES 

By  Horace  Judd 

During  the  past  ten  years  papers  upon  the  flow  of  fluids 
have  appeared  from  time  to  time  in  the  Transactions  of  the 
Society ;  most  of  these  have  dealt  with  the  flow  of  air  and  gas, 
although  a  few  have  treated  of  the  flow  of  steam,  and  the 
methods  set  forth  have  for  the  most  part  centered  around  the 
venturi  meter  and  the  pitot  tube.  During  this  period,  also, 
many  forms  of  meters  have  been  brought  out  for  the  measure- 
ment of  air,  gas  and  steam,  as  well  as  of  water,  all  more  or 
less  successful  in  operation,  and  of  these,  also,  a  great  many 
have  made  use  of  the  principles  of  the  venturi  meter  or  the 
pitot  tube. 

The  pipe  orifice  has  not  hitherto  met  with  much  favor  for 
the  measurement  of  the  flow  of  steam  or  water  in  a  pipe,  al- 
though it  is  coming  into  use  for  air  and  gas  measurement  and 
has  been  used  with  certain  types  of  steam  meters  of  German 
make  and  also  in  Bailey  flow  meters.  The  chief  objections  to 
the  pipe  orifice  have  seemed  to  be  that  a  special  form  of  orifice 
flange  was  needed  and  that  considerable  uncertainty  prevailed 
concerning  the  pressure  conditions  adjacent  to  the  orifice,  so 
that  the  working  coefficients  for  an  oriflce  in  a  pipe  were  not 
so  reliable  as  those  of  the  venturi  meter  or  the  pitot  tube. 

About  two  years  ago.  while  employing  the  Bailey  meter  to 
measure  the  steam  used  by  an  engine,  the  writer  became  in- 
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terested  in  the  orifice  as  a  pipe-flow  measuring  device.  It  was 
important  to  know  at  what  point  near  the  orifice  the  attach- 
ment should  be  made  in  order  to  measure  correctly  the 
pressure  drop  of  the  steam  fiowing  through  the  orifice,  and  it 
was  thought  that  an  investigation  would  reveal  many  valuable 
points  concerning  the  flow  conditions  through  the  orifice  in  a 
pipe.  The  present  line  of  work  is  the  final  outcome  of  this 
thought  and  has  been  carried  on  in  connection  with  water 
flow,  S'nce  water  could  be  more  easily  handled  than  steam, 
the  intention  being  to  continue  later  with  a  study  of  the  flow 
conditions  in  a  steam  line. 

The  paper  is  really  a  record  of  progress,  for  only  a  few 
points  are  touched  upon,  such  as  the  pressure  changes  in  the 
vicinity  of  the  diaphragm,  or  orifice;  the  probable  location  of 
the  least  section,  or  zone  of  greatest  velocity,  of  the  water  jet; 
and  the  working  coefiicients  of  the  diaphragms;  leaving  manj' 
other  points  of  equal  interest  and  importance  to  be  studied 
into  later.  The  experiments  were  confined  to  one  size  of  water 
pipe  (5-in.)  and  the  pressure  drop  through  the  diaphragm 
did  not  nm  much  in  excess  of  6  ft.  of  water,  which  was  con- 
sidered to  be  the  probable  maximum  drop  desirable  to  use  in 
connection  with  any  automatic  registering  device.  For  the 
largest  diaphragm  this  range  of  pressure  drop  gave  an  aver- 
age velocity  of  17.5  ft.  per  see. 

THE   MEASUREMENT   OF   VISCOSITY  AND   A  NEW 

FORM  OF  VISCOSIMETER 

Br  H.  C.  Hayes  and  Geo.  W.  Lewis 

This  paper  deals  with  the  measurement  of  viscosity.  It 
predicts  the  errors  which  are  introduced  by  the  various  types 
of  viscosimeters  and  verifies  these  predictions  in  case  of  the 
short  capillary  types  such  as  the  Saybolt,  Engler,  and  Red- 
wood and  the  orifice  types  such  as  the  Carpenter,  by  compar- 
ing the  temperature  vs.  viscosity  curve  for  a  light  and  a 
medium  lubricating  oil,  as  given  by  these  meters,  with  the 
true  curves  as  determined  by  a  modified  form  of  Poiseuille's 
capillary  tube  method. 

The  work  shows  that  the  short  capillary  types  give  results 
about  50  per  cent  too  small  and  the  orifice  types  give  results 
about  100  per  cent  too  small,  and  further,  none  of  these  meters 
give  accurate  comparative  results  for  two  different  oils  or  for 
the  same  oil  at  different  temperatures. 

The  only  type  of  viscosimeter  on  the  market  that  can  be 
expected  to  give  accurate  results  on  theoretical  grounds  is  the 
Stormer.  This  instrument  attempts  to  measure  the  viscosity 
in  terms  of  the  torque  required  to  spin  a  disk  within  the  liquid, 
but  the  mechanical  difficulties  met  with  are  such  as  to  debar 
this  type. 

The  authors  have  designed  and  thoroughly  tested  out  a 
viscosimeter  which  embodies  aU  the  good  points  of  the  Stormer 
and  none  of  its  defects.  They  measure  the  viscosity  in  terms 
of  the  torque  which  a  cylinder  experiences  when  suspended 
within  a  rotating  liquid.  This  method  eliminates  all  error  due 
to  friction.  The  results  given  by  this  meter  agree  with  the 
true  curves  for  the  light  and  medium  oils  to  within  1  per 
cent  and  can  safely  be  used  as  a  standard. 

The  advantages  of  this  viscosimeter  are  evident.  The  in- 
strument can  be  calibrated  to  give  direct  readings  of  the 
viscosity ;  the  oil  is  not  handled  during  a  complete  test  at  vari- 
ous temperatures;  the  design  of  the  instrument  is  such  that 
the  temperature  of  the  specimen  follows  closely  the  tempera- 
ture of  the  bath,  so  the  data  for  the  temperature  vs.  viscosity 
curve  can  be  taken  while  the  sample  is  cooUng;  the  meter  gives 
the  viscosity  of  mixtures,  such  as  paints,  as  well  as  for  liquids 


that  have  been  carefully  filtered;  there  are  no  glass  parts  to 
bi-eak;  the  personal  error  is  eliminated  and  the  meter  can  be 
made  self  recording. 

DYNAMIC  BALANCE 
By  N.  W.  Akimofp 

Dynamic  balance  is  a  part  of  mechanics  of  engineering  and 
not  merely  a  shop  method.  The  problem  is  perfectly  capable 
of  a  definite  solution  if  proposed  in  a  rational  manner  and 
treated  along  rational  lines.  The  importance  of  running  bal- 
ance in  high  speed  machinery  is  well  understood.  The  author 
separates  the  problem  into  two  parts,  static  and  dynamic  bal- 
ance, and  explains  dynamic  unbalance  by  the  so-called  cen- 
trifugal couple. 

He  describes  his  machine  for  creating  a  centrifugal  couple 
at  will,  which  may  be  adjusted  by  trial  to  exactly  counteract 
the  one  that  may  be  present  in  the  body  to  be  tested.  This 
additional  couple  is  created  in  the  machine  by  means  of  a  so- 
called  squirrel  cage,  which  at  the  same  time  permits  of  defi- 
nitely establishing  the  plane  and  the  sign,  and  of  estimating 
the  exact  numerical  value  of  the  centrifugal  coaple  of  the 
body. 

Applications  of  these  principles  to  actual  practice  of  bal- 
ancing, together  with  explanation  of  working  methods  and  re- 
marks as  to  what  does  and  what  does  not  come  under  the  prob- 
lem of  dynamic  balance,  are  made  in  the  paper. 

DISASTROUS  EXPERIENCES  WITH  LARGE  CENTER- 
CRANK  SHAFTS 
By  Louis  Illmer 

This  paper  is  descriptive  of  some  disastrous  experiences  with 
large  gas  engine  shafts  of  the  center-crank  type.  Investiga- 
tions as  to  the  cause  of  the  repeated  shaft  failures,  revealed 
inherent  structural  weakness.  The  reenforcements  undertaken 
to  remedy  this  condition  were  based  upon  a  careful  stress 
analysis  of  actual  sag  determinations  conducted  upon  the 
wheel  shaft. 

The  shafts  in  question  were  mounted  in  three-point  bearing 
supports  and  carried  a  very  heavy  fiywheel  between  the  inter- 
mediate and  outboard  bearings.  The  diagrams  show  that  this 
mode  of  support  sets  up  a  pernicious  interaction  of  bearing 
load,  which  culminates  in  excessive  wear  in  the  intermediate 
bearing. 

When  the  wheel  shaft  lacks  adequate  stiffness,  the  apprecia- 
ble lift  of  the  free  end  of  the  web  portion  of  the  shaft  exerts 
a  pressure  against  the  cap  of  the  outer  main  bearing,  which  in 
turn  causes  the  intermediate  journal  to  become  overloaded. 
The  drop  resulting  from  rapid  wear  reduces  the  upward 
thrust  against  the  outer  main  bearing  cap  and  this  finally 
relieves  the  intermediate  bearing  of  overload.  Still  further 
wear  causes  a  portion  of  the  downward  shaft  load  to  be  trans- 
ferred from  the  intermediate  bearing  to  the  outer  main 
bearing. 

It  was  found  that  when  this  readjustment  is  complete,  the 
load  upon  the  two  main  bearings  becomes  approximately 
equalized.  The  attainment  of  this  state  of  equilibrium  as  to 
wear,  involves  putting  an  excess  stress  upon  the  shaft  fibers, 
which  is  likely  to  lead  to  ultimate  breakdown  of  the  wheel 
shaft. 

The  observed  wear  in  the  intermediate  beavinss  was  found 
to  exceed  %  in.  in  less  than  thirty  days  of  operation  when 
starting  with  newly  aligned  bearings,  but  after  the  interme- 
diate bearing  had  dropped  suflSciently  to  equalize  the  load 
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upou  the  two  main  bearings,  the  wear  became  more  nearly 
normal. 

The  stress  curves  corresponding  to  the  actual  shaft  deflection 
curves  show  the  critical  surface  fibers  to  be  subjected  to  a  re- 
versing stress  ranging  from  16,000  lb.  per  sq.  in.  compression 
to  more  than  29,000  lb.  per  sq.  in.  tension  stress. 

The  life  of  these  shafts,  as  expressed  in  observed  running 
time  required  for  bresikdown  service,  appears  to  be  in  accord 
with  the  expected  number  of  revolutions  as  determined  by 
Stromeyer's  Law  of  Fatigue. 

The  character  of  the  reenforcements  that  were  necessary  to 
strengthen  the  shaft  design,  is  outlined  and  the  resulting  im- 
provements in  stress  and  sag  relations  are  recorded  in  the 
diagrams.  In  making  replacements,  both  carbon  and  nickel 
steel  forgings  were  tried  out,  but  the  nickel  steel  shafts  did 
not  come  up  to  expectations. 

Specification  details  and  acceptance  tests  are  also  tabulated 
and  the  results  of  tests  bars  taken  from  some  critical  sections 
of  the  defective  nickel  steel  shaft  are  compared  with  some- 
what similar  tests  made  upon  a  carbon  steel  shaft.  These 
tests  point  to  elongation  as  being  the  vital  factor  in  shaft 
specifications. 

The  working  stresses  which  broke  the  defective  nickel  steel 
shaft  are  analyzed  and  the  proper  proportions  for  web  design 
are  discussed.  Wlien  carrying  a  heavy  wheel,  the  web  dimen- 
sions should  be  made  heavier  than  usual  so  as  to  allow  for  the 
increased  span  between  the  wheel  supports,  which  invariably 
results  from  excess  wear  in  the  intermediate  main  bearing. 

In  order  to  keep  the  wheel  shaft  stress  within  desired  limits 
under  load  conditions  found  in  these  engines,  it  became  neces- 
sary finally  to  enlarge  the  intermediate  journal  to  3/2  of  its 
original  diameter,  thus  making  its  dimensions  fully  as  large  as 
would  be  required  for  side  crank  construction. 

The  conclusion  arrived  at  is,  that  for  large  stationary  gas  or 
oil  engines,  it  is  advisable  to  use  the  side  crank  construction 
rather  than  a  center-crank  shaft,  since  the  former  type  elim- 
inates the  troubles  encountered  when  carrying  a  heavily  loaded 
wheel  shaft  upon  a  three-point  bearing  support. 

Appendix  I  briefly  outlines  the  method  used  in  arriving  at 
the  sinuous  deflection  curves  resulting  when  a  wheel  shaft  is 
mounted  in  three  aligned  bearing  supports.  Appendix  II 
prescribes  the  safe  stress  limits  for  shaft  design  and  defines 
the  shock  allowance  suitable  for  varying  engine  speeds.  The 
rate  at  which  shafts  may  be  expected  to  deteriorate  from 
fatigue  when  subjected  to  excess  stress  is  also  discussed. 

The  aim  of  the  paper  is  to  call  attention  to  the  importance  of 
making  careful  analysis  of  the  underlying  stress  conditions, 
before  fixing  upon  the  final  dimensions  for  a  center-crank  shaft 
carrying  heavy  flywheels.  The  method  advocated  provides 
against  wheel  shaft  faihire  and  admits  foretelling  whether  or 
not  a  given  crank  shaft  has  a  sufficiently  large  net  factor  of 
safety  to  withstand  a  heavy  wheel  load  without  ultimate  break- 
down. 

ON  THE  TRANSMISSION  OF  HEAT  IN  BOILERS 
By  E.  R.  Hedrick  and  E.  A.  Fessenden 

The  authors  have  found  difficulty  in  cheeking  the  results  of 
experiments  quoted  in  the  literature  with  the  theories  com- 
monly proposed  for  the  transmission  of  heat  from  the  hot 
gases  to  the  water  in  the  boUer.  In  particular  the  formulae 
given  by  Sir  John  Perry  and  others  appear  not  to  check  with 
the  data  given  by  various  writers. 

In  working  over  this  matter  the  authors  have  been  led  to 
an  assumption  which  seems  particularly  reasonable  in  view  of 


the  fact  that  the  resistance  to  heat  transfer  almost  certainly 
changes  with  the  temperature  on  account  of  the  dependence  of 
the  resistance  on  the  behavior  of  the  film  of  gas  next  to  the 
pipe  and  of  the  film  of  water  next  to  the  pipe,  rather  than  on 
the  material  of  the  pipe  itself.  The  authors  were  led  to  make 
the  assumption  that  the  quantity  of  heat  lost  by  a  given  small 
weight  of  gas  falls  off  as  the  gas  passes  down  the  pipe  in  ac- 
cordance with  the  ordinary  damping  law  usual  in  physical 
phenomena.  After  working  with  this  hypothesis  for  some  time 
and  finding  that  it  agreed  with  the  data  better  than  the  for- 
mulae usually  given,  the  authors  have  found  that  an  equiva- 
lent assumption  of  simple  character  can  be  stated  in  terms  of 
the  difference  in  entropy  of  the  gas  at  the  temperature  of  the 
gas  and  of  the  gas  at  the  temperature  of  the  water.  The  as- 
sumption is  that  the  rate  of  change  of  this  difference  is  pro- 
portional to  this  difference,  where  the  rate  is  taken  with  re- 
spect to  the  actual  distance  down  the  tube. 

The  theoretical  consequences  of  such  an  assumption  are 
worked  out  in  some  detail,  and  they  are  brought  to  the  point 
where  graphical  check  with  numerical  data  is  easily  possible. 
The  actual  comparisons  with  the  theory  of  Sir  John  Pei-ry  and 
with  that  of  this  paper  are  shown  by  a  number  of  graphical 
figures  so  arranged  that  the  points  should  lie  on  straight  lines 
in  each  case  in  case  the  corresponding  theory  is  correct.  It 
is  found  that  the  agreement  is  quite  a  little  better  with  the 
theory  of  this  paper  than  with  that  of  Perry.  The  data  used 
are  the  old  French  experiments,  a  set  of  experiments  furnished 
by  Wm.  Kent,  several  sets  of  experiments  conducted  by  the 
Pennsylvania  Railroad,  and  a  large  series  of  tests  conducted  at 
the  University  of  Missouri  by  Prof.  E.  A.  Fessenden. 

COUNCIL   NOTES 

At  the  meeting  of  the  Council  on  March  10,  1916,  the  fol- 
lowing membere  were  present :  D.  S.  Jacobus,  President,  John 
H.  Barr,  R.  M.  Dixon,  Chairman  Finance  Committee,  A.  M. 
Greene,  Jr.,  W.  B.  Jackson,  C.  T.  Main,  H.  de  B.  Parsons,  John 
A.  Stevens,  E.  H.  Whitlock,  Wm.  H.  Wiley,  Treasurer,  and 
Calvin  W.  Rice,  Secretary. 

The  President  announced  the  appointment  of  the  following 
Nominating  Committee  as  the  result  of  the  cooperation  of  the 
Local  Sections  with  him:  H.  M.  Montgomery,  Chicago;  E.  Hw 
Ohle,  St.  Louis;  Walter  B.  Snow,  Boston;  D.  Robert  Yamall, 
Philadelphia;  J.  T.  Whittlesey,  San  Francisco. 

Interpretations  of  the  Boiler  Code  Committee,  Xos.  47-58, 
were  approved  and  ordered  published;  they  appear  elsewhere 
in  this  number  of  The  Journal.  On  the  announcement  by  the 
Committee  of  the  retirement  of  its  Secretary,  Mr.  C.  W.  Obert, 
to  become  Secretary  of  the  American  Society  of  Heating  and 
^'entilating  Engineers,  it  was  voted  to  concur  in  the  following 
resolution  of  the  Committee : 

"  The  Boiler  Code  Committee  of  the  American  Society  of 
Mechanical  Engineers  having  been  informed  of  the  retire- 
ment of  their  Secretary,  Mr.  C.  W.  Obert,  take  the  oppor- 
tunity this  day,  by  resolution  in  executire  session,  of 
thanking  Mr.  Obert  for  his  faithful  and  untiring  devotion 
and  assistance  in  the  work  of  formulating  and  promul- 
gating the  A.S.M.E.  Standard  Code,  as  well  as  his 
untiring  efforts  in  behalf  of  the  Code  and  Committee  in 
the  past. 

"  We,  the  members  of  the  Boiler  Code  Committee,  sincerely 
regret  the  loss  of  his  efiBcient  services,  and  trust  that  Mr. 
Obert  will  meet  with  the  full  measure  of  success  in  his 
new  position  which  he  deserves." 
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Messi-s.  Olof  Ohison,  B.  M.  W.  Hanson,  Garl  A.  V.  Carlsson, 
Gustave  Fast,  Bruno  V.  Nordberg,  Erik  Oberg,  Harold  P.  Nor- 
ton, C.  von  Philp,  Alfred  H.  Raynal  and  H.  A.  Gillis  were 
appointed  to  represent  the  Society  in  Washington  and  appear 
in  favor  of  a  Memorial  to  John  Ericsson.  A  report  appears 
elsewhere  in  The  Journal. 

It  was  voted  to  approve  a  resolution  from  the  Pan  American 
Engineering  Committee,  composed  of  appointees  from  the  four 
national  engineering  societies,  to  make  this  committee  a  per- 
manent committee  to  promote  greater  engineering  and  scien- 
tific intercourse  and  the  welfare  of  the  engineering  profession 
of  South  and  Central  America  and  the  United  States. 

Calvin  W.  Rice,  Secretary. 

C.   W.    OBERT   SECRETARY    OF   HEATING 
AND  VENTILATING  ENGINEERS 

Mr.  C.  W.  Obert,  for  the  past  three  years  Associate  Editor 
of  the  Society's  publications,  has  accepted  an  invitation  by  the 
Council  of  the  American  Society  of  Heating  and  Ventilating 
Engineers  to  become  the  Secretary  of  that  organization,  with 
headquarters  in  the  Engineering  Societies  Building,  New  York. 
He  will  take  up  his  new  duties  at  once. 

Mr.  Obert's  connection  with  the  office  of  The  American  So- 
ciety of  Mechanical  Engineers  began  when  the  Boiler  Code 
Committee  had  completed  the  first  draft  of  its  report,  which 
led  to  his  being  drawn  into  the  service  of  the  Committee  dur- 
ing the  long  and  arduous  period  of  meetings  and  conferences 
which  preceded  the  issuance  of  the  report  in  its  revised  and 
completed  form.  In  February  1915,  when  the  Advisory  Com- 
mittee was  added  to  the  membership  of  the  Boiler  Code  Com- 
mittee, he  was  made  a  member  of  the  enlarged  committee,  and 
its  Secretary,  and  it  is  hoped  that  he  may  find  it  possible  to 
continue  in  this  capacity.  Appreciation  of  his  untiring  efforts 
and  a  sincere  desire  for  his  success  in  his  new  undertaking 
have  been  fittingly  expressed  by  resolutions  of  the  Committee, 
in  which  the  Council  of  the  Society  was  pleased  to  concur. 

Besides  his  editorial  position  with  this  Society,  Mr.  Obert 
has  previously  acted  in  an  editorial  capacity  on  other  publica- 
tions, including  The  Engineering  Record,  when  it  was  devoted 
largely  to  heating  and  ventilating  subjects,  which  gave  him  an 
acquaintance  with  engineers  in  this  field,  and  a  familiarity  witli 
their  work,  admirably  equipping  him  for  his  new  position. 

The  American  Society  of  Heating  and  Ventilating  Engi- 
neers is  progressing  rapidly,  three  new  chapters  in  Cleveland, 
Detroit  and  Philadelphia  respectively  having  been  organized, 
and  should  constitute  a  favorable  field  for  the  abilities  of  its 
new  Secretary,  to  whom  all  good  wishes  are  extended  by  his 
many  friends  and  former  associates  in  The  American  Society 
of  Mechanical  Engineers. 

CONFERENCE  ON  ABBREVIATIONS  AND 
TERMINOLOGY 

In  line  with  efforts  that  are  being  made  by  a  number  of 
organizations  to  standardize  engineering  abbreviations  and 
terminology,  a  conference  was  recently  held  by  the  Committee 
on  Electrical  Measurements,  Values  and  Terminology  of  the 
National  Electric  Light  Association,  for  the  purpose  of  def- 
initely starting  the  movement  and  putting  on  record  such 
terms  as  could  be  unquestionably  agreed  upon.  The  confer- 
ence which  was  held  in  the  Engineering  Societies'  Building  in 
New  York,  on  March  9,  was  attended  by  representatives  of 
the  editorial  departments  of  The  American  Institute  of  Elec- 
tric Engineers,  The  American  Institute  of  Mining  Engineers, 
The  American  Institute  of  Wiring  Engineers,  The  American 


Society  of  Mechanical  Engineers,  The  American  Society  of 
Heating  and  Ventilating  Engineers,  and  The  Iluminating  En- 
gineering Society.  The  chairman  of  the  Committee  of  The 
National  Electric  Light  Association  is  Dr.  A.  E.  Kennelly. 

The  conference  was  devoted  largely  to  a  study  and  analysis 
of  the  abbreviations  employed  by  the  various  engineering  socie- 
ties for  terms  in  common  use  and  of  the  practice  of  these 
societies  with  reference  to  the  use  of  compound  words.  Care- 
ful study  was  made  of  the  abbreviations  in  general  use,  and 
complete  agreement  was  reached  concerning  the  abbreviations 
given  in  the  list  below.  All  abbreviations  upon  which  unani- 
mous agreement  could  not  be  had  were  omitted  from  considera- 
tion. 

Name  Abbreviation 

Alternating  current  a.c,    when    used    as    a    com- 

pound adjective;  spell  out 
in  other  cases. 
Ampere  amp.,  or  spell  out. 

Boiler  horse  power  boiler  h.  p. 

Brake  horse  power  b.h.p. 

British  thermal  units  B.t.u. 

Candle  power  c.p. 

Centigrade  cent.  (c.  in  tabular  matter) 

Centimeters  cm. 

Circular  mils  cir.    mils    (c.    m.    in    tabular 

matter) 
Counter  electromotive  force        counter  e.  m.  f. 

(c.  e.  m.  f.  frequently  used) 
Cubic  cu. 

Diameter  spell  out 

Direct  current  d.    c.   when    used  as   a   com- 

pound adjective;  spell  out 
in  other  cases 
Electric  horse  power  e.h.p. 

Jilectromotive  force  e.m.f. 

Fahrenheit  fahr. 

Feet  ft. 

foot  pounds  ft.  lb. 

Gallons  gal. 

Grains  gr. 

Grams  g- 

Gram  calories  g.  cal. 

High-pressure  cylinder  spell  out 

Hours  hr. 

Inches  in. 

Indicated  horse  power  i.h.p. 

Kilogram  kg. 

Kilogram  meters  kg.  m. 

Kilogram  calories  kg.  cal. 

Kilometers  km. 

Kilowatts  kw. 

Kilowatt  hours  kw.hr  (kwh.  frequently  used) 

Linear  lin. 

Liter  1. 

Magnetomotive  force  m.m.f. 

Mean  effective  pressure  spell  out 

Millimeters  mm 

Milligrams  mg. 

Minutes  min. 

Meters  m. 

Meter  kilograms  m.  kg. 

Ohms  spell  out 

Per  '  spell  out 

Per  cent  spell   out    (or   %    in   tabular 

Pounds  lb.  matter) 
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Power  factor 

Revolutions  per  minute 

Seconds 

Square 

Square  root  of  mean  square 

Ton  mile 

Tons 

Volts 

Volt  amperes 

Watts 

Watt  hours 

Watts  per  candle 

Yards 


spell  out 

rev.  per  min.  (r.  p.  m.  f re- 
sec,  quentlyused) 
sq. 

r.  m.  s. 
spell  out 
spell  out 
spell  out 
spell  out 
spell  out 
watt  hr. 

spell  out  (w.  1).  c.  frequently 
yd.  used) 


Note  :  In  certain  kinds  of  technical  work  the  periods  follow- 
ing the  abbreviations  are  omitted  where  ambiguity  is  im- 
possible. 

1.  Use  '•  Fig.",  not  "  Figure."  Example :  "  Fig.  3  "  and  not 
"  Figure  3." 

2.  In  all  decimal  numbers  having  no  units,  a  cipher  should 
be  placed  before  the  decimal  point.  Example :  "  0.32  lb." ;  not 
"  .32  lb." 

3.  Use  the  word  "  by  "  instead  of  "  x  "  in  giving  dimen- 
sions.   Example:  "  8  by  12  in."  not  "8  x  12  in." 

4.  Never  use  the  characters  (')  and  (")  to  indicate  either 
feet  and  inches  or  minutes  and  seconds  as  periods  of  time. 

5.  When  two  or  more  words  are  compounded  as  a  noun 
they  should  be  written  as  separate  words  with  space  or  spaces 
between  or  as  a  single  word  without  the  hyphen. 

6.  The  hyphen  should  be  employed  mainly  in  compound 
words  used  adjeetively. 

HOW  TO  ORGANIZE  A  SECTION 

The  Committee  on  Sections  is  anxious  to  extend  the  bene- 
fits of  the  Society  as  rapidly  and  as  far  as  possible.  Obvi- 
ously the  initiative  must  be  taken  by  the  members  themselves 
and  in  those  centers  where  the  numbers  and  interest  are  suffi- 
cient to  wan-ant  meetings  being  undertaken.  In  the  places 
where  Sections  are  now  established,  those  participating  in  the 
work  find  it  interesting  and  beneficial,  and  much  good  has  re- 
sulted to  the  individual  members  as  well  as  to  the  Society. 

A  Section  of  the  Society  may  and  preferably  should  coop- 
erate with  and  help  build  up  the  local  engineering  organiza- 
tions by  the  holding  of  joint  meetings,  and  invite  all  members 
of  such  organizations  and  all  engineers  generally  to  its  meet- 
ings. This  phase  of  Section  work  has  been  especially  well  de- 
veloped at  St.  Louis  and  Philadelphia. 

The  Society  through  the  Committee  on  Sections  is  anxious 
to  assist  the  membership  in  the  organizing  and  developing  of 
Sections  both  by  appropriation  to  cover  fixed  expenses  and  by 
practical  advice,  such  as  suggesting  names  of  prominent  engi- 
neers to  make  technical  addresses  and  also  arouse  enthusiasm. 

Birmingham,  Ala.,  with  eighteen  members,  is  the  last  place 
to  form  a  Section.  By  including  those  members  within  a  ra- 
dius of  sixty  miles  the  membership  of  this  section  is  brought 
up  to  about  twenty-eight.  At  the  March  meeting  there  was 
an  attendance  of  sixty-five  per  cent  and  much  enthusiasm 
shown.  AU  are  united  in  making  preparations  for  the  recep- 
tion of  members  attending  the  Spring  Meeting.  The  Birming- 
ham Section  has  invited  all  members  and  guests  of  the  Society 
to  visit  their  city  on  Monday,  April  10,  and  have  arranged  an 
elaborate  program. 

There  are  numerous  cities  where  the  strength  of  the  Society 
is  as  great  as  it  is  at  Birmingham  and  it  is  suggested  that  some 


niember  an'ange  a  meeting  in  all  places  where  there  are  twenty 
or  more  members  and  discuss  the  question  of  organizing  a  Sec- 
tion. A  pleasant  way  of  holding  such  a  meeting  is  to  get  to- 
gether informally  at  luncheon  or  supper.  Such  a  movement 
can  be  started  with  little  effort  and  almost  no  expense.  As  it 
usually  works  out  in  this  world  that  one  gets  out  of  a  thing 
in  proportion  to  what  he  contributes  to  it,  those  taking  the 
initiative  are  usually  well  repaid  for  their  public  spriit. 

JOINT  MEETING  OF  STUDENT 
BRANCHES 

Situated  Near  the  City  of  New  Y^ork 

An  innovation  in  Student  Branch  activities  will  be  held  at 
the  Engineering  Societies  Building  on  Friday  evening,  April 
14,  when  the  four  Student  Branches  of  the  Society  located 
within  the  Metropolitan  District  of  New  York  will  hold  a  joint 
meeting  followed  by  a  smoker  in  the  rooms  of  the  Society. 
The  Branches  taking  part  in  this  affair  are  those  at  Columbia 
University,  New  York  University,  Polytechnic  Institute  of 
Brooklyn  and  Stevens  Institute  of  Technology.  A  prominent 
speaker  will  make  an  address,  followed  bj'  an  illustrated  tech- 
nical paper  of  general  interest.  Following  this  there  will  be 
a  smoker  and  good  fellowship  meeting,  so  that  all  may  have 
the  opportunity  of  increasing  their  acquaintance  .nmong  their 
future  colleagues. 

All  members  of  Student  Branches  resident  outside  New 
York,  visiting  New  Y'ork  at  the  time  of  this  meeting,  are  in- 
vited to  attend. 

The  Committee  in  charge  of  arrangements  is  L.  H.  Nielson 
(Columbia  University),  Chairman,  C.  A.  Pines  (New  Y^ork 
University),  Herman  Brandt  (Polyteclmic  Institute  of  Brook- 
h-n)  and  J.  M.  Wilcox   (Stevens  Institute). 

GREETING  THE  NEW  COMER 

At  the  last  meeting  of  the  Committee  on  Sections  the  fol- 
lowing resolution  was  adopted : 

"  Voted  to  advise  the  Chairman  of  each  Section  that  the 
Committee  on  Sections  and  the  Council  have  approved  placing 
on  the  mailing  hsts  of  Sections  the  address  of  every  graduate 
niember  of  a  Student  Branch  who  shall  locate  within  the  ter- 
ritory of  any  Section  and  that  the  Secretary  of  the  Section 
may  expect  to  receive  additions  from  time  to  time  as  these 
students  graduate  and  locate  in  the  vicinity  of  the  Section. 

"  Such  notification  will  automatically  enroll  the  graduated 
member  of  a  Student  Branch  as  a  member  of  the  Section  in 
which  he  locates.  Allowance  will  be  made  in  making  the  an- 
nual appropriation  for  each  Section  for  each  graduate  student 
member  so  enrolled." 

Responses  have  already  been  received  from  a  number  of 
the  Chairmen  of  Sections  and  of  Student  Branches  expressing 
the  opinion  that  this  will  prove  of  great  assistance  to  the 
young  engineer.  It  should  also  benefit  the  Society  by  en- 
couraging undergraduates  in  colleges  where  no  Student  Branch 
now  exists  to  petition  the  Coimcil  for  the  establishment  of 
Student  Branches. 

There  are  now  forty  Student  Branches  and  these  are  doing 
an  excellent  work  as  will  be  seen  by  a  perusal  of  the  pages 
of  The  Journal  devoted  to  a  description  of  Student  Branch 
acti\'ities.  About  fifteen  hundred  students  are  enrolled  in  the 
membership  of  these  Branches,  more  than  half  that  number 
subscribe  to  The  Journal,  and  later  about  one-fifth  become 
members  of  the  Society. 

The  above  procedure  of  maintaining  the  hold  on  men  whose 
interest  we  have  once  obtained  is  obvious. 
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LECTURES  ON    MILITARY   ENGINEERING 

The  success  of  the  militaxy  engineering  lectures  given  in 
New  York  under  the  auspices  of  the  officers  of  the  national 
engineering  societies  by  officers  of  the  U.  S.  Army  provided 
by  Major  General  Wood  has  exceeded  the  most  sanguine  ex- 
pectations. 

Over  3000  men  are  attending  the  lectures  every  Monday  in 
the  Engineering  Societies  Building  and  the  building  of  the 
American  Society  of  Civil  Engineers  respectively. 

In  response  to  requests  for  advice  as  to  literature  on  the 
subjects  of  the  lectures,  the  following  textbooks  have  been 
secured.  These  constitute  a  special  course  of  reading  for  engi- 
neers in  civil  life  who  desire  to  inform  themselves  on  military 
subjects : 

Infantry  Drill  Regulations,  1911.  Can  be  obtained  from 
the  Superintendent  of  Documents,  Washington,  D.  C.  Price 
about  60  cents.     (Govt.  Printing  Office.) 

Field  Service  Regulations,  1914.  Can  be  obtained  from 
the  Superintendent  of  Documents,  Washington,  D.  C.  Price 
60  cents.     (Govt.  Printing  Office.) 

Notes  on  Field  Fortification,  Army  Field  Engineer 
School.  Can  be  obtained  from  Book  Dept.,  Army  Service 
Schools,  Ft.  Leavenworth,  Kansas.    Price  30  cents. 

Engineer  Field  Manual.  Can  be  obtained  from  Superin- 
tendent of  Documents,  Washington,  D.  C.  Price  $1.00.  (Govt. 
Printing  Office.) 

Military  Topography  for  Mobile  Forces,  Sherrill,  2nd 
Edition.    Banta  Publishing  Co.,  Menasha,  Wis.     Price  $2.25. 

Studies  in  Minor  Tactics,  Army  Service  Schools,  1915. 
Can  be  obtained  from  Book  Dept.,  Army  Service  Schools,  Yt. 
Leavenworth,  Kansas.    Price  50  cents. 

The  Service  of  Coast  Artillery,  Hiues  and  Ward.  Good- 
enough  &  Woglom  Co.,  122  Nassau  Street,  New  York  City. 
Price  $3.50. 

A  free  circular  issued  from  the  office  of  the  Chief  of  En- 
gineers, War  Department,  Washington,  D.  C,  gives  a  com- 
plete bibliography  of  the  subject  of  military  engineering. 
From  this  the  above  titles  have  been  selected. 

JOSEPH  A.  HOLMES  MEMORIAL 

The  Joseph  A.  Holmes  Safety  Association,  formed  to  per- 
petuate the  memory  and  work  of  the  first  director  of  the 
bureau  of  mines,  who  died  last  July,  was  formally  established 
by  old  associates  on  March  3. 

It  was  agreed  that  the  association  shall  each  year  make 
awards  with  honorariums  to  those  who  perfect  the  most  effi- 
cient safety  devices  in  the  mining,  quarrying  and  metallurgical 
industries,  these  awards  to  be  known  as  the  Holmes  awards. 
It  was  also  agreed  that  the  heroism  of  miners  shall  be  re- 
warded. 

Suitable  medals  are  to  be  given  to  those  who  distinguish 
themselves  at  mine  disasters  in  saving  life  and  to  those  whose 
services  in  directing  the  work  at  mine  disasters  are  conspicuous. 
The  association  will  meet  once  each  year  in  Washington,  when 
the  awards  and  medals  wUI  be  publicly  announced.  The  next 
meeting  will  be  held  March  1,  1917. 

A  campaign  to  raise  an  endowment  fund  will  be  started  as 
soon  as  the  permanent  secretary  is  selected.  The  officers 
elected  were:  Van  H.  Manning,  director  of  the  bureau  of 
mines,  president;  Dr.  Charles  D.  Walcott,  secretary  of  the 
Smithsonian  Institution,  first  vice  president ;  Samuel  Gompers, 
president  American  Federation  of  Labor,  second  vice  presi- 
dent. These  officers  also  constitute  the  executive  committee, 
with  the  addition  of  Hennen  Jennings,  Washington,  and  Dr. 
John  A.  Brashear,  Past-President  of  our  Society. 


NAVAL   CONSULTING  BOARD 

At  the  meeting  of  the  Naval  Consulting  Board  held  in  the 
Engineering  Societies  Building  on  March  8,  the  main  topic 
of  discussion  was  the  securing  for  this  country  of  an  adequate 
supply  of  nitrogen  products,  vital  to  the  mifitary  and  agri- 
cultural interests  of  the  country.  The  members  discussed  the 
creation  of  a  synthetic  plant  for  the  fixation  of  nitrogen  from 
the  air,  the  laying  in  of  a  store  of  nitrogen  sufficient  to  last 
througli  tlie  first  year  of  any  war,  and  the  investigation  of 
possible  nitrate  fields  in  the  United  States. 

Spencer  MiUer,  Member  of  the  Council,  and  W.  L.  R. 
Emmet,  the  Society's  two  representatives  on  the  Board,  were 
present. 

ERICSSON  MONUMENT 

Capt.  John  Ericsson,  a  former  member  of  this  Society  and 
one  of  the  greatest  engineering  geniuses  of  the  nineteenth 
century,  was  proposed  as  an  Honorary  Member  of  the  So- 
ciety at  its  foi-matiou  in  1880,  but  he  declined  to  be  so  ranked, 
preferring  to  be  considered  as  still  among  those  bearing  the 
burdens  of  active  practice.  His  friends  in  the  Society  desired 
in  1886  to  give  him  a  testimonial  banquet  in  recognition  of 
his  marvelous  talent,  but  he  would  not  hear  of  it,  even  wlien 
solicited  by  his  most  intimate  friends.  He  died  in  1889,  but 
all  through  the  years  following,  the  efiEect  of  his  epoch-making 
inventions,  notable  among  them  the  screw  propeller,  has  been 
cumulative,  making  it  fitting  that  the  American  nation,  the 
prosperity  of  greatness  of  which  has  been  largely  achieved 
through  engineering,  should  erect  a  perpetual  memorial  to 
liis  name. 

A  bill  has  now  been  introduced  in  Congress  for  the  con- 
summation of  this  plan,  and  the  mechanical  engineering  pro- 
fession at  large  and  the  Society  in  particular  will  look  upon 
its  passage  as  the  expression  of  the  country's  desire  to  pay 
full  tribute  to  one  of  its  greatest  representatives.  A  hearing 
of  this  bill  was  held  in  Washington  on  March  13,  at  which 
Messrs.  Erik  Oberg,  C.  A.  V.  Carllson,  Gust  Fast,  H.  A. 
Gillis,  0.  Ohlson,  C.  von  Philp  and  A.  H.  Raynal,  representing 
the  Society,  were  present.  Our  thanks  are  due  these  gentle- 
men for  their  efforts  to  attend  this  hearing  and  for  their 
service  in  our  interest. 

The  Society  possesses  some  unique  memorabilia  of  Captain 
Ericsson,  which  are  on  exhibition  in  the  Engineering  Societies 
Building  and  which  it  will  repay  all  members  visiting  the 
Society's  rooms  to  see.    Among  these  are: 

An  oU  portrait  executed  by  the  artist  Ballin  and  believed  to 
be  the  only  portrait  painted  of  him. 

A  bust  in  plaster,  presented  by  the  late  James  M.  Dodge,  Past- 
President  of  the  Society,  together  with  a  reproduction 
of  it  in  bronze. 

A  most  valuable  set  of  models,  with  ease,  to  illustrate  his  in- 
ventions and  experiments  in  connection  with  his  work  on 
the  hot  air  engine,  the  solar  motor,  and  other  products  of 
his  inventive  capacity.  This  set  was  originally  prepared 
for  and  exhibited  at  the  Centennial  Exhibition.  It  was 
presented  by  Captain  Ericsson's  executors  to  the  Metro- 
politan Museum  of  Art  in  New  York,  which  in  turn  pre- 
sented it  to  the  Society. 

Further,  there  is  in  the  library  a  monumental  work  written 
and  published  by  Captain  Ericsson  himself  in  1876,  en- 
titled Contributions  to  the  Centennial  Exhibition,  a  state- 
ment of  his  principal  labors  and  an  account  of  his  phi- 
losophical instruments,  engines  and  other  structures. 
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UNITED   ENGINEERING   SOCIETY 

REPORT  OF  TREASURER 

To  THE  Board  of  Trustees, 

United  Engineering  Society. 
I  respectfully  submit  the    following  report  of  j'our  Treas- 
urer for  the  year  ending  December  31st,  1915. 

FINANCES 

Due  to  the  growth  of  the  activities  of  the  United  Engineer- 
ing Society,  it  was  found  desirable  early  in  the  year  to  con- 
solidate the  various  accounts  and  financial  records  of  the 
Society  and  of  the  Library,  heretofore  kept  separately,  and 
to  have  all  the  data  pertaining  to  the  building  and  its  oper- 
ation in  the  charge  of  one  individual.  An  assistant  secretary 
especially  assigned  to  this  work  has  been  appointed,  and  a 
separate  office  has  been  established.  The  Finance  Committee 
has  had  all  of  the  records  brought  fully  to  date  and  has  pre- 
pared a  new  set  of  account  books  to  meet  the  new  conditions. 

The  Real  Estate  Account  now  includes  the  following  items : 

Land $   540,000.00 

Building 1,050,000.00 

Equipment 33,171.16 

Founder  Societies,  Preliminary  expenses 24,000.00 

Total $1,647,171.16 

The  principal  of  the  mortgage  on  the  land  held  by  Andrew 
Carnegie,  amounting  originally  to  $540,000,  has  been  finally 
satisfied  in  full  by  payments  from  the  Land  and  Building 
Funds  of  the  Founder  Societies.  These  payments  were  $5000 
from  the  American  Institute  of  Mining  Engineers  in  January 
and  $54,000  from  the  American  Institute  of  Electrical  Engi- 
neers in  June. 

The  gross  operating  expenses  for  the  year  1915  were 
$44,440.28,  an  increase  of  $4858.64  over  the  gross  expenses 
of  the  preceding  year.  This  increase  was  due  chiefly  to  the 
unusual  alterations  on  the  sixth  floor,  amounting  to  $4258.36. 
The  total  revenue  for  the  year  was  $48,028.20. 

The  funds  available  for  the  uses  of  the  Library  Board  dur- 
ing the  year  were  $17,444.87.  The  expenditures  of  the  Library 
Board  were  $16,415.14,  leaving  an  unexpended  balance  of 
$1029.73. 

The  General  Reserve  Fund  of  $10,000  created  by  the  Board 
of  Trustees  at  a  meeting  held  November  19th,  1914,  to  be  avail- 
able to  take  care  of  unforeseen  fluctuations  of  income  and  out- 
lay, has  been  preserved  intact,  there  arising  no  calls  on  this 
fund  during  the  year  1915. 

At  the  beginning  of  the  year  1915  the  amount  of  Contin- 
gency and  Renewal  Fund  was  $51,441.39.  To  this  amount  has 
been  added  the  sum  of  $2404.28  for  interest  earned  by  the 
investments  for  this  fund  during  the  year,  and  $5000  added 
from  surplus  at  the  end  of  the  year,  bringing  the  total  at  the 
end  of  the  year  to  $58,845.67. 

The  following  summary  shows  the  reserv'e  accounts  and  the 
investments  therefor: 

Depreciation  and  Renewal  Fund S51,441.39 

Add:  Interest  on  Invested  Funds  during  Year  1915. . .  2,404.28 

Transfer  for  the  Year  1915 5,000.00 

$58,845.67 

General  Reserve  Fund 10,000.00 

Engineering  Foundation  Fund 200,000.00 

Library  Endowment  Fund 5,000.00 


During  the  year  the  Finance  Committee  vp;ith  the  assistance 
of  experts  has  revised  the  assessments  for  space  occupied  by 
all  Societies,  Founders  as  well  as  Associates.  In  doing  this, 
consideration  has  been  given  to  location  as  well  as  area  occu- 
pied, and  the  system  of  assessment  made  uniform.  The  sched- 
ule of  rates  is  available  for  examination  by  any  interested  per- 
son or  society. 

GIFTS  AND  E2srD0WirENTS 

On  January  27, 1915,  Mr.  Ambrose  Swasey  presented  to  the 
United  Engineering  Society  the  sum  of  .$200,000  in  securities, 
the  income  only  therefrom  to  be  used  for  the  purposes  of  the- 
Engineering  Foundation,  for  "  the  advance  of  the  engineering 
profession  and  the  benefit  of  mankind." 

On  April  5,  1915,  Dr.  James  Douglas  presented  the  sum  of 
$5000  to  the  United  Engineering  Society  to  form  the  nucleus 
of  an  Endowment  Fund  for  the  Library. 

BUILDING 

Meetings  or  Lectures.  The  record  of  the  number  of  times 
the  rooms  were  used  during  the  year  1915  for  meetings  or  lec- 
tures (not  for  office  occupancj')  is: 

Meeting  Room  number  of  times  occirpiED 

1914  1915  Change 

1st  floor  Foyer 0        1  1  more 

Auditorium 3rd  and  4th  floors . .     76      42  34    less 

No.  1  Assembly  Room 5th  floor 58      53  5    less 

2  Assembly  Room 5th  floor 94      76  18    less 

3  Assembly  Room 5th  floor 46      49  3  more 

5  Assembly  Room 6th  floor 0        2  2  more 

Small  Committee  Room  on..  1st  floor 18      34     16  more 

Assemblv  Room  1201  on . . .  12th  floor 53      30    23    less 


$273,845.67 
The  Astor  Trust  Company  of  New  York  is  the  official  cus- 
todian of  the  securities  of  the  United  Engineering  Society. 


Total 345    287    58    less 

LIBRARY 

During  the  year  the  administration  of  the  Library  has  been 
made  the  subject  of  an  agreement  executed  by  the  three 
Founder  Societies  and  the  United  Engineering  Society  under 
which  all  expenses  of  the  Library  are  paid  from  the  United 
Engineering  Society  office.  Each  Founder  Society  has  con- 
tributed $4000  and  the  remainder  of  $2500  has  been  paid  by 
the  United  Engineering  Society.  The  total  appropriation  for 
books  and  administration  amounted  to  $14,500  for  the  year. 
In  addition  there  were  derived  from  searches,  $2410.80,  and 
from  sales  and  income,  $534.07,  making  a  total  revenue  of 
$17,444.87. 

In  June  there  was  effected  a  consolidation  of  the  various 
insurance  policies  heretofore  held  separately  by  the  Founder 
Societies  and  the  United  Engineering  Society,  into  one  policy 
covering  all. 

Full  details  as  to  the  Library  are  shown  in  the  annual  report 
of  the  Library  Board.     (See  The  Jot'rnal,  February,  1916.) 
Respectfully  submitted, 
{Signed)     Jos.  Struthers,  Treasurer. 

UNITED  ENGINEERING  SOCIETY 
Assets  and  Liabilities,  December  31,  1915 

assets 

Real  Estate $1,647,17L16 

Investments — Engineering  Foundation  Fund 200,000.00 

Library  Endowment  Fund 5,002.50 

General  Funds 58,138.75 

Cash 11,307.05 

Unexpired  Insurance 3,949.16 

Accounts  receivable 3,785.36 


$1,929,353.98 


April 
1916 
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LIABILITIES 

Founders  Equity  in  Property $1,647,171.16 

Due  the  General  Reserve  Fund 10,000.00 

Due  the  Depreciation  and  Renewal  Fund 58,846.67 

Due  the  Engineering  Foundation  Fund 200,000.00 

Due  the  Library  Endowment  Fund 5,000.00 

Due  the  Library  Board,  1915,  Unexpended  balance 1,029.73 

Surplus,  December  31,  1915 7,307.42 


Certified  by 

Bakrow,  Wade,  Guthrie  &  Co. 


$1,929,353.98 


Correct 

Chas.  F.  Rand 
Jesse  M.  Smith 
H.  H.  Barnes 


Finance  Committee. 


NOTES 


The  Case  School  Student  Branch  has  arranged  to  visit  the 
Engineering  Societies  Building  on  April  4.  The  party  will  be 
in  charge  of  Prof.  F.  H.  Vose. 


The  Engineering  School  of  Pennsylvania  State  College,  in 
charge  of  Prof.  Hugo  Diemer,  Professor  of  Industrial  En- 
gineering, will  visit  the  Building  on  April  17. 


Prof.  Joseph  W.  Roe  and  about  75  members  of  the  Senior 
Class  of  Yale  University  will  visit  the  headquarters  of  the 
Society  on  Thursday,  April  13,  while  in  New  York  on  their 
Annual  Inspection  Trip.  An  invitation  has  been  extended  to 
them  to  be  the  guests  of  the  four  metropolitan  Student 
Branches  of  the  Society  who  wiU  hold  a  joint  meeting  that 
evening  at  the  Engineering  Societies  Building. 


The  Institute  of  Metals  has  reconstituted  its  Corrosion  Com- 
mittee. This  committee  exists  primarily  to  investigate  the 
question  of  the  corrosion  of  brass  condenser  tubes,  though  at 
a  later  date  the  corrosion  of  other  metals  (except  iron  and 
steel)  may  be  subjected  to  inquiry. 


The  final  report  of  the  Director  of  Congresses  of  the 
Panama-Pacific  International  Exposition  shows  that  928  con- 
gresses and  conventions  were  held  in  or  near  San  Francisco 
from  February  20  to  December  4,  1915.  This  establishes  a 
new  world's  record  for  conventions. 


The  American  Academy  of  Political  and  Social  Science  an- 
nounces its  twentieth  annual  meeting  on  April  28  and  29.  The 
meeting  will  be  held  in  Philadelphia  and  will  partake  of  the 
nature  of  a  national  conference  on  the  general  topic,  "  What 
America  Stands  for  in  International  Relations,"  and  a  discus- 
sion of  the  most  important  political,  social,  economic  and  finan- 
cial problems  which  have  been  forced  on  this  country  by  the 
abnormal  conditions  abroad.  The  President  of  the  Academy 
is  Dr.  L.  S.  Rowe,  University  of  Pennsylvania. 


Changes  in  the  conditions  governing  the  use  of  gas  for 
domestic  purposes  have  caused  the  New  York  Public  Service 
Commission  to  consider  altering  the  method  of  testing  it,  on 


the  grounds  that  modern  appliances  require  that  gas  should 
have  a  heating  value  only,  and  that  the  present  candle-power 
standard  was  a  hindrance  to  distribution  without  correspond- 
ing advantages,  in  that  it  increased  the  cost  because  of  the 
rising  price  of  the  enriching  oils  that  had  to  be  added,  and 
the  present  standards  were  wasteful  and  burdensome  both  to 
the  consumers  and  to  the  companies. 


The  Cleveland  Engineering  Society,  which  has  secured  a 
reputation  for  unique  publicity  methods,  is  planning  to  issue 
a  special  publication  sometime  during  the  current  year  de- 
signed to  acquaint  the  intelligent  public  with  the  work  of  the 
engineer  and  the  manner  in  which  it  is  performed,  in  the  hope 
that  a  more  intimate  knowledge  of  this  subject  will  increase 
and  improve  the  opportunities  for  engineering  activity,  and 
facilitate  the  proper  and  efficient  execution  of  engineering 
projects.  The  society  solicits  suggestions  concerning  the 
design  of  the  publication  or  the  manner  of  handling  its  physi- 
cal make-up. 

The  following  letter  to  the  Secretary  from  a  member  of  the 
Council  who  was  asked  to  endeavor  to  ascertain  why  a  cer- 
tain member  of  the  Society  living  near  him  had  sent  in  his 
resignation,  indicates  the  splendid  work  our  Chairmen  of  Sec- 
tions are  doing  in  greeting  members  who  are  strangers  but  who 
wear  the  Society's  pin : 

Dear  Mr.  Rice: 

Your  letter  of  March  4  regarding  Mr came  duly 

to  hand. 

I  have  just  returned  from  a  call  on  Mr in  com- 
pany with  Mr ,  Chairman  of  the  Local  Section,  and 

found  that  Mr was  already  prepared  to  withdraw 

his  letter  sending  in  his  resignation  on  account  of  a  rather 
interesting  coincidence. 

Mr happened  to  be  a  guest  at  the  Club  one  noon. 

The  Chairman  of  the  Section  noted  his  A.S.M.E.  pin  and  in- 
troduced himself  with  the  remark  that  he  was  glad  to  meet  him 
but  believed  he  had  never  seen  him  at  any  of  our  local  meet- 
ings.   Mr promptly  replied  that  he  had  not  been  at 

any  of  the  meetings  and  that  he  had  sent  in  his  resignation  to 
the  Society.  The  Chairman  remarked  that  he  felt  he  ought 
not  to  resign,  especially  in  the  light  of  the  excellent  local  meet- 
ings that  we  are  having. 

I  telephoned  Mr this  noon  and  said  that  I  would 

like  to  call  on  him  and  talk  about  The  American  Society  of 
Mechanical  Engineers.  He  told  me  that  he  had  sent  in  his 
resignation  but  would  be  glad  to  talk  with  me  as  he  was  rather 
inclined  to  reconsider  his  action,  since  he  had  met  a  gentleman 
at  the  Club  who  had  told  him  something  about  the  local  activi- 
ties of  the  Society.  I  then  suggested  that  the  Chairman  and  I 
would  like  to  call  on  him  toegther,  and  he  said  that  he  would 
be  glad  to  talk  to  us. 

He  informed  us  that  he  would  send  his  check  for  dues  right 
along. 

Mr is  a  fine  fellow  and  it  would  have  been  a  seri- 
ous loss  to  the  Society  to  have  lost  him  from  its  membership 
roll. 

I  have  written  you  so  fully  regarding  this  matter  more  par- 
ticularly so  that  you  will  have  so  fine  a  concrete  example  in 
mind  of  what  a  well  conducted  Local  Section  of  the  Society 
means  to  our  membership,  since  in  this  case  the  activities  of 
the  Local  Section  have  brought  back  to  us  of  his  own  volition 
a  splendid  member,  who  under  other  conditions  would  have 
been  brought  back  only  after  most  strenuous  urging  and  ex- 
planations, if  at  all.  I  am  personally  confident  that  this  can 
be  considered  as  a  good  indication  of  what  we  can  expect  from 
the  activities  of  our  Local  Sections  along  one  line  and  that 
there  are  many  other  directions  in  which  we  may  expect  the 
Local  Sections  to  strengthen  the  Society  with  equally  marked 
effectiveness. 

Cordially  yours, 


APPLICATIONS  FOR  MEMBERSHIP 


TO  BE  VOTED  ON  MAY  10,  1916 


Members  are  requested  to  scrutinize  with  care  the  follow- 
ing list  of  candidates  who  have  filed  applications  for  member- 
ship in  the  Society.  These  are  subdivided  according  to  the 
grades  for  which  their  ages  qualify  them  and  not  with  regard 
to  professional  qualifications,  i.e.,  the  ages  of  those  under  the 
first  heading  place  them  under  either  Member,  Associate  or 
Associate-Member,  those  in  the  next  class  under  Associate- 
Member  or  Junior,  and  those  in  the  third  class  under  Junior 
grade  only.  AppUeations  for  change  of  grading  are  also 
posted. 

Tlie  Membership  Committee,  and  in  turn  the  Council,  urge 

NEW  APPLICATIONS 

FOR  CONSIDERATION  AS   MEMBER,  ASSOCIATE  OR  ASSOCIATE- 
MEMBER 

Allingham,  Henry  W.,  Cons.  Prod.  Engr., 

British  Govt.,  Nortendon,  Cheshire,  England 

Antonsanti,  Louis,  Contr.  Engr.,  Ponce,  P.  R. 

Breaker,  Harry  C,  Mgr.  Economizer  Dept., 

B.  F.  Sturtevant  Co.,  Boston,  Mass. 

Brinee,  Emil  a..  East.  Rep., 

New  York  Blower  Co.,  E.  Orange,  N.  J. 

Browne,  Gail  H.,  Asst.  Engr., 

Ford,  Bacon  &  Davis,  New  Orleans,  La. 

Gary,  Arthur  F.,  Supt.  of  Trade  School, 

Mass.  Reformatory,  Concord  Junction.  Mass. 

Cole,  William  E.,  Supt., 

Connecticut  Elec.  Mfg.  Co.,  Bridgeport,  Conn. 

Conn,  Charles  F.,  Mgr.,  San  Francisco  Office, 

J.  G.  White  Engrg.  Corp.,  San  Francisco,  Cal. 

Ferguson,  William  B.,  Prod.  Engr., 

Remington  Arms  &  Ammunition  Co.,  Bridgeport,  Conn. 

Gaetje,  John  H.,  Meeh.  Engr., 

Western  Elec.  Co.,  Hawthorne,  111. 

Hausler,  Harry  F.,  Ch.  Draftsman, 

Amer.  Sugar  Refining  Co.  of  N.  Y.,  Brooklj'n,  N.  Y. 

Henderson,  Joseph  W.,  Bureau  Ch., 

Bureau  of  Smoke  Regulation,  City  of  Pittsburgh,  Pa. 

Holmes,  Otis  W.,  Prop., 

O.  W.  Holmes  Co.,  Boston,  Mass. 

IvELLER,  Alfred  R.,  Draftsman, 

The  Morgan  Constr.  Co.,  Worcester,  Ma.ss. 

Lucas,  Chester  L.,  Associate  Editor, 

"  Machinery,"  New  York 

McMuNN,  William  N.,  Contr.  Engr., 

Private  Business,  Chicago,  111. 

MacDonald,  Howard  D.,  Supt.  Experiments,  Tractor  Wks., 

Internatl.  Han-ester  Corp.,  Chicago,  111. 

Meahl,  Philip  J.,  Inventor,  Summit,  N.  J. 

Reese,  Oliver  P.,  Asst.  Engr.  Motive  Pwr., 

Penna.  Lines  West  of  Pittsburgh,  Pittsburgh,  Pa. 

SALiSBintY,  Robert  W.,  Mech.  Engr., 

Texas  &  Pacific  Ry.,  Marshall,  Tex. 

Shreve,  Earl  0.,  Mgr.  Apparatus  Dept., 

Genl.  Elec.  Co.,  San  Francisco,  Cal. 

Simon,  Joseph  J.,  Cons.  Lubrication  Engineer, 

The  Texas  Co.,  New  York 

Smith,  Philip  C,  Supt.  Fdy.  Dept., 

IngersoU-Rand  Co.,  Phillipsburg,  N.  J. 

Stangland,  Robert  S.,  Operating  Engr., 

W.  S.  Bartow  &  Co.,  Inc.,  New  York 

Stanspield,  William  T.,  Genl.  Insptr., 

Globe  Indemnity  Co.,  New  York 

Thompson,  Ralph  C,  Supt..  Cutting  Tool  Supply, 

Remington  Arms  Co.  of  Del.,  Eddystone,  Pa. 

Webre,  Alfred  L.,  Engr., 

J.  H.  Murphy  Iron  Wks.,  New  Orleans,  La. 


the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  catididates  into  Membership  by  advising  the  Sec- 
retary prom^ptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  AU  correspondence  in  regard  to  such 
matters  is  strictly  confidential,  and  is  solely  for  the  good  of  the 
Society,  which  it  is  the  duty  of  every  member  to  promote. 
Unless  objection  is  made  by  some  member  by  May  10,  1916, 
and  providing  satisfactory  replies  have  been  received  from  the 
required  number  of  references,  these  candidates  will  be  bal- 
loted upon  by  the  Council.  Those  elected  to  membership  will 
he  notified  by  the  Secretary  about  June  15,  lOlri. 

West,  Ralph  H.,  Pres.  and  Genl.  Mgr., 

West  Steel  Casting  Co.,  Cleveland,  Ohio 

Willlams,  Lewis  E.,  Ch.  Draftsman,  Dredging  Div., 

The  Panama  Canal,  Off.  of  Res.  Engr.,  Paraiso,  C.  Z. 

WooLFOLK,  William  G.,  Mgr.,  Chicago  Office, 

Sanderson  &  Porter,  Chicago,  lU. 

FOR  consideration   as  associate-member   or   JUNIOR 

Ferguson,  Christian  W.,  Asst.  Supt.,  Outside  Erecting  Dept., 

Henry  R.  Worthington,  Harrison,  N.  J. 

Gaw,  Frederick  W., 

with  Babcock  &  Wilcox  Co.,  Bayonne,  N.  J. 

Hamilton,  Douglass  T.,  Assoc.  Editor, 

"  Machinery,"  New  York 

Hammond,  John  H.,  Jr.,  Inventor,  Gloucester.  Mass. 

Harlow,  Archibald  S.,  Dept.  Head, 

Bosch  Magneto  Co.,  Springfield,  Mass. 

Haynes,  Claude  P.,  Prod.  Engr., 

Curtiss  Aeroplane  &  Motor  Corp.,  Buffalo,  N.  Y. 

Horthy,  William  A.,  Mech.  Engr.,  Tractor  Wks., 

Internatl.  Harvester  Co.,  Chicago,  lU. 

Lewis,  Alexander  T.,  Mem.  Firm, 

Lewis,  Robinson  &  Gant,  Engrs.,  Philadelphia,  Pa. 

Li'NDGREN,  Frederick  G.,  Mech.  Engr., 

Amer.  Car  &  Fdy.  Co.,  Terre  Haute,  Ind. 

Mayer,  Leo,  Constr.  Engr., 

Otis  Elevator  Co.,  Cleveland,  Ohio 

Pollock,  Robert  T., 

with  New  England  Westinghouse  Co.,  Springfield,  Mass. 
RowE,  Harold  E.,  Asst.  Wks.  Engr., 

The  Carborundum  Co.,  Niagara  Falls,  N.  Y. 

Shuster,  Myer  M., 

with  Remington  Arms  Co.,  Eddystone,  Pa. 

AViESE,  Oscar  H.,  Draftsman  and  Checker, 

Mcintosh  &  SejTnour  Corp.,  Auburn,  N.  Y. 

FOR  CONSIDERATION   AS  JUNIOR 

Barry,  J.  Joseph,  Asst.  Supt., 

Internatl.  Trade  Exch.,  Inc., 
Beard,  James  T.,  Jr.,  Dist.  Mgr., 

Combustion  Engrg.  Corp., 
Brown,  Harold  A.,  Overseer  of  Planning, 

Winchester  Repeating  Arms  Co.,  New  Haven,  Conn. 

Bruback,  Theodore  M.,  Asst.  Engr., 

Vulcan  Soot  Cleaner  Co.,  Du  Bois,  Pa. 

CORBETT.  William  B..  Mech.  Designer, 

Terry  Steam  Turbine  Co.,  Hartford,  Conn. 

Eastman,  Robert  L.,  Tech.  App., 

Aultman  &  Taylor  Mchy.  Co.,  Mansfield,  Ohio 

Faulkner,  Fred  L.,  Exper.  Engrg.  Dept., 

Western  Elec.  Co.,  Chicago,  HI. 

Hunt,  Charles  W.,  Asst.  Estimator  for 

C.  W.  Hunt  Co..  Inc..  W.  New  Brighton,  N.  Y. 

Kasper,  Walter  F.,  Mech.  Engr., 

Fairmont  Gas  Eng.  &  Rwy.  Motor  Car  Co.,  Fairmont,  Minn. 
KuHLEN,  Frederick.  Jr.,  Safety  Engr., 

Globe  Indemnity  Co.,  New  York 


Boston,  Mass. 
Cincinnati,  Ohio 
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New  York 

Chicago,  111. 


Lassiter,  Robekt  R., 

with  The  Texas  Co., 
Le  Vally,  John  R.,  Engr., 

Burrell  Belting  Co., 
Marshall,  William  A.,  with  ilecli.  Dept.. 

Jones  I'c  Laughlin  Steel  Co.,  AVoodlawn,  Pa. 

Maxpield,  Lewis  S.,  Draftsman,  Motive  Pwr.  Dept., 

Interborough  Rapid  Transit  Co.  and  New  York  Rwys.  Co., 

New  York 
Mayer.  Jajies  L.,  Mech.  Draftsman, 

Mark  Mfg.  Co., 
Metcalf,  George  R.,  Jr.,  Lab.  Asst., 

Engrg.  Dept.,  Yale  Univ., 
Miller,  Clarence  A.,  Student  Grad., 

Yale  Univ., 
Pearce,  Clinton  E.,  Instr.  in  Mch.  Design, 

Meeh.  Engrg.  Dept.,  Lafavette  College, 
RiGGS,  George,  Asst.  in  Meh.  Design, 

Yale  Univ., 
Ritter,  Ralph  B.,  Valve  Engr., 

Detroit  Lubricator  Co., 
Sampter,  Herbert  C, 

322  West  76th  St., 
Smith,  Lloyd  G.,  Asst.  Foreman,  Boiler  Shop, 

Standard  Oil  Co., 
Swinnet,  Stuart  L.. 

with  The  Texas  Company,  Port  Arthur,  Tex. 

Tehle,  Charles  J.,  Student  App., 

Aultman  &  Taylor  Mchy.  Co..  Mansfield,  Ohio 

APPLICATIONS  FOR  CHANGE  OF  GRADING 
promotion  from  associate 

Breckenridge,  Clarence  E.,  Asst.  Ch.  Engr., 

Aetna  Explosives  Co.,  Inc.,  New  York 

Christie,  Alex.  G.,  Assoc.  Prof.  Meeh.  Engrg., 

Johns  Hopkins  Univ.,  Baltimore,  Md. 

Taylor,  Cecil  H.,  Cons.  Engr., 

Taylor  &  Neuteboom,  Detroit,  Mich. 

promotion  from  associate-member 
Henderson,  Herbert,  Constr.  Engr., 

Gulf  Refining  Co.,  Port  Arthur,  Tex. 

Staniar,  William,  Meeh.  Engr.. 

E.  I.  du  Pout  de  Nemours  &  Co.,  Wilmington,  Del. 

promotion  from  junior 
Barnes,  Arthur  F.,  Dean  of  Engrg., 
New  Mex.  College  of  A.  &  M.  E.,        State  College,  N.  Mex. 


Zanesville.  ( )lu(i 

New  Ha\en,  Conn. 

Franklin,  Pa. 

Easton,  Pa. 

New  Haven,  (_'onn. 

Detroit,  Mich. 

New  York 

Whiting.  Ind. 


Hagy,  James  L.,  Instr.  in  Mech.  Draft,  and  Mch.  Design, 

Philadelphia  Trades  School,  Philadelphia,  Pa. 

HoNYWiLL,  Albert  W.,  Jr.,  Engr., 

Terry  Steam  Turbine  Co.,  Hartford,  Conn, 

Otto,  Henry  S.,  Cons.  Engr.,  and  Treas., 

Albert  T.  Otto  &  Sons,  Special  Mchy,,  Importers 

and  Exporters,  New  York 

PoLLEDO,  YsiDORO  Y.,  Cons.  Practice,  Havana,  Cuba 

Reed,  Chester  T.,  Secy., 

Reed  &  Prince  Mfg.  Co.,  Worcester,  Mass. 

Van  Cleve,  Horatio  P.,  Ch.  Draftsman, 

Harrington,  Howard  &  Ash,  Cons.  Engrs., 

Kansas  City,  Mo. 

SUMMARY 

New  applications 68 

Applications  for  change  of  grading : 

Promotion  from  Associate 3 

Promotion  from  Associate-Member 2 

Promotion  from  Junior ~ 

Total 80 

SUMMARY    SHOWING    AVERAGE    AGE    AND    POSI- 

ITIONS  OF  APPLICANTS  ON  BALLOT  CLOSING 

APRIL  8,  1916 

Average  age  of  applicants: 

Members   45 

Associates  35 

Associate-Members  31 

Junioi's  24 

Positions  held  by  applicants : 

Executives,  including  Presidents,  Vice-Presidents,  Treas- 
urers, Directors,  Members  of  Firms,  General  Managers     8 

Professors,  Associate-Professors,  Instructors 5 

General  Superintendents,  Superintendents,  Assistant  Su- 
perintendents, Mechanical   Superintendents 14 

Consulting,  Contracting  and  Constructing  Engineers 3 

Chief  Engineers,  Assistant  Chief  Engineers 6 

Mechanical  Engineers,  Engineers,  Assistant  Engineers..  15 
Chief  Draftsmen,  Assistant  Chief  Draftsmen,  Designing 

Engineers,  Estimators 12 

Managers,  Assistant   Managers,   Sales  Managers,   Sales 

Engineers 3 

Other  classifications 12 

Total 78 


GEOGRAPHICAL  INDEX 


(Applications  for  promotion  from  any  grade  will  be  indicated  by  the  initials  of  that  grade) 


California 

Han  Francisco — Conn,  C.  F. 
Shreve,  E.  O. 
Canal  Zone 

Paraiiii — Williams,  L.  E. 
Connecticut 

Bridgeport — Cole,  W.  E. 

Ferguson,  W.  B. 
Hartford — Corbett,  W.  B. 

Honywill,  .A.  W.,  Jr. 
Hew  Haven — Brown,  H.  A. 

Metcalf,  G.  E.,  Jr. 
Rlggs,  Geo. 
Cuba 

Haiana — Polledo,  Y.  (J.) 
Delaware 

Wilmington — Staniar,   W.    (AM. 
'EngXaad 

Nortendon — Allingham,  H.  W. 
niinois 

Chicago — Faulkner,  F.  L. 
Horthy,  W.  A. 
Le  Vally,  J.  R. 
McMunn,  W.  N. 
MacDonald,   H.   D. 
Woolfolk,  W.  G. 
Hawthorne — Gaetje,  J.  H. 
Indiana 

Terre  Haute — Lundgren,  F.  G. 
Whiting — Smith,  L.  G. 
Louisiana 

Xcw  Orleans — Browne.  G.   H. 
Webre,  A.  L. 


(J.) 


Maryland 

Baltimore — Christie,  A.  G.   (A.) 
Massachusetts 

Boston — Barry,  J.  J. 

Breaker,  H.  O. 
Holmes,  O.  W. 

Concord  Junction — Cary,  A.  F. 

Gloucester — Hammond,  J.  H.,  Jr. 

Springfield — Harlow,  A.  S. 
Pollock,  R.  T. 

Worcester — Keller,  A.  R. 

Reed,  C.  T.   (J.) 
Michig:an 

Detroit — Ritter,  R.  B. 

Taylor,  C.  H.  (A.) 
Minnesota 

Fairmont — Easper,  W.  F. 
Missouri 

Kansas  Cltu — Van  Cleve,  H.  P.   (J.) 
New  Jersey 

Bayonne- — Gaw,  F.  W. 

E.  Orange — Briner,  E.  A. 

Harrison — Ferguson,  C.  W. 

PhilUpshury — Smith.  P.  C. 

Summit — Meahl,  P.  J. 
New  Mexico 

State  College — Barnes,  A.  F.  (J.) 
New  York 

Auburn — Wiese,  O.  H. 

Brooklyn — Hausler,   H.  F. 

Buffalo — Haynes,  C.  P. 

Xiaoara  Falls — Rowe,  H.  E. 


Xew  York — Breckenridge,  C.  E.   (.\.) 
Hamilton,  D.  T. 
Kuhlen,  F.,  Jr. 
Lassiter,  R.  R. 
Lucas,  C.  S. 
Maxfleld,  L.  S. 
Otto,  H.  S.   (J.) 
Sampter,  H.  C. 
Simon,  J.  J. 
Stangland,  R.  S. 
Stansfleld,  W.  T. 
IK.  New  Brighton — Hunt,  C.  W. 
Ohio 

Cincinnati — Beard,  J.  T.,  Jr. 
Cleveland — Mayer,  Leo 
West,  R.  H. 
Mansfield — Eastman,  R.  L. 

Tehle.  C.  J. 
Zanesville — Mayer,  J.  L, 
Pennsylvania 

Du  Boia — Bruback,  T.  M. 
Eddystone — Shuster,  M.  M. 

Thompson,  R.  C. 
Franklin — Miller,  C.  A. 
Lafayette  College — Pearce.  C.  E. 
Philadelphia — Hagy,  J.  L.   (J.) 

Lewis,  A.  T. 
Pittsburgh — Henderson,  J.  W. 

Reese,  O.  P. 
Woodlawn — Marshall,  W.  A. 
Porto  Bico 

Ponce — Antonsantl,  L. 
Texas 

Marshall — Salisbury,  R.  W. 
Port  Arthur — Henderson.  H.    (.4.M) 
Swinney,  S.  L. 


PERSONALS 


rmS  department  is  intended  for  items  about  members  of  the  Society,  their  professional  work 
and  incidents  concerning  them  which  may  he  of  interest  to  the  membership  in  general.  Items 
are  solicited  upon  important  engineering  developments  in  which  members  have  been  associated,  and 
also  newspaper  clippings  or  manuscripts  of  addresses  delivered  by  members  at  meetings  of  any  kind 
are  desired.  It  is  hoped  that  every  member  of  the  Society  will  furnish  an  interesting  item  occa- 
sionally for  publication  in  the  Journal. 


William  H.  Burleigh  has  become  affiliated  with  the  Burleigh 
Engineering  Company  of  Kansas  City,  Mo. 

H.  D.  Kemp  has  become  affiliated  with  the  British  Munitions 
Company,  Ltd.,  Montreal,  Canada. 

A.  G.  Christie  is  the  author  of  an  article  on  Calgary's  Prin- 
cipal Power  Plant,  which  appears  in  the  March  14  issue  of 
Power. 

Reginald  Trautsehold  has  contributed  a  paper  on  Jackets 
for  Gas  and  Oil  Engines  to  the  March  15  issue  of  the  Prac- 
tical Engineer. 

S.  P.  Savage  has  accepted  the  position  of  mechanical  engi- 
neer with  Harrj'  R.  Westcott,  consulting  engineer  of  New 
Haven,  Conn. 

J.  A.  LeBlond  was  elected  secretary  of  the  Cincinnati  branch 
of  the  National  Metal  Trades  Association,  at  the  annual  meet- 
ing, March  3. 

Robert  T.  Kent  is  the  author  of  an  article  on  Transmitting 
Power  by  Leather  Belting,  which  appears  in  the  March  2  issue 
of  The  Iron  Age. 

Leon  C.  Welch,  superintendent  of  the  cygnet  division  of  the 
Buckeye  Pipe  Line  Company,  Cleveland,  0.,  has  been  trans- 
ferred to  Lima,  0. 

H.  A.  Cozzens,  Jr.,  has  contributed  an  article  on  Testing 
Plant  Materials  for  Break-Down  Voltage  to  the  March  11  issue 
of  Electrical  World. 

G.  L.  Knight  has  contributed  an  article  on  Building  an  Un- 
usual Foundation  for  a  Heavy  Machine,  to  the  March  2  issue 

of  Engineering  News. 

Frederick  A.  Geier,  president  of  the  Cincinnati  Milling  Ma- 
chine Company,  sailed  from  New  York,  March  11,  for  a 
month's  cruise  in  the  West  Indies. 

A  brief  article  on  Planning  Delivery  Dates  in  a  Textile- 
Machine  Plant  by  Arthur  0.  Berry,  appears  in  the  March  16 
issue  of  the  American  Machinist. 

Carroll  E.  Adams  has  severed  his  connection  with  Jenks 
and  Ballon  to  accept  the  position  of  engineer  with  the  Glenlyon 
Dye  Works  of  Saylesville,  R.  I. 

Dugald  C.  Jackson  of  the  Massachusetts  Institute  of  Tech- 
nology, will  talk  on  High-Power  Traction  before  the  Detroit 
Engineering  Society,  April  7. 

John  McK.  Ballou,  formerly  with  the  Babcock  and  Wilcox 
Company,  Bayonne,  N.  J.,  has  entered  the  employ  of  the  Ford 
Marine  Appliance  Company  of  New  York. 

David  C.  Fenner,  formerly  in  the  employ  of  the  General 
Vehicle  Company,  Inc.,  New  York,  has  become  identified  with 
the  International  Motor  Company  of  New  York. 

An  informal  library  talk,  illustrated  by  lantern  slides,  on 
Engineering  Fallacies,  was  given  by  H.  de  B.  Parsons,  Mana- 
ger, Am.Soc.M.E.,  at  the  March  30  meeting  of  the  Brooklyn 
Engineers'  Club. 


Curtis  A.  Mees  has  resigned  as  designing  engineer  of  the 
Southern  Power  Company,  Charlotte,  N.  C,  and  will  engage 
in  practice  as  consulting  engineer  at  Charlotte,  N.  C,  after 
May  1. 

J.  E.  Lawton,  for  the  last  nine  years  inspector  and  chief 
inspector  of  The  Panama  Canal,  has  resigned  to  accept  a 
position  as  consulting  engineer  and  sales  manager  for  Ward 
and  Company,  manufacturers'  agents,  at  Washington,  D.  C. 

A.  D.  Stancliff,  until  recently  in  the  employ  of  the  Texas 
Portland  Cement  Company,  Dallas,  Tex.,  as  field  engineer, 
lias  become  identified  with  the  Hawkeye  Portland  Cement  Com- 
jjany,  Des  Moines,  la. 

L.  M.  Allison  has  become  associated  with  the  aeronautical 
department  of  the  Poison  Iron  Works,  Toronto,  Canada.  He 
was  until  recently  in  the  employ  of  the  Sturtevant  Aeroplane 
Company,  Boston,  Mass.,  as  chief  draftsman. 

Frederick  P.  Nehrbas  has  severed  his  connections  with  the 
Lyons  Atlas  Company,  Indianapolis,  Ind.,  as  factory  manager, 
to  accept  a  position  with  the  Premier  Motor  Corporation  of 
the  same  city  in  the  capacity  of  production  manager. 

E.  P.  Worden,  until  recently  connected  with  the  Fred.  M. 
Prescott  Steam  Pump  Works,  Milwaukee.  Wis.,  as  manager, 
has  been  appointed  chief  engineer  of  Henry  R.  Worthington, 
Harrison,  N.  J. 

Russell  J.  Hawn  has  accepted  the  position  of  manager  with 
the  Ohio  Chemical  Company  of  Springfield,  0.  He  was  until 
recently  connected  with  the  Virginia  Portland  Cement  Com- 
pany, Fordwick,  Va.,  as  manager. 

Arthur  Walser  returned,  April  1,  to  Rio  de  .Janeiro.  Brazil, 
where  he  is  connected  with  the  Brazilian  General  Electric  Com- 
pany as  engineer,  after  spending  a  few  weeks  at  the  Schenec- 
tady, N.  Y.,  works  of  the  General  Electric  Company. 

H.  M.  Montgomery  and  C.  W.  Humphrey,  consulting  and 
contracting  engineer,  have  formed  a  partnership  under  the 
firm  name  of  Humphrey  and  Montgomery,  with  offices  at  327 
S.  La  Salle  Street,  Chicago,  lU. 

George  H.  Houston  until  recently  connected  with  the  Root 
and  Van  Dervoort  Engineering  Company,  East  Moline,  111., 
in  the  capacity  of  superintendent,  has  become  associated  with 
the  Premier  Brass  and  Forgings  Company,  Cleveland,  0. 

Boyd  Nixon  has  accepted  a  position  with  the  Niles  Tool 
Works  Company,  Cleveland,  O.  He  was  until  recently  Pacific 
coast  representative  of  the  Eastern  Machine  Tool  Builders  of 
Glassboro,  N.  J. 

Daniel  M.  Rugg  has  become  associated  with  the  Gas  Machin- 
ery Company  of  Cleveland,  0.  He  was  formerly  connected 
with  the  Chattanooga  Gas  and  Coal  Products  Company.  Chat- 
tanooga. Tenn.,  in  the  capacity  of  superintendent. 

William  L.  Saunders  was  the  principal  speaker  at  the  sixth 
annual  banquet  of  the  Westinghouse  employees  in  the  Pitts- 
burgh district,  held  at  the  Fort  Pitt  Hotel,  March  11,  under 
the  auspices  of  the  Westinghouse  Club.  Mr.  Saunders  chose 
for  his  subject.  Industrial  Preparedness  for  Peace  and  War. 
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Robert  Gr.  Nye,  for  the  past  5V2  yeare  comiected,  in  various 
capacities,  with  the  Buffalo  Forge  Company  of  Buffalo,  N.  Y., 
has  tendered  his  resignation  as  factory  manager  to  accept  a 
similar  position  with  the  Alberg«r  Pump  and  Condenser  Com- 
pany of  New  York  at  the  Newburgh  works. 

Papers  by  Robert  \V.  Hunt  and  H.  B,  MacFarland  on  The 
Nick  and  Break  Test  in  the  Inspection  of  Steel  Rails,  and  Test 
of  Douglas  Fir  Bridge  Stringei-s,  respectively,  were  presented 
at  the  17th  annual  convention  of  the  American  Railway  Engi- 
neering Association  held  in  Chicago,  March  21  to  23. 

William  Tietze  has  accepted  the  position  of  chief  engineer 
"with  Cudahy  Brothers  Company,  Cudahy,  Wis.  He  was  for- 
merly aflSliated  with  the  Pierce  Phosphate  Company,  Pierce, 
Fla.,  as  chief  engineer  of  power  plants. 

Arthur  L.  Westcott,  formerly  assistant  professor  of  mechan- 
ical engineering  at  the  University  of  Missouri,  Columbia,  Mo., 
has  been  appointed  superintendent  of  buildings  of  the  Univer- 
sity. This  position  includes  the  supervision  of  the  University 
lighting,  heating  and  plumbing  plant. 

C.  M.  Wilkinson  has  accepted  a  position  with  the  Briscoe 
Motor  Corporation,  Jackson,  Mich.,  in  the  capacity  of  super- 
intendent of  buildings.  He  was  formerly  associated  with  M. 
C.  Schwab,  consulting  engineer  of  Chicago,  111.,  as  engineer 
and  construction  superintendent. 

F.  Leroy  Newcomb  has  left  the  emjaloy  of  the  Standard  Oil 
'Company  of  New  Jersey  with  which  he  was  connected  as  as- 
sistant chief  draftsman  in  the  general  engineermg  depart- 
ment, to  accept  the  position  of  draftsman  with  the  Ammo- 
Phos  Company  of  New  York. 

Lester  B.  Paterson,  formerly  electrical  tester  at  the  Van 
Nest  electrical  shops  of  the  New  York,  New  Haven  and  Hart- 
ford Railroad,  Van  Nest,  N.  Y.,  has  been  appointed  scheduling 
engineer  with  the  same  railroad,  with  headquarters  at  the 
Readville,  Mass.,  shops. 

Daniel  W.  Mead,  formerly  professor  of  hydraulic  and  sani- 
tary engineering  at  the  University  of  Wisconsin,  Madison, 
Wis.,  has  announced  his  association  vnth  F.  W.  Scheidenhelm 
in  the  practice  of  engineering,  with  ofiSces  in  the  Equitable 
Building,  New  York. 

P.  P.  Bourne,  formerly  chief  engineer  of  Blake  and  Knowles 
Steam  Pump  Works,  East  Cambridge,  Mass.,  is  again  asso- 
ciated with  the  International  Steam  Pump  Company  in  connec- 
tion with  special  engineering  work,  with  headquarters  at  the 
New  York  ofBce. 

George  K.  Parsons,  until  recently  associated  with  the  Ameri- 
can Vulcanized  Fibre  Company  of  Wilmington,  Del.,  has 
opened  offices  in  the  Equitable  Building,  New  York,  and  also 
in  the  Riggs  Building,  Washington,  D.  C.,  to  practice  consult- 
ing engineering. 

Ellis  Soper  of  the  Soper  Engineering  Company  of  Chatta- 
nooga, Tenn.,  construction  engineer  on  the  Market  Street 
Bridge,  has  been  appointed  chief  engineer  of  design  and  con- 
struction of  the  plant  of  the  Cuban  Portland  Cement  Company, 
Havana,  Cuba. 

E.  T.  Spidy  is  the  author  of  an  article  entitled  The  Locomo- 
tive: From  Early  Efforts  to  Modern  Developments,  which 
was  read  before  the  Western  Canada  Railway  Club,  Winnipeg, 
Man.,  and  published  in  the  March  9  issue  of  Canadian  Machin- 
ery. 

At  the  14th  annual  meeting  of  the  Worcester  branch  of  the 
National  Trades  Association,  March  10,  Jerome  R.  George  was 
elected  president,  and  Geo.  I.  Alden  and  Albert  J.  Gifford  were 
elected  members  of  the  executive  board.  John  W.  Higgins,  re- 
tiring president,  was  made  an  honorary  member  of  the  Asso- 
ciation. 

A.  V.  Wadsworth,  for  many  years  foreman  in  the  shops  of 
the  National  Transit  Company,  Oil  City,  Pa.,  and  for  the  past 
four  years   general   superintendent   of  the   Buckeye   Traction 


Ditcher  Company,  Findlay,  0.,  has  accepted  the  position  of 
general  manager  of  the  Dayton  Pipe  Coupling  Company,  Day- 
ton, 0. 

Thomas  R.  H.  Murphy,  former  member  of  Joseph  H.  Wal- 
lace and  Company,  New  York,  has  recently  become  identified 
with  the  engineering  staff  of  the  Mattagami  Pulp  and  Paper 
Company,  Ltd.  Mr.  Murphy  will  be  the  company's  resident 
engineer  in  charge  of  building  their  hydro-eleetric  power  de- 
velopment and  a  75-ton  high  grade  bleached  sulphite  pulp  mill 
at  Smooth  Rock  Falk,  Ontario,  Canada. 

George  M.  Basford,  chief  engineer  of  the  railroad  depart- 
ment of  Joseph  T.  Ryerson  and  Son,  has  severed  his  connection 
with  that  company  "to  assume  the  duties  of  president  of  the 
Locomotive  Feed  Water  Heater  Company,  New  York.  This 
company,  which  has  just  been  organized,  will  develop  and  han- 
dle for 'locomotive  use  the  film  heater  designed  and  patented 
liy  Luther  D.  Lovekin,  chief  engineer  of  the  New  York  Ship 
Building  Company.  E.  A.  Averill,  formerly  with  the  Standard 
Stoker  Company,"  New  York,  is  connected  with  the  new  com- 
pany in  the  capacity  of  vice-president.  Mr.  Basford  will  also 
form  the  G.  M.  Basford  Company  to  handle  the  advertising 
accounts  of  a  number  of  railway  supply  concerns. 

NECROLOGY 

ERASMUS   DARWIN    LEAVITT 

Erasmus  Darwin  Leavitt,  Honorary  Member  and  oldest  liv- 
ing Past-President  of  the  Society,  died  in  Cambridge,  Mass., 
on  March  11,  1916,  where  he  lived  for  many  years.  He  was 
born  in  Lowell,  Mass.,  on  October  27,  1836. 

He  received  his  education  in  the  public  schools  of  LoweU, 
and  in  1852  he  entered  the  LoweU  Machine  Shop  as  an  appren- 
tice, where  he  served  for  three  years,  after  which  he  was  em- 
ployed by  Corliss  &  Nightingale  for  one  year.  In  1858  he 
was  employed  by  Harrison  Loring  at  the  City  Point  Works 
at  South  Boston  as  assistant  foreman,  and  had  charge  of  the 
construction  of  the  engine  of  the  U.  S.  S.  (flagship)  Hart- 
ford. From  1859  to  1861  he  was  chief  draftsman  for  Thurston, 
Gardner  &  Co.,  Providence,  R.  I.,  then  among  the  few  build- 
ers of  high  class  steam  engines ;  from  there  he  entered  the 
United  States  Navy  in  1861. 

He  served  in  the  Navy  during  the  CivU  War,  and  until  1867, 
when  he  resigned.  During  this  time  he  saw  service  on  the  gun- 
boat Sagamore  in  the  Eastern  Gulf  Squadron  from  Septem- 
ber, 1861  until  July,  1863,  when  he  was  promoted  to  the  ofBce 
of  second  assistant  engineer,  and  afterwards  was  engaged  in 
construction  duty  at  Baltimore,  Boston  and  Brooklyn.  Two 
years  later  he  was  detailed  to  the  Naval  Academy  at  Annapo- 
lis as  instructor  in  steam  engineering,  and  from  there  resigned 
from  the  service. 

He  immediately  (1867)  entered  the  practice  of  mechanical 
engineering  and  from  that  time  began  to  be  well  known  and 
became,  probably,  the  most  prominent  mechanical  engineer  in 
office  practice  in  the  United  States. 

In  1869  a  simple  condensing  engine  having  a  steamboat 
walking  beam  and  cam  valve  gear  was  built  from  his  design 
for  the  Plymouth  Cordage  Co.  by  Harrison  Loring  at  the  City 
Point  Works,  Boston,  Mass.  The  engine  is  still  in  working  ' 
order,  but  has  a  Corliss  cylinder  and  valve  gear.  Mr.  Leavitt 
remained  consulting  engineer  for  the  Plymouth  Cordage  Co. 
from  that  time  until  two  or  three  years  ago,  when  poor  health 
caused  him  to  resign.  Mr.  Gideon  F.  Holmes,  late  treasurer 
of  that  company,  stated  some  years  ago  that  nothing  but  good 
came  to  the  Plymouth  Cordage  Co.  from  Mr.  Leavitt's  con- 
nection with  it. 

Mr.  Leavitt's  fame  as  an  engineer  may  be  said  to  have  be- 
gun with  the  installation  of  the  pumping  engine  at  Lynn,  Mass. 
The  economy  of  pumping  engines  had  long  interested  him,  and 
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with  the  assistance  of  George  H.  Norman  of  Newport,  R.  I., 
he  was  able  to  design  an  engine  for  Lynn  that  embraced  all 
his  ideas  for  economy.  This  engine  was  a  beam  compound, 
the  cylinders  being  at  the  bottom  and  the  beam  overhead.  The 
cylinders  were  inclined,  and  had  their  lower  ends  together, 
and  one  drove  one  end  of  the  beam  and  the  other  the  other 
end.  The  pump  was  vertical  and  connected  to  one  end  of  the 
beam,  and  the  connecting  rod  on  the  other.  The  Thames-Dit- 
ton  bucket  and  plunger  pump  was  used,  the  suction  being  sin- 
gle and  the  discharge  double  acting.  After  this,  Mr.  Leavitt 
adopted  differential  plungers,  these  being  single  acting  on  the 
suction  and  double  on  the  discharge. 

This  engine  marked  an  era  in  the  economy  of  pumping 
engines  throughout  the  world.  It  was  officially  tested  by  W.  E. 
Worthen,  J.  C.  Hoadley,  James  P.  Kirkwood,  Charles  Her- 
many  and  Joseph  P.  Davis,  their  final  report  being  dated  June 
1, 1874.  The  duty  was  based  upon  the  work  done  per  hundred 
pounds  of  coal  and  the  quantity  of  water  was  determined  by 
weir  measurement.  The  duration  of  the  test  was  from  11  a.m., 
December  10,  until  3  p.m.,  December  12,  1873,  or  52  hours, 
without  a  stop.  Upon  this  basis  the  duty  was  103,923,215  ft. 
lb.  per  100  lb.  of  picked  Lackawanna  anthracite  coal. 

The  Lynn  engine  was  quickly  followed  by  a  pair  of  similar 
engines  coupled  together,  but  of  somewhat  larger  size,  for  the 
water  works  of  Lawrence,  Mass.  The  test  was  conducted  by  W. 
E.  Worthen,  J.  C.  Hoadley,  and  Joseph  P.  Davis,  and  a  duty 
of  96,186,979  ft.  lb.  of  work  per  100  lb.  of  coal  was  reported, 
the  water  being  measured  by  a  weir.  In  the  report  of  this  test 
was  included  a  combined  indicator  diagram,  which  was  the 
first,  probably,  to  be  made  in  this  country.  It  was  plotted  by 
Mr.  Hoadley,  and  its  appeararlce  caused  much  interest  among 
engineers,  and  the  use  of  the  word  "  adiabatic  "  in  connection 
with  it  created  a  new  interest  in  the  behavior  of  steam. 

Upon  the  recommendation  of  James  B.  Francis,  the  famous 
hydraulic  engineer  of  Lowell,  Mr.  Leavitt  was  appointed  con- 
sulting and  Mechanical  engineer  of  the  Calumet  &  Hecla 
Mining  Co.  in  1874,  a  position  which  he  retained  until  1904. 
Here  Mr.  Leavitt  had  many  opportunities  to  display  his  pow- 
ers as  a  designer  of  heavy  machinery  for  pumping,  general 
power  purposes,  hoisting,  and  stamping. 

Water  was  needed  in  large  quantities  for  condensing,  wash- 
ing out  copper,  and  domestic  consumption  for  the  town  of 
Calumet.  Mr.  Leavitt  abandoned  the  Lynn  tjrpe  of  pumping 
engine,  placed  the  beam  at  the  bottom  and  the  steam  cylinders 
above.  At  fiist  one  cylinder  only  was  inclined  and  the  other 
vertical,  but  soon  afterwards  both  cylinders  were  vertical,  the 
pumps  in  all  cases  being  below  and  vertical.  At  the  time  of 
placing  both  cylinders  vertical,  instead  of  having  the  high 
pressure  exhaust  and  low  pressure  inlet  valves  work  simul- 
taneously, as  previously,  the  latter  was  made  a  cut-off  valve 
and  re-heaters  were  placed  between  the  cylinders.  The  engine 
was  thus  changed  from  having  continuous  expansion  through 
both  cylinders  to  one  having  interrupted  expansion,  but  no 
doubt  with  improved  economy. 

The  engine  "  Superior,"  with  cylinders  40  in.  and  70  in. 
diameter,  stroke  6  ft.,  60  r.p.m.,  was  the  largest  engine  buUt 
for  the  Calumet  &  Hecla  Co.  This  was  an  inverted  compound 
beam  engine  and  was  used  for  driving  hoisting  drums  and  air 
compressors.  The  connecting  rod  ran  from  a  pin  in  the  top 
of  the  beam,  and  the  crank  was  at  one  end.  The  crank  was 
double  armed  and  drove  in  both  directions,  the  hoisting  ma- 
chinery being  on  one  side  and  the  air  compressors  on  the 
other.  The  crank  pin  was  18  in.  by  24  in.  The  flywheel  was 
36  ft.  in  diameter  and  was  also  a  belt  wheel. 

As  the  plant  used  a  great  deal  of  compressed  air  Mr.  Leav- 


itt had  necessarily  to  consider  the  problem  of  its  supply,  and 
after  a  time  designed  some  42  in.  x  60  in.  wet  compressors  in 
pairs.  Two  pairs  of  this  design  were  built,  but  later  additions 
were  dry  compressors. 

Water  was  used  at  the  stamp  miUs  more  than  elsewhere,  and 
after  building  several  ordinary  sized  pumping  engines  for  this 
work,  he  built  one  of  60  mUIion  gallons  capacity  in  24  hours. 
This  had  two  plungers  of  48  in.  diameter  and  its  stroke  was 
90  in. 

Up  to  1886  Mr.  Leavitt's  standard  steam  pressure  was  135 
lb.  per  sq.  in.,  but  in  that  year  he  began  the  design  of  triple 
expansion  engines  and  adopted  185  lb.  pressure.  His  triple 
expansion  engines  were  modifications  of  the  compound  in  hav- 
ing the  high  and  intermediate  pistons  operate  on  one  end  of 
the  beam  and  the  low  on  the  other.  Engines  of  this  type  for 
hoisting,  pumping  and  general  power  work  were  designed  but 
later  some  with  three  cranks  were  built. 

One  of  the  most  important  pieces  of  work  he  did  for  the 
Calumet  &  Hecla  Co.  was  the  improvement  in  steam  stamps  by 
which  a  very  important  economy  and  rapid  stamping  were  se- 
cured. The  Leavitt  stamp  consisted  of  a  steam  cylinder  having 
two  pistons,  one  with  boiler  pressure  on  top  to  deliver  the  blow 
and  the  other  with  reduced  pressure  constantly  under  the  other 
piston  for  the  purpose  of  lifting  the  stamp,  and  this  steam 
squeezed  back  to  the  boilers  with  every  downward  stroke. 
These  stamps  were  operated  condensing. 

Mr.  Leavitt  was  a  very  strong  advocate  of  gridiron  valves 
and  all  his  designs  employed  them.  He  was  equally  strong  in 
his  advocacy  of  cams  for  operating  them,  but  some  of  his  later 
designs  employed  other  mechanism  with  dash  pots. 

Still  another  field  for  good  engineering  appeared  in  an 
opportunity  to  change  the  construction  of  the  sand  wheels  from 
wood — the  construction  used  in  the  Lake  Superior  region — 
to  metal,  and  Mr.  Leavitt  designed  sand  wheels  of  50  ft.  and 
60  ft.  diameter  on  the  principle  of  the  bicycle  wheel. 

The  hoisting  gear  used  with  constant  running  engines 
opened  again  another  field  in  the  operation  of  brakes  and 
clutches,  and  here  Mr.  Leavitt  employed  hydraulic  cylinders 
and  accumulators.  In  some  of  the  later  hoisting  engines,  re- 
veremg  engines  were  used  in  connection  with  the  Whiting  sys- 
tem. 

While  Mr.  Leavitt  was  employed  by  the  Calumet  &  Hecla 
Co.  he  was  frequently  engaged  by  other  companies  and  munici- 
palities, and  found  time  to  act  as  consulting  engineer  for 
Henry  R.  Worthington,  The  Dickson  Mfg.  Co.  and  the  Beth- 
lehem Steel  Co., — for  the  former  company  when  they  devel- 
oped their  high  duty  direct  acting  pumping  engine,  and  for 
the  latter  when  the  plant  at  Bethlehem  was  being  modernized 
and  hydraulic  forging  introduced.  For  pumping  water  for  the 
forging  presses  of  the  Bethlehem  Co.,  he  designed  a  3-cylinder 
3-crank  simple  non-condensing  vertical  beam  engine  to  drive 
pumps  designed  and  buOt  by  the  company. 

For  the  Dickson  Mfg.  Co.  he  designed  a  pair  of  remarkable 
30  in.  X  60  in.  x  60  r.p.m.  engines  for  the  Washington  MUls 
of  the  American  Woolen  Co.  at  Lawrence,  Mass.  These  have 
been  continuously  in  operation  since  the  spring  of  1887. 

He  designed  the  first  engines  used  for  the  cable  railway  of 
the  Brooklyn  Bridge ;  engines,  boilers  and  other  machinery  for 
the  El  CaUao  Mining  Co.  of  Venezuela;  three  immense  sewage 
pumping  engines  for  the  City  of  Boston,  one  being  of  75  mil- 
lion gallons  capacity  in  twenty-four  hours ;  a  pumping  engine 
of  15  million  gallons  capacity  for  the  Louisville  Water  Works 
which  upon  being  tested  for  six  days  and  six  nights  without 
stopping  surpassed  all  previous  records  for  economy  in  steam 
consumption ;  a  large  engine  for  the  Cambridge  Water  Works ; 


April 
1910 


SOCIETY  AFFAIRS 


329 


two  engines  for  the  New  Bedford  Water  Works;  a  large  en- 
gine for  the  Boston  Water  Works,  etc. 

Mr.  Leavitt  was  a  strong  advocate  of  the  locomotive  type 
boiler  and  used  it  almost  exclusively,  the  diameter  of  the  shell 
being  usually  90  in.  in  diameter. 

After  1888  he  made  frequent  visits  to  Europe,  where  his 
fame  had  preceded  him.  He  became  well  acquainted  with  the 
leading  engineers  in  several  countries;  among  these  was  Pro- 
fessor Riedler  of  Berlin,  from  whom  he  acquired  the  right  to 
use  the  Riedler  pump  valve  and  gear  in  this  country ;  the  Bos- 
ton engine  mentioned  above  is  equipped  with  this  gear.  He 
was  in  intimate  relationship  with  the  Krupps,  and  by  their 
invitation  was  present  on  their  yacht  "  Rona  "  at  the  opening 
of  the  Kiel  Canal. 

Mr.  Leavitt  was  one  of  the  thirty  mechanical  engineers  who 
organized  The  American  Society  of  Mechanical  Engineers  in 
1880.  Of  his  standing  at  that  time  the  History  of  the  Society 
by  Prof.  F.  R.  Button  says: 

"  Mr.  E.  D.  Leavitt  was  best  known  for  his  notable  suc- 
cesses in  the  design  of  high  duty  compound  pumping  engines 
for  city  water  works  service;  he  was  then  (1880)  on  the  point 
of  completing  the  '  Superior,'  the  great  engine  for  the  Calumet 
&  Hecla  Copper  Mining  Company.  He  stood  for  high  econ- 
omy in  slow  speed  engines  and  with  an  elaborated  valve  gear, 
just  as  Mr.  Charles  T.  Porter  stood  for  economy  in  the  type 
operating  at  high  rotative  speeds  with  simple  valve  gear. 

"  He  served  as  President  of  the  Society  during  1882-83,  a 
very  critical  time  in  the  life  of  the  Society. 

"Mr.  Leavitt's  first  meeting  (over  which  he  presided)  was 
the  very  successful  Cleveland  meeting,  at  which  for  the  first 
time  the  papers  to  be  read  were  furnished  to  members,  and 
particularly  to  the  technical  press  on  printer's  galleys. 

"  He  positively  declined  a  second  term  as  President  on  the 
principle  .  .  .  that  the  honor  of  office  should  be  widely 
conferred,  even  at  a  loss  of  the  possible  greater  effectiveness 
which  might  be  secured  by  longer  service." 

Mr.  Leavitt  was  on  intimate  terms  with  the  most  prominent 
American  engineers  of  his  active  days,  including  James  B. 
Francis,  John  Fritz,  Charles  T.  Porter,  Alexander  L.  Holley, 
Henry  R.  Worthington,  Washington  Jones,  John  E.  Sweet, 
Robert  H.  Thurston,  S.  B.  Whiting,  John  C.  Hoadley,  W.  E. 
Worthen,  James  P.  Kirkwood,  Joseph  P.  Davis,  Alphons 
Fteley,  Charles  Hermany,  John  A.  Roebling,  AVilliam  Sellers, 
Coleman  Sellers,  Samuel  T.  Wellman,  and  George  W.  Melville. 
He  was  of  a  very  modest  and  retiring  nature,  and  his  ac- 
quaintance with  the  younger  members  of  the  Society  was  not 
extensive  and  many  of  them  probably  never  saw  him.  In  later 
years  he  did  not  attend  the  meetings  frequently,  and  when  he 
did  he  sought  the  companionship  of  the  older  men. 

Of  Mr.Leavitt  as  a  designer,  it  can  be  said  that  he  did  more 
than  any  other  engineer  in  this  country  to  establish  sound 
principles  and  propriety  of  design.  He  appreciated  the  im- 
portance of  directness  and  the  absence  of  ornamentation  in 
strictly  utilitarian  designs,  and  he  firmly  believed  that  beauty 
in  machine  design  came  from  propriety.  He  bore  the  same 
relation  to  good  taste  in  the  design  of  heavy  machinery  that 
William  Sellers  did  in  the  design  of  machine  tools. 

He  was  a  very  strong  advocate  of  good  materials  and  good 
workmanship,  and  had  a  singular  appreciation  of  what  gave 
stability  and  permanence  to  machinery.  He  was  among  the 
very  first  engineers  in  this  country  to  appreciate  the  impor- 
tance of  weight  in  machinery,  and  while  many  Americans  were 
advocates  of  light  weight,  Mr.  Leavitt's  view  has  amply  been 
vindicated  by  the  present  status  and  tendency  of  design  in  this 
country. 


In  his  Calumet  and  Hecla  machinery  he  held  the  view  that 
the  best  was  none  too  good,  and  that  it  was  of  the  utmost  im- 
portance to  have  machinery  which  could  be  depended  upon  to 
do  its  work,  always  of  the  severest  kind,  without  interruption. 
;rhe  service  was  twenty-four  hours  a  day,  and  interruption  of 
production  was  very  costly. 

Mr.  Leavitt  received  the  degree  of  Doctor  of  Engineering 
from  the  Stevens  Institute  of  Technology  in  1884,  and  was  the 
first  recipient  of  this  degree  from  the  Institute.  He  was  not 
only  an  original  member  of  The  American  Society  of  Mechan- 
ical Engineers,  but  was  made  an  Honorary  Member  on  January 
12,  1915;  he  served  as  a  Vice-President  in  1881-82  and  as 
President  in  1883.  He  was  a  member  of  the  Institution  of 
Mechanical  Engineers  of  England  for  thirty-three  years,  and 
was  made  an  Honorary  Member  on  February  18,  1916.  He 
was  a  member  of  the  following  societies:  Institution  of  Civil 
Engineers  of  Great  Britain;  American  Society  of  Civil  Engi- 
neers; American  Institute  of  Mining  Engineers;  Boston  So- 
ciety of  Civil  Engineers  (Honorary,  1908) ;  American  Society 
of  Naval  Engineers  (Honorary);  British  Association  for  the 
Advancement  of  Science  (Life  Member),  The  Franklin  Insti- 
tute, and  the  New  England  Water  Works  Association  (Honor- 
ary, 1906).  He  was  a  Fellow  of  the  American  Academy  of 
Arts  and  Sciences. 

He  was  for  many  years  on  the  Visiting  Committee  of  the 
Engineeruig  Department  of  Harvard  University  and  of  the 
(Observatory. 

In  general  business  Mr.  Leavitt  did  not  make  himself  prom- 
inent, but  he  was  a  director  for  many  years  of  the  Harvard 
Trust  Co.  of  Cambridge,  and  was  very  much  interested  in  the 
Cambridge  Young  Men's  Christian  Association.  He  was  also 
a  member  of  the  board  having  charge  of  the  construction  of 
the  new  West  Boston  Bridge  between  Boston  and  Cambridge. 

Mr.  Leavitt's  health  was  never  robust,  and  in  consequence 
of  this  he  worked  under  considerable  disadvantage  for  much 
of  the  time. 

CHARLES   J.    H.    WOODBURY 

By  the  death  of  Erasmus  D.  Leavitt  on  March  11  and  of 
Charles  J.  H.  Woodbury  on  March  20,  the  Society  loses  in 
the  same  month  two  of  its  original  members,  both  of  whom 
early  held  office  and  both  of  whom  inaugurated  important  de- 
velopments in  the  Society's  work. 

Charles  J.  H.  Woodbury  was  born  at  Lynn,  Mass.,  on  May 
4,  1851,  and  resided  there  during  his  life.  He  received  his 
education  in  the  public  schools  of  Lynn,  and  from  there  he 
entered  the  Massachusetts  Institute  of  Technology  in  the 
course  of  civil  engineering,  graduating  in  1873. 

He  began  the  practice  of  his  profession  in  the  city  engi- 
neer's office  in  Lynn  during  his  vacations  while  at  college, 
and  was  later  superintendent  of  a  mill  at  Rockport.  He  be- 
came engineer  of  the  Boston  Manufacturers'  Mutual  Fire  In- 
surance Company  in  1878,  and  later  vice-president,  and  while 
with  the  company  he  made  numerous  investigations  on  fire 
hazards  in  mill  construction,  lubricating  oils  ind  electric 
lighting,  and  invented  several  improvements  in  automatic 
sprinklers.  He  also  reorganized  the  company's  methods  of 
inspection  and  reports  upon  mill  property.  In  1894  he  be- 
came assistant  engineer  of  the  American  Bell  Telephone  Com- 
pany, which  position  he  held  until  the  removal  of  the  com- 
jjany  to  New  York  in  1907,  when  he  took  up  private  practice 
as  a  consulting  engineer. 

Dr.  Woodbury  was  the  author  of  Fire  Protection  in  Mills, 
1882,  Telephone  Line  Engineering;  The  Telephone  System, 
1899,  and  Bibliography  of  Cotton  Manufacture,  1909.     Also, 
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he  wrote  numerous  monographs  and  papers  on  fire  protection, 
political  economy  and  engineering,  many  of  which  are  incor- 
porated in  the  proceedings  of  the  scientific  and  engineering 
societies. 

He  was  the  originator  of  a  number  of  valuable  inventions, 
and  on  three  occasions  received  awards  for  them.  The 
Societe  Industrielle  de  Mulhouse  awarded  him  the  Alsaeian 
Medal  in  1883,  the  city  of  Philadelphia  conferred  on  him  the 
John  Scott  Medal  in  1885,  and  in  1910  he  received  the  Asso- 
ciation Medal  from  the  National  Association  of  Cotton  Manu- 
facturers. Further  recognitions  for  his  contributions  to 
science  and  engineering  came  to  him  from  Tufts  College  in 
1893,  when  he  received  the  honorary  degree  of  Master  of 
Arts  from  the  college,  and  he  was  made  an  honorary  Doctor 
of  Science  of  Union  College  in  1906  and  of  Dartmouth  Col- 
lege two  years  later. 

Dr.  Woodbury  wa.s  a  member  of  the  American  Society  of 
Civil  Engineers;  the  American  Institute  of  Electrical  Engi- 
neers; the  National  Association  of  Cotton  Manufacturers,  of 
which  he  was  secretan'  and  treasurer  since  1894;  the  Society 
of  Arts,  and  the  Sons  of  the  American  Revolutimi.  He  was 
a  feUow  of  the  American  Academy  for  the  Advancement  of 
Science,  and  an  honorary  member  of  the  New  York  Telephone 
Club.  He  was  a  non-resident  lecturer  at  the  Massachusetts 
Institute  of  Technology  and  also  at  Cornell  University. 
From  1886  to  1895  he  was  chairman  of  the  Lynn  School 
Committee. 

Dr.  Woodbury  was  elected  to  membership  in  our  Society  in 
1880,  and  he  served  as  Vice-President  from  1887  to  1889. 

To  him  is  due  the  initiation  of  our  Library.  At  the  meeting 
of  the  Council  on  February  15,  1883,  he  moved  that  the  Sec- 
retary be  insti-ucted  to  request  from  members  circulars  of 
manufacturing  establislunents  and  reports  of  engineering 
operations,  with  a  view  to  making  a  catalogue  of  contem- 
poraneous engineering  work,  to  be  filed  jiroperly  and  placed 
at  the  service  of  members.  The  motion  was  carried  and  put 
into  effect,  and  the  response  was  prompt  and  liberal,  many 
of  the  technical  periodicals  contributing  copies  of  their  pub- 
lications, and  some  sending  complete  bound  files  of  their  back 
numbers.  As  the  outcome  a  standing  committee  on  the 
library  was  appointed,  which  recommended  the  definite  or- 
ganization of  the  Library. 

The  President  appointed  the  following  as  Honorary  Vice- 
Presidents  to  represent  the  Society  at  Dr.  Woodbury's  funeral : 
G.  I.  Alden,  Gardner  C.  Anthony,  H.  S.  Baldwin,  Albert  G. 
Duncan,  C.  H.  Fish,  W.  A.  HaU,  Franklin  W.  Hobbs,  W.  R. 
Park,  George  F.  Swain,  J.  A.  Tilden,  A.  C.  Walworth,  A.  K. 
Wan'en,  H.  S.  Baldwin,  G.  H.  Barrus,  .John  A.  Stevens, 
Kichard  H.  Rice,  C.  T.  Plunkett,  E.  F.  Greene,  E.  W.  Thomas, 
C.  T.  Main. 

JOHN    W.    HILL 

Jolm  W.  Hill  was  born  in  Liverjiool.  England,  on  .July  12, 
1865,  and  received  his  early  education  there.  From  1880  to 
1884  he  served  an  apprenticeship  as  machinist  with  Daniel 
Adamson  &  Co.  From  1890-1899  Mr.  Hill  was  at  the  Water- 
vliet  Arsenal,  with  E.  D.  Leavitt  of  Cambridge,  Mass.,  and 
the  General  Electric  Company  as  draftsman  and  designer. 
After  leaving  the  General  Electric  Company,  he  was  super- 
intendent of  the  Steamobile  Company  at  Keene,  N.  H.,  and 
also  superintendent  of  the  Roller  Bearings  Company.  He 
was  later  employed  with  the  Maxwell  Brisco  Company  in 
charge  of  the  department  of  tooling  up  machines  for  rapid 
jig  construction  of  automobiles. 

In  1911  he  entered  the  employ  of  tlie  Bantam  Anti-Fric- 


tion Company  as  mechanical  and  sales  engineer  in  charge  of 
the  Detroit  otiSee  and  the  northwestern  territorj-. 

Mr.  Hill  was  a  member  of  the  Society  of  Automobile  En- 
gineers, and  a  member  of  this  Society  since  1899.  He  died 
at  his  home  in  Detroit  on  Februarj'  12. 

FREDRIK    V.    MATTON 

Fredrik  V.  Matton  was  born  in  Stockholm,  Sweden,  on 
June  6,  1856.  He  received  his  technical  training  at  Stats 
College  and  served  his  apprenticeship  as  a  machinist  in 
his  native  country.  He  came  to  this  country  early  in  1882, 
first  securing  employment  at  Altoona  and  later  at  the  Harri- 
son Sugar  Refinery  at  Philadelphia.  While  there  he  had 
charge  of  the  repairs  and  construction  of  general  machinery. 

In  June,  1885,  Mr.  Matton  became  employed  at  the  Camden 
Iron  Works  in  Camden,  N.  J.,  as  chief  engineer,  which  posi- 
tion he  held  until  his  last  illness. 

Mr.  Matton  became  a  member  of  the  Society  in  1892.  He 
died  at  Atlantic  City  on  December  3,  1915. 

DAVID    THOMPSON 

David  Thompson  was  born  at  Castlemaine,  Victoria,  Aus- 
tralia, on  December  5,  1865.  He  received  his  early  education 
in  the  state  and  public  schools  and  in  the  School  of  Mines. 
He  served  an  apprenticeship  in  the  Castlemaine  Foundry  of 
the  Thompson  Company,  manufacturers  of  mining  and  gen- 
eral machmerj',  which  was  founded  by  his  father.  Prom 
1882  to  1887,  he  was  engaged  in  making  detail  drawings  for  all 
classes  of  mining  machineiy,  engine  boilers  and  pumping 
gear's,  and  in  1887  became  assistant  works  manager  at  the 
Castlemaine  Foundry.  Since  1891  he  has  been  managing 
partner  of  the  Foundry,  which  are  at  the  present  time  the 
largest  privately  owned  ironworks  in  Australia. 

Mr.  Thompson  was  very  much  interested  in  the  welfare  of 
the  working  classes  and  sat  on  all  wage  boards  in  Melbourne 
in  connection  with  the  iron  trade  and  was  largely  instru- 
mental in  fixing-  the  rates  of  wages.  He  was  also  a  member  of 
the  Chamber  of  Manufacturers  and  acted  on  various  com- 
mittees associated  with  that  Chamber. 

Mr.  Thompson  became  a  member  of  the  Society  in  1905. 
His  death,  which  was  the  result  of  an  accident  in  the  works 
at  Castlemaine,  occurred  on  February  6,  1916. 

WILLIAM    ALFRED    PERRY 

WiUiam  Alfred  Perry  was  bom  in  Brooklyn  on  April  22, 
1835.  He  received  his  early  education  at  Mr.  Howard's  Day 
School  in  Brooklyn  and  graduated  from  Columbia  College 
in  1855.  The  following  year  he  became  a  clerk  in  the  firm  of 
Henry  R.  Worthington,  and  13  years  later  became  first  a 
partner  and  later  vice-president  of  the  same  firm.  He  was 
also  a  du-ector  in  the  Union  FeiTy  Company. 

The  first  projieller  ferrj'  boat  with  guards  that  ran  in  New 
York  Bay  was  built  under  his  direction  by  the  firm  of  Pusey 
.Jones  &  Company  of  Philadelphia  in  1867. 

Mr.  Perry  was  a  member  of  the  University,  Century  and 
Engineers'  Club.  He  became  a  member  of  this  Society  in 
1880.  He  died  at  his  home  in  New  York  City  on  February 
16,  1916. 

HARRY  SHAFER  PELL 
Hari-j-  Shafer  PeU  was  born  in  Likens,  Dauphin  County, 
Pa.,  on  July  23,  1846.  He  received  his  early  education  in  the 
public  schools  and  in  1860  entered  the  employ  of  the  Lykens 
Valley  Railroad  Company  as  an  apprentice  machinist  and 
blacksmith.  From  1871  until  1873  he  was  master  mechanic 
and  later  engineer  for  the  Vulcan  Iron  Works.  From  1873 
until  1881  he  was  shop  foreman  for  Tolten  and  Company  of 
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Pittsburgh.  He  was  also  engineer  for  St.  Louis  Ore  and 
Steel  Company,  in  the  machinery  and  foundry  bvisiness  at 
Minneapolis,  superintendent  in  charge  of  the  shops  and  all 
constniction  work  for  Jas.  P.  Witherow  of  New  Castle,  Pa., 
and  engineer  and  superintendent  for  The  Stirling  Company 
of  Barberton,  Ohio,  manufacturers   of  the   Stirling   boilers. 


While  there  he  had  charge  of  the  engineering  department, 
shops  and  erection,  as  well  as  all  of  the  purchasing  of  ma- 
terials. For  the  past  few  years  Mr.  Pell  has  been  chief  en- 
gineer of  the  water  tube  boiler  department  of  the  Erie  City 
Iron  Works. 

Mr.  Pell  died  at  his  home  in  Erie,  Pa.,  on  March  1,  1916. 


SOCIETY  MEETINGS 


/T  is  of  the  highest  importance  in  the  development  of  the 
monthly  meetings  of  the  Society,  both  of  the  Sections  and 
of  the  Student  Branches,  that  comprehensive  reports  of  these 
meetings  be  published  in  The  Journal  regularly.  Secretaries 
of  the  sections  and  student  branches  are  urged  to  make  every 
effort  to  get  the  complete  reports  of  their  meetings  to  this  of- 
fice as  quickly  as  possible  after  the  meetings  are  held,  and  also 
where  possible,  copies  of  the  papers  presented  should  be  sent 
in;  if  desired,  the  copy  of  the  paper  will  be  returned  after 
examination.  The  reports  of  meetings  in  order  to  appear  in 
the  next  issue  of  The  Journal  must  be  received  in  this  office, 
before  the  18th  of  the  month. 

PHILADELPHIA,  FEBRUARY  3 

On  Febniary  3  a  joint  meeting  of  the  Philadelphia  Sec- 
tion of  the  Society  was  held  with  The  Franklin  Institute,  at 
which  Charles  Daj'  of  The  Franklin  Institute  and  Professor 
Pernald  of  the  Am.Soc.M.E.  presided.  The  paper  presented 
was  on  The  Development  of  the  Pumping  Engine,  by  Arthur 
M.  Greene,  Jr.,  Mem. Am.Soc.M.E..  professor  of  mechanical 
engineering  at  Rensselaer  Polytechnic  Institute. 

WORCESTER,  FEBRUARY  16 

At  a  meeting  of  the  Worcester  Section  of  the  Society  held 
on  February  16,  Dr.  Ira  N.  Hollis,  president  of  the  Worces- 
ter Polytechnic  Institute,  spoke  on  What  Constitutes  a  Well 
Rounded  Fleet.  The  conclusion  that  Dr.  Hollis  came  to  was 
that  in  any  program  of  building  up  a  fleet  due  consideration 
must  be  given  to  the  different  units  of  a  fieet  in  order  to 
make  its  fleet  action  effective.  Battleships  without  the  neces- 
sary auxiliaries  seriously  handicap  their  full  use. 

PROVIDENCE,  FEBRUARY  23 

A  meeting  of  the  Providence  Association  of  Mechanical 
Engineers  was  held  on  February  23,  at  which  Prof.  James 
A.  Hall,  Mem.Am.Soc.M.E..  addressed  the  meeting  on  The 
Handling  of  Steam  Coal  from  the  Mine  to  the  Consumer. 

CINCINNATI,  FEBRUARY  24 

A  joint  meeting  of  the  Engineers'  Club  of  Cincinnati  and 
the  Cincinnati  Section  of  the  Society  was  held  on  February 
24,  at  which  Morse  W.  Rew,  assistant  engineer  of  tlie  Board 
of  Rapid  Transit  Commissioners,  gave  an  illustrated  lecture 
on  a  Rapid  Transit  System  and  Interurban  Facilities  for  the 
City  of  Cincinnati.  The  fact  that  the  people  of  Cincinnati 
will  be  called  upon  to  vote  for  or  against  a  proposed  issue  of 
$6,000,000  for  this  rapid  transit  scheme  on  April  25,  1916, 
made  the  lecture  even  more  interesting.  Mr.  Rew  discussed 
the  needs  of  such  a  system  in  Cincinnati,  advantages  accruing 
to  the  individual  and  to  the  business  man,  as  well  as  to  the 
community  as  a  whole.  He  told  what  that  city  might  expect 
from  the  Rapid  Transit  System  as  an  aid  to  suburban  devel- 


opment, and  gave  statistics  of  what  has  resulted  in  the  vari- 
ous cities  which  now  have  subways.  He  also  gave  statistics 
disproving  the  popular  idea  that  subway  travel  is  more  dan- 
gerous than  surface,  elevated  and  other  methods  of  transpor- 
tation. 

The  question  of  who  would  operate  the  proposed  system 
was  touched  upon,  and  Mr.  Rew  stated  that  if  the  bond  issue 
of  $6,000,000  is  approved  by  vote  of  the  people,  the  Rapid 
Transit  Commission  proposes  to  lease  the  system  on  the  best 
terms  possible  to  an  operating 'company,  subject  to  the  ap- 
proval of  the  people,  such  approval  being  asked  at  a  special 
election  to  be  held  prior  to  letting  any  contracts  for  construc- 
tion work.  He  closed  his  address  with  a  brief  engineering  de- 
scription of  the  route  and  of  the  different  tjTJes  of  construc- 
tion that  will  be  used  on  the  proposed  system. 

BUFFALO,  MARCH  1 

At  a  meeting  of  the  Buffalo  Engineering  Society  on 
March  1,  T.  Keiniard  Thomson,  Mem.Am.Soc.M.E.  and 
consulting  engineer  of  New  Y'ork  City,  spoke  on  The  Prob- 
lems of  a  Consulting  Engineer.  Mr.  Thomson  outlined  his 
plan  for  the  extension  of  Buffalo  by.  a  development  of  the 
submerged  land  along  the  water  front,  consisting  of  about 
seven  square  miles,  which  could  be  used  in  developing  indus- 
trial and  recreation  facilities.  He  proposed  to  use  a  part  of 
this  new  filled-in  laud  for  the  freight  and  passenger  tei-minals 
of  the  railroads  and  boat  lines,  and  stated  that  the  cost  of 
this  work  could  be  financed  with  the  proceeds  of  sale  of  the 
new  land.  Mr.  Thomson,  together  with  Peter  A.  Porter  of 
Niagara  Falls,  had  also  plans  for  the  construction  of  a  new 
electric  power  plant.  They  proposed  to  use  the  natural  drop 
of  102  ft.  in  the  river  between  the  Falls  and  Lewiston  by  the 
construction  of  an  enormous  dam.  It  would  then  be  possible, 
the  speaker  stated,  to  create  2,000,000  h.p.  as  compared  to 
the  1,000,000  h.p.  now  being  obtained  from  the  power  plants 
at  the  Falls. 

Dr.  Thomson,  who  is  consulting  engineer  of  the  American 
Commission  for  the  celebration  of  100  years  peace  between 
Great  Britain  and  the  United  States,  described  the  plans  for 
the  proposed  peace  bridge  across  the  Niagara  River  at  Ferry 
Street.  Specifications  call  for  a  bridge  one  mile  in  length 
and  100  ft.  wide,  with  six  main  spans  of  300  ft.  each.  The 
spans  would  be  the  widest  of  the  kind  in  existence. 

BIRMINGHAM,  MARCH  2 

A  business  meeting  of  the  Birmingham  Section  of  the  So- 
ciety was  held  on  March  2  at  which  16  members  were  pres- 
ent. The  new  Constitution  and  By-Laws  were  adopted  and 
other  routine  business  matters  cared  for.  The  greater  part 
of  the  discussion,  however,  was  devoted  to  the  coming  visit 
of  the  Society  to  Birmingham  on  April  10.  The  Section  is 
anxious  to  see  a  large  number  of  members  in  Birmingham  on 
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the   liHIi  and   is  making  extensive  plaus  to  give   everyone   a 
good  time. 

NEW  HAVEN,  MARCH  8 
A  second  informal  meeting  of  the  New  Haven  Section  was 
held  on  March  8  and  was  followed  by  a  noon-day  luncheon. 
Social  meetings  of  the  New  Haven  Section  have  now  become 
a  regular  feature,  but  will  not  inteffere  with  the  large  meet- 
ings held  twice  a  year  for  reading  of  papers.  Fig.  1  shows 
the  program  which  was  distributed  at  the  luncheon,  upon 
which  appears  general  notes  which  are  of  immediate  interest 
to  the  New  Haven  members.  The  first  of  these  informal 
meetings  was  held  on  February  25  and  it  was  devoted  prin- 
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Fig.  1     Attractive  Program  op  Noon-Day  Luxcheon  at 
New  Haven 

cipally  to  promoting  mutual  acquaintance  and  to  a  discussion 
of  the  interests  of  the  New  Haven  Section.  At  this  meeting 
there  were  distributed  sheets  on  which  appeared  possible  pro- 
cedui'es  that  the  New  Haven  Section  might  foUow  in  promot- 
ing the  welfare  of  the  Society  and  the  local  members,  and 
also  several  suggestions  which  had  been  sent  in  by  a  member. 

MINNESOTA,  MARCH  9 

The  regular  March  meeting  of  the  Minnesota  Section  of 
the  Society  was  held  on  March  9  at  the  offices  of  the  St.  Paul 
Gas  Light  Company  in  St.  Paul.  Following  the  business 
session,  Herman  F.  Mueller  presented  a  paper  on  the  Uniflow 
Engine.  It  consisted  mainly  of  a  description,  the  origin  of 
the  Uniflow  engine  in  Germany,  together  with  its  manufac- 
ture, auxiliaries  used  in  its  operation,  efficiency,  etc.  A  gen- 
eral comparison  was  also  made  with  other  steam  units  in  gen- 
eral use  in  this  country. 


BOSTON,  MARCH  14 

The  Boston  Section  of  the  Society  held  a  meeting  on  March 
14  at  which  George  H.  Clarke  of  the  mechanical  engineering 
staff  of  the  Massachusetts  Institute  of  Technology  presented 
an  illustrated  lecture  on  Safety  Valves.  Mr.  Clarke  has  spent 
much  time  in  investigations  and  tests  of  safety  valves  and  has 
brought  out  some  new  and  valuable  principles  of  construc- 
tion. The  speaker  covered  his  subject  under  the  following 
topics : 

a.  Present  state  of  the  art  and  the  available  theory  for  de- 

sign. 

b.  Absolute   and    imperative   need    of   valves    of   higher    dis- 

charge capacities. 

c.  The  limiting  possibilities  of  the  spring  loaded  type  and  the 

portion  attained  by  standard  valves. 

d.  Reasons  why  the  standard  valves  cannot  be  designed  for 

increased  capacities. 

e.  Theoretical  considerations  which  should  govern  the  design 

and  do  govern  the  action  of  all  safety  valves. 

f.  Description  of  a  new  type,  its  theory,  the  results  attained 

on  test  and  the  advantages  of  the  design. 

A  lengthy  discussion  followed  tlie  presentation  of  the  paper 
on  which  the  following  gentlemen  participated:  Prof.  Ed- 
ward F.  Miller,  Mem.  Am.Soc.M.E.  and  of  the  Massachusetts 
Institute  of  Technologj';  George  H.  Musgrave  of  the  Star 
Brass  Manufacturing  Company,  Mr.  Pirie  of  the  Crosby 
Steam  Gage  and  Valve  Company,  John  A.  Stevens,  Mem. 
Am.Soc.M.E.  and  consulting  engineer  of  Lowell,  Mass.;  A.  B. 
Carhart,  Mem. Am.Soc.M.E.  and  of  the  Crosby  Steam  Gage 
&  Valve  Company;  Mr.  Edwards  of  the  Wentworth  Institute, 
Frank  E.  Fairbanks,  Mem.Am.Soe.M.E.  and  of  tue  Quincy 
Market  Cold  Storage  Company,  and  F.  "W.  Dean,  Mem. 
Am.Soc.M.E.  and  consulting  engineer  of  Boston. 

NEW  YORK,  MARCH  14 

The  March  meeting  of  the  New  York  Local  Section  was  a 
joint  meeting  of  the  Section  and  of  the  New  York  Section  of 
the  Illuminating  Engineering  Society  to  discuss  the  Code  of 
Lighting  for  Factories,  Mills  and  Other  Work,  prepared  by 
committees  of  the  latter  Society.  Prof.  C.  E.  Clewell.  Assis- 
tant Professor  of  Electrical  Engineering,  University  of  Penn- 
sjlvania,  who  assisted  in  the  preparation  of  the  code,  opened 
the  discussion  by  analyzing  the  causes  which  have  led  to 
greater  attention  on  the  part  of  factory  owners  and  employ- 
ers to  the  conditions  under  which  their  employees  work,  giving 
the  reasons  for  the  preparation  of  the  code,  discussing  its 
[irobable  field  of  usefulness  and  explaining  points  niost  likely 
to  advance  the  status  of  factory  lighting  and  raise  the  stand- 
ards of  quantity  and  quality  of  light  for  industrial  purposes. 
Professor  Clewell  illustrated  his  remarks  by  a  number  of 
lantern   slides. 

L.  P.  ALford  opened  the  discussion  for  the  Society,  and 
took  up  in  detail  the  phraseology  of  the  code.  Following 
this,  the  code  was  discussed  by  several  members  of  the  Society 
and  of  the  Illuminating  Engineering  Society,  and  a  vote  of 
thanks  was  extended  to  those  who  had  taken  part  in  the 
Ijreparation  of  the  code  and  in  the  discussion  of  the  evening. 

The  meeting  was  preceded  by  an  informal  dinner  at  which 
members  of  both  societies  were  present. 

BUFFALO,  MARCH  15 

On  March  15,  at  a  meeting  of  the  Buffalo  Engineering  So- 
ciety, Prof.  Arthur  M.  Greene,  Jr.,  of  the  Rensselaer  Poly- 
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tfc'hnic  Institute,  gave  an  address  illustrated  willi  :\  large 
number  of  slides  on  the  History  of  Pumping  Stations.  The 
slides  showed  the  progress  that  had  been  made  from  the  days 
of  the  "  shadouf ,"  as  used  by  the  Egyptians  for  ii-rigation 
purposes,  to  the  modem  large  pumping  stations.  The  works 
of  Savery,  Newcomen,  Watt,  Bull,  Worthington,  Reynolds, 
Gaskill  and  d'Auria  were  illustrated  to  show  their  contribu- 
tions to  this  development. 

There  were  about  150  members  ])resent  at  the  meeting. 

CINCINNATI,  MARCH  16 

The  March  meeting  of  the  Cincinnati  Section  of  the  So- 
ciety, which  was  a  joint  meeting  with  the  Engineers'  Club  of 
Cincinnati,  was  held  on  March  16.  The  attendance  at  the 
afternoon  session  was  about  75  and  at  the  evening  session 
about  100.  The  total  number  of  persons  who  attended  one 
session  or  another  was  probably  125.  There  were  present 
at  the  meeting  thirty  members  of  the  Am.Soc.M.E.,  which  is 
the  largest  number  of  members  that  has  ever  attended  a  meet- 
ing in  Cincinnati.  Visitors  were  present  from  Akron,  Day- 
ton and  Hamilton,  Ohio. 

There  were  two  papers  presented  at  the  afternoon  session : 
The  Sales  Engineer  in  His  Relation  to  Production  and  Ma- 
chine Design,  by  A.  J.  M.  Baker,  Mem. Am.Soc.M.E.,  and 
Recent  Developments  in  the  Recovery  of  Casing-head  Gaso- 
line, by  Paul  Diserens,  Mem. Am.Soc.M.E.  Both  of  these 
papers  were  illustrated. 

There  were  also  two  papers  presented  at  the  evening  ses- 
sion, one  by  W.  G.  Franz,  Mem. Am.Soc.M.E.,  on  Why  Is 
an  Engineer?  and  the  other  by  A.  M.  Sosa,  Mem.  Am.Soc.M.E,. 
on  Probable  Future  Requirements  in  Machine  Tools. 

CHICAGO,  MARCH  17 

The  third  meeting  this  year  of  the  Chicago  Local  Section 
was  held  at  the  Hotel  LaSalle  on  March  17,  Chairman  H.  M. 
Montgomery  presiding.  This  meeting  was  attended  by  202 
members  and  guests.  The  subject  of  the  nomination  of 
officers  was  discussed  by  the  membership,  and  it  was  decided 
to  follow  the  practice  of  the  past  and  have  the  nominating 
committee  nominate  the  full  committee  without  any  restric- 
tions as  regards  rotation.  The  paper  of  the  evening  was  pre- 
pared by  S.  B.  Daugherty,  International  Steam  Pump  Com- 
pany, Buffalo,  N.  Y.,  and  was  read  by  H.  C.  Lehn  of  the  same 
company,  as  it  was  impossible  for  Mr.  Daugherty  to  attend  the 
meeting. 

The  subject  of  the  paper  was  Oil  Engines,  and  the  author 
described  in  some  detail  both  Diesel  and  low  compression 
engines  and  gave  figures  of  their  reliability  and  economy. 
He  also  considered  fuel  and  lubrication,  and  other  vital 
factors.  The  discussion  of  the  paper  was  active  and  interest- 
ing, many  points  being  brought  out  regarding  the  potentiali- 
ties of  this  type  of  prime  mover. 

PROVIDENCE,  MARCH  22 

The  March  meeting  of  the  Providence  Association  of  Me- 
chanical Engineers  was  held  on  March  22.  The  prime  matter 
of  discussion  was  the  enlargement  of  the  scope  of  the  Associa- 
tion and  the  committee  which  had  been  appointed  to  consider 
that  project  reported  their  suggestions  as  to  changes  in  the 
present  constitution  to  meet  the  new  requirements.  The  reso- 
lutions presented  are  to  come  up  for  action  at  the  April  meet- 
ing of  the  Association. 

Following  the  business  meeting,  the  Association  was  ad- 
dressed by  J.  W.  Hook,  general  manager  of  the  C.  A.  Dunham 
Co.,  of  Marshalltown,  Iowa,  on  Vacuum  Steam  Heating. 


STUDENT  BRANCHES 

ARMOUR   INSTITUTE    OF    TECHNOLOGY 

An  open  meeting  of  the  Student  Branch  of  tlie  Armour 
Institute  of  Technology  was  held  during  school  hours  on 
February  18.  The  speaker,  Osbum  Monnett,  former  smoke 
inspector  of  the  city  of  Chicago,  gave  an  illustrated  talk  on 
The  Engineering  Phases  of  Smoke  Abatement  Work.  The 
substance  of  his  lecture  was  the  damage  and  expense  incurred 
by  smoke  and  his  methods  of  remedying  the  smoke  nuisance. 
He  said  that  the  soft  coal  smoke  deposits  a  hard  crust  on 
buildings  and  that  skilled  labor  is  required  to  remove  it; 
scrubbing  and  sand  blasts  have  to  be  used  in  some  cases.  He 
said  that  the  owners  of  the  Railway  Exchange  Building  spend 
■f]500  yearly  for  this  work. 

Mr.  Monnett  said  that  at  the  beginning  of  this  smoke  work 
tlie  return  tubular  boiler  gave  the  greatest  trouble  as  it  made 
about  90  per  cent  of  the  smoke,  and  that  his  chief  work  was 
to  find  means  of  improving  this  boiler  so  that  it  would  not 
smoke.  He  illustrated  how  the  Ringlemann  smoke  chart  is 
used  to  determine  whether  the  smoke  has  a  density  of  20,  40, 
60,  80  or  100  per  cent.  He  closed  his  lecture  by  saying  that 
abatement  of  smoke  means  city  beautiful,  health,  more  sun- 
light, better  vegetation,  clean  homes,  happier  people. 

BUCKNELL    UNIVERSITY 

A  meeting  of  the  Bucknell  University  Student  Branch  was 
held  on  March  6,  at  which  0.  C.  Hartman,  '16,  gave  a  talk  on 
Superheaters  on  Railroad  Engines.  The  discussion  covered 
the  reasons  for  superheating,  together  with  the  conditions 
which  must  be  met  in  design  of  locomotives  of  this  type.  The 
various  methods  of  superheating  used  were  explained  by 
means  of  drawings  and  blueprints  of  the  different  types  of 
locomotives  and  their  advantages  and  disadvantages  were 
brought  out.  A  comparison  was  made  between  the  super- 
heater type  of  locomotive  and  the  locomotive  which  uses  only 
saturated  steam. 

CASE  SCHOOL  OF  APPLIED    SCIENCE 

At  the  February  meeting  of  the  Case  School  of  Applied 
Science  Student  Branch,  held  on  February  2,  R.  R.  Abbott, 
who  is  associated  with  the  Peerless  Motor  Car  Company  as 
metallurgist,  gave  a  talk  on  the  Theory  of  Heat  Treatment 
Practically  Explained.  The  speal<er  gave  a  systematic  ex- 
planation of  the  ferrite  and  pearlite  compositions  of  steel, 
with  the  relative  strength  and  toughness  of  each,  and  ex- 
plained that  alloys  in  the  steels  were  used  merely  to  change 
the  physical  properties  of  the  steels  either  by  increasing  the 
strength  of  the  ferrite  or  of  the  pearlite.  Similarly  he 
brought  out  the  effects  of  heat  treatment  and  its  control  on 
the  physical  properties  of  the  various  steels. 

At  a  meeting  of  the  branch  on  March  1,  Prof.  K.  F.  Adam- 
son,  Mem.Am.Soc.M.E.,  of  the  Mechanical  Department,  spoke 
on  the  Buckeyemobile  and  Uniflow  Engine  and  showed  why 
these  types  of  reciprocating  engines  can  compete  with  the 
smaller  turbine  units  of  the  present  time.  He  described  in 
detail  the  Buckeyemobile,  which  consists  of  a  unit  of  engine 
and  boiler  combined,  and  with  the  aid  of  data  compiled  by 
him  showed  the  comparison  of  the  efficiencies,  economies  and 
cost  of  power  between  this  type  and  the  modem  large  tur- 
bine units.  His  figures  showed  that  only  1.25  to  1.5  lb.  of 
coal  per  b.h.p.  per  hr.  are  used  by  the  Buckeyemobile,  which 
is  in  reality  a  copy  of  the  Gennan  locomobile  engine.  Mr. 
Adamson  then  described  in  detail,  using  slides  as  illustrations, 
the  American  uniflow  engine,  and  from  typical  indicator  cards 
showed  how  closely  the  card  taken  from  an  engine  of  this 
type  approaches  the  theoretical  card;  hence  its  high  efficiency. 
The  valve  gearing,  including  bleeding  valves,  was  thoroughly 
discussed. 

COLORADO  AGRICULTURAL  COLLEGE 

A  meeting  of  the  Colorado  Agricultural  College  Student 
Branch  was  held  on  February  14,  at  which  Mr.  Gorton  gave 
a  talk  on  the  first  U.  S.  Government  built  Diesel  engine.  He 
described  in  close  detail  the  engine  as  a  whole  and  also  the 
cylinders,  pistons,  the  bed  and  all  details  of  auxiliary  air  com- 
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pressors  and  fuel  pumps.    He  explained  the  operation  of  the 
engine,  the  cooling  system  and  the  mounting  of  all  parts. 

Following  Mr.  Gorton's  talk,  Mr.  Hoffman  reviewed  the 
paper  by  Robert  Cramer  on  Higher  Steam  Pressures,  which 
"U'as  published  in  the  January  1916  issue  of  The  Journal. 

KANSAS    STATE    AGRICULTURAL    COLLEGE 

A  meeting  of  the  Kansas  State  Agricultural  College  was 
held  on  March  2,  at  which  Prof.  Walter  W.  Carlson,  Mem. 
Am.Soc.M.E.,  gave  a  paper  on  the  Composition  and  Use  of 
Thermit.  He  gave  the  reactions  of  the  compound  and  the 
results  of  these  reactions.  The  action  is  so  fast  that  a  large 
amount  of  heat  is  generated  which  goes  to  melt  the  iron 
filings  and  makes  the  weld.  The  composition  of  the  com- 
pound is  Fe,0.  -f-  2A1  and  by  applying  a  source  of  heat  to 
Mndle  the  aluminum  the  equation  Fefi^  +  2A1  =  2Fe  +  A1,0, 
is  derived.  The  aluminum  has  a  great  affinity  for  oxygen  and 
is  therefore  used  to  take  up  the  oxygen  in  Fe.O,.  Thermit  is 
used  for  welding  metal  and  is  also  added  to  ladles  of  molten 
metal  in  the  foundrv  to  make  the  iron  hotter  and  thus  make 
it  finer  grain. 

A  second  paper  was  presented  by  Mr.  Slusher  of  Kansas 
City  on  Oxy-acetylene  Welding.  Mr.  Slusher  gave  a  compari- 
son between  the  old  and  the  new  methods  of  welding  and  the 
saving  that  is  brought  about  by  the  use  of  oxy-acetylene 
welding  machinery. 

The  modem  oxy-acetylene  generator  is  ven-  much  im- 
proved over  the  old  type  and  has  reduced  the  danger  and 
also  the  cost  of  the  use  of  the  machine.  The  oxygen  and 
acetylene  are  jiut  up  in  steel  bottles,  which  reduces  the  danger 
in  handling  and  using  the  gases.  The  torches  of  today  are 
also  a  great  improvement  over  the  ones  of  five  or  six  years 
ago ;  they  are  much  lighter  and  the  flame  is  much  hotter.  In 
the  up-to-date  torches  the  gases  are  mixed  more  thoroughly 
and  there  is  less  danger  of  back  firing. 

LEHIGH  UNIVERSITY 

A  meeting  of  the  Student  Branch  of  Lehigh  University 
was  held  on  March  2.  The  first  sjieaker  was  F.  W.  Ryder, 
'16,  who  read  a  paper  on  the  Operation  of  Electric  Mine 
Locomotives.  He  said  that  the  transportation  of  material  is 
a  very  important  factor  in  the  coal  mining  industry-  on  ac- 
count of  the  magnitude  of  the  coal  mined,  which  in  1910 
reached  the  net  total  of  500  millions  of  tons. 

The  use  of  electricity  in  coal  mines  has  been  in  vogue  for 
many  years,  and  the  advantages  of  the  electric  locomotive 
over  the  steam  locomotive  have  been  fully  demonstrated.  The 
electric  locomotive  is  good  on  grades,  is  superior  to  the  steam 
locomotive  in  simplicity  of  construction  and  has  a  more  com- 
pact fonn.  Besides,  the  use  of  steam  is  difficult  and  costly, 
and  diminishes  the  factor  of  safety.  The  gasolene  type  is  un- 
desirable because  it  develops  a  low  efficiency.  The  first  elec- 
tric locomotive  was  built  in  1899  and  is  still  in  daily  opera- 
tion. 

In  modern  coal  mines  there  are  the  straight  haulage,  cable 
reel  and  corabinaticin  or  crab  ty])es  of  locomotives  in  use.  As 
regards  the  positions  of  the  motors,  there  are  two  types : 
Two  motors,  one  geared  to  each  axle,  or  one  motor  connected 
to  both  axles.  The  total  height  is  27  in.,  which  is  smaller 
than  any  steam  locomotive  ever  built. 

The  constiTJction  of  the  frames  has  undergone  some  im- 
portant changes  which  have  tended  to  increase  the  efficiency 
considerably.  Formerly  cast  iron  was  used  almost  entirely 
for  the  frames,  but  now  the  plate  steel  construction  has  proved 
to  be  a  great  improvement  over  cast  iron.  Plate  steel  frames 
have  decreased  the  weight  and  are  much  more  desirable. 

The  bar  steel  frame,  invented  by  The  Baldwin  Locomotive 
Works,  is  very  flexible,  is  easily  inspected  and  is  practically 
proof  against  injury.  The  bodies  may  be  either  tandem  hung, 
central  hung,  or  low  hung. 

In  the  perfoi-mance  of  the  locomotive  all  the  wheels  must 
revolve  at  the  same  speed,  with  equal  distribution  of  the 
drivers  on  the  track.  The  maximum  draw-bar  puU  is  pro- 
portional to  the  weight  of  the  locomotive. 

The  speaker  also  gave  a  description  of  the  mechanical  con- 
struction, and  an  elementary  outline  of  the  theorj^  of  the 
motor  and  locomotive. 


The  second  speaker  was  C.  C.  Behney,  '08,  Mem.Am.Soc. 
M.E.,  who  discussed  Pitot  Tubes  and  Measurements.  Mr. 
Behney  explained  the  principal  features  of  the  various  Pitot 
tubes  in  jDresent  use,  illustrating  his  talk  by  blackboard 
sketches.  The  following  principal  conditions  of  construction 
are  neeessarj-:  Tubes  must  be  built  to  measure  the  flow  in 
pipes  of  liquids  and  gases ;  to  measure  low  as  well  as  high 
velocities;  to  measure  the  flow  in  the  open  channel  as  well 
as  in  pipes,  and  they  should  be  compact,  light  and  strong, 
and  easy  to  manipulate.  The  method  of  finding  the  pipe 
coefficient,  the  use  of  a  recorder,  and  the  float  idea  for  meas- 
uring the  flow  of  water,  were  explained.  The  speaker  closed 
his  lecture  by  a  discussion  of  various  tj^Des  of  meters  for 
measuring  water. 

LELAND    STANFORD    JR.    UNIVERSITY 

At  a  meeting  of  the  Leland  Stanford  Jr.  University  Stu- 
dent Branch  on  February  9,  two  papers  were  read.  The  first 
]3aper  was  presented  by  E.  0.  Bennett  on  The  GjToscopic 
Effect  of  Rotarj-  Motors  on  Aeroplanes.  The  speaker  first 
gave  a  description  and  explanation  of  the  several  different 
types  of  rotarj'  motors,  then  a  mathematical  analysis  of  the 
forces  which  come  into  action  and  the  methods  of  calculating 
rudder  areas  sufficient  to  overcome  the  gyroscopic  forces.  In 
the  discussion,  the  disadvantages  of  a  rotary  motor  were 
brought  out  which  showed  the  reasons  why  the  practice  of 
using  automobile  tv'pe  of  motors  is  now  becoming  common. 

The  other  paper  was  by  F.  P.  Andrews  on  the  Use  of  De- 
velopments in  Long  Distance  Wireless  Telegi-aphy,  Mr.  An- 
drews gave  a  description  of  the  modem  wireless  apparatus 
and  .then  discussed  the  methods  which  have  made  possible 
communication  over  increased  distances.  The  apparatus  used 
in  wireless  telephony  was  also  discussed  and  its  present 
limitations  pointed  out. 

LOUISIANA    STATE    UNIVERSITY 

The  first  regulai-  meeting  of  the  Student  Branch  of 
Louisiana  State  University  was  held  on  March  9,  at  which 
the  constitution  which  had  been  drafted  by  a  special  com- 
mittee was  presented  and  accepted. 

On  March  10,  a  special  meeting  was  held  at  which  J.  J. 
Munson  delivered  a  lecture  on  Water  Power  and  Pelton 
Water  Wheels.  Mr.  Munson  gave  a  few  brief  historical  notes 
on  the  development  of  water  power  and  described  the  re- 
sources of  water  power  in  the  United  States  in  comparison 
with  the  resources  in  other  countries. 

PENNS1XVANIA    STATE    COLLEGE 

At  a  meeting  of  the  Pennsylvania  State  College  Student 
Branch  on  Februarj-  23,  Dean  R.  L.  Sackett,  Mem.Am.Soc. 
M.E.  and  of  the  School  of  Engineering,  gave  a  very  inter- 
esting and  instructive  talk  on  Factors  Governing  the  Revision 
of  Factory  Systems,  and  discussed  fully  the  problems  which 
arise  in  this  work. 

POLYTECHNIC    INSTITDTE    OF    BROOKLYN 

A  meeting  of  the  Polytechnic  Institute  of  Brooklyn  Student 
Branch  was  held  on  March  4,  at  which  a  talk  on  The  Army 
Rifie  was  given  by  Leon  Eben  and  Abbott  Obendorfer,  illus- 
trated by  pictures  and  slides  showing  camp  life  at  Platts- 
burg  camp  last  summer.  They  said  that  the  "  Springfield 
1903 "  model  rifle  in  general  use  in  the  U.  S.  Army  and 
National  Guard  is  an  improvement  on  the  Kxag-Jorgensen 
rifle  in  tliat  it  is  more  accurate,  more  powerful  and  weighs 
only  nine  pounds.  Its  muzzle  velocity  is  2700  ft.  per  sec.  and 
when  the  shell  is  fired,  it  exerts  a  pressure  of  6500  lb.  per  sq. 
in.  The  rifling  or  grooving  of  the  barrel,  which  gives  the 
projectile  a  rotary  motion  and  a  high  muzzle  velocity,  is  a 
spiral  of  10  in.  liitch.  The  barrel  is  24  in.  in  length  and  has 
therefore  2.4  turns  throughout  its  length.  The  bayonet  for 
this  model  weighs  one  poimd,  is  16  in.  long,  and  can  be  locked 
into   place,  thus  jneventing  its   loss. 

STATE    UNIVERSITY    OF    IOWA 

A  meeting  of  the  State  University  of  Iowa  Student  Branch 
was  held  on  February  19,  at  which  an  illustrated  lecture  on 
West  Point  was  given  by  Prof.  F.   G.  Higbee,  head  of  the 
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Department  of  Descriptive  Geometry  and  Drawing.  Prof. 
Higbee  began  with  a  brief  history  of  West  Point  from  the 
time  of  its  founding  as  a  fort  for  defense  up  to  the  present 
time.  With  the  aid  of  lantern  slides,  he  gave  a  detailed  ac- 
coimt  of  the  methods  of  instruction  and  discipline  at  the 
Academy.  Much  emphasis  is  laid  ou  the  classroom  work;  a 
record  is  kept  of  each  student's  recitation  in  every  subject 
every  day,  and  the  average  of  the  week's  work  deteriaines'the 
standing  of  each  man  for  the  following  week.  Tliis  method 
of  grading  is  necessary  as  the  positions  awarded  after  gradu- 
ation are  based  largely  on  the  standing  of  the  men  in  their 
class  and  military  work  as  undergraduates.  Prof.  Higbee 
explained  the  system  by  which  the  work  is  interchanged  with 
recreation  and  pointed  out  that  the  life  of  a  cadet  is  not  the 
grind  and  drudgerj'  it  is  generally  thought  to  be. 

SYRACUSE    UNIVERSITY 

At  a  meeting  of  the  Syracuse  University  Student  Branch, 
F.  M.  Williams,  '97,  state  engineer  and  surveyor  for  New 
York,  gave  an  interesting  history  of  the  barge  canal,  illus- 
trated by  stereopticon  views  and  moving  pictures.  Mr.  Wil- 
liams stated  that  the  barge  canal  is  the  most  extensive  engi- 
neering feat  ever  attempted  by  an  individual  state.  The 
Erie  Canal  was  opened  in  1825  and  proved  so  successful  that 
an  immediate  enlargement  was  proposed.  At  various  times 
extensions  have  been  made  and  when  it  is  finally  completed 
the  Erie  Canal  will  have  a  total  length  of  .341  miles,  including 
161  miles  of  natural  river  bed,  157  miles  of  cliannelized  river, 
and  22.6  miles  of  lake  system. 

The  problem  of  rebuilding  280  bridges  is  the  greatest  ob- 
stacle which  has  arisen  in  the  jireseut  work.  Eighty  of  these 
are  railroad  bridges  and  a  great  deal  of  trouble  has  come  up 
between  the  state  and  the  railway  companies.  The  work  on 
the  entrance  to  the  harbor  at  Syracuse  on  Onondaga  Lake  has 
been  hindered  because  of  such  difficulties. 

Although  the  work  was  begun  in  1905,  there  still  remain 
serious  obstacles.  The  harbors  at  Syracuse,  Rochester  and 
Tonawanda  present  some  of  the  greatest  difficulties  yet  met 
with.  Machinery  valued  at  $40,000,000  is  in  use  on  the  canal 
and  there  is  a  greater  variety  of  machinery  than  in  any  other 
engineering  project  today,  not  even  omitting  the  Panama 
Canal.  There  are  two  methods  of  excavating  rock  under 
water;  by  means  of  tlie  drill  and  demck  boat,  and  by  a  rock 
dredger.  The  latter  performs  its  work  by  smashing  the  rock 
with  a  hea\'j'  hammer  and  then  dredging  it  out.  The  hydrauHc 
dredge  has  proved  the  most  successful  on  the  barge  canal  and 
less  costly.  This  dredge  excavates  about  400,000  cubic  yards 
per  month.  The  work  on  the  canal  between  Buffalo  and 
Rochester  had  to  be  done  in  winter  to  avoid  blocking  naviga- 
tion as  the  present  course  and  the  old  one  are  very  close  to- 
gether. 

The  syphon  lock  at  Oswego  is  the  only  one  of  its  kind  in 
America  and  the  larg-est  in  tlie  world.  A  model  of  this  lock 
won  the  grand  jirize  at  the  World's  Fair.  The  rise  from  the 
level  of  the  Hudson  to  the  Mohawk,  a  height  of  169  ft.,  has 
been  accomplished  by  means  of  five  locks,  extending  over  a 
distance  of  one  and  one-half  miles.  These  locks  are  un- 
equaled  in  the  world. 

The  stereopticon  and  moving  picture  views  showed  the 
various  workings  of  the  canal.  Among  the  features  of  inter- 
est shown  by  the  pictures  were  the  Loekport  locks.  Crescent 
dam  on  the  Mohawk,  the  S^-phon  lock  at  Oswego,  a  large 
hydraulic  dredge  in  Oi)eration,  and  a  ladder  dredge.  The  last 
film  exhibited  showed  views  taken  by  the  Pathe  Company  to 
be  used  in  their  picture  "  Seeing  America  First." 

THROOP    COLLEGE    OF    TECHNOLOGY 

A  meeting  of  the  Student  Branch  of  Throop  College  of 
Technology  was  held  on  February  11,  at  whicli  Ford  W.  Har- 
ris, Mem.Am.Soc.M.E.,  spoke  on  Patents.  He  explained  the 
fundamental  idea  of  a  patent,  which  is  a  contract  between  the 
Government  and  a  person  by  which  the  Government  gives 
that  person  the  sole  right  to  make,  use,  and  sell  his  article  or 
process,  in  consideration  for  wliich  the  person  makes  known 
a  new  invention  or  process.  Mr.  Harris  explained  the  ])atent 
laws  of  this  countr^■  and  compared  them  with  those  of  foreign 
countries. 


tKIVEfiSiW  OF  AfiKANSAS 


On  February  28*,  the  University  of  Arkansas  Student 
Branch  of  the  Am.Soe.M.E.  and  of  the  A.I.E.E.  held  a  joint 
meeting,  at  which  Prof.  B.  N.  Wilson,  Mem.Am.Soc.M.E., 
presented  an  address  on  Seientitie  Management.  He  gave  a 
Ijrief  history  of  scientific  management  and  illustrated  by  sev- 
eral examples  that  it  could  be  applied  to  almost  every  kind 
of  industry.  Professor  Wilson  pointed  out  that  although  the 
installation  of  such  a  system  costs  a  great  deal,  it  is  cheaper 
in  the  end. 

Prof.  H.  A.  Brown  of  the  electrical  engineering  depart- 
ment gave  a  demonstration  of  the  wireless  telegraph  and 
explained  by  blackboard  sketches  its  theorv'  and  working 
principles. 

UNIVERSITY    OF    CALIFORNIA 

The  University  of  California  Student  Branch  held  its  sec- 
ond meeting  of  the  semester  on  February  22.  H.  S.  Bean 
presented  a  paper  entitled  Rate  Setting  in  Machine  Shops, 
C.  Sebastian  discussed  his  thesis  on  Tests  of  the  Starrett 
Compressed  Air  Pump,  and  E.  Eichler  gave  a  paper  on  High 
Exjilosive  and  Shrapnel  Shell  Manufacture. 

At  a  meeting  of  the  Branch  on  March  7,  H.  Crow  pre- 
sented a  paper  on  The  Gas  Turbine.  He  discussed  both  the 
theoretical  and  practical  phases  of  the  subject  and  supple- 
mented his  discussion  with  slides  showing  various  types  of 
gas  turbines.  Prof.  R.  S.  Tour  discussed  the  "  Relativity 
Theoi';s- "  and  touched  u]3on  some  of  the  many  deductions 
which  may  be  made  by  the  application  of  this  theon'.  The 
subject  of  Oxy-Acetylene  Welding  was  presented  by  C.  V. 
Foulds,  who  renewed  the  various  methods  emj^loyed  and  the 
application  of  this  form  of  welding,  and  concluded  by  giving 
a  practical  demonstration  of  welding. 

UNIVERSITY    OF    CINCINNATI 

At  a  meeting  of  the  University  of  Cincinnati  Student 
Branch  on  February  3,  A.  J.  Baker.  Mem.Am.Soc.M.E., 
spoke  on  The  Opiiortunities  and  Field  of  the  Engineer.  Mr. 
Baker  said  that  there  is  no  profession  which  does  more  in  the 
sen'ice  of  humanity  or  that  demands  that  a  man  know  his 
business  thoroughly  and  be  honest  than  the  engineering  pro- 
fession, yet  most  people  know  very  little  about  the  engi- 
neer's work.  It  is  the  duty  of  every  engineer  to  strive  to 
correct  the  poor  conception  of  the  people  and  to  endeavor  to 
establish  a  higher  plane  for  the  jirofession,  by  widening  the 
field   of   activity   and   develojiing   the   fields    already   entered. 

The  speaker  mentioned  some  of  the  new  fields  to  which 
the  engineer  might  well  direct  his  energies,  among  them  the 
wind  motor,  the  use  of  macliinery  for  harvesting,  and  the  de- 
velopment of  sun  machinery.  He  also  emphasized  water 
power  development,  and  said  that  the  work  of  controlling 
floods,  such  as  the  floods  in  the  Mississippi  Valley,  and  keep- 
ing the  surface  land  on  the  farms  is  a  field  of  activity  well 
worth  the  endeavor  of  the  engineer. 

In  closing,  Mr.  Baker  spoke  of  the  growing  demand  for 
machines  which  require  mental  effort  to  operate,  instead  of 
the  machines  so  generally  built  at  the  present  time  which  are 
made  as  automatic  as  possible '  in  oi'der  that  they  may  be 
ojierated  by  anyone  with  little  or  no  mental  effort,  and 
pointed  out  that  in  the  development  of  machinery  along  more 
efficient  lines  lay  another  great  field  for  the  engineer. 

A  joint  meeting  of  the  Student  Branch  of  the  Am.Soe.M.E. 
and  A.I.E.E.  was  held  on  March  2.  Dr.  .J.  D.  Magee  of  the 
Department  of  Economics  gave  a  short  address  on  Engineer- 
ing Economics.  After  the  address,  a  social  was  held  in  charge 
of  the  Seniors  of  the  electrical  engineerig  department. 

UNIVERSITY    OF    COLORADO 

The  University  of  Colorado  Student  Branch  held  a  meeting 
on  Febiiiary  17,  at  whi<-h  Harold  Worcester  read  a  paper, 
illustrated  by  slides,  prepared  by  C.  H.  Thomas  of  the  Skin- 
ner Engine  Company.  The  pajier  took  up  historv-  and  origin 
of  the  uniflow  engine,  its  principle  of  operation,  construction, 
and  valve  action;  special  attention  being  given  to  the  effect 
of  the  auxiliaiy  exhaust  valve  in  reducing  the  final  compres- 
sion pressure  and  clearance  volume,  a  result  which  lias  made 


336 


SOCIETY  AFFAIRS 


The  Journai. 
Am.Soc.M.E. 


this    type    of   engine    practical    for   noneondensing:,    medium 
pressure   work. 

UNIVERSITY  OF  KENTUCKY 

At  the  regular  Februarj-  meeting  of  the  University  of  Ken- 
tucky Student  Branch  the  paper  on  Analysis  of  the  Cylinder 
Performance  of  Reciprocating  Engines,  by  J.  Paul  Clayton, 
Mem.  Am.Soc.M.E.  and  of  the  University  of  Illinois,  was  dis- 
cussed. G.  L.  Cherry  introduced  the  subject  with  a  twenty 
minute  talk  which  wa.s  followed  by  a  mathematical  treatment 
of  the  subject  by  J.  Wolf.  A  theoretical  discussion  was  then 
given  bv  Prof.  Cassidy  and  a  practical  discussion  by  Prof. 
Wilhoite. 

The  Branch  plans  to  spend  the  week  of  March  20  in  Chi- 
cago and  vicinity,  inspecting  the  various  points  of  engineer- 
ing interest  there. 

UNIVERSITY    OF   MINNESOTA 

An  open  meeting  of  the  Minnesota  Student  Branch  was 
held  on  February  19.  At  this  meeting,  moving  pictures  were 
shown  illustrating  the  process  of  Thermit  Welding.  G.  A. 
Ek,  president  of  the  Branch,  explained  the  details  of  this 
process  of  welding. 

On  February  24,  the  Branch  held  its  second  annual  get- 
together  in  the  Auditorium.  The  principal  speaker  was  Paul 
Doty,  Mem.Am.Soc.M.E.  and  vice-president  and  general 
manager  of  the  St.  Paul  Gas  Light  Company,  who  spoke  of 
the  engineer  and  engineering  of  the  present  time.  Short 
talks  were  given  by  Prof.  J.  J.  Flather,  head  of  the  me- 
chanical engineering  department,  and  Prof.  W.  H.  Kava- 
naugh,  head  of  the  experimental  engineering  department. 

The  regular  monthly  meeting  of  the  Student  Branch  wa.s 
held  March  4,  at  which  A.  P.  Mason,  a  member  of  the  senior 
mechanical  engineering  class,  read  a  paper  on  the  History- 
and  Use  of  MiUing  Machines.  He  illustrated  his  article  by 
slides  furnished  by  the  Brown  and  Sharpe  Manufacturing 
Company. 

UNIVERSITY  OF  MISSOURI 

A  meeting  of  the  Student  Branch  of  the  University  of 
Missouri  was  held  on  February  21.  The  first  speaker  was 
Prof.  A.  L.  Westeott,  Mem.Ain.Soe.M.E.  and  formerly  as- 
sistant professor  of  mechanical  engineering  in  the  university, 
now  superintendent  of  buildings,  who  spoke  on  the  Advan- 


tages to  the  Student  of  Membership  in  the  A.S.M.E.  Stu- 
dent Branch.  He  pointed  out  the  benefits  to  be  gained  by  the 
sludent  through  the  regular  meetings  of  the  section,  and  the 
chances  to  hear  and  take  part  in  the  programs. 

J.  W.  Haney,  Mem.Am.Soc.M.E.,  addressed  the  students 
on  The  Operation  of  the  Power  Plant  and  HeatLng-Ventilat- 
ing  System  of  a  Large  Office  Building.  He  based  his  re- 
marks mostly  on  his  own  work  as  chief  engineer  of  the  Com- 
merce Power  Company  in  connection  with  the  Commerce 
Building  at  Kansas  City,  Mo.,  and  told  of  many  interesting 
things  which  happened  in  the  operation  of  the  plant,  espe- 
cially in  connection  with  the  elevator  service. 

An  election  of  officers  for  the  second  semester  1915-16  was 
held,  the  following  men  being  elected:  Fred  P.  Hutchison, 
jjresident;  L.  Seuter,  corresponding  secretary;  R.  B.  Warren, 
secretary-treasurer;  J.  W.  Haney,  R.  M.  Loetz,  F.  Nelson 
Westeott,  governing  board. 

WORCESTER   POLYTECHNIC    INSTITUTE 

At  a  meeting  of  the  Worcester  Polytechnic  Institute  Stu- 
dent Branch  on  March  3,  Frank  H.  Trego,  chief  engineer  of 
the  Knox  Motor  Company,  Springfield,  Mass.,  and  formerly 
research  engineer  for  the  Packard  Company,  gave  an  inter- 
esting talk  on  Automobile  Engineering,  dealing  particularly 
with  the  details  of  construction  and  design,  and  explaining 
many  problems  which  have  arisen  in  the  manufacture  of 
motors.  The  speaker  first  considered  the  crank  case  or  founda- 
tion of  the  motor,  mentioning  the  advantages  which  aluminum 
possesses  because  of  its  light  weight,  and  the  disadvantages 
of  excessive  warping.  A  lengthy  discussion  was  given  re- 
garding the  advantages  and  disadvantages  of  two,  three,  four, 
and  seven  bearing  crank  shafts,  particular  emphasis  being 
placed  on  the  necessity  for  proper  lubrication  of  these  bear- 
ings. In  explaining  the  importance  of  quiet  running  of 
automobile  mechanism,  Mr.  Trego  said  that  most  ]>urchasers 
care  more  about  the  details  of  appearance,  quiet  running  and 
body  construction  than  about  the  performance  of  the  motor- 
He  then  discussed  some  of  the  causes  for  noise  in  gear  trains, 
such  as  interference,  poor  alignment,  improper  material  and 
poor  lubrication,  and  their  remedies,  also  the  construction  of 
the  connecting  rod  and  the  broaching  of  bearing  holes,  and 
mentioned  the  offset  piston  pin  and  the  elimination  by  this 
means  of  "  piston  slap."  Mr.  Trego  showed  several  photo- 
graphs of  a  modern  aeroplane  motor  and  explained  its  con- 
struction. 


EMPLOYMENT  BULLETIN 

The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  and  is  pleased  to  receive  requests  both 
for  positions  and  for  men.  Copy  for  the  Bulletin  must  be  in  hand  before  the  18th  of  the  month. 
The  notices  now  appear  in  the  Employment  Bulletin  in  a  form  which  indicates  the  classification. 


POSITIONS  AVAILABLE 

The  Society  acts  only  as  a  "clearing  house"  in  these  matters  and 
is  not  responsible  where  firms  do  not  anstcer.  Stamps  should  be 
enclosed  for  Jorwarding  applications. 

69  Technical  Graduate  to  take  charge  of  mechanical  de- 
partment of  company  building  oil  well  machinery,  employing 
about  seventy-five  men  in  thoroughly  well-equipped  and  up-to- 
date  plant.  Salary  $1800  to  $2500  with  good  opportunity  for 
advancement  for  progressive  man.    Location  Texas. 

116  Superintendent  or  Overseer  to  take  charge  of  the 
mechanical  side  of  manufacture  of  special  line  of  chemicals 
used  in  fabric  manufacturing  concern.  Location,  New  Eng- 
land. 

120  Instructors  for  large  Eastern  college.  Three  in- 
structors to  combine  teaching  of  shop  work  with  practice  of 
applied  principles  of  scientific  management.  Instructor  (a) 
wood-working;  (b)  forging;  (c)  machine  shop  and  partly  on 
thesis  and  factory  layout  work.  Applicants  must  be  gradu- 
ates of  an  engineering  college,  and  must  be  willing  to  adapt 


themselves  to  prescribed  methods  and  begin  at  as  low  a  salary 
as  $1000  to  $1100. 

122  Heating  and  Ventilating  Engineer,  young  technical 
graduate,  with  three  or  four  years  experience  in  this  line  of 
work.    Location,  Ohio. 

124  Assistant  to  Plant  Engineer  young  technical 
graduate,  with  about  one  year  of  practical  experience,  for 
work  in  plant  maintenance,  to  include  design,  drafting,  testing 
and  investigations.  Salai^j"  $65  to  $75  a  month  with  good  op- 
portunity for  advancement. 

125  Tool  Designers,  American  or  English.  Location, 
Pennsylvania. 

130  Textile  Plant  Engineer,  one  capable  of  studying 
textile  operations  with  view  to  making  improvements  in  ma- 
chines or  processes;  who  has  had  experience  in  similar  lines, 
or  a  practical  designer  in  connection  with  textile  machinery. 
Salary  $2000  to  $3000,  dependent  upon  ability  and  experience. 
Location,  New  England. 
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135  Draftsmax,  construction  and  equipment  of  sugar  fac- 
tories.    Location,  New  York. 

137  Man'ager,  experienced  in  machine  shop  engine  busi- 
ness; preferably  one  who  can  make  investment  and  thus 
secure  greater  interest  in  business,  for  New  Jersey  concern, 
manufacturing  steam  and  gas  engines. 

138  RE.SEARCH  Assistant,  young  engineer  to  work  prin- 
cipally along  line  of  tests.    Location,  New  Jersey. 

139  Young  Engineer  Designer,  with  technical  education 
and  special  training  in  the  design  of  automatic  machinery  for 
the  manufacture  of  small  interchangeable  parts ;  excellent 
chance  for  advancement  to  one  who  displays  ability  and  appli- 
cation.   Location,  Chicago. 

141  Assistant  Superintendent  with  practical  pattern 
shop,  foundrj'  and  machine  shop  experience;  technically  edu- 
cated man  is  preferred,  who  is  ingenious  and  resourceful 
enough  to  handle  the  details  of  developing  manufacturing 
methods  in  a  shop  turning  out  a  large  variety  of  machines  in 
comparatively  small  numbers.  Location,  Middle  West.  Apply 
by  letter. 

146  Mechanical  Engineer,  splendid  opening  for  young 
graduate  of  technical  school,  specialist  in  machine  tool  work; 
should  be  able  to  negotiate  with  manufacturers  for  agencies 
and  demonstrate  their  products.  Includes  six  to  nine  months' 
travel  each  year  in  Europe.  In  replying,  state  age,  experience, 
salary  expected,  when  at  liberty,  etc. 

147  Assistant  to  Chief  Engineer;  all-around  mechanical 
engineer  wanted  for  assistant  to  chief  engineer  of  firm  doing 
large  foreign  business;  would  be  in  charge  when  chief  is  in 
Europe.  Good  opportunity  for  well  educated  technical  gradu- 
ate with  right  experience.  State  age,  salary  expected,  previous 
experience,  and  when  at  liberty.    Location,  Massachusetts. 

149  Chief  Engineer  with  experience  in  chemical  indus- 
tries, for  important  new  branch  of  established  dye  stuff  fac- 
tory. Location,  Eastern  States.  Apply  by  letter  giving  de- 
tails of  experience  and  salary  expected. 

151  Manufacturing  Executive  to  develop  manufacture 
of  addressing,  folding  and  wrapping  machines  for  newspapers 
and  books.  Must  know  paper  handling  and  paper  folding 
machinery  and  be  able  to  design  practical  tools  and  jigs  for 
manufacturing  this  particular  product;  should  be  thoroughly 
familiar  with  purchasing,  clerical  and  accounting  work  in  con- 
nection with  factory,  including  stock-keeping,  inventory  tak- 
ing, production  ordering,  etc.  Growing  opportunity;  salarj' 
to  start  about  $2500.    Location,  Middle  West. 

156  Sales  Engineer  thoroughly  versed  in  the  industrial 
hydraulic  machinery  line,  competent  to  look  after  local  inter- 
ests of  company.    Location  Middle  West. 

157  Designer  and  Draftsman  as  Assistant  to  engineer 
of  concern  manufacturing  industrial  hydraulic  machinery.  Lo- 
cation Middle  West. 

159  Production  Engineer:  A  plant  in  Central  New  York 
State,  manufacturing  small  arms,  both  sporting  and  mili- 
tary, of  high  reputation,  requires  a  young  mechanical  engineer 
to  standardize  product  and  manufacturing  processes  for  eco- 
nomical production  of  accurately  interchangeable  parts;  must 
have  high  grade  machine  shop  experience  with  arrangement 
of  equipment,  manufacturing  operations,  means  for  handling 
and  storing  materials,  and  in  making  operation  studies  to  set 
production  rates.    Salary  dependent  on  qualifications. 

160  Production  Engineer:  A  plant  in  Western  Pennsyl- 
vania, making  automobile  frames  and  drop  forgings  for  auto- 
mobile parts  and  machining  the  latter,  requires  the  services  of 
a  young  mechanical  engineer,  familiar  with  similar  work,  to 
take  charge  of  routing  and  scheduling  work  througliout  the 
plant.    Salary  dependent  on  qualifications. 

165  Chief  Inspector,  for  a  plant  in  Central  New  York 
State  manufacturing  small  arms,  both  sporting  and  mili- 
taiy,  of  high  reputation.  Must  be  mature  man  with  experience 
on  high  grade  machine  work. 


172  Superintendent,  unusual  opportunity  with  well  es- 
tabhshed  growing  machine  building  concern;  high-class  execu- 
tive up-to-date  in  shop  practice.  Location  Brooklyn.  State 
experience,  age,  and  salary. 

173  Instructor  in  Mechanical  Engineering  for  univer- 
sity in  California;  to  assist  in  steam,  hydraulics  and  testing 
materials  laboratories,  and  possible  charge  of  a  section  of 
applied  mechanics.  Salary  $1000  or  less  depending  on  man; 
young  man  with  one  or  two  years  experience  either  in  teach- 
ing or  practical  work. 

174  Assistant  Superintendent  in  forge  department; 
general  requii'ements  are  knowledge  of  oil  furnaces  and  some 
experience  in  hydraulic  forge  work.  Salary  approximately 
$150  a  month. 

175  Draftsman  for  Connecticut  concern  of  manufacturing 
chemists.    Salary  $20  to  $30. 

178  Chief  Draftsman  on  oil  well  machinery;  good  op- 
portunity for  right  man;  would  eventually  require  residence  in 
Texas. 

179  Draftsman  experienced  in  elevating  and  conveying 
machinery  and  light  structural  work;  preference  given  to  man 
who  would  develop  into  salesman.  Salary  $1500  to  $1700. 
Apply  by  letter  with  object  of  personal  intei-view.  Location 
New  York  State. 

MEN  AVAILABLE 

The  published  notices  of  "  men  available  "  are  made  up  only  from 
memhers  cf  the  Society.  Notices  are  not  repeated  in  consecutive  issuea 
of  the  Bulletin.  Names  and  records  are  kept  on  the  office  list  three 
months,  and  at  the  end  of  such  period  if  de»ired  must  he  renewed. 

Members  sending  in  notices  for  the  Men  Available  section  are  par- 
ticularly requested  in  the  future  to  indicate  the  classification  under 
which  they  desire  their  notices  to  appear. 

D-118  Student  Member^  one  year's  experience,  record 
good,  reference  upon  application.  Graduate  in  mechanical 
engineeiing  course  in  June,  desires  opportunity  for  advance- 
ment with  manufacturing  concern. 

D-119  Member;  age  31.  M.I.T.  Has  had  diversified  en- 
gineering training,  also  five  years  selling  experience.  Experi- 
enced in  the  design  and  application  of  mechanical  conveyors 
for  industrial  plants.  Wants  position  preferably  with  auto- 
mobile manufacturer.  Salary  $2500.  Answer  through  the 
Society. 

D-120  Assistant  to  Executive  Officer,  large  manufac- 
turing corporation  to  promote  unity  of  organization,  economy 
and  eflSciency.  Object,  establishment  of  a  permanent  connec- 
tion leading  to  greater  responsibility  and  remuneration 
through  years  of  service.  Technical  graduate,  31,  experience 
in  economy  and  efficiency  work  as  member  of  staff  of  noted 
efficiency  engineer,  as  assistant  to  comptroller,  as  manager  of 
manufacturing  plant,  and  as  investigator  of  costs  and  statistics 
for  one  of  largest  industrial  corporations  in  this  country. 

D-121  Efficiency  or  Factory  Manager,  technical  gradu- 
ate, M.E.,  age  30,  ten  years  experience  in  costs,  statistics,  pro- 
duction work,  office  and  factory  management,  references  to 
several  successful  concerns  for  ability  and  results  obtained  as 
an  organizer. 

D-122  District  Office  Manager  or  Assistant  to  general 
sales  manager,  or  manufacturer's  representative  handling  sev- 
eral non-conflicting  Unes;  would  consider  partnership  in  es- 
tablished selling  or  equipment  company.  Experience  in  sell- 
ing and  engineering  work  in  eastern  territory,  graduate  me- 
chanical engineer,  age  35,  married,  experience  covering  a  wide 
range  of  industries;  highest  references  as  to  character  and 
ability. 

D-123  Publicity  and  Sales  Engineer,  20  years  experi- 
ence, bookkeeper,  accountant,  salesman,  department  manager, 
assistant  factory  manager,  advertising  manager,  assistant  sales 
manager,  knowledge  of  the  country  from  Maine  to  Cuba  and 
from  Atlantic  to  the  western  coast.  Accustomed  to  large  pro- 
duction and  sales  problems. 


338 


SOCIETY  AFFAIRS 


The  JottrnaL 
Am.Soc.M.E. 


D-124  Chief  Draftsman  or  Assistant  Mechanical  En- 
gineer, college  graduate,  experienced  designer,  machinery, 
structural  iron  and  small  automatic  machines. 

D-125  Power  Plant  Engineer,  experienced  in  design, 
heating  and  ventilating,  industrial  plants;  selling  experience; 
wishes  responsible  position.  Has  had  charge  of  men  and 
shown  executive  abiUtj'. 

D-126  Superintendent  and  Mechanical  Engineer,  ten 
years  experience  on  construction  work,  in  charge  of  design, 
erection  and  operation  of  equipment,  buildings  and  power 
plants  for  fu-m  of  consulting  engineers.  Twelve  years  previous 
experience  in  machine  shops  and  in  charge  of  steam  plants; 
desires  position  with  construction  or  manufacturing  firm. 

D-127  MJECHANiCAL  or  Chief  Engineer,  age  31,  four  years 
experience  as  superintendent  of  erection  and  chief  operating 
engineer  of  large  power  and  industrial  plants;  four  years  in 
charge  of  desigu  and  detailing  of  power  plants;  good  execu- 
tive ability,  capable  of  assuming  any  responsibility  in  power 
plant  lines  and  getting  results  from  factory  organization.  Lo- 
cation preferred  in  U.  S.  A.     Salary  $2500. 

D-128  Superintendent  or  Master  Mechanic,  American, 
age  33,  practical  tool-maker  and  machinist,  at  present  em- 
ployed as  master  mechanic  in  factory  employing  about  600 
hands,  experienced  in  sheet  metal  stamping  and  automatic 
machinery  on  interchangeable  manufacturing,  estimating,  de- 
sign of  machinery  and  tools,  an  all-around  production  man  of 
experience  who  can  effect  results.  Answers  to  this  notice 
treated  confidentiallj'. 

D-129  Steel  Engineer,  member,  technical  graduate,  age 
30,  ten  years  expeidence  in  treating,  testing  and  micro-struc- 
ture of  steel;  practical  knowledge  of  the  treatment  of  steels 
to  obtain  best  physical  and  machining  properties;  capable  of 
eliminating  all  troubles  in  the  working  of  steel  and  manufac- 
tiire  of  steel  products. 

D-130  Electrical  and  Mechanical  Engineer,  Cornell 
graduate  with  extensive  experience  designing,  constructing, 
operating,  maintaining,  purchasing,  managing  and  office  engi- 
neering, desires  position  where  such  experience  would  be  re- 
quired. Now  chief  electrical  and  mechanical  engineer,  con- 
structing and  operating  an  explosive  plant.  Engineering  work 
of  operation  of  minor  importance  reason  for  change. 

D-131  Manager,  Mechanical  and  Marine  Engineer,  de- 
signer; associate  member,  college  graduate,  age  36,  married, 
American  citizen,  speaks  English,  French,  Italian,  Spanish, 
some  knowledge  of  German.  Three  years  practical  experience 
as  a  marine  engineer.  Six  years  a  district  manager  of  an 
electric  illuminating  and  manufacturing  company.  Six  years 
experience  in  mechanical  design  of  electrical  machines  with 
two  leading  American  manufacturing  concerns;  expert  calcu- 
lating engineer.  At  present  employed;  four  years  in  present 
position ;  open  for  engagement  in  U.  S.  or  abroad.  New  York 
City  preferred. 

D-132  Superintendent  of  Power  desires  change.  Chief 
engineer  of  power  two  years  in  large  mining  and  smelting 
works  in  South  America.  Worked  as  erector  in  smelters  of 
Arizona  instaUing  engines  and  blowers.  Superintendent  of 
electric  light  and  water  for  municipality.  Consulting  engineer 
own  office  in  Texas  two  j-eare;  engineering  construction  in 
Mexico  at  time  of  Madero's  overthrow;  past  two  years  and  at 
present  doing  engineering  sales  work  power  plant  and  pump- 
ing machinery.  Member  A.M.S.E.  and  Louisiana  Engineering 
Society. 

D-133  Plant  Engineer  or  Master  Mechanic,  age  36, 
complete  mechanical,  electrical,  buildings  equipment;  land  or 
water  front  jsroperties;  maintenance  and  extensions;  extensive 
practical  and  office  experience.  Desires  change;  connection 
with  industrial  or  engineering  concern. 

D-134  Chief,  Mechanical  or  Consulting  Engineer. 
Associate;  technical  education;  fourteen  years  experience, 
familiar  with  designing  industrial  plants,  mill  buildings,  ore 
roasting  furnaces,  coal  washing,  screening,  elevating  and  con- 
vej-ing  machinery,  ha\nng  held  positions  as  chief  draftsman, 
engineer  or  construction  and  chief  engineer  for  large  concerns. 


D-139  Chief  Draftsman  or  Assistant  Chief  Engineer, 
C'otnt'U  graduate,  15  years  varied  experience  with  engineers 
and  contractors  and  industrial  concerns  doing  their  own  plant 
engineering  and  with  manufactui'ing  concerns.  Experience 
principally  in  drafting  room  and  engineering  office. 

D-136  Mechanical  and  Electrical  Engineer,  Cornell 
gradute,  age  31,  with  nine  years  experience  in  the  design,  con- 
struction, operation  and  testing  of  steam  and  electric  power 
and  pumping  stations,  also  sewage  disposal  works,  desires  posi- 
tion with  consulting  engineer,  manufacturer  of  power  plant 
apparatus,  construction,  or  operating  company. 

D-137  Safety  Engineer  or  Inspector.  Junior  member, 
age  26,  single ;  2y2  years  experience  in  safety  work,  1  year  as 
assistant  safety  engineer  in  a  large  metallurgical  plant  em- 
plojing  over  5000  men.  Experience  in  first-aid  instruction  and 
organization  of  safety  committees.  Over  4  years  experience 
in  general  drafting.  Location  immaterial.  At  present  em- 
ployed, but  available  on  short  notice. 

D-138  Instructor  in  Mechanical  Engineering.  Junior 
member,  technical  graduate,  age  twenty-six,  married;  experi- 
ence as  assistant  superintendent  of  manufacturing,  with  illu- 
minating gas  company  in  charge  of  labor  and  mechanical 
equipment;  six  months  in  a  drafting  room;  two  years  success- 
ful teaching  experience;  employed  until  July  first;  desires  po- 
sition with  a  college  or  universitv  beginning  in  September, 
1916. 

D-139  Student  member  of  University  of  Kentucky;  me- 
chanical and  electrical  engineering  department;  would  like 
opportunity  to  go  to  South  or  Central  America  on  graduation 
in  -June.     I?eferences. 

D-140  Manager  or  Superintendent.  Mechanical  engi- 
neer, technical  graduate,  ten  years  experience,  design  and  con- 
struction centrifugal  pumps  and  pumping  engines.  Employed 
but  available  on  short  notice. 

D-141  Tool  or  Special  Machine  Designer:  associate 
member,  graduate  in  machine  design,  age  32,  married;  5  years 
experience  as  chief  draftsman,  desires  opportunity  at  tool  de- 
sign or  special  machinery  design ;  immediately  available.  Lo- 
cation New  York. 

D-142  Chief  Engineer  or  Superintendent  of  power 
plant,  with  12  years  experience  in  present  power  plant  prac- 
tice, refrigeration,  steam  heating  and  gas,  desires  position  with 
large  corporation  or  power  company  with  an  opportunity  to 
show  results.    Salary  to  start  $2400.    At  present  employed. 

D-143  Assistant  to  Consulting  or  Mechanical  Engi- 
neer. Graduate  ^I.E.,  age  26.  experience  in  responsible  charge 
of  installation,  and  plans  for  factory  machinerj'  layouts,  power 
transmission  systems,  foundations  and  piping  layouts  for 
power  plant  equipment  and  accessories,  mechanical  equipment 
of  buildings.  Location  in  central  states  preferred.  At  pres- 
ent employed. 

D-144  Executive  wishes  to  make  permanent  connection 
with  manufacturer  of  electrical  machinery.  Practical  experi- 
ence of  sixteen  years  includes  drafting,  testing,  designing  and 
manufacturing,  also  sales  and  general  management;  respon- 
sible charge  of  entire  business  for  considerable  time.  Would 
take  charge  of  branch  office,  but  preference  given  to  factory 
position. 

D-145  Instructor  or  Assistant  Professor;  young  engi- 
neer, at  present  in  charge  of  the  courses  in  engineering  labor- 
atory in  prominent  eastern  university,  seven  years  widely 
varying  experience  teaching  nearly  all  branches  of  mechanical 
engineering,  and  about  four  years  practical  experience  in 
drafting  room  and  shop,  desires  position  in  a  college  receiving 
state  support,  east  or  middle  west  preferred.  Will  furnish 
best  of  references  and  adequate  reasons  for  desiring  change. 

D-146  Wood- Working.  Junior  member  wishes  a  position 
in  a  wood-working  shop. 

D-147  Production  Engineer.  Associate  member,  32,  spe- 
cialist in  interchangeable  manufacturing.    Broad  experience  in 
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machine  shop,  foundry-,  stamping,  shaping,  plating  and  finish- 
ing. Record  for  stability  and  successful  manutaeturing-.  Past 
four  years  works  manager.  Vicinity  New  York.  Salary 
$3800."    Highest  credentials. 

D-148  Designer,  Test  Engineer  or  Assistant  to  Con- 
sulting Engineer  in  industrial  or  power  plant  work.  Mechan- 
ical engineer,  age  27,  three  years  machine  shop  experience,  two 
years  power  plant  design,  two  years  power  plant  testing. 

D-149  Estimator  desires  executive  position,  several  years 
varied  experience,  can  present  best  testimonials;  30  years  old, 

speaks  foreign  languages. 

D-150  Superintendent  and  Mechanical  Engineer,  tech- 
nical graduate,  fifteen  years  experience  as  executive  in  charge 
of  building  and  ])0wer  plant  construction,  including  layouts, 
purchase,  installation  and  operation  of  complete  mechanical 
equipments.  At  present  employed  by  large  corporation  as 
engineer  in  charge,  desires  similar  position. 

D-151  Manufacturing  Executive.  Associate  member, 
technical  graduate,  six  years  manufacturing  and  designing  ex- 
perience. 

D-152  Student  member,  age  23,  desires  employment  at  a 
moderate  salary,  where  advancement  is  possible.  Will  gradu- 
ate from  university  in  June. 

D-153  Sales  Engineer,  Chief  Engineer,  Manager,  Su- 
perintendent :  Cornell  graduate  in  mechanical  engineering, 
age  36.  Broad  experience  in  general  engineering  both  from  a 
technical  and  practical  standpoint.  Particularly  familiar  with 
the  design,  manufacture,  erection,  operation  and  development 
of  hoisting,  conveying  and  handling  machinery  and  plants. 
Experienced  in  structural  design.  Employed  for  the  past  ten 
years  by  a  leading  concern  but  seeks  opening  for  advancement. 

D-154  Mechanical  and  Combustion  Engineer,  .Junior 
member,  age  25,  married,  technical  graduate,  four  years  power 
plant  experience,  including  design,  tests,  and  operation, 
specializing  on  fuel  and  power  plant  economies.  At  present 
employed,  desires  position  along  above  lines  offering  attractive 
opportunity  for  the  future. 


D-155  Manager  op  Sales,  42,  aggressive  and  efficient;  de- 
sires to  make  connection  with  concern  wishing  to  develop  its 
business  along  broad  lines;  now  vice-president  and  general 
manager  of  an  eugineei'ing  concern ;  desires  change  lor  reasons 
satisfactorily  explained;  teelmical  and  practical  training,  with 
broad  experience  in  selling  in  the  field.  Successful  record  with 
ability  to  produce  results.  Valuable  acquaintance  with  con- 
sulting and  operating  engineers  and  industrial  concerns. 

D-156  Hydeaulic  and  Mechanical  Engineer;  technical 
gi'aduate,  speaks  and  corresponds  Huently  in  three  languages. 
Fifteen  years  experience  in  designing,  manufacturing  and 
operating  hydraulic  turbines,  centrifugal  pumps,  hydro-electric 
power  plants;  also  mechanical  equipments  for  mines.  Well 
acquainted  with  leading  business  institutions  and  consulting 
engineers  in  Canada,  United  States  and  Mexico  also  first  cla.ss 
foreign  relations  in  Britain  and  European  Continent.  At 
present  employed  in  executive  capacity  but  desires  change. 
Can  furnish  high  class  references. 

D-157  Teacher,  technical  graduate  with  ten  years  ex- 
perience, including  practical  work  and  teaching,  desires  a 
position  in  the  mechanical  engineering  department  of  a  uni- 
versity or  technical  school. 

D-158  Chief  Engineer,  Superintendent  or  Equipment- 
Engineer  of  manufacturing  methods,  exceptionally  well  edu- 
cated, trained  and  experienced,  technical  graduate  1904 :  varied 
experience  as  machinist,  tool  and  die  maker,  tool  department 
sub-foreman,  foreman,  tool  and  machine  designer  and  in- 
spector, acting  equipment  engineer,  production  superintendent. 
Acquired  skill  and  the  reputation  of  an  expert,  speaks  several 
languages,  thoroughly  able  to  handle  and  teach  men.  Excellent 
references. 

D-159  Engineer,  with  private  firm  or  consulting-  engineer, 
technical  graduate,  age  34,  twelve  years  experience  in  design, 
testing,  supervision  and  reports  on  light,  heat  and  power 
l^lants;  specialized  in  economical  power  production. 

D-160  Engineer  Assistant  to  Executive.  Member,  tech- 
nical graduate,  wide  experience  in  management,  sales,  operat- 
ing and  executive  work;  at  present  engaged;  desires  position 
capable  of  being  developed  to  broad  future. 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the 
Society  and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS   BY    THE    SOCIETY 

This  list  includes  only  accessions  to  the  library  of  this  Society.    Lists 

of   accessions   to    the   libraries   of    the   A.I.E.E.    and   A.I.M.E.    can    be 

secured  on  request  from  Calvin  W.  Rice,  Secretary  of  Am.  Soc.  M.  E. 

American  Society  op  Swedish  Engineers.  Bulletin  vols.  8  and  9. 
Brooklyn,  19H-15.     Gift  of  Society. 

Association  of  Railway  Electrical  Engineers.  Proceedings  vol. 
6,  1913.     Chicago,  191S.     Gift  of  Association. 

Building  Construction  as  ArPECTiNC  Fire  Risks,  C.  F.  Wieland. 
San  Francisco,  1915.     Gift  of  author. 

Carnegie  Institution  of  Washington.  Annual  Report  of  the 
Director  of  the  Department  of  Terrestrial  Magnetism.  E.xtract 
from  Yearbook  no.  1-1,  1915.     Gift  of  Institution. 

CoxE,  Arthur  Cleveland,  Memorial.  Class  of  1897.  Hobart  College. 
Gift  of  Hobart  College. 

Detroit  Board  of  Water  Commissioners.  63rd.  .\nnual  Report. 
Detroit,  1916.     Gift  of  Detroit  Water  Department. 

Insuring  the  Coal  Supply,  Henry  J.  Edsall.  Reprint  Coal  Age,  Nov. 
6,  1915.     Gift  of  Link  Belt  Company,  Chicago,   HI. 

New  York  City  Board  of  Water  Supply.  Information  for  bidders, 
for  furnishing  and  delivering  bronze  gate  valves  for  the  City 
Tunnel  of  the  CatskiU  Anueduct.     1916.     Contract  172. 

Information  for  bidders  for  lining  with  brick  masonry  a  por- 
tion of  the  Eastview  Tunnel  of  the  Catskill  -Vqueduct.  1916. 
Contract  169.     Gift  of  Board  of  Water  Supply,  New  York  City. 

New  York  State  Engineer  and  Surteior.  -Vnnual  Report.  Sup- 
plement. Vol.  II,  1914.  .ilbanti,  1915.  Gift  of  State  Engineer 
and  Surveyor. 

North  Dakota  Society  of  Engineers.  Proceedings  vol.  2.  1915. 
1915.     Gift  of  Society. 


Russian    Department   of  Agriculture.      Bulletin   of   the    Bureau   of 

Farm    Mechanics.      Vol.    VII,    part    IV.      2915.      Gift    of    Russian 

Department   of  Agriculture. 
The  Settlement  of  the  Most  Important  Question  of  the  Age  : 

Is    the    Efficiency   of   a   Thermodynamic    Keveksible    Cycle 

Independent   of   the    Working   Medium?      By    Jacob    T.    Wain- 

Wright.      Chicago,   1915.      Gift    of   author. 
Society  for  the  Promotion  of  Engineering  Education.     Proceedings 

vol.  XXII.     Pittslurg,  1915.     Gift  of  Society. 
New  Bedford.    Water  Board.     Report.  1915.    ^ew  Bedford,  19m.     Gift 

of  Water  Board  of  New  Bedford. 
Society  of  Constructors  of  Federal  Buildings.     List  of  Members. 

Fehruarv,  1916.     Gift  of  Society. 
Worcester,  City  of  PnpspERiTY.     16th   Annual  Convention   National 

Metal  Trades  .Association,     .-ipril,  20-22,  1014,  by  Donald  Tulloch. 

Worcester,  1911/.     Gift  of  P.   E.   Barbour. 

GIFT   OP   HOWARD    E.    CORNELL 
Letters   Patent  issued   in   1841   to   Ebenezer   Beard,   signed   by   Daniel 
Webster,    "  On    Screw    Propellers."      Issued    In    1853    to   Ebenezer 
Beard,  covering  '■  Improvement  in  Propellers  "  and  assignment  of 
same  to  Messrs.   Reaney,   Neafie  &  Co. 

TRADE    CATALOGUES 

Brown  Hoisting  Machinery  Co.  Cleveland,  O.  Catalogue  D.  Brown- 
hoist  Tramrail  Systems  Trolleys,  Electric  Hoists.     1915. 

Stephens-Adamson  Mfg.  Co.     Aurora,  III.     Labor  Saver.  Fel.  1916. 

Texas  Company.     New  York,  N.  Y.     Lubrication.     Feb.  1916. 

Valley  Iron  Works  Co.     Appleton,  Wis.     The  Beater.     Jan.-Feh.  1916. 

Walworth  Manufacturing  Co.  Boston,  Mass.  Catalogue  No.  71. 
486  pp.    Walworth  Log.    Fei.  1916. 
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WiEDEKE,  GvsTAV  &  Co.  Daytoii,  Ohio.  Ideal  Catalogue  No.  48.  Ideal 
Tube  Expander  and  Cutter. 

Warnek  Elevator  Manufactueing  Co.  Cincinnati,  Ohio.  Bulk'tin 
2701.  •■  Type  N  "  Freiglit  Cars,  Jan.  1916.  Bulletin  2702,  "  Typo 
M  •'  Steel  Freight  Cars.  Jan.  1916.  Bulletin  2S02,  No.  11  Electric 
Elevator,  Jan.  1916.  How  to  Obtain  the  Best  Service  at  the  Least 
Cost. 

ADDITIONS  BY  THE   UNITED  ENGINEER- 
ING SOCIETY 

Aekonautische  Meteobologie,  Franz  Linke,  part  1-2.     Luttfahrzeug- 

bau  und  FQhrung.   Neumann.   Band   I,   II.     Frankfort,  1911. 
aeroplanes   axd    Dirigibles    of    Wab,    F.   A.    Talbot.      Philadelphia, 

1915. 
American  Army,  W.  H.  Carter.     IndianapoM,  191S. 
Annals  of  a   Fortress,   E.   Viollet-le  Due.     Translated   by   Benjamin 

Bucknall.      London,  1875. 
Applied  Thermodynamics  for  Engineers,  W.  D.  Ennis.     Ed.  4.    yeiv 

York,  191S. 
Architects'  and  Builders'  Pocket  Book^  by  the  late  F.  E.  Kidder. 

ed.   16.     New   York,  J.    Wiley  &   Sons,  1916.     Gift   of   Publisher. 

Price  $5.00  net. 
The  book  has  been  entirely  revised,  and  is  in  many  respects  a  new- 
work,  being  entirely  reset,  in  a  smaller  but  clearer  type.     Much  new 
matter   has  been  added.     The  amount  of  Information   condensed   into 
the  ISOO  pages  is  very  great.  W.  P.  C. 

Armor  and  Ships,  J.  W.  Gulick.     Fort  Monroe,  1910. 
Attack  of  Fortified  Places,   Including  Siege  Works,  Mining  and 

Demolitions,  James  Mercur.     New  York,  19U. 
Die  .\utomobil-Betriebsstoffe,  Ernst  Jaenichen.     Berlin,  1915. 
Beihefte    Zum     Gesundheits    Ingenieur,    K.    Brabee.      Beiheft    S. 

Munchen,  1915. 

WiE    BERECHNET,     KONSTRUIERT     UND    BADT     MAN     BIN     FLUGZEUG,     O.     L. 

Skopik.      ed.   2.     Berlin,  1915. 

British  Columbia  Bdeead  of  Mines.  Preliminary  review  and  esti- 
mate of  Mineral  Production,  1915.  Bulletin  No.  1,  1915.  Vic- 
toria, 1916. 

BUILDING  Estimator's  Reference  Book,  F.  R.  Walker.     Chicago,  1915. 

Canada  Department  of  Mines.  Summary  Report  of  the  Mines 
Branch,  1914.     Ottawa,  1915. 

Production   of   Cement,   Lime,   Clay   products,   stone  and   other 

structural  materials  in  Canada,  1914.     Ottawa,  1915. 

Canons  of  Classification,  W.  C.  B.  Sayers.  London,  1915-16.  White 
Plains,  N.  Y. 

Carnegie  Library  of  Pittsburgh.  Road  Dust  Preventives,  references 
to  books  and  magazine  articles.    Pittsburgh,  1916. 

Cold  Stor.\ge  and  Ice  Association.  Proceedings  vol.  XII,  1915. 
London,  1915. 

Colorado  Industrial  Plan,  John  D.  Rockefeller,  Jr.  Including  a  copy 
of  the  plan  of  representation  and  agreement  adopted  at  the  coal 
and  iron  mines  of  the  Colorado  Fuel  and  Iron  Co.  1916.  Gift  of 
John  D.  Rockefeller,  Jr. 

Contributions  to  the  Pre-Cambrian  Geology  of  Northern  Michi- 
gan AND  Wisconsin.  Michigan  Geological  &  Biological  Survey. 
Publication  IS.     Lansing,  1915. 

Cornell  University.     Librarian's  Report,  1914-15.     Ithaca,  1915. 

Description  of  the  Laboratories  of  the  Mines  Branch  of  the 
Department  of  Mines.  Canada  Mines  Branch,  Bulletin  no.  1.3. 
Ottaica,  1916. 

Designing,  Heating  and  Ventilating  Systems,  Chas.  A.  Fuller.  .Veie 
York,  191!,. 

Digest  of  Workmen's  Compensation  Laws,  1913.  Hew  York,  1913. 
Gift  of  National  Association  of  Manufacturers. 

The  Einasleigh  Freehold  Copper  Mine,  N.  Q.  Publication  no.  246. 
Queensland  Geological  Survey.     Brisbane,  191i. 

Elementary  Nav.u.  Tactics,  Wm.  Bainbridge-Ho£E.    Xetc  York,  1907. 

Employers'  Liability,  Workmen's  Compensation  and  Prevention 
OF  Work  Accidents,  F.  C.  Scherdtman.  1913.  Gift  of  National 
Association  of  Manufacturers. 

Enzyklopadie  der  technischen  Chemie.  Fritz  Ullmann.  Band  3. 
Berlin,  1916. 

Erlacterungen   zd  Nobmalien  fur  isolierte  Leitongen   in  Stark- 

STROMANLAGEN,      DEN      NORMALIEN      FOR      ISOLIERTE      LEITUNGEN      IN 

Fernmeldeanlagen   sowie  den  Kupfernormalien,   Richard  Apt. 
Berlin,  1915. 
EspLODE.vri  E  MoDO  Di  Faubricarli,  R.  Molina.     Milano,  1916. 
Geology  and  Mineral   Resources  of  the   Stanthoepe,   Ballandean 
AND  Wallangarra  DISTRICTS,  SOUTHERN  QUEENSLAND,  1913.    Pub- 
lication no.  243,  Queensland  Geological  Survey.     Brisl>ane,  ISU- 
Graphics  and  Structural   Design,   H.   D.   Hess.     ed.   2.     Neto  York, 
J.  Wiley  d-  Sons,  1915.    Gift  of  publisher. 
A  number  of  changes   have  been  made,   including  a   more  extendei.! 
treatment  of  steel  mill  buildings  and  of  reinforced  concrete,   modifica- 
tions and  explanations  of  the  specifications,  and  other  changes  due  to 
advances  made  in  the  subject.  W.  P.  C. 

Handbook  for  Light  Artillery,  A.  B.  Dyer.    Nexc  York,  1908. 
Handbook  of  Natural  Gas,  H.  P.  Westcott.     ed.  2.    Erie,  Pa.,  1915. 


Handbook  of  Problems  in  Direct  Fire,  Jas.  M.  Ingalls.     Xew  York, 

1903. 
Handbuch  der  Eisen  und  Stahlgiesserei,  C.  Geiger.     Band  II.     Ber- 
lin, 1916. 
Handbuch  der  Mineralchemie,  C.  Doelter.     Band  II,  pt.  9.     Dresden, 

1915. 
Handbuch  pur  den  Deutschen  Braunkohlenbergbau,  G.  Klein,     ed. 

2.     Textband  and  Tafelband.     Halle,  1915. 
Die  Hebezeuge,  Hugo  Bethmann.     ed.  3.     Braunschweig,  1915. 
Hydraulic  Motor,  I.  P.  Church.     Hew  York,  291}. 
Industrial  Betterment  Activities.     Gift  of  National  .\ssociation  of 

Manufacturers. 
Institute  op  Radio  Engineers.     Year  Book.  1916.     New  York,  1916. 
International    Engineering    Congress,    1915.      Transactions.      vol. 

VI-Mechanical  Engineering.     San  Francisco,  1915. 
Inventions  and  Patents,  P.  E.  Edelman.     Netc  York,  1915. 
Investigation  of  a  Reported  Discovery  op  Phosphate  in  Alberta, 

Canada.     Mines  Dept.     Bulletin  no.  12.     Ottawa,  1916. 

KONSTRUKTIONSBERECHNU-NGEN  von  KR.1FTPAHRZEUGEN  UND  DIE  ORGAN- 
ISATION des  Konstruktionsburos,  a.  G.  von  Loewe.     Berlin,  1915. 

Lehrbuch  der  Elekteochemie  von  Svante  Arrhenids.  Leipzig, 
1915. 

Leitfaden  der  drahtlosen  Telegraphie  fur  die  Luftfahrt,  Max 
Dieckmann.     Miinchen,  1913. 

Machinists  and  Founders  Supple.ment  to  Thomas'  Register  of 
.American  Manufacturers  and  Fiest  Hands.  New  York,  1915. 
Gift  of  Thomas  Publishing  Co. 

Market  System  for  New  York  City  and  Open  Markets  Established 
IN  Manhattan,  Marcus  M.  Marks.    1915.     Gift  of  Author. 

McGr.aw  Electrical  Directory.  Railway  Edition,  February  1916. 
New  York,  1916. 

Metal  Statistics,  1916.  Ninth  .Annual  Edition.  New  York,  Ameri- 
can Metal  Market  Co.,  1916.     Gift  of  publisher. 

Mineral  Resources  of  Michigan  with  statistical  tables  op  pro- 
duction   AND    VALUE    OF    MINER.IL    PRODUCTS    FOR    1914    AND    PRIOR 

YEARS.  Michigan  Geological  &  Biological  Survey.  Publication  19. 
Lansing,  1915. 

MODERNE  Seipenfabeikation,  A.  Gauswlndt.     Leipzig,  1915. 

Motor  and  Carriage  Painting,  -i.  Bates.     London,  1915. 

New  York  Times  Index,  vol.  IV,  1915.     New  York,  1915. 

Die  Nutzbaeen  Mixebalien  mit  Ausnahme  dee  Eeze,  Kalisalze, 
Kohlen  und  des  Peteoleums,  Bruno  Dammer  und  Oskar  Tietze. 
Band  II.     Stuttgart,  191!,. 

Papierprufung,  Wilhelm  Herzberg.     ed.  4.     Berlin,  1915. 

Pennsylvania.  Mines  Department.  Report,  1914.  Part  I — Anthra- 
cite.    Harristiurg,  1915. 

Pennsylva.nia  Workmen's  Compensation  Board.  Rules  and  Rulings. 
Harrishurg,  1916. 

Power  for  Profit,  R.  P.  Bolton.     New  York,  1915. 

300  Practical  Shop  Kinks.     Gift  of  .\merican  Machinist. 

Preliminary  Repoet  on  the  Mineral  Production  of  Canada,  1915. 
Ottawa,  1916. 

Preliminary  Statement  on  the  Mineral  Production  in  the  Prov- 
ince OF  Quebec,  1915.     Quebec,  1916. 

QUAEEY  Materials  of  New  Yobk — Geanite,  Gneiss,  trap  and  mar- 
ble.    N.  Y.  State  Museum.     Bulletin  no.  ISl.     Albany,  1916. 

Railway  Maintenance  Engineering,  with  notes  on  Construction, 
W.  H.  Sellew.     New  York,  1915. 

Raw  Materials  for  the  Enamel  Industry  and  their  chemical 
TECHNOLOGY,  Julius  Grilnwald,  translated  by  Herbert  H.  Hodgson. 
London,  191!,. 

ScHERZEE  Rolling  Lift  Bridges,  their  inception,  development 
AND  Use.  New  York-Chicago.  Gift  of  Scherzer  Rolling  Lift 
Bridge  Co. 

Seile  und  Ketten,  F.  Peter.  Die  Maschinen  der  Berg  und  Hiitten- 
werke,  pt.  2.     Halle,  191!,. 

.Shafting,  Pulleys,  Belting,  and  Rope  Transmission.  Compiled  by 
H.  E.  Collins.    New  York,  190S. 

S.MOKELESS    powder,    NITRO-CELLULOSE    AND    THEORY    OF    THE    CELLULOSE 

molecule,  J.  B.  Bernadou.     New  York,  1908. 

SociETE  Technique  de  L'Industrie  du  Gaz  en  France.  Compte 
Rendu  41me  Congr&s.     Paris,  191!,.     Gift  of  Geo.  G.  Ramsdell. 

Special  Libraries.  Cumulative  Index,  vol.  1-6,  1910-15.  Reading, 
Mass. 

Statistics  of  the  Mineral  Production  op  Alabama  foe  1914.  Bul- 
letin no.  16,  Geological  Survey  of  Alabama.     University,  1915. 

SuEVEYORS  Institution.  Professional  notes  from  their  commence- 
ment in  1S86-1913  (vols.  1-19),  with  General  Index  to  vols.  1-17. 
1SS6-1911.     London,  18-i6-191S. 

Transactions,    1S6S-1914    (vols.    1-46),    with    general    index    to 

vols.  1-42.     London,  lS68-191i. 

Text  Book  on  Field  Fortification,  G.  J.  Fieberger.  ed.  3.  New  York, 
1913. 

Tot  Making.  A  practical  guide  to  the  making  of  a  number  of  popular 
toys.     London-New  York,  1915. 

V.  S.  National  Museum.     Report,  1915.     Washington,  1916. 

University  of  California.  Annual  Report  of  the  President  1914-15. 
Berkeley,  1915. 
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Die  Vekwexddng  von  Pressh  ft  im  Bergbaubetriebe,  A.  E.  Liwehr. 

Weitnar,  1915. 
West   Virginia   Geological   Survey.     Reports   of   Lewis   and   Gilmer 

Counties  with  Maps.     Wheeling,  1916. 
World  almanac  and  Encyclopedia,  1916.     New  York,  191S. 

GIFT   OF   AEBONAUTICAL    SOCIETY 

Aeronautical  Classics,  edited  for  the  council  of  the  Aeronautical  Society 

of  Great  Britain  by  J.  O.  B.  Hubbard  and  J.  H.  Ledeboer.    London, 

1910-11. 
Ashton,  W.  G.     Model  Flying  Machines,  their  design  and  construction. 

London. 
Brockett,  Paul.     Bibliography  of  Aeronautics.     Washington,  1910. 
Collins,   F.   .\.      Second   Boy's  Book  of  Model    .\eroplanes.      Netc   York, 

1911. 
Davis,    C.    H.      National    Old    Trails    road,    ocean    to   ocean    highway. 

Washington,  191^. 
Flying,  the  why  and  wherefore  by  Aero  Amateur.    London. 
Bering,  D.  W.     Essentials  of  Physics  for  college  students.     New  York, 

191i. 
L'Institut  Aerodynamique  de  Koutchino.     Bulletin  Fascicule  I.     ed.  2. 

Moscow,  1912. 
Langley,   S.   P.     Experiments  in  Aerodynamics,     ed.   2.      Washington, 

1902. 
Maxim,  Hudson.     Defenseless  America.     New  York,  1915. 
Milller.  Bruno,     .iir  sacs  of  the  pigeon.     Washington,  190S. 
Peary,  R.  E.     Northward  over  the  "  Great  Ice."     2  vols.     New  York, 

1S9S. 
Petit,  Robert.     How  to  build  an  Aeroplane.     London,  1910. 
Richardson,  H.  C  .     Hydromechanic  experiments  with  flying  boat  hulls. 

Washington,  IBUf. 
Ritter,    Wolfgang.      Flying   Apparatus   of   the   Blow-fly.      Washington, 

1911. 
Rotch,  A.   L.     Charts  of  the  atmosphere  for  aeronauts  and   aviators. 

New  York,  JDU. 
Conquest  of  the  air  or  the  advent  of  aerial  navigation.     New 

York,  1909. 
Royal  -\ero  Club  of  the  United  Kingdom.     Yearbook  1912.     London. 
Santos-Dumont,  A.     My  air  ships.    New  York,  190!/. 
D.  S.  Patent  OflJce.     Specifications  of  patents  in  Aeronautics.     5  vols. 

Washington. 
Verrill.  .\.   H.     Gasoline  engines,  their  operation,  use  and  care.     New 

York,  1912. 
. Harper's  air  craft  book.    New  York,  191S. 

PERIODICALS 

Aerial  Age.     vol.  1,  nos.  1.  4.  6,  7,  9,  11,  12  ;  vol.  2,  nos,  1,  2. 

Aero.    vol.  2,  nos.  6,  20,  22  ;  vol.  3,  nos.  1-7,  9-13,  17,  20,  24,  26  ;  vol.  4, 

nos.  1-2,  5,  7,  10-13. 
Aero  (London),    vol.  5,  nos.  104,  105;  vol.  6,  nos.  106-108. 
Aero  and  Hydro,     vol.  4,  nos.  14,  15,  17,  20;  vol.  5,  nos.  13,  22,  24,  26  ; 

vol.  6,  nos.  1,  4,  6,  8-16,  18-28,  25-26;  vol.  7,  nos.   1-26;  vol.  8, 

nos.  1-5,  7-17. 
Aero  Club  of  America.     Bulletin  vol.  1,  no.  4. 
Aeronautical  Journal,     vol.  12,  no.  47. 
Aeronautical  Society  of  Great  Britain.     Report  1st. 
Aeronautics,     vol.  1,  no.  5 ;  vol.  13,  complete. 
Aeronautics  (London),     vol.  5,  nos.  47,  49;  vol.  9,  nos.  114,  115. 
Air  Scout,     vol.  1,  nos.  1-5. 
Aircraft,  vol.  1.  nos.  3,  6-12  ;  vol.  2,  nos.  1,  3-12  ;  vol.  3,  nos.  2-4  ;  vol. 

4,  nos.  7,  10-11 ;  vol.  5,  nos.  7-12  ;  vol.  6,  nos.  1-7. 
American  Aeronaut.     Jan. -June  1908 ;  vol.  1,  nos.  1,  3. 
American  Mathematical  Society.     List  of  officers' and  members  1915. 
American  Magazine  of  Aeronautics,    vol.  1,  no.  1. 
L'Association  GSngral  Automobile  Revue,    vol.  8,  no.  2,  1909. 
Automobilia.     vol.  5,  no.  40. 
Flight,    vol.  3,  nos.  45,  49  :  vol.  4,  no.  27. 
Fly.     vol.  3,  no.  12  ;  vol.  4,  nos.  1-3. 
Mobile  Era.     vol.  2,  no.  5,  1912. 
Revue  g^n^rale  de  L'a^ronautique.     October  1911. 
Svensk  Motortidning.     nos.  20-22. 
La  Technique  A^ronautique.     nos.  44-45,   49. 

TRADE    CATALOGUES 

American  Rolling  Mill  Company.  Story  of  Armco  iron  defeating 
rust.    Middletown,  Ohio. 

Asbestos  Protected  Metal  Company.  For  roofing  and  siding.  Bul- 
letin 55.     Pittshurgh. 

Bower  Roller  Bearing  Company.     Roller  bearings.     Detroit,  Mich. 

Burgess  Company  and  Curtis.  Burgess  hydro-aeroplane  and  school 
of  aviation.    Marhlehead,  Mass. 

Burgess-Wright  aeroplane.     Marblehead,  Mass. 

Curtis  Aeroplane  Co.    Curtis  Aeroplanes.    Bammondsport,  N.  Y. 

Hess-Bright  Manufacturing  Company.  Ball  bearings  in  fiour  and 
feed  milling  machinery.     Philadelphia. 

•  Hess-Bright.     Philadelphia. 

National  Cokrugated  Culvert  Mfg.  Co.     Making  of  .\rmco  Iron. 


New  Departure  Manufacturing  Co.     Bearing  friction  and  its  elimi- 
nation.    Bristol,  Conn. 
Roberts  Motor  Company.     Roberts  aviation  motors,     fiandusky,  0. 
Standard  Co.    Eagle  Marine  engines.     Torrington,  Conn. 

GIFT   OF   CARL    HERING 

American  Institute  of  Electrical  Engineers.  Report  of  the  Standard 
Wiring  Table  Committee.  Matthiessen's  Standard  of  Resistance 
of  Copper. 

Ayrton,  W.  E.  and  Cooper.  W.  R.  'Variations  in  the  Electromotive 
force  of  Clark  Cells  with  temperature.  From  Royal  Society  Pro- 
ceedings, vol.  59. 

and  Haycraft,  H.  C.  Students'  Simple  Apparatus  for  Deter- 
mining the  Mechanical  Equivalent  of  Heat.  From  Philosophical 
Magazine,  Feb.  1S95. 

and  Mather,  T.  The  Construction  of  Non-lnductlve  Re- 
sistances.    From  Philosophical  Magazine,  Feb.  JS9B. 

Galvanometers.     From  Philosophical  Magazine,  Nov.  1S96. 

Electrostatic  Reflecting  Voltmeter. 

and    Sumpner,    W.    E.      Galvanometers.      From    Philosophical 

Magazine,  July  1S90. 

Alternate  Current  and  Potential  Difference.     Analogies  in  the 

methods  of  measuring  power.     From  Philosophical  Magazine,  Aug. 
1S91. 

■ Measurement   of   the  Power   given   by   any   electric  current   to 

any  circuit.     From  Proceedings  of  the  Royal  Society,  vol.  49. 

J.  Perry  and  W.  E.  Sumpner.     Quadrant  Electrometers.     From 

Proceedings  of  the  Royal  Society,  vol.  50. 

and  Perry,  John.  Laboratory  Notes  on  Alternate  Current  Cir- 
cuits.    From   Proceedings,   Institute  of  Electrical   Engineers,  vol. 


and  Taylor,  J.  F.     Proof  of  the  generality  of  certain  formulae 

published  for  a  Special  Case  by  Mr.  Blakesley.  From  Philosophical 
Magazine,  April  1S91. 

Blondel.  A.  L'hyster^slm&tre  Blondel-Carpentier  et  son  application  a 
la  mesure  statique  de  i'hysteresis. 

■ L'Eclairage  Public  par  les  Lampes  4  arc.     Paris,  1895. 

Photometric  magnitudes  and  units.     London. 

ThSorie  des  Projecteurs  Electriques.     Paris,  189!f. 

Competiton  for  the  Construction  of  Meters  of  Electrical  Energy.     1S99. 

Programme. 
Dolivo-Dobrowolsky,  M.  v.     Der  Drehstrom  und  seine  entwicklung. 

Kraftiibertragung    mittels    Wechselstromen    von    verschiedener 

Phase  Drehstrom.     From  Klcctrotechniker,  1S91 

Forbes,  Geo.  On  the  relation  which  ought  to  subsist  between  the 
strength  of  an  electric  current  and  the  diameter  of  conductors,  to 
prevent  overheating.    ISSi. 

Franklin  Institute  of  the  State  of  Pennsylvania  for  the  Promotion  of 
the  Mechanic  Arts.  Report  of  a  special  committee  to  determine 
the  efficiency  and  duration  of  incandescent  electric  lamps.  Phila- 
delphia, 1S85. 

Hopkinson,  J.  and  Wilson,  E.  Propagation  of  magnetization  of  Iron 
as  affected  by  the  electric  currents  in  the  iron.     London,  1895. 

Kallir,  Ludwig.  Ueber  das  Verhalten  des  Wehneltschen  Unterbrechers 
Im  Wechselstromkreise.     From  Zeitschrift  jiir  Elektrotechnik,  1899. 

KUnstliches  Oberlicht.  1891.  From  Schillings  Journal  Jiir  Oasbeleuch- 
tung  und  Wasserversorgung,  1891. 

Lord  Kelvin's  Standard  Electric  Instruments,     ed.  10.     189S. 

Nerz,  F.  Scheinwerfer  und  deren  Verwendung.  From  Zeitschrift  des 
Vereines  deutscher  Ingenieure,  vol.  xxxvi,  1892. 

Notice  sur  I'lnductomfetre  Miot. 

Perry,  J.  and  Sumpner,  W.  E.  Quadrant  electrometers.  From  Philo- 
sophical Transactions  of  Royal  Society  of  London,  vol.  182,  A. 

Pulu.1,  J.  Strahlende  elektroden  materie  und  der  sogenannte  vierte 
Aggregatzustand.     Wien,  I88S. 

Reeves,  J.  H.  Addition  to  the  Wheatstone  Bridge  for  the  determina- 
tion of  low  resistances.     From  Philosophical  Magazine,  May  1S96. 

Report  on  Power  Transmission  Tests-Lauffener  works.     Frankfort,  1S91. 

Roessler,  G.  Die  graphische  darstellung  der  Vorgange  in  Wechsel- 
stromkreisen  bei  beliebigen  Spannungskurven.  From  Elektrotecli- 
nischen  Zeit.,  1895. 

Squier,  Geo.  O.  Electro  chemical  effects  due  to  Magnetization.  Reprint 
from  American  Journal  of  Science,  1893. 

GIFT   OF    CARY   T.    HUTCHINSON 

Science  Abstracts,  vol.  1-10  (Sect.  A-B)  ;  vols.  11-13  (Sect.  B)  ;  vols. 
14-18  (Sect.  A-B).     London,  1898-1915. 

V.  S.  Geological  Survey.  Water  Supply  papers  nos.  1-288.  Washing- 
ton, 1896-1912. 

GIFT   OF   BUREAU    OF    RAILWAY    ECONOMICS 

The  Bureau  of  Railway  Economics  have  donated  various  publications 
during  the  month  to  the  library. 

GIFT   OF    CARNEGIE    STEEL    COMPANY 

The  Company  very  kindly  presented  the  Library  with  a  complete  set 
of  their  pamphlets  and  trade  catalogues. 
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GIFT   OF   NATIONAL    BOARD    OF    UNDERWRITERS 

Tbe  Board  of  Fire  Underwriters  presented  us  with  a  good  coliectiou 
of  their  publications  issued  to  date. 

GIFT   OF   WESTINGHOUSE,    CHURCH,    KERR    AND     COMPANY 

A  good  collection  of  text  books  were  presented  by  this  company,  and 
are  now  in  the  Library. 

GIFT   OF   ARTHUR   WORISCHEK 

HaQsen  Type  Foundry.     Booli  of  Types.     1909. 

Libes,  A.     NouTeau  Dictionnaire  de  Physique,     vol.  3,  1S06. 

MacKellar,  Smiths  &  Jordan  Foundry.     Type  Specimens,  1S94. 

Plain  directions  for  obtaining  photographic  pictures,  also  practical 
hints  on  the  Daguerreotype.     Phila.,  185S. 

Schwartze,  Th.     Katechismus  der  Elektrotechnik,  1883. 

VltreosU  apparatus  for  chemical  laboratories,  etc.,  containing  bibliog- 
raphy on  Fused  Silica.    New  York,  lOi^. 
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Bull.  149.     The  Williams  Way. 
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Catalog  no.  12.     Of  Late  Improvements. 
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not  including  the  hinged  hammer  crushers  and  pulverizers. 

Cement  Catalogue.     Raw  Material  Grinders. 

Clay  Catalogue. 

Coal  Catalog. 

Conglomerate  Ore  Bulletin  no.  112. 

Fertilizer  Catalogue. 

General  Descriptive  Catalogue.    1909. 
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ENGINEERING  SURVEY 

A  Review  of  Engineering  Publications  in  All  Languages.     All  the  leading  periodicals  of  the 
engineering  world,  embracing  over  1000  different  pubhcations,  are  received  at  the  Library. 
These  are  systematically  examined  for  review  each  month  in  the  Survey. 


SUBJECTS  OF  ABSTRACTS 

Arranged  in  the  Order  of  their  Appearance  in  tlie  Survey. 


Aehodyxamics,  Present  State 

Dry  Blast 

Correlation 

Cast     Iron,      Tensile     and     Bending 

Strength 
Metals,  Behavior  Under  Alternating 

Stresses 
Law  of  Fatigue 

Copper    Steel,   Corrosion    Resistance 
Mortars,  Waterproofing 
Semi-steel 


Pulverized  Fuels  for  Locomotives 

Fuel  Economy 

Furnace  with  Adjustable  Grate  Area 

Charging  Cars  for  Coke-ovens 

Hydraulic  Control  Valve,  Automatic 

MaB  Racing  Engine 

Rotary  Conical  Valves 

Boiler    Plates,    Autogenoijs    Welding 

High  Pressure  Mains,  Welding 

Woodruff  Keys  and  Keyways 

Gas  Cutting,  Costs 


Transmitting 


Leather         Belting 

Power 
Concrete  Beam  Reinforcement 
Moment  Diagram  and  Concrete  Beam 

Reinforcement 
Boiler  Explosions 
PoRAT  System  of  Firing 
Peat  Firing  for  Locomotives 
Turbo-blowers  and  Compressors 
Two-stage  Air  Refrigeration 


THIS  MONTH'S  ARTICLES 

Prof.  L.  Marchis's  discussion  of  various  methods  for  meas- 
uring air  resistance  is  abstracted. 

Ill  tlie  section  on  engineering  materials  are  co\'ered  the  mat- 
ters of  correlation  between  tensile  and  bending  tests  of  east 
iron,  giving  among  other  things  an  expression  for  the  co- 
efficient of  correlation.  In  the  same  section  is  discussed  in 
detail  the  behavior  of  metals  under  alternating  stresses. 

The  corrosion  resistance  of  copper  steel  forms  the  subject 
of  an  investigation  by  D.  M.  Buck  and  J.  0.  Handy  who  found 
that  copper  does  increase  the  resistance  of  steel  and  iron  to 
atmospheric  corrosion. 

Data  obtained  in  a  French  government  laboratory  shovr  that 
small  amounts  (about  3  per  cent)  of  anthracene  oil  increase 
the  water-proofness  of  mortars  which  the  author,  howe\er. 
ascribes  mainly  to  the  lubricating  action  of  the  oil  because  of 
which  the  mortar  compresses  better  under  the  trowel. 

Two  papers  on  semi-steel  are  reported,  in  one  of  which  the 
author  shows  how  to  make  good  semi-steel  and  in  the  otlier 
the  writer  denies  that  there  is  such  a  thing  as  semi-steel. 

A  paper  on  pulverized  fuel  for  locomotives  is  reported  and 
illustrated  by  a  figure  showing  various  parts  of  a  typical 
pulverized  fuel  locomotive  equipment. 

Electrically  driven  charging  cars  for  coke  ovens  are  de- 
scribed in  an  abstract  taken  from  a  German  periodical.  In 
the  section  hydraulics  is  given  an  article  describing  an  auto- 
matic hydraulic  control  valve.  The  valve  gear  of  the  MaB 
engine  with  rotary  conical  valves  is  shown  in  detail. 

Two  articles  are  given  on  autogenous  welding,  one  of  boiler 
plates,  and  the  other  of  high  pressure  mains.  In  the  same 
section  is  given  an  article  on  the  cost  of  gas  cutting. 

The  transmitting  power  of  leather  belting  forms  the  sub- 
ject of  an  article  by  E.  T.  Kent,  abstracted  from  the  Iron  Age. 
Boiler  and  steam  vessel  explosion  in  Switzerland,  the  new 
Wisconsin  Boiler  Code  and  flow  of  steam  in  pipes  are  some 
of  the  other  subjects  discussed  in  reports  from  various  Amer- 
ican and  foreign  periodicals. 

Two  stage  air  refrigeration  for  dry  blast,  standard  numer- 
als for  the  scale  of  measuring  instruments,  etc.,  are  included 
under  Varia. 


Aeronautics 

The  Present  State  of  AERODyxAiiics,  Professor  L.  Marchis 

Beginning  of  a  series  of  articles  on  the  present  state  of 
aerodynamics.  The  author  is  Professor  of  Aeronautics  in  the 
Faculty  of  Sciences  of  the  University  of  Paris. 

In  the  present  article  are  discussed  various  methods  for 
measuring  the  resistance  of  the  air  such  as  the  method  of  free 
fall  used  in  the  Eiffel  experiments  and  the  various  so-called 
"  car  "  methods  of  which  there  are  several  modifications.  The 
author  in  particular  describes  the  car  method  used  at  the 
Aerodynamic  Institute  of  the  Saint-Cyr  Military  School  where 
different  cars  are  used  for  the  study  of  planes  and  of  pro- 
pellers. 

The  car  for  the  study  of  planes  and  complete  aeroplanes 
has  an  electric  traction,  runs  on  standard  gage  rails,  and 
weighs  without  equipment  5  tons.  It  can  develop  a  maximum 
speed  of  20  m  (65.6  ft.)  per  second,  and  has  special  appliances 
which  permit  of  registering  the  vertical  component  of  resist- 
ance of  the  air,  the  horizontal  component  and  the  couple  of 
rotation  from  which  can  be  determined  the  direction  of  the 
resistance  of  the  air.  In  order  to  make  a  correction  for  the 
wind,  its  strength  and  direction  are  registered  at  a  certain 
fixed  point  along  the  line  where  tlie  tests  are  made.  A  similar 
but  more  powerful  car  is  used  for  the  study  of  complete 
aeroplanes  and  another  special  car  is  used  for  the  study  of 
propellers.  Tlie  power  absorbed  by  the  propeller  is  measured 
in  two  different  manners,  first  by  means  of  a  wattmeter  regis- 
tering the  electric  jiower  consumed  by  the  motor  and  second 
by  a  transmission  dynamometer  registering  the  couple  trans- 
mitted to  the  propeller. 

At  the  aeronautical  laboratory  of  Chalais-Meudon  is  used 
an  open  truck  car  running  on  a  narrow  gage  railway.  The 
power  absorbed  by  the  propeller  is  measured  by  a  registering 
ammeter  and  voltmeter. 

In  the  laboratory  of  the  Due  de  Guiche  an  automobile  is 
used  for  carrying  the  apparatus  under  test  through  the  air. 
In  tliis  laboratory  great  care  is  taken  to  establish  that  the 
automobile  itself  produces  no  influence  which  might  cause 
errors  in  observation.  Great  care  has  been  also  taken  to  select 
the  place  for  the  experimentation  in  such  a  manner  that  the 
results  should  not  be  affected  bv  local  conditions. 
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An  entirely  different  method  is  used  at  the  laboratory  for 
military  aviation  at  Vincennes.  There  the  principle  of  the 
method  of  measurement  is  as  follows:  Assume  that  a  body 
is  rigidly  suspended  on  a  wheel  rolling  down  an  inclined 
rectilinear  cable.  Assume  further  that  the  body  possesses  a 
plane  of  symmetry  and  that  the  cable  is  located  in  that  plane. 
This  bodj'  will  then  go  down  along  a  cable  in  such  a  manner 
that  its  plane  of  symmetry  will  move  parallel  to  itself  and 
the  body  will  be  subject  at  each  instant:  (1)  to  the  action  of 
gravity  applied  to  its  center  of  gravity,  (2)  to  the  resistance 
of  the  air  and  (3)  to  the  force  of  inertia  applied  likewise  to  its 
center  of  gravity.  These  forces  can  be  decomposed  into  forces 
parallel  to  the  cable  and  perpendicular  to  it.  The  force  of 
gravity  is  opposed  to  that  of  the  resistance  of  the  air  and  the 
force  of  inertia  is  parallel  to  it. 

The  magnitudes  of  the  components  paraUel  to  the  cable 
and  perpendicular  to  it  can  be  registered  graphically.  When 
the  system  is  at  rest  the  weight  is  acting  alone,  hence  the 
method  of  registration  permits  of  separating  the  effects  of 
weight.  Then  the  body  is  allowed  to  slide  down  the  cable  with 
the  wheel  forming  a  rigid  part  of  the  system.  At  a  given 
moment  the  acceleration  of  the  system  is  measured  and  the 
components  of  resistance  of  the  air  and  force  of  inertia  re- 
corded. The  article  describes  fully  how  this  is  carried  out  in 
practice,  with  the  cable  155  m  (508  ft.)  long.  (L'Etat  Actuel 
de  L'Aerodynamique,  L.  Marchis,  L'Aerophile,  vol.  24,  no.  1-2, 
Januarj'  1-15,  1916,  beginning  of  a  series  of  articles.) 

Engineering  Materials 

Correlation  BE-nvEEN  Tensile  and  Bending  Tests  op  Cast 
Iron,  Winslow  H.  Hersehel 

The  article  discusses  first  the  subject  of  correlation  gener- 
ally and  then  that  of  correlation  between  tensile  and  bending 
strength  of  cast  iron. 

As  a  basis  of  his  investigation,  the  author  uses  the  form- 
ula for  the  coefficient  of  correlation  (that  is,  the  degree  to 
which  variations  in  one  variable  depend  on  variations  in  an- 
other variable)  given  by  W.  I.  King  which  is 

SdicL           p 
Y  = -=  — 

where  N  is  the  number  of  pairs  of  related  values  of  the  vari- 
ables X  and  r.  di  and  dy  are  deviations  from  the  mean 
while  5  with  suitable  subscript  is  known  as  the  "standard  de- 
viation "  and  should  not  be  confused  with  the  "  mean  devia- 
tion "  which  is  the  arithmetical  mean  of  the  deviations  from 
.the  average  taken  without  regard  to  either  sign.  In  the  case 
of  the  standard  deviation  the  +  and  —  signs  are  eliminated 
bj'  squaring. 

The  author  derives  the  average  strength  and  average  load 
from  13  tests  of  cupola  iron  and  from  these  data  derives  first 
an  expression  for  the  standard  deviation  of  tensUe  strength 
and  then  from  that  the  coefficient  of  correlation;  then  with 
the  same  data  he  derives  the  correlation  between  tensile 
strength  and  maximum  deflection,  and  finds  that  there  is  no 
certain  indication  of  correlation. 

The  relation  between  tensile  and  bending  tests  of  cast  iron 
is  construed  with  reference  to  the  previous  work  of  Nagle, 
Merriman  and  Burr.  The  last,  by  the  way,  stated  that  the 
modulus  of  rupture  of  cast  iron  is  only  an  empirical  quantity. 

After  investigating  the  relation  between  the  tensile  and  the 
bending  tests,  the  author  determines  the  coefficient  of  correla- 
tion and  proves  that  such  a  correlation  does  actually  exist. 
The  problem,  however,  could  not  be  considered  solved  until 
there  has  been  found  a  relation  between  a  change  in  the  value 
of  one  variable  and  the  corresponding  one  in  the  other. 


As  shown  in  Fig.  1,  the  means  Mi  and  My  intersect  at  the 
point  M  and  the  lines  EB  and  CC  also  pass  through  this  point. 
These  last  two  lines  are  called  the  liues  of  regression.  A  point 
from  the  line  RR  is  obtained  by  plotting  a  value  on  T  against 
the  average  value  of  X,  both  taken  from  a  table  in  the  article. 
The  values  of  line  CC  are  similarly  taken  from  a  table.   In  the 


figure  tan  k  211  =  b^ 


■ —  and  this  value  is  called  the  regres- 

sion  of  X  on  T,  and  it  presents  the  deviation  in  X  correspond- 
ing on  the  average  to  a  united  change  in  the  value  of  Y.    Sim- 

rtSi 
ilarly  tan  r  Ms  =  b„  ^ is  called  the  regression  of  Y  on  X. 

From  this  the  author  derives  equations  for  the  Une  of  regres- 
sion.   From  these  equations  it  follows  that  there  is  no  constant 
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Fig.  1    DiAGRAii  of  Correlation  op  Two  ]\L\gnitudes,  and 
op  Lines  op  Regression 

ratio  between  tensile  strength  and  transverse  breaking  load  as 
assumed  by  Nagle. 

After  describing  the  method  of  correlation,  the  author  ap- 
plies it  to  determining  whether  deflection  or  center  load  is  the 
better  criterion  for  tensile  strength.  {The  Technology 
Monthly  and  Harvard  Engineering  Journal,  vol.  2,  nos.  7  and 
8,  pp.  5  and  15,  Februarj'  and  March,  1916,  16  pp.,  5  figs. 
'»(.) 

The  Endurance  op  Metals  Under  Alternating  Stresses, 
B.  Parker  Haigh 

The  author  draws  a  distinction  between  "  proving  tests " 
and  "  experimental  research,"  the  difference  between  the  two 
being  in  the  object  of  the  experiment  rather  than  in  the  man- 
ner in  which  it  is  carried  out.  Tests  of  the  endurance  of 
metals  under  alternating  stresses  have  seldom  been  specified 
as  "  proving  tests  "  and  hardly  seem  likely  ever  to  form  part 
of  the  regular  series  of  tests  imposed  by  specifications,  which 
is  mainly  due  to  the  time  which  it  takes  to  make  fatigue  tests. 

With  the  knowledge  at  present  available,  it  is  impossible 
to  anticipate  the  result  of  a  fatigue  test  under  alternating 
stress  from  the  proved  values  of  the  alternate  tensile  or  shear 
strength  or  Brinell  hardness,  but  by  the  accumulation  and 
analj'sis  of  additional  data  it  may  reasonably  be  hoped  that  a 
relation  will  eventually  be  found  between  the  limiting  range 
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of  stress  above  which  fatigue  is  liable  to  occur  and  the  other 
physical  properties  of  the  metal,  and  one  of  the  objects  of 
this  paper  is  to  indicate  the  advances  that  have  been  made 
towards  finding  connections  between  the  results  of  fatigue 
and  other  tests. 

In  the  view  of  the  writer  the  continued  development  of 
amorphous  material  with  each  repetition  of  stress  is  to  be 
attributed  to  the  fact  that  the  great  strength  of  the  amorphous 
material  is  associated  with  the  low  modulus  of  elasticity, 
while  the  weaker  original  metal  possesses  a  comparatively 
high  modulus.  A  number  of  tests  carried  out  by  the  writer 
have  shown  that  the  modulus  of  elasticity  of  a  specimen  of 
annealed  iron  or  mild  steel  is  always  reduced  by  straining  in 
tension,  provided  that  the  effects  of  hysteresis  are  eliminated 
either  by  allowing  some  time  to  elapse  after  straining  before 
making  the  second  determination  of  the  modulus,  or  prefer- 
ably by  boiUng  the  specimen  in  water  for  a  few  minutes. 

Fig.  2  indicates  the  results  of  a  typical  series  of  experi- 
ments carried  out  in  this  manner.  In  this  instance  the  speci- 
men of  annealed  wrought  iron  was  strained  beyond  the  elas- 
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Fig.  2    Typical  Behavior  op  a  Metal  Uxder  the  Action 
OP  Alternating  Stresses 

tic  limit  in  five  stages,  reaching  a  total  elongation  of  12.5 
per  cent.  After  each  extension  the  modulus  of  elasticity  was 
measured  after  boiling  and  eooUng.  The  value  of  the  modulus 
is  highest  in  the  annealed  metal,  and  falls  quickly  at  the  first 
strain  and  more  slowly  afterwards,  the  total  reduction  in  the 
value  of  the  modulus  being  approximately  6.5  per  cent. 

The  author  claims  that  when  the  range  of  alternating  stress 
is  maintained  above  the  critical  value  at  which  the  cleavage 
of  ferrite  begins,  the  material  is  in  an  unstable  condition  and 
is  gradually  converted  to  the  amoi-phous  condition.  If  the 
range  of  stress  is  only  a  little  in  excess  of  the  limiting  fatigue 
range,  the  conversion  of  the  normal  crystalline  metal  to  the 
amorphous  phase  proceeds  slowly,  but  if  the  excess  is  greater, 
conversion  becomes  general  throughout  the  mass  and  the  speci- 
men becomes  very  warm  owing  to  the  loss  of  energy  in  fric- 
tion between  the  constituent  particles  which  shear  to  and  fro 
relatively  to  one  another  during  each  cycle  of  stress. 

From  a  number  of  tests  on  a  sample  of  Bessemer  steel,  the 
author  plotted  several  graphs  in  various  ways.  From  these 
graphs  he  derives  the  following  conclusions.  While  it  may  be 
doubted  whether  even  the  most  prolonged  tests  would  indi- 
cate an  absolute  fatigue  limit,  it  is  clear  that  for  most  prac- 
tical purposes  an  approximate  Hmit  exists  close  to  35  tons 
per  sq.  in.  The  author  writes  Dr.  Stromeyer's  equation  of  a 
"  law  of  fatigue  "  in  the  following  manner : 


S  =  F,  +  C 


Where  S  =  half  the  range  of  stress  producing  fracture 
by  fatigue,  after  N  cycles  of  application  of  stress;  F  =  one- 
haLf  Limiting  fatigue  range  of  sfrress  under  which  fracture  would 
occur,  but  only  after  an  infinite  number  of  repetitions  of  the 
stress;  C  =  constant;  n  —  index,  both  determined  for  each 
particular  material  by  experiment. 

It  is  probable  that  this  simple  law  only  holds  for  specimens 
tested  in  one  particular  manner,  e.g.,  in  direct  tension  or 
compression,  bending,  or  rotary  bending,  and  that  the  values 
of  the  constant  C  and  the  index  n  would  have  to  be  varied 
not  only  with  the  kind  of  stress  applied  to  the  specimen,  but 
also  according  to  the  design  of  the  particular  testing  machine 
used.  It  is  always  likely  that  the  results  of  bending  tests 
would  depend  on  the  finish  of  the  specimen  in  greater  degree 
than  in  the  case  of  tests  with  direct  stress.  In  tests  carried 
out  at  University  College,  London,  the  endurance  of  bending 
specimens  which  had  been  turned  in  a  lathe  was  found  to  be 
increased  by  grinding  or  polishing  and  to  be  reduced  by 
scratching  the  surface  slightly. 

The  author  describes  several  types  of  testing  machines  for 
alternating  stresses,  among  them  the  one  devised  by  himself 
(for  a  detailed  description  see  Engineering,  November  22, 
1912),  in  which  an  alternating  current  magnet  is  employed 
to  generate  the  whole  of  the  pull  applied  to  the  test  piece 
without  the  agency  of  resonance.  He  also  describes  the 
method  by  which  the  intensity  of  the  alternating  stress  is 
measured  and  the  machine  standardized. 

From  the  experiments  made  it  appears  that  the  effect  of  a 
certain  deg^-ee  of  extension  is  very  much  the  same  no  matter 
whether  that  extension  has  been  produced  by  a  steady  or  by 
a  pulsating  puU.  The  only  slight  difference  is  that  the  metal 
strained  by  steady  load  is  not  quite  so  stable  as  when  strained 
by  pulsating  stress,  giving  way  slightly  under  pulsating  stress 
but  reaching  the  full  stable  condition  corresponding  to  any 
particular  degree  of  extension. 

This  last  effect  was  found  to  be  very  marked  in  annealed 
copper  wire.  The  larger  alternating  stress  testing  machine 
has  been  used  in  the  engineering  laboratory  of  the  Royal 
Naval  College,  Greenwich,  and  also  by  the  author  in  connec- 
tion with  several  researches  on  steels  and  alloys,  of  which  the 
paper  presents  data  referring  to  the  tests  of  naval  brass  and 
muntz  metal.  Tests  were  also  made  on  specimens  of  Swedish 
viTought  iron  to  ascertain  to  what  degree  the  endurance  of  the 
metal  was  affected  by  cold  working  and  by  heat  treatment, 
Swedish  wrought  iron  being  employed  in  order  to  isolate 
ferrite,  the  chief  constituent  of  mild  steel.  Three  series  of 
tests  were  carried  out  in  order  to  compare  the  effects  of  dif- 
ferent treatments  in  each  series,  the  stress  being  varied  between 
equal  intensities  of  tension  and  compression  and  the  fre- 
quency maintained  at  2000  cycles  per  minute.  First  series, 
no  treatment,  annealed  metal.  Second  series,  similar  speci- 
mens strained  by  direct  tension,  the  elongation  being  the  same 
in  all  cases,  10  per  cent.  Third  series,  similar  specimens 
strained  in  the  same  manner  and  subsequently  boiled  in  water 
at  100  deg.  cent,  for  30  minutes  to  restore  elasticity. 

It  was  found  that  the  results  of  each  set  were  highly  con- 
sistent among  themselves,  but  that  the  fatigue  limits  indicated 
by  the  three  differed  appreciably.  The  endurance  was  con- 
siderably increased  when  the  metal  had  been  strained  and  was 
further  increased  when  the  strained  metal  had  been  boiled. 

Several  tests  were  made  on  structural  steels,  one  a  mild 
steel  and  the  other  a  stronger  Bessemer  steel  containing  about 
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0.35  per  cent  carbou.  It  was  fouud  that  the  fatigue  limits 
of  the  two  metals  were  very  nearly  alike,  although  the  ten- 
sile strength  and  yield  strength  differed  quite  widely.  The 
values  of  the  ratio  between  the  fatigue  limits  and  ultimate 
strength  likewise  vary  widely,  and  it  is  probable  that  the 
effects  of  other  elements  than  carbon  present  in  the  metal  are 
important.  The  author  believes  that  it  is  probable  that  im- 
purities exert  their  harmful  iiiMueuce  by  dissolving  in  the  fer- 
rite  and  thereb\-  increasing  its  hardness,  at  the  same  time 
changing  the  modulus  of  elasticity  so  that  cleavage  between 
ferrite  and  cementite  occurs  more  readily  under  a  given  aver- 
age stress.  However,  experiments  made  by  the  author  show 
that  the  value  of  the  modulus  of  elasticity  cannot  be  employed 
as  a  criterion  towards  the  fatigue  limit  even  when  measured 
with  reliable  apparatus. 

The  article  also  reports  experiments  on  mild  steel  under 
combined  alternating  and  steady  stress,  the  results  of  which 
are  expressed  in  diagrams  and  a  formula.  (The  Journal  of 
the  West  of  Scotland  Iroi:  and  Steel  Institute,  vol.  23,  no.  1, 
p.  17,  November  1915,  32  pp     i()  tigs.      etA.) 

Kkseaech  on  the  Corrosion  RESisa?ANCE  op  Copper  Steel, 
D.  M.  Buck  and  J.  0.  Handy 

Report  of  tests  made  in  order  to  obtain  definite  informa- 
tion as  to  the  influence  of  the  presence  of  varying  amounts 
of  copper  and  other  elements  when  alloyed  with  steel,  on  the 
corrodability  of  the  latter. 

Previous  experiments  by  the  same  authors  were  reported 
in  the  Journal  of  Industrial  and  Engineering  Chemistry,  1913. 
page  447;  The  Iron  Age,  June  3,  1915,  and  The  Iron  Trath 
Review,  June  10,  1915. 

The  tests  were  conducted  on  full  size  uncoated  sheets  under 
exact  service  conditions,  extreme  care  being  taken  so  to  plan 
the  work  that  those  differences  found  in  the  various  grades 
of  steels  used  could  be  safely  ascribed  to  the  intlueuce  of  the 
particular  element  which  had  been  added.  The  tests  covered 
additions  of  phosphorus,  silicon,  aluminum,  roll-scale  and 
tinally  the  addition  of  cold  steel  to  the  metal  ingots  of  the 
heat.  The  data  of  the  tests  are  reported  in  tables,  and  to  a 
certain  extent  in  diagrams  and  illustrations  (C'p.  iig.  3). 

Open  hearth  and  Bessemer  steels  were  used  in  these  tests. 

As  regards  the  reliability  of  tests  on  small  pieces  when 
made  by  determining  the  losses  in  weight  on  exposure,  the 
authors  point  out  that  the  results  accord  in  a  remarkable  man- 
ner, and  that  the  weight  losses  corresponded  to  the  relative 
endurances  of  the  large  sheets.  In  these  experiments,  the 
writers  adopted  the  practice  of  removing  and  cleaning  one- 
half  of  the  small  test  pieces  after  the  lapse  of  several  months, 
allowing  others  to  remain  exposed  for  a  somewhat  longer 
period.  This  was  done  in  an  effort  to  determine  if  there  was 
liny  tendency  of  the  rust  flhn  to  behave  differently  on  differ- 
ent sheets.  It  was  thought  that  the  sponge-like  rust  wliicli 
is  normally  formed  on  non-copper  steels  might  accelerate 
con-osion  more  than  the  dense  adherent  flhn  on  copper  steels, 
This  idea  jtroved  to  be  correct.  The  results  are  summarized 
by  the  writers  in  the  following  manner: 

Sheet  steel  or  iron  containing  copper  shows  greatly  in- 
creased corrosion  resistance  when  exposed  to  atmospheric  con- 
ditions. The  most  effective  amount  of  copper  to  be  used  for 
this  purpose  is  approxhoiately  0.25  per  cent.  Smaller  amounts 
of  copper  down  to  as  little  as  0.04  per  cent  have  a  consider- 
able influence  in  lessening  corrosion,  but  the  results  are  not 
as  good  as  with  the  higher  amount  mentioned  above.  Work 
previously  done  by  one  of  us  has  indicated  that  0.15  per  cent 
copper  is  in  nearly  all  cases  as  eflScient  as  0.25   per  cent. 


Higher  amounts  of  copper,  up  to  2  per  cent,  give  little  or  no 
added  benefit. 

Copper  is  as  necessary  in  the  so-called  "  pure  irons  "  to  in- 
sure corrosion  resistence  as  it  is  in  normal  open-hearth  and 
Bessemer  steels.  Phosphorus  added  to  open-hearth  steel 
slightly  lowers  the  coiTosion  rate.  Silicon,  while  probably 
without  effect  in  the  amounts  normally  present  in  open- 
hearth  and  Bessemer  steels,  accelerates  corrosion  when  added 
in  amounts  from  0.10  to  0.30  per  cent.  The  addition  of  small 
amounts  of  aluminum  probably  has  little  influence  on  cor- 
rosion; the  above  tests  indicate  it  to  be  harmful  rather  than 
beneficial.  The  addition  of  sulphur  to  steel  greatly  increases 
the  corrosion  rate  and  when  residually  present  in  abnormal 
amounts,  it  is  probably  also  detrimental  from  a  corrosion 
standpoint.  .  The  addition  of  cold  steel  to  molten  steel  does 
not  lower  the  corrosion  rate,  but  if  it  has  any  influence  at 
all,  it  is  to  increase  the  corrosion. 

Loss  in  weight  determinations  on  small  test  pieces  are 
found  to  be  accurate  and  valuable  when  determining  the  re- 
lative   corrosion    resistance    of    various    sheet    metals.      The 
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Fig.  3    Relative  Corrosiox  R.a.tes  of  Various  Kinds  op 
Copper  Steel 

method  of  cleaning  such  test  pieces  with  ammoniacal  am- 
monium citrate  solution  is  found  to  be  the  most  convenient 
and  accurate  thus  far  investigated. 

conclusions 

I  Copper    increases   the    resistance    of   steel   and   iron   to 
atmospheric   corrosion : 

1  Its  influence  is  apparent  when  the  copper  content 

reaches  only  0.03  per  cent. 

2  Its  effect  is  almost  at  a  maximum  when  the  copper 

reaches  0.05  per  cent. 

3  The  best  amount  of  copper  for  commercial  steel  has 

been  found  to  be  0.25  per  cent. 
II  Steel    containing    0.25    per    cent    copper    outlasts    "pure 

iron  "  containing  0.04  per  cent  copper. 
Ill  Steel  containing  0.05  per  cent  copper  lasts  as  long  as 

"  pure  iron  "  containing  0.04  per  cent  copper. 
IV  Sulphur  in  steel  accelerates  corrosion  very  markedly. 
V  Sulphur   oxides   in    the   air   accelerate    the   corrosion    of 

steel. 
VI  Copper  in    steel    counteracts   or   retards-  both    the   cor- 
roding influences  noted  in  IV  and  V. 
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(The  Journal  of  Industrial  and  Engineering  Chemistry, 
vol.  8,  no.  3,  p.  209,  March  1916,  8  pp.,  9  figs.    eA.) 

Waterproofing  op  Mortars  by  Anthracene  Oil,  R.  Feret 

The  article  discusses  the  question  of  water-proofing  of 
mortars  by  anthracene  oil  on  the  basis  of  experiments  made 
by  the  author  in  the  laboratory  of  the  Fonts  et  Chaussees  in 
Paris,  France. 

In  the  first  group  of  tests  a  mortar  was  used  consisting  of 
one  part  of  cement  to  three  parts  of  sand  with  the  weight  of 
the  water  equal  to  10.5  per  cent  of  the  solid  matter.  The  tests 
were  made  on  prisms  4  x  4  s  16  cent.  (1.5  x  1.5  x  6  in.).  These 
prisms  after  standing  in  the  air  for  one  week  were  kept  under 
water  for  three  weeks.  In  the  first  series  of  tests  made  it  was 
found  that  two  mortars  with  oil  let  through  practically  an 
equal  amount  of  water,  but  considerably  lower  than  that 
which  penetrated  through  mortar  without  oil,  so  that  the  ad- 
dition of  oil  was  shown  to  have  materially  increased  the  water- 
proofness  of  the  mortar. 

In  the  second  series,  even  though  the  mortars  had  been 
allowed  to  harden  for  a  longer  time  before  being  subjected  to 
the  action  of  water  under  pressure,  the  permeability  was  under 
the  same  pressures  in  all  cases  greater  than  in  the  first  series. 
In  this  series  the  difference  in  permeability  between  the  mortar 
with  oil  and  that  without,  was  a  good  deal  less  than  in  the 
first  case.  In  fact  a  mortar  with  5  per  cent  of  oil  proved  to 
be  even  a  little  more  permeable  to  water  than  without  oil. 
Curiously  enough  this  difference  changed  in  direction  after  a 
maximum  pi'essure  was  attained,  and  remained  in  favor  of 
the  oil-treated  mortars  even  after  the  pressures  were  reduced. 
This  series  of  tests  showed  on  the  whole-  that  anthracene  oil 
has  approximately  the  same  action  as  far  as  water-proofing 
of  mortar  is  concerned,  as  heavy  petroleum  oils,  but  it  seems 
also  to  considerably  reduce  the  strength  of  the  mortar  so  that 
it  does  not  appear  advisable  to  use  more  than  5  per  cent  of 
the  weight  of  the  cement. 

A  further  series  of  tests  was  then  made  with  additions  of 
from  3  to  5  per  cent  by  weight  of  oil  to  the  cement.  In  this 
series  it  was  found  that  during  a  continuous  test  the  mortar 
with  3  per  cent  of  oil  proved  to  be  in  the  first  period  of  the 
test  the  most  permeable  of  aU;  then  suddenly  the  5  per  cent 
mortar  started  to  let  through  more  water  than  the  others  which 
indicated  that  the  water  had  found  a  passage  between  the 
mold  and  the  mortar.  On  the  whole,  however,  the  mortars  with 
oil  let  through  less  water  than  those  without  oil. 

The  author  comes  to  the  conclusion  that  mortars  with  3 
per  cent  of  anthracene  oil  are  less  permeable  to  water  than 
those  without  oil.  The  mortars  with  5  per  cent  of  water  have 
given  quite  variable  results.  The  addition  of  3  per  cent  of 
oil  did  not  materially  affect  either  the  resistance  or  the  ad- 
herence of  the  mortar.  The  adherence  to  iron  never  decreased 
more  than  26  per  cent  and  sometimes  even  increased  slightly. 
While  it  appears,  therefore,  that  in  most  cases  there  is  an 
advantage  in  incorporating  into  a  mortar  anthracene  oil  to 
the  amount  of  approximately  3  per  cent  of  the  weight  of 
cement,  it  is  impossible  to  tell  now  in  how  much  this  addition 
will  increase  the  water-proofness  in  a  particular  practical 
application  when  the  conditions  of  filtration  are  quite  different 
from  those  used  experimentally  in  the  laboratory. 

It  appears  that  such  additions,  however,  are  efficient  only 
when  the  mortar  is  very  compact  in  itself,  that  is  when  it 
consists  of  materials  of  proper  granular  sti'ucture.  The  maxi- 
mum of  compactness  corresponds  approximately  to  a  mixture 
of  two  parts  of  sand  of  as  large  grain  as  possible  with  1  part 
of   fine   grain    (including   cement).     In   addition   to  that   the 


compactness  of  a  mortar  depends  very  largely  on  its  strength 
and  the  conditions  of  operation  and  it  is  quite  probable  that  the 
increase  of  water-proofness  produced  by  quite  small  additions 
of  oil  is  due  less  to  the  bottling  of  the  pores  than  to  its  lubri- 
cating action  because  of  which  the  mortar  compresses  better 
under  the  trowel.  (L'Impermeabilisation  des  Mortiers  et 
L'Huile  Anthracenique ,  R.  Feret,  Annales  des  Fonts  et  Chaus- 
sees, partie  technique,  vol.  28  of  series  9,  no.  4,  p.  51,  July- 
August  1915,  20  pp.    e.) 

Semi-Steel,  Y.  A.  Dyer  and  Richard  Moldenke 

Discussion  of  the  question  of  what  is  semi-steel,  how  it 
should  be  made,  and  what  is  its  practical  value.  The  article 
consists  of  two  papers,  one  by  Y.  A.  Dyer,  and  the  other  by 
Dr.  Richard  Moldenke. 

The  first  paper  of  Mr.  Dyer  takes  the  position  that  steel 
can  mix  homogeneously  with  pig  iron  and  cast  scrap  under 
proper  conditions.  By  proper  mixing  of  from  10  to  40  per 
cent  (even  50  and  60  per  cent)  of  steel  of  low  carbon  pre- 
ferably in  the  ordinary  cupola  along  with  pig  iron  of  suitable 
homogeneity,  or  pig  iron  and  selected  cast  scrap,  a  sound, 
tough,  close-grain  and  easily  machined  easting  of  high  tensile 
and  transverse  strength  can  be  produced. 

In  the  manufacture  of  semi-steel  the  pig  iron  to  be  used  as 
a  base  metal  should  be  under  0.60  per  cent  in  phosphorus 
and  over  1  per  cent  in  manganese.  The  silicon  in  the  pig 
for  work  requiring  close-grain  and  high  strength  should  be 
from  2.25  to  2.45  per  cent.  For  small  and  comparatively 
thin  castings  the  silicon  in  the  pig  should  run  from  2.50  to 
2.80  per  cent.  The  lower  the  sulphur  the  better.  If  low  grade 
pig  iron  should  be  used  with  the  above  base  metal,  No.  3  or 
No.  4  foundry  iron  will  suit;  if  scrap  should  be  used.  No.  1 
machinery  is  best. 

Low  carbon  steel  is  preferable  in  the  mixture,  such  as  crop- 
pings  from  angle  bars  and  structural  material,  concrete  bars, 
cast  steel  shafting,  pipe,  rails  and  boiler  plate,  all  of  which 
will  range  approximately  as  follows  in  analysis:  SiUeon, 
0.03  to  0.35  per  cent,  sulphur,  0.05  per  cent  or  under,  phos- 
phorus, 0.01  to  0.10  per  cent,  manganese,  0.40  to  0.80  per 
cent.  The  manganese  should  be  watched  closely  in  the  mixture 
and  ranged  from  0.40  to  0.75  per  cent  in  the  easting.  Man- 
ganese in  the  pig  iron  and  other  material  used  wiU  more  uni- 
formly mix  in  the  bath  than  if  it  should  have  to  be  supplied 
in  the  form  of  ferro  manganese.  If  ferro  manganese  should 
have  to  be  used,  lump  form  charged  in  the  cupola  will  give 
better  results.  Proper  charging  of  the  material  and  correct 
cupola  practice  are  highly  important  elements  of  success. 

The  article  reports  data  of  tests  of  horizontal  bars  1  in. 
square.  The  horizontal  bars  showed  a  strength  from  35,000 
to  37,000  lb.  in  tension,  and  about  3600  to  3700  lb.  under 
transverse  stress.  The  vertical  cast  bars  broke  at  stresses  from 
about  5500  to  7500  lb.  per  sq.  in. 

Dr.  Richard  Moldenke  in  his  paper  objects  to  the  use  of 
the  term  "semi-steel."  The  name  was  introduced  in  good 
faith  at  a  time  when  little  was  known  of  the  metallurgy  of 
cast  iron,  but  it  should  not  be  used  now  with  our  present  ex- 
tended knowledge  of  the  properties  of  materials  and  their 
metallurgical  characteristics. 

As  regards  the  data  in  Mr.  Dyer's  paper  the  writer  calls 
attention  to  the  fact  that  cast  iron  with  silicon  contents  from 
1.45  to  1.65  will  often  show  tensile  strengths  in  1  in.  square 
bars  of  33,000  to  37,000  lb.  per  sq.  in.  without  the  addition  of 
any  steel  to  the  mixtures,  hence  there  does  not  seem  to  have 
been  any  gain  from  the  addition  of  steel. 

Melting  large   percentages  of  steel   scrap   with  gray  iron 


348 


ENGINEERING  SURVEY 


The  JorRNAL 
.\ii.Soc.M.E. 


means  quick  setting  metal  particularly  if  only  just  the  right 
amount  of  fuel  has  been  used  which  is  complicated  by  undue 
oxidation  of  the  steel,  before  it  melts  and  a  not  too  high  tem- 
perature of  the  metal  from  the  spout.  Hence  molds  as  or- 
dinarily gated  will  not  allow  a  proper  feeding  of  the  casting 
and  wherever  the  thinner  sections  about  a  heavy  point  may 
have  set  the  liquid  portions  unable  to  draw  in  fresh  metal  will 
result  in  iron  with  heavy  draws  and  even  the  soiuid  portions 
will  show  verj'  open  interior  structures  Only  some  adaptation 
of  the  "  top  pour  "  permitting  the  descent  of  the  molten  metal 
in  small  streams  straight  to  the  bottom  and  allowing  the  metal 
to  remain  quiet  as  the  mold  fills  and  draw  from  above  to  set 
sound,  will  give  good  results. 

The  author  claims  that  the  test  bar  will  show  up  wonderful 
results  and  yet  the  easting  may  be  quite  below  par.  He  be- 
lieves further  that  when  a  customer  buys  castings  made  with 
steel  scrap  added  to  the  mixture,  he  takes  greater  chances. 

The  writer  has  oftentimes  run  cupola  heats  of  100  per  cent 


Fig.  4  shows  a  typical  application  of  pulverized  fuel  burn- 
ing equipment  to  a  consolidation  type  of  steam  locomotive 
indicating  among  other  things  the  names  of  the  parts. 

From  investigation  to  date  any  sohd  fuel  which  in  a  di-y 
pulverized  foi-m  will  have  two-thirds  of  its  content  combustible 
will  be  suitable  for  steam  generating  purposes.  In  tests  with 
semi-bituminous  coal  from  Brazil,  S.  A.,  the  sulphur  averaged 
from  3  to  9  per  cent  and  the  heating  value  from  10,900  to 
8,800  B.t.u.,  and  no  difficulty  was  found  in  maintaining 
maximum  boiler  jjressure  on  the  locomotive. 

To  produce,  however,  the  most  effective  results,  pulverized 
fuel  should  contain  not  to  exceed  1  per  cent  of  moisture  and 
should  be  of  uniform  fineness  so  that  not  less  than  9.5  per  cent 
of  the  total  will  pass  through  a  100-mesh  and  not  less  than 
80  per  cent  of  the  total  will  pass  through  a  200-mesh  screen. 
The  total  cost  of  preparing  pulverized  fuel  properly  in  a 
suitably  equijiped  drying  and  pulverizing  plant  will  range 
from  15  to  45  cents  per  ton  depending  upon  the  capacity 
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-Fig.   4.     Typical   Pulverized   Fuel   Locomotive    Furnace 


8. 

9. 
10. 
11. 
12. 
13. 


Enclosed  Fuel  Container 

Fuel  Supply  Inlets  and  Covers 

Fuel  Conveyor 

Fuel  and  Pressure  .\ir  Feeder 

Fuel  and  Pressure  .\ir  Commingler 

Fuel  and  Pressure  Air  Outlet 

Fuel  and  Pressure  Air  Flexible  Conduit 

Fuel  and  Pressure  .\ir  Nozzle 

Fuel  and  Air  Mixer 

Firing  up  Opening 

Induced  Air  Inlet  Damper 

Control  for  Induced  Air  Inlet  Damper 

Pressure  Blower 


15. 
16. 
17. 

IS. 


19. 


Steam    Turbine    or    Motor    for    Pressure  20. 
Blower 

Pressure  Blower  Manifold  21. 

Pressure  Blower  Conduits  22. 

Steam  Turbine  or  Motor   for   Fuel  Con-  23. 

veyor.  Feeder  and  Commingler  24. 

Control  for  Steam  Turbine  or  Motor  for  25. 

Fuel     Conveyor,      Feeder     and     Com-  26. 
mingler 

Operating  Gear,   Sbaft  and  Clutches  for  27. 
Fuel      Conveyor,      Feeder     and     Com- 
mingler 


Switchboard  (when  electrical  equipment 
is  specified) 

Security  Arch 

Primary  Arch 

Auxiliary  Air  Inlets 

Combustion   Furnace 

Self-Clearing  Air  Cooled  Slag  Pan 

Turbo-Generator  (when  electrical  equip- 
ment is  specified) 

Combination  Engine  and  Turbo-Gen- 
erator Exhaust  Nozzle  and  Stack 
Blower 


steel  scrap  and  excess  of  fuel  had  to  be  used  to  get  serviceable 
results  but  the  product  was  cast  iron  just  the  same  and  noth- 
ing "  steely  "  could  be  traced  in  the  castings  made.  In  fact, 
the  author  appears  to  believe  that  but  for  the  propaganda  of 
certain  manufacturers,  the  term  "  semi-steel  "  would  have  been, 
as  he  expresses  it,  "decently  buried  and  long  forgotten,"  as 
it  serves  mainly  to  fool  the  foundrymen  and  consumers  of 
castings.  {The  Iron  Age,  vol.  97,  no.  9,  p.  542,  March  2,  1916, 
3  pp.    cp.) 

Fuel 

Pulverized  Fuel  for  Locomotive.s,  John   E.  Muhlfeld 
Brief  historical  sketch  of  the  development  of  the  use  of 
pulverized  fuel  for  locomotives  and  data  on  the  present  state 
of  the  art. 

The  author  believes  that  the  development  of  means  and 
methods  for  burning  pulverized  fuel  in  steam  locomotives 
has  now  passed  the  experimental  stage  and  commercial  ap- 
plications will  be  made  as  rapidly  as  the  equipment  can  be 
produced. 


of  the  plant.     (Paper  presented  before  the  New  York  Hail- 
road  Club  on  February  18,  1916,  10  pp.,  3  figs,    dp.) 

Fuel  Economy,  H.  C.  Woodbridge 
Consideration  of  the  general  elements  affecting  fuel  econ- 
omy, especially  from  the  point  of  view  of  proper  organization 
of  the  firing  seiTice. 

Among  the  main  points  to  which  the  author  calls  attention 
is  the  necessity  of  proper  training  of  firemen.  In  1907,  300 
firemen  were  specially  trained  by  the  officers  of  the  Hamburg 
Society  for  the  Prevention  of  Smoke.  A  report  of  this  society 
shows  a  thermal  efficiency  with  the  regular  or  untrained  firemen 
of  66.6  per  cent,  and  a  thermal  efficiency  of  the  same  plant 
with  trained  firemen  of  72.7  per  cent.  Similar  experiments 
conducted  in  the  Pennsylvania  Railroad  Company's  laboratory 
at  Altoona,  under  the  direction  of  Professor  Goss,  have  shown 
an  efficiency  of  a  locomotive  boiler  to  be  73.2  per  cent  when 
fired  by  experienced  men  and  59.7  per  cent  when  fired  by 
inexperienced  men.  {Railway  Club  of  Pittsburgh,  vol.  10,  no. 
3,  p.  64,  January  28,  1916,  4  pp.  g.) 
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Furnace  with  Adjustable  Grate  Area 
The  article  describes  a  series  of  comparative  tests  on  a  150 
h.p.  boiler  in  a  building  in  New  York  City  provided  witii  an 
adjustable  furnace.  This  furnace  consists  of  a  sliding  bridge- 
wall  operated  back  and  forth  by  hand,  through  a  worm  gear 
rotating  a  cross  shaft  on  which  are  maintained  two  pinions 
geared  to  racks  secured  to  the  underside  of  the  movable  bridge- 
wall  framework.     The  wall  is  moved  out  over  the  grate  bars 


Small  manually  driven  ears  were  formerly  used;  then  with- 
out changing  the  shape  of  the  cars,  two  of  them  were  inter- 
connected and  a  motor  installed  in  the  angle  between  the  hop- 
pers. Fig.  5A  shows  how  this  was  accomplished.  The  drive 
(Fig.  B)  is  by  means  of  a  fuUy  enclosed  direct  current  motor 
m  running  on  110  or  220  volts  and  delivering  from  5  to  6 
h.p.  The  power  is  transmitted  from  the  gear  z  through  the 
chain  g  onto  the  axle  of  the  car.    Forward  and  reverse  motion 


Fig.  5    Electrically  Driven  Charging  Cars  for  Coke-Ovens 


sliding  upon  side  supporting  bars  set  alongside  the  furnace 
wall. 

The  rear  of  the  bridge  has  an  extension  in  the  form  of  a 
cover  which  slides  over  a  fixed  frame  secured  to  the  brick- 
work of  the  bridge  wall.  The  frame  is  made  with  recessed 
tray  which  is  filled  with  sand  so  that  a  joint  is  maintained 
between  the  shding  bridge  and  the  fixed  frame,  preventing 
the  passage  of  air  through  the  unused  portion  of  the  grate  to 
the  combustion  chamber.  On  the  return  of  the  bridge,  the 
rear  edge  scrapes  a  clean  surface  over  the  sand  bed  and  re- 
news the  air  joint  in  this  manner. 

The  tests  are  made  with  a  return  tubular  boiler.  No  data 
of  tests  are  reported.  (Novel  Method  of  Adjusting  Grate 
Area,  The  Isolated  Plant,  vol.  8,  no.  3,  p.  15,  March  1916, 
1  p.     d.) 

Electrically  Driven  Charging  Cars  for  Coke-Ovens,  K. 
Dobbelstein 

Description  of  an  installation  at  a  German  mine  plant  where 
the  charging  cars  for  coke-ovens  are  driven  electrically. 


is  obtained  by  the  reversing  controller  k.  A  special  mechan- 
ical arrangement  maintains  the  switch  lever  in  its  proper  po- 
sition after  the  motor  has  been  cut  in.  Simultaneously  with 
the  starting  of  the  motor  a  mechanical  brake  i  (or  an  equiv- 
alent magnetic  brake)  connected  with  the  lever,  is  set  into 
operation,  in  the  first  case  by  air  and  in  the  other  by  electric 
current.  As  shown  in  Fig.  B,  proper  lighting  is  provided  for 
night  work.  It  has  been  found  that  the  operation  of  the  car 
requires  little  current;  a  ear  of  3  ton  capacity  running  at 
1.2  m  (3.94  ft.)  per  second  and  using  220  volts,  requires  15 
amperes. 

Fig.  C  shows  the  filling  of  the  car  from  the  coal  tower.  The 
operator  brings  the  car  right  under  the  discharge  opening 
of  the  tower,  holding  his  hand  all  the  time  on  the  switch 
lever  a.  The  wide  lever  b  located  in  an  inclined  position  in 
front  of  the  operator  opens  and  closes  the  discharge  valve  on 
the  tower.  There  is  also  a  third  lever  c  visible  in  the  rear  but 
concealed  in  the  front  section  of  the  figure  by  the  body  of  the 
operator.  This  lever  operates  the  jarring  device  used  when 
discharging  the  coal.     The  operation  of  the  car  is  so  simple 
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that  a  workman  cau  manage  it  without  any  previous  training. 
As  soon  as  three  cars  have  been  filled  from  the  tower  and 
switched  in  one  after  another,  two  of  them  are  sent  forward 
without  any  operator  on  them  direot  to  the  proper  oven,  while 
the  operator  goes  after  in  the  third  car.  In  this  manner  a 
battery  of  60  to  80  ovens  can  be  taken  care  of  by  a  single  man 
so  that  there  is  a  large  saving  in  attendance  in  addition  to 
which  the  safety  of  operation  is  materially  increased.  (Die 
Beschickung  von  Koksofen  mit  kleinen,  elektrisch  betriebenen 
FiilUrichterwagen,  K.  Dobbelstein,  Elektrische  Kraftbetriebe 
u.  Bahnen,  vol.  14,  no.  5,  p.  49,  February  14,  1916,  3  pp.,  6 
figs,  d.) 

Hydraulics 

Automatic  Hydraulic  Control- Valve 
Description   of   an   automatic   hydraulic  control-valve   pri- 
marily designed  to  be  placed  in  the  pipe  line  connecting  an 


to  descend  and  in  so  doing  move  the  piston  back  to  mid-stroke, 
thus  restoring  the  full  area  through  the  valve  passage.  On 
the  descent  of  the  accumulator  to  the  bottom  position  the 
movement  of  the  piston  and  water  will  be  similarly  affected. 

C  and  D  show  the  arrangement  of  the  control  valve  and  the 
appUeation  of  the  operating  gear.  The  control  valve  is  placed 
at  K  in  the  pipe  connecting  the  hydraulic  main  with  the  accum- 
ulator, the  accumulator  casing  being  provided  with  the  con- 
tact brackets  L  and  i?  through  which  passes  the  tappet  rod  F. 
In  figure  C  the  valve  is  in  mid-position  and  the  accumulator 
is  shown  approaching  the  bottom  resting  blocks  at  the  point 
when  the  bracket  i?  commences  contact  with  the  tappet  S,  thus 
depressing  the  lever  W  and  gradually  closing  the  valve  through 
the  spindle  at  Z7. 

As  the  accumulator  ascends,  the  weight  T  brings  the  lever 
back  to  mid-position.  The  same  happens  at  the  top  of  the 
stroke.    As  the  accumulator  descends  the  weight  M  again  rests 
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Fi(i.  6    Automatic  Hydraulic  Control- \'alve 

accumulator  in  an  outlying  district  with  the  mains  of  an 
hydraulic  system. 

To  be  of  the  greatest  value  such  an  accumulator  must  on 
the  one  hand  be  freely  responsive  to  the  pressures  in  the  main, 
and  on  the  other  hand  avoid  the  difficulty  usual  with  the  freely 
responsive  accumulator  in  that  it  makes  violent  contacts  with 
the  stops  at  the  top  and  bottom  limits  of  the  stroke.  To  meet 
this  requirement  the  device  described  here  consists  of  a  com- 
bination of  valves  contained  in  one  body.  In  Pig.  6J.  and  B 
it  is  seen  that  the  valve  has  a  double  headed  piston  AB  work- 
ing in  a  body  having  two  ring  ports  C  and  I),  with  an  annular 
space  E  between,  connected  to  the  outside  of  each  port  by  a 
small  by-pass  E'  fitted  with  the  check  valves  F  and  G.  The 
length  and  stroke  of  the  piston  are  such  that  when  in  mid- 
position  both  ports  are  uncovered  and  there  is,  therefore,  a 
clear  passage  through  the  valve  in  either  direction.  When  the 
piston  is  moved  over  to  either  extremity  of  its  stroke,  it  cov- 
ers one  of  the  ports  blocking  the  passageway. 

Now  assuming  the  water  to  be  flowing  into  the  accumulator 
in  the  direction  of  arrow  K,  the  ram  will  rise  until  it  ap- 
proaches the  top  of  its  stroke  when  the  gear  will  move  the 
valve  piston  in  the  direction  of  K'  until  port  C  is  closed  and 
tlie  motion  of  the  ram  thus  stopped..  If  during  the  closing  or 
closed  period  the  pressure  should  at  point  K  be  reduced  by  a 
draught  in  the  main,  water  passing  through  the  by-pass  F  in 
the  direction  of  the  arrow  J  would  cause  the  accumulator  ram 


on  the  tappet  P  thus  o\-erhauliug  the  weight  iN'  and  bringing 
the  lever  W  back  to  mid-position.  The  valve  and  gear  remain 
in  this  position  whilst  the  accumulator  is  moving  between  the 
bottom  position  shown  in  Fig.  C  and  the  top  position  when 
the  bracket  L  lifts  the  weight  M  off  the  tappet  at  P.  {Engi- 
neering, vol.  101,  no.  2614,  p.  102,  February  4,  1916,  1  p.,  4 
figs,     d.) 

Internal  Combustion  Engineering 

The  MaB  Racing  Engine  with  Rotary  Conical  Valves 
Description  of  the  MaB  racing  engine  used  on  an  English 
cycle  car.  The  most  important  ijoints  are  the  shape  of  the 
\alve  and  the  tyjae  of  valve  operation  employed ;  the  rotary 
\alve  employed  pennits  of  a  continuous  instead  of  an  inter- 
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mittent  movement  so  that  it  is  possible  to  drive  the  valve 
direct  from  the  crankshaft  without  the  interposition  of 
springs,  cams,  or  any  other  variables  which  may  in  time  affect 
the  correct  operation  of  the  valves. 

The  valve  itself  is  of  conical  formation  as  shown  in  Fig.  7A 
and  its  shape  is  said  to  be  responsible  for  a  very  compact 
combustion  chamber  which  allows  of  the  full  force  of  the 
explosion  being  expended  upon  the  head  of  the  piston.  As 
seen  in  Fig.  B  the  shape  of  the  combustion  chamber  is  such 
that  the  gases  have  a  very  easy  jaath  both  froo  the  carbureter 
and  into  the  exhaust  pipe.  The  construction  of  the  driving 
gear  looks  somewhat  complicated  but  this  is  due  to  the  large 
number  of  ball  bearings  employed  so  that  as  much  friction 
may  be  avoided  as  possible. 

Under  the  influence  of  compression  and  explosion  the  rotary 
conical  valve  bears  against  the  head  of  the  cylinder  but  when 
no  pressure  is  on  the  valve  the  weight  is  taken  by  the  large 
ball  thrust  bearing  seen  just  above  the  cylinder  head.  The 
coil  spring  on  the  upper  part  of  the  valve  stem,  Fig.  B,  is  to 
keep  the  valve  in  close  contact  with  the  cylinder  walls  to  pre- 


had  an  average  tensile  strength  of  76  per  cent  only  and  an 
elongation  outside  the  fracture  of  39  per  cent,  whilst  the  aver- 
ages of  those  which  broke  outside  the  weld  were  respectively 
87  and  66  per  cent.  In  considering  the  tensile  strength,  how- 
ever, it  should  be  remembered  that  the  welded  pieces  were  an- 
nealed, a  process  which  generally  tends  to  dcrease  the  tensile 
strength  while  increasing  the  elongation.  Brinnel  tests  for 
the  original  plate  gave  an  average  hardness  number  of  115.6 
and  the  average  for  52  autogenous  welded  plates  was  102.8 
or  89  per  cent  of  the  hardness  of  the  original  plate  measured 
outside  the  weld  and  108.2  or  94  per  cent  of  the  hardness  of 
the  original  plate  measured  at  the  weld.  This  decrease  of  11 
per  cent  in  hardness  represents  approximately  the  influence 
of  annealing. 

The  resilience  of  the  metal  as  tested  by  impact  bending  tests 
on  notched  bars  seems  to  have  undergone  a  marked  decrease 
owing  to  the  welding  conditions,  a  decrease  larger  than  the 
decrease  in  tensile  strength.  An  interesting  fact  is  that  the 
plates  which  in  the  tensile  tests  have  given  bad  results  gave 
satisfactory  results  in  the  impact  bending  tests,  and  it  would 
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A    olan    view    of    the    engine,    sliowing    the    method 
adopted   for  driving  the  rotating  valves 


Fig.  7    The  IVIaB  Racing  Engine  and   Its  Rotary  Conical  Valve 


vent  leaks.  In  addition  this  coil  spring  permits  of  a  flexible 
connection  between  the  valve  and  the  cylinder  which  will  allow 
the  oil  to  be  forced  on  the  face  of  the  valve  from  the  force 
feed  lubricator  seen  at  the  right  hand  side  of  the  engine  sec- 
tion. 

The  valve  operating  gear  is  as  follows:  (Fig.  C)  Mounted 
on  the  front  of  the  crank  shaft  is  a  spiral  gear  which  drives 
a  vertical  shaft  at  the  same  speed  as  itself.  This  vertical 
shaft  measures  with  the  horizontal  shaft  running  the  length 
of  the  cylinders.  Mounted  on  this  longitudinal  shaft  are  four 
skew  gears  which  mesh  with  gears  mounted  on  each  rotating 
valve  having  double  the  number  of  teeth  and  the  valves,  there- 
fore, run  at  half  crankshaft  speed. 

The  engine  has  been  constructed  for  purely  racing  pur- 
poses. (A  Revolutionary  Engine  Design,  Gas  Energy,  vol.  10, 
no.  2,  p.  35,  February  1916,  3  pp.,  4  figs,  d.) 

JVlachine  Shop 

The  Autogenous  Welding  op  Boiler  Plates 

Abstract  of  a  report  issued  by  the  Swiss  Society  of  Steam 
Boiler  Owners  based  on  data  collected  by  the  Federal  Labora- 
tory for  the  testing  of  materials  in  Zurich. 

It  was  found  that  the  test  pieces  which  broke  at  the  weld 


appear  that  in  regard  to  resistance  to  bending  under  impact 
the  welds  which  lack  in  homogeneity  and  are  fibrous,  are  su- 
perior to  those  wliich  have  greater  uniformity  and  are  more 
homogeneous.  In  general  those  plates  on  which  the  consump- 
tion of  oxygen  and  gas  were  the  highest  gave  better  test  re- 
sults. 

The  tests  did  not  afford  any  proof  of  the  superiority  of 
electric  welding  over  autogenous  welding.  It  must  be  said, 
however,  that  the  tests  were  not  carried  out  in  a  manner  such 
as  to  establish  an  accurate  comparison  between  the  two 
processes.  (Engineering,  vol.  101,  no.  2614,  p.  95,  February 
4,  1916,  3  pp.,  4  figs,    e.) 

Welding  of  High  Pressure  Mains  at  Springfield,  Mass., 
A.  S.  Hall 

Description  of  the  welding  of  high  pressure  mains,  pre- 
sented in  such  a  manner  as  to  give  information  that  may  be 
used  as  the  basis  for  estimating  costs. 

The  welders  on  this  job  started  as  green  men,  recruited  from 
the  ranks  of  the  regular  street  gangs  of  the  company.  As 
soon  as  one  man  became  proficient,  another  man  was  broken 
in,  until  six  capable  welders  were  available.  At  first,  however, 
because  of  their  inexperience,  the  men  were  lavish  in  the  use 
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of  oxygen,  acetylene,  filler  metal,  etc.,  and  the  joints  were  slow 
in  being  made  and  often  had  to  be  rewelded.  The  detailed  cost 
data  are  given  in  the  article  and  show  that  the  total  cost  of 
laying  pressure  main  was  nearly  $15,000,  while  the  cost  per 
joint  is  estimated  as  follows: 

Labor $.6010 

Oxygen    2296 

Acetylene 2224 

Filler  Metal. . 0522 

Total  cost  per  joint $1.1052 

It  was  found  that  the  welding  of  double  length  pipe  was 
the  most  economical  method  of  laying  high  pressure  mains. 
The  cost  data  for  another  job  are  given  in  the  same  article, 
indicating  a  total  cost  per  joint  of  $1.3016. 

In  ordering  plain  end  pipe  for  a  welded  main  such  as  has 
been  described,  an  important  feature  is  the  bevel  to  which  the 
ends  of  the  pipe  are  cut.    The  writer  has  found  from  experi- 


sheet  metal  patterns  were  made,  similar  to  those  used  in  mak- 
ing stove  pipe,  to  aid  the  welder  in  properly  cutting  the  pipe. 
The  following  data,  as  to  the  relative  cost  of  welded  high 
pressure  mains  as  compared  with  threaded  and  coupled  mains, 
are  given :  The  writer's  companies  received  the  following  data 
in  answer  to  a  recent  inquiry  as  to  the  relative  cost  of  plain 
end  pipe  and  threaded  and  coupled  pipe : 

Cost  per  Foot 

Threaded  and 

Coupled  Pipe 

$.09 

.27 


Sise  of  Pipe 
2 


6 


.48 


Cost  per  Foot 

Plain  end  Pipe 

$.085 

.26 

.46 


If,  for  example,  a  6-in.  pipe  is  used,  by  using  plain  end 
pipe,  a  saving  of  -$0.02  per  ft.  or  $0.80  per  double  length  is 


Fig.  8    A    Best  Angle  for  Bevel  m  Welding  of  High   Pressuke  Main;  B    Best  Position  of  the  Welper 


ence  that  the  best  angle  for  this  bevel  is  60  deg.  to  the  hori- 
zontal, as  shown  in  Fig.  8A. 

It  is  absolutely  necessary,  in  order  to  make  a  tight  joint, 
that  the  inner  edges  of  the  two  pipes  be  fused  together  before 
any  filler  material  is  applied.  There  must  be  enough  stock  in 
the  thin  edges  caused  by  the  bevel  to  make  this  fusing  pos- 
sible. A  bevel  angle  very  much  less  than  60  deg.  to  the  hori- 
zontal does  not  give  this  necessary  amount  of  stock,  so  that  a 
hole  is  frequently  burned,  through  which  molten  metal  runs 
to  the  inside  of  the  pipe. 

On  the  other  hand,  a  bevel  angle  very  much  greater  than  60 
deg.  to  the  horizontal  not  only  leaves  the  inner  pipe  edges  too 
thick  to  be  easily  fused,  but  it  does  not  leave  sufficient  room 
in  the  groove  for  a  proper  amount  of  filler  material. 

It  has  been  found  more  economical  to  weld  together  and 
test  long  sections  of  pipe  before  placing  them  in  the  ditch. 
Note  in  Fig.  8B,  the  position  of  the  welder,  sitting  on  a  smaU 
wooden  bench,  with  the  arms  resting  on  either  knee.  Such  a 
position  can  be  maintained  for  some  time  before  becoming 
tiresome.  No  welder  was  allowed  to  light  a  torch  without  hav- 
ing on  a  proper  pair  of  goggles. 

In  view  of  the  extreme  changes  of  temperature  with  the 
seasons  in  New  England,  an  expansion  joint  was  placed  at 
intervals  of  about  1000  ft.  to  take  care  of  the  expansion  and 
contraction  of  the  mains.  Extra  heavy  semi-steel  screw  end 
valves  were  used. 

One  of  the  great  advantages  of  welding  mains  is  the  num- 
ber and  variety  of  bends  and  fittings  which  can  be  made  on 
the  job.  In  this  case,  all  drip-pots,  tees,  and  most  of  the  bends 
were  welded  in  this  way.    To  facilitate  this  work,  a  number  of 


made  before  the  pipe  leaves  the  miU,  which  goes  a  long  way 
toward  paying  for  a  joint.  {The  Gas  Age,  vol.  37,  no.  5,  p. 
259,  March  1,  1916,  6  pp.,  21  figs,    d.) 

Woodruff  Keys  and  Ketways 

The  article  consists  of  two  tables  and  a  brief  introduction. 
In  Table  1  the  dimensions  of  Woodruff  keys  and  key-ways 
have  been  computed  and  tabulated  for  keys  and  key-ways 
suitable  for  shaft  diameters  from  1/2  to  2  in.  inclusive,  while 
Table  2  gives  the  dimensions  of  cutters  of  various  sizes.  The 
tables  are  very  complete  as  every  essential  dimension  is  given 
in  plain  figures.  (Machinery,  vol.  22,  no.  7,  p.  586,  March 
1916,  2  pp.    p.) 

Cost  of  Gas  Cutting,  J.  F.  Spi'inger 

Data  on  cost  of  cutting  steel  by  the  oxy-hydrogen  method, 
obtained  partly  by  calculation  and  partly  from  a  European 
source. 

The  data  by  calculation  were  obtained  from  a  lot  of  miscel- 
laneous work,  in  all  38  cuts,  varying  in  area  from  1.56  to  75.6 
sq.  in.  From  both  sources  it  has  been  found  that  to  cut  1/3 
lineal  foot,  between  5.1  and  5.4  cu.  ft.  of  oxygen  are  required. 
For  work  thicker  than  1  in.,  the  oxygen  becomes  a  very  de- 
cisive factor,  it  costs  more  per  foot  aU  the  time  and  for  heavier 
work  the  amount  becomes  rapidly  greater  relatively  as  the 
work  increases  in  thickness.  The  article  contains  two  tables, 
one  on  the  cost  of  cutting  steel  plate  and  the  other  cost  of 
cutting  steel  bars  of  circular  section,  both  by  the  oxy-hydrogen 
process.  The  second  table  shows  that  4.8  cu.  ft.  of  oxygen 
is  required  to  cut  a  4-in.  bar  (area  of  cut  12.6  sq.  in.) 
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Calculation  shows  that  it  takes  approximately  the  same 
amount  of  oxygen  to  cut  a  given  area  in  work  of  a  given 
thickness  whatever  be  the  form  of  the  cross  section  cut  (in 
applying  this  rule  it  is  necessary  to  take  the  maximum  thick- 
ness as  the  basis).  There  is,  however,  a  small  advantage  in 
favor  of  work  of  even  thickness  especially  in  the  case  of  small 
work.  With  the  given  cutting  torch  there  must  be  a  certain 
pressure  of  oxygen  which  corresponds  with  the  speed  deter- 
mined by  the  heating  flame.  A  stronger  pressure  will  be  use- 
less and  occasions  waste,  and  weaker  pressure  will  require 
the  forward  speed  to  fall  below  its  possibilities.  (Machinery, 
vol.  22,  no.  7.  p.  581,  March  1916,  1pp.  ep.) 

Mechanics 

Transmitting  Power  by  Leather  Belting,  R.  T.  Kent 

A  series  of  tables  embodying  the  latest  investigations  show- 
ing tensions  and  horsepowers  at  which  belts  wiU  give  the  best 
sen'ice  and  cost  the  least  for  maintenance  and  repairs.  The 
purpose  of  these  tables  is  mainly  to  provide  an  answer  to 
each  of  the  three  following  questions  (assuming  the  pulley  size 
to  have  been  determined)  :  what  horsepower  is  to  be  trans- 
mitted: what  size  of  belt  should  be  used  to  transmit  it;  and 
under  what  tension  should  the  belt  be  placed  on  the  pulleys. 

The  writer  gives  the  following  determination  of  the  more 
satisfactory  belt  drive :  It  is  that  one  which  will  at  all  times 
transmit  the  necessary  amount  of  power  and  at  the  same 
time  cost  the  least  for  repairs  and  maintenance,  and  cause 
the  least  possible  loss  by  machine  shut-downs  for  the  purpose 
of  making  belt  repairs  in  working  hours. 

To  have  a  satisfactory  belt  drive  the  following  considera- 
tions must  be  taken  into  account  when  the  drive  is  laid  out : 
the  conditions  of  use  of  the  belt,  whether  it  is  readily  accessi- 
ble or  not;  the  velocity  at  which  the  belt  will  travel;  the  arc 
of  the  pulley  with  which  the  belt  is  in  contact ;  the  tension  per 
sq.  in.  of  cross  section  under  which  it  is  first  placed  on  the 
pulleys:  the  tension  per  square  inch  of  cross  section  to  which 
the  belt  may  be  allowed  to  fall  in  service  before  it  is  taken 
down  and  retightened. 

The  tables  which  accompany  the  article  are  based  on  the 
latest  investigations  of  belting  practice,  viz.  those  of  Carl  G. 
Barth,  and  give  horsepower  and  maximum  and  minimum 
tensions  of  leather  belts  per  square  inch  of  cross  sectional 
area,  cross  sectional  area  of  belts,  arc  of  contact  on  smaller 
pulley,  velocity  of  belts.  The  theory  of  belting  practice  is 
discussed  on  the  basis  of  Mr.  Barth's  paper  presented  before 
The  American  Society  of  Mechanical  Engineers  in  January, 
1909  (Transactions.  Vol.  31)  (The  Iron  Age,  vol.  97,  no.  9,  p. 
527,  March  2,  1916,  7  pp.,  3  figs.) 

The  Moment  Diagram  and  Its  Relation  to  the  Reinforce- 
ment OP  A  Concrete  Beam,  S.  C.  HoUister 

Discussion  of  methods  for  solving  some  of  the  problems 
relative  to  the  proper  placing  of  the  steel  reinforcements  in 
the  body  of  the  beam.  In  the  article  extensive  analytical 
methods  have  been  Yesorted  to  and  a  series  of  graphic  con- 
struction introduced  to  determine  the  relative  position  of  the 
component  parts  of  the  reinforcing  materials.  A  method  is 
set  forth  for  placing  the  reinforcements  for  both  bending  and 
shearing  resistance  entirely  from  the  moment  diagram. 

The  author  starts  with  the  statement  that  the  difference  in 
moment  between  any  two  points  along  a  beam  is  equal  to  the 
product  of  the  average  shear  over  the  distance  between  the 
points,  and  that  distance  (this  law  is  not  strictly  true  for 
loads  concentrated  at  points  along  a  beam).  From  this  the 
author  derives  first  an  expression   of  the  average  shear  in 


terms  of  the  changing  moment  along  a  portion  s  of  the  beam 
resisted  by  the  stirrup,  and  then  determines  the  moment  incre- 
ment from  zero  to  a  certain  value  ilz  and  finds  that  this  mo- 
ment increment  represents  the  value  of  the  adopted  stirrup 
to  resist  the  vertical  component  of  diagonal  tension  over  the 
portion  s  of  the  beam  and  that  for  any  given  stirrup  of  area 
a,  and  of  fibre  stress  fs,  the  moment  M,  varies  directly  with 
jd,  a  value  dependent  upon  the  characteristics  of  the  beam 
which  gives  the  following  equation: 
Ml  =  a4,}d 
From  this  he  obtains  the  following  equation: 

For  vertical  stiiTups  Mx  =  1.5  «s/sjrf 
For  stirrups  inclined  at  an  angle  6  to  the  horizontal : 

1.5  a,fsjd 


M,  = 


sin  6 


For  stirrups  inched  at  an  angle  of  45  deg.  for  the  horizontal : 

Ml  =  2.1  a,f,jd 
These  equations  express  the  final  working  value  of  the  re- 
sistance offered  by  single  stirrups  in  terms  of  an  increment  of 
moment.  The  author  gives  a  graph  of  the  different  equa- 
tions when  j  =  %,  a  very  common  value  in  rectangular  beam 
design,  with  instructions  how  to  use  this  chart.  He  then  gives 
in  detail  the  design  of  a  T-beam  in  accordance  with  the  above 
described  method.  He  shows  how  to  place  the  steel  in  the  beam 
and  indicates  the  application  of  the  method  with  two  arrange- 
ments of  the  steel,  one  in  which  the  bent  up  rods  are  intended 
to  carry  a  portion  of  the  shear  and  the  other  in  which  the  stir- 
rups are  designed  to  carry  all  the  shear.  {The  Wisconsin  En- 
gineer, vol.  20,  No.  5,  p.  206,  February  1916,  11  pp.,  6  figs,  t.) 

Steam  Engineering 

Boiler  and  Steam  Vessel  Explosion  in  Switzerland, 
E.  Hohn 

Description  of  what  was  found  in  an  investigation  of  an 
explosion  of  a  vertical  inclined  tube  boiler  in  Switzerland  (the 
boiler  was  built  by  a  concern  in  Hesse,  Germany). 

The  boiler  had  a  welded-in  fire-box  with  three  iacUned  tubes 
and  was  tested  after  construction  (in  1898)  at  an  hydraulic 
pressue  of  11  atmospheres  and  later  on  in  1911  by  an  in- 
spector of  the  Swiss  Association  of  Steam  Boiler  Owners,  at 
9  atmospheres. 

The  inspection  after  explosion  showed  that  the  arched  crown 
of  the  fire-box  separated  from  the  fire-tube  along  a  welded 
seam  and  was  pressed  downwards  as  indicated  in  the  drawing 
(Fig.  9)  just  as  if  it  were  an  elastic  membrane.  After  this 
the  force  of  the  steam  naturally  penetrated  into  the  fire-box 
and  violently  threw  the  boiler  off  its  foundations. 

A  close  investigation  of  the  broken  seam  showed  that  it 
was  welded  just  along  one  edge,  in  fact,  poorly  welded — and 
iron  filings  could  be  broken  off  without  much  trouble.  In  ad- 
dition to  that  the  smoke-tube  before  being  inserted  into  the 
hole  in  the  fire-box  which  was  apparently  too  big,  was  en- 
larged as  shown  in  the  figure,  which  likewise  cannot  be  con- 
sidered good  practice.  A  further  constructive  defect  was  the 
curving  of  the  fire-box  crown  while  the  bottom  of  the  boiler 
was  flat.  Since  the  jacket  and  the  fire-box  did  not  expand 
equally  when  heated,  the  difference  in  length  had  to  be  equal- 
ized somewhere,  and  it  is  flat  bodies  having  an  elastic  action 
which  are  best  able  to  take  up  such  an  equalization.  As  soon, 
however,  as  a  curved  body  is  introduced  the  elasticity  suffers. 

It  must  not  be  forgotten  in  this  connection  that  the  stress 
of  the  spring  action  in  the  header  is  taken  up  by  the  smoke- 
tube  and  the  seams  between  the  latter  and  the  bottom  of  the 
boiler.     This  stress  increases  with  the  rigidity  of  the  bottom. 
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hence  -n-ith  its  L'urvature.  Corrugated  siuoke-tubes,  while  tech- 
nically possible,  are  not  usable  even  though  they  have  a  cer- 
tain amount  of  elastic  action. 

The  article  describes  also  another  case  of  explosion,  this 
time  of  a  container  used  under  pressure  with  steam  for  indus- 
trial pui-poses.  Of  interest  is  the  discussion  of  the  etching 
test. 

In  the  present  case  one  of  the  seams  was  found  to  have 
broken  at  the  flange  and  the  author  points  out  that  such  a 
wi-ong  application  of  welding  is  found  oftener  than  one  would 
think.  In  this  connection  the  author  calls  attention  to  the 
fact  that  with  arched  headers  the  maximum  stress  occurs  at 
the  flange  as  has  been  previously  shown  by  the  investigation 
of  C.  Bach. 

As  regards  the  comparative  value  of  riveting  and  welding 
in  boilers,  the  author  repeats  the  following  statement  previous- 
ly made  in  another  of  his  publications :  "  A  welded  seam  has 
always  in  it  something  hidden,  beyond  control.  As  a  substi- 
tute for  a  riveted  seam  it  is  undesirable  where  the  latter  can 
be  applied  without  difficulty.  There  are,  however,  cases  where 
the  welded  seam  may  be  or  has  to  be  applied  for  constructive 
purposes,  with  modei-ate  stresses,  or  because  of  lack  of  space, 
etc."      (Explosion   eines   Dampfkessels   und    eines   Dampfge- 
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Iron  Shavings 


"A-ffer  ihe  Exptosion 

Pig.  9    Portion  op  the  Boiler  Affected  by  the  Explosion 

fdsses  in  der  Schweiz,  Betrachtungen  iiber  Schweissungen,  E. 
Hohn,  Zeits.  des  Bayerischen  Eevisions-Vereins,  vol.  19,  no. 
24.  p.  195,  December  31,  1915,  4  pp.,  6  figs,    dp.) 

New  Wisconsin  Boiler  Code 

The  Industrial  Commission  of  Wisconsin  has  just  issued 
the  New  Wisconsin  Boiler  Code  to  govern  all  steam  boilers 
except  those  regularly  inspected  by  the  Federal  government, 
steam  fire  engines,  those  used  exclusively  for  agricultural  pur- 
poses, all  of  less  than  10  h.p.  and  those  on  which  the  pressure 
does  not  exceed  15  lb.  The  Code  follows  the  requirements 
of  the  National  Association  of  Stationary-  Engineers.  (The 
Iron  Age.  vol.  97,  no.  9,  p.  560,  March  2,  1916.) 

Flow  of  Steam  in  Pipes,  W.  L.  Durand 

An  article  discussing  methods  of  determining  the  sizes  of 
steam  pipes  by  the  use  of  formulas  and  by  a  curve  chart  by 
which,  if  three  of  the  four  variables  are  known,  the  fourth  can 
be  found. 

The  writer  proposes  a  formula  in  which  the  length  of  the 
pipe  and  friction  loss  are  reduced  to  one  variable  "  friction 
loss  per  unit  of  length  "  such  as  "  per  100  ft."  The  formula 
is  as  follows: 


W  =  87.5  ^1  ^^^  XVDX 


V 


1  + 


3.6 


where   IT  =  weight   of  steam  flowing   in   pomids  per  minute. 


p  =  drop  in  pressure  pounds  per  square  inch,  D  =  density, 
pounds  per  cubic  foot,  d  =  internal  diameter  of  pipe. 

In  addition  to  this  formula  the  author  gives  a  chart  for 
quickly  determinmg  the  fourth  variable  in  this  formula  if 
three  of  them  are  known.  (Power,  vol.  43,  no.  10,  p.  324, 
March  7,  1916,  2  pp.,  1  fig.    p.) 

Peat  Burning  Furnace  foe  Locoiiotives 

There  have  been  references  in  American  papers  several 
times  in  the  past  year  to  the  Porat  system  of  peat  burning 
in  locomotives.  In  the  present  article  is  described  from  a 
German  patent  (No.  287837)  the  construction  of  this  furnace 
which  has  been  already  extensively  experimented  with  on  the 
Swedish  railways.  The  essential  element  of  this  system  is  a 
connection  between  the  fuel  supply  and  the  valve  gear  of  the 
locomotive  which  serves  to  regulate  the  draft  by  the  blast  pipe 
and  an  auxiliary  blower.  This  connection  is  arranged  in  such 
a  manner  that  fuel  can  be  suppUed  only  at  a  certain  normal 
strength  of  blast.  In  the  illustrations.  Fig.  lOA  gives  a  vertical 
cross-section  of  a  locomotive  fire-box  with  the  new  arrange- 
ment and  Fig.  B  a  similar  cross  section  through  the  fuel  hop- 
per, while  Fig.  C  gives  two  views  of  the  adjusting  gear. 

The  fuel  is  led  from  the  funnel  shaped  container  a  on  the 
tender  to  the  fire-box  d  through  the  pipe  c.  The  fire-box  is 
closed  in  front  by  door  e  in  a  passage  for  the  air  of  combus- 
tion, in  which  passage  there  is  built  a  regulating  valve  I.  On 
the  fire-box  is  also  installed  a  separate  chamber  ii  for  solid  fuel' 
fed  with  air  through  passage  o.  Liquid  or  gaseous  fuel  can 
be  admitted  through  pipe  p.  A  slight  fire  is  maintained' 
in  the  chamber  n  which  furnishes  sufficient  heat  to  ignite  the 
peat  powder  when  the  supply  of  fuel  has  been  renewed  after 
an  interruption  of  the  supply. 

The  fuel  pipe  c  opening  into  the  cap  e  has  its  free  end  bent 
upwards  and  ends  in  a  funnel  /,  opening  under  the  container 
a.  Air  can  enter  into  pipe  c  tlirough  the  opening  g  in  the 
rear  of  the  funnel.  The  container  a  is  provided  with  a  bend 
and  a  valve  to  regulate  the  fuel  supply.  The  an-angement  is 
such  for  example  that  the  steam  ej'linder  receiving  steam  from 
the  boiler  has  its  valve  gear  regulated  by  the  throttle  lever  t 
located  on  the  locomotive  or  by  the  valve  of  the  auxiliary 
blower. 

The  slide  valve  /*  is  located  in  front  of  the  discharge  open- 
ing of  the  container  a  and  is  connected  with  the  rod  h^  of  a 
piston  h'  moving  in  a  cylinder.  This  latter  receives  its  steam 
also  from  the  boiler  and  has  a  valve  gear  regulated  in  a  sim- 
ilar manner.  The  piston  h'  is  forced  into  the  closing  position 
of  the  valve  h  by  means  of  a  spring.  The  nuts  /('  on  the  piston 
rod  /('  are  used  to  adjust  the  sliding  valve  h  in  proper  posi- 
tion with  respect  to  piston  h'  so  as  to  vary  the  dimensions  of 
the  fuel  discharge  opening.  The  regulating  shaft  q  which 
opens  and  closes  the  steam  valve  leading  to  the  working  cylin- 
ders of  the  locomotive  is  provided  with  a  handle  t  located  above 
the  fire  door.  The  article  describes  in  detail  the  connection 
with  the  auxiliary  blower.  (Zeits.  fiir  Dampfkessel  und  Mas- 
chinenhetrieb,  vol.  39,  no.  3,  p.  19,  January  21,  1916,  serial 
article,  not  finished.) 

Varla 

Proposed  Standard  Numerals  for  the  Scales  op  Me.4SUEing 
Instruments,  A.  P.  Trotter 

Discussion  of  the  outward  appearance  of  numerals  for  the 
scales  of  measuring  instruments.  The  jiaper  is  published  at 
the  suggestion  of  the  Meter  Panel  of  the  Engineering  Stand- 
ards Committee  on  Electrical  Accessories  (Great  Britain). 

The   paper  compares   three   sets   of  numerals   proposed  as 
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standards.  The  piineipal  characteristics  of  the  numerals  pro- 
posed by  the  author  are  as  follows :  There  should  be  no  serifs ; 
the  figures  should  be  of  block  character,  that  is,  there  should 
be  no  marked  difference  in  the  thickness  of  the  line  in  any 
part  of  the  figure;  with  a  height  of  10  units,  the  width  ought 
not  to  be  less  than  7  units,  as  otherwise  legibility  begins  to 
suffer,  while  a  greater  width  is  a  waste  of  space;  the  thick- 
ness of  the  line  should  not  be  less  than  one-twentieth  of  the 
height  of  the  figure,  that  is,  half  a  unit,  nor  greater  than  11/2 
units. 

As  regards  individual  figures,  the  0  should  be  an  ellipse 
with  the  height  10  units.  In  1,  if  any  serif  is  used,  it  should 
be  a  very  small  one  to  avoid  confusion  with  7.  In  2,  the 
width  is  7  units  and  the  upper  part  of  the  figure  should  be 
half  an  ellipse.  Tor  the  sake  of  legibility,  a  curve  at  the 
lower  part  of  the  breast  is  much  better  than  a  straight  line 
making  an  acute  angle  with  the  bottom  bar.  In  designing  the 
figure  3,  care  must  be  taken  to  avoid  confusion  with  5,  as  well 
as  with  8.  For  this  reason  the  author  recommends  the  flat 
topped  3.  To  emphasize  the  difference  from  5  the  upper  part 
should  be  set  back  a  little  to  the  right.     The  4  is  with  the 


The  Small  Oscillations  of  a  Kite,  Professor  G.  H.  Bi-yan 

The  mathematical  investigation  of  the  small  oscillations  of 
a  kite. 

The  main  difficulty  which  distinguishes  the  problem  of  the 
kite  from  that  of  the  aeroplane  is  connected  with  the  action 
of  the  kite  string,  and  as  it  is  uncertain  how  far  it  would  be 
worth  while  to  give  a  general  solution  of  the  problem,  the 
paper  is  limited  to  the  consideration  of  the  small  oscillations 
of  the  kite  about  its  position  of  equilibrium.  In  this  case, 
the  expressions  for  the  linear  and  angular  accelerations  for 
fixed  and  moxing  axes  become  the  same,  while  the  conditions 
introduced  by  the  forked  string  may  be  satisfied  by  treating 
the  point  of  attachment  as  being  different  for  the  longi- 
tudinal and  lateral  oscillations. 

In  this  paper,  equations  are  formulated  for  the  general 
ease  in  which  the  string  is  of  finite  length  and  extensible,  and 
particular  modifications  occur  when  the  string  is  inextensible 
and  when  it  is  practically  infinite  in  length.  Neither  the- 
weight  or  inertia  of  the  string,  nor  wind  resistance  on  the- 
string  are  taken  into  consideration. 


Fig.  10    Peat  Burning  Arrangement  for  Locomotives 


stem  united  to  the  sloping  line,  with  the  line  one  unit  thick; 
the  lower  side  of  the  bar  should  be  3  units  from  the  base  line 
and  the  bar  should  overhang  to  the  right  2  units  which  gives 
a  slope  of  three  in  two  for  the  slanting  line. 

In  5  the  line  joining  the  bar  with  the  lower  part  is  not  quite 
vertical  but  has  a  slope  of  one-half  unit  in  five;  more  would 
tend  to  confusion  with  the  3.  The  lower  part  of  the  5  should 
consist  of  about  three-quarters  of  a  circle  of  outside  diaemter 
of  7  units.  The  top  bar  may  be  5.5  units  long.  In  drawing 
the  6,  care  should  be  taken  to  provent  confusion  with  8  and 
with  zero.  The  author  proposes  that  the  lower  part  should 
be  an  ellipse,  width  7,  height  6,  and  the  upper  part  an  arc  of 
7  units  radius  struck  from  the  end  of  the  major  axis  of  the 
ellipse.  The  9  is  simply  the  6  reversed.  The  top  bar  of  7 
should  be  7  units  wide  and  the  down  stroke  should  have  a 
slight  curvature,  say  30  units  radius.  The  8  consists  of  two 
slightly  unequal  parts  with  the  major  axis  of  6  for  the  upper 
part,  and  a  minor  axis  5  units,  while  for  the  lower  part  the 
minor  axis  is  6,  making  the  middle  of  the  common  line  5.5 
units  above  the  base.  (The  Journal  of  the  Institution  of 
Electrical  Engineers,  vol.  54,  no.  2.55,  p.  273,  February  1,  1916, 
2  pp.,  5  figs,    g.) 


Among  other  things,  it  is  of  interest  that  the  author  uses 
the  method  of  cross  multii)lioation  in  writing  down  some  of 
the  expressions,  because,  as  he  states,  he  finds  it  of  very  great 
use  in  writing  down  the  equations  of  motion  of  a  rigid  body 
or  the  six  components  of  a  system  of  forces;  it  is  well  that 
anyone  who  is  obliged  to  make  use  of  these  formulae  should 
know  of  this  simple  method  of  writing  them  down. 

The  jjaper  covers  the  general  equations  of  small  osciUa.- 
tions  with  the  center  of  mass  as  the  origin,  and  the  changes- 
of  constants  due  to  displacement  of  the  vectors  representing 
the  components  of  tension,  gravity,  and  wind  velocity  with 
the  rotation  of  the  axes. 

The  problem  of  lateral  oscillations  is  considered  for  the 
eases  of  an  infinitely  long  string  of  a  plane  Idte  without  keels 
or  auxiliary  surfaces  offering  no  tangential  resistance,  and 
for  the  case  when  the  point  of  attachment  is  fixed.  The  longi- 
tudinal oscillations  are  considered  for  the  case  where  the 
string  is  of  finite  length  and  extensible;  finite  but  inexten- 
sible; infinitely  long  and  inextensible;  very  exteiisible,  and 
finally  when  the  point  of  attachment  is  fixed.  (The  Aero- 
nautical Journal,  vol.  19,  no.  76,  p.  114,  October-December 
1915,  8  pp.,  1  fig.     tm.) 
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Turbo-blowers  and  Compressors,  H.  L.  Guy  and  P.  L.  Jones 

General  discussion  of  the  theory  and  to  a  certain  extent 
practice  of  turbo-blowers  and  compressors  from  a  paper  read 
before  the  South  Wales  Institute  of  Engineers. 

The  paper  discusses  the  advantages  of  the  rotary  type  of 
machinery  of  this  kind  as  compared  with  the  reciprocating 
type  and  then  passes  on  to  the  theory  of  design  and  opera- 
tion of  turbo-blowers.  It  takes  up  general  formulae,  the  ques- 
tion of  the  surging  point,  the  effect  of  the  use  of  blades  of 
various  shapes  and  presents  some  formulae  on  design.  It 
discusses  also  in  considerable  detail  the  question  of  govern- 
ing. A  similar  discussion  is  given  in  connection  with  turbo- 
blowers. 

The  subject  of  commercial  testing  of  blowers  is  discussed  in 
detail,  the  formula  and  calculation  being  given  in  the  article. 
An  appendix  describes  a  convenient  and  accurate  method  of 
measuring  large  air  quantities.  {Engineering,  vol.  101,  no. 
2615,  p.  143,  February  11,  1916,  6  pp.,  20  figs,  dt.) 

Two-stage  Air  Refrigerating  Plant  for  Dry  Blast 

Discussion  of  various  methods  of  desiccation  of  air  for 
blast  furnaces,  in  particular  those  based  on  air  cooling  and 
depositing  of  the  moisture  in  the  form  of  a  condensate  or 
frost. 

The  first  step  in  the  way  of  an  improvement  on  the  original 
Gayley  process  was  the  application  of  two-stage  refrigera- 
tion. Since  the  air  has  to  be  cooled  from  perhaps  80  deg. 
fahr.  down  to  about  16  deg.  fahr.,  it  is  clear  that  if  the 
whole  of  the  cooling  be  carried  out  at  one  constant  back 
pressure  on  the  refrigerating  plant,  there  will  be  a  great 
waste  both  of  refrigerating  capacity  and  power,  for  that 
back  pressure  would  have  to  be  such  as  to  produce  an  evapor- 
ating temperature  for  the  ammonia  within  the  refrigerating 
system  low  enough  to  cool  the  air  to  its  lowest  limit  of  16 
deg.  fahr. 

When  the  two  stages  of  the  cooling  are  kept  separate,  a 
different  back  pressure  can  be  used  for  each  and  this  means 
a  considerable  economy  since  at  higher  back  pressures  both 
the  density  and  the  latent  heat  of  ammonia  are  increased; 
that  is  the  useful  refrigerating  effect  per  stroke  of  the  com- 
pressor piston  is  greater.     The  effect  is  also  produced  per 


ton  of  refrigeration  so  that  the  net  result  is  a  smaller  plant 
for  the  same  duty  operating  at  less  expense.  Prom  data 
taken  from  a  plant  erected  for  the  Steel  Company  of  Canada 
at  Hamilton,  Ont.,  it  was  found  that  in  the  first  stage  the 
temperature  is  so  high  as  to  preclude  the  formation  of 
frost,  and  only  second  stage  cooling  pipes  require  thawing 
off. 

In  the  two-stage  system  adopted  by  Messrs.  Haslam,  of 
Derby,  water  instead  of  brine  is  used  for  the  first  stage  cool- 
ing. They  use  an  interesting  type  of  cooler  consisting  of  a 
series  of  direct  expansion  cooling  pipes  in  conjunction  with 
batteries  of  galvanized  corrugated  steel  plate  over  which  the 
water  or  biine  trickles.  All  the  frost  that  would  otherwise 
be  foi-med  in  the  second  stage  is  carried  away  in  the  brine 
and  the  latter  can  be  brought  up  to  strength  as  required  by 
evaporation  or  addition  of  fresh  calcium  chloride. 

Of  a  still  more  recent  design  is  the  dry  blast  plant  of  L. 
Sterne  &  Co.,  Ltd.  using  the  so-called  Heenan  cooler  (for  a 
complete  description  of  this  cooler  see  Engineering,  Sept. 
4,  1914,  page  313).  The  principal  parts  of  this  cooler  are 
a  casing,  a  drum  which  revolves  slowly  within  the  casing, 
and  a  fan.  The  lower  part  of  the  casing  is  formed  into  a 
trough  which  is  filled  at  one  end  with  water  and  at  the  other 
with  brine,  both  cooled  by  the  refrigerating  plant.  The  air 
in  its  course  through  the  cooler  meets  the  water  first  and 
after  that  the  brine  and  is  progressively  cooled  by  these 
two  agents  to  its  final  temperature  of  25  deg.  or  below.  Shell 
coolers  are  used  for  refrigerating  the  water  and  the  brine, 
and  the  ammonia  suctions  from  the  two  coolers  are  taken 
to  different  compressors  at  different  pressures,  so  realizing 
the  benefits  of  two-stage  compression. 

An  important  feature  in  the  action  of  the  cooler  is  that 
the  cooling  liquids  are  picked  up  in  thin  films  and  not  by 
drops  or  globules  as  in  the  cases  where  the  liquids  trickle 
downwards  over  the  cooling  surfaces.  Hence  there  is  no 
danger  of  moisture  being  entrained  by  the  air  and  carried 
over  to  the  tuyeres.  A  chart  given  in  the  article  shows  that 
while  the  air  before  cooling  has  a  humidity  varjdng  from 
3.5  to  11.6  gr.  per  cu.  ft.,  it  leaves  the  apparatus  with  a 
fairly  constant  humidity,  averaging  about  0.75  gr.  (Engi- 
neering, vol.  101,  no.  2615,  p.  125,  February  1916,  article  not 
finished,    d.) 
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THE  EVOLUTION    OF  LOW-LIFT  PUMP- 
ING   PLANTS    IN   THE    GULF 
COAST   COUNTRY 

BY  W.  B.  GREGORY,   XEW  ORLEANS,  LA. 
Member  of  the  Society 

SINCE  the  time,  ages  ago,  when  an  arm  of  the  Gulf  of  Mex- 
ico extended  as  far  north  as  Cairo,  Illinois,  the  mighty 
Mississippi  and  its  tributaries  have  been  building  up  the  al- 
luvial deposits  of  the  delta  through  which  it  flows.  Wells 
drilled  at  various  points  in  the  alluvial  country  have  shown 
that  the  depth  of  the  deposits  is  more  than  3000  ft.  in  some  in- 
stances. The  deposit  is  very  fertile  as  it  was  formed  from 
the  best  of  surface  soil  from  the  various  states  above.  Usu- 
ally the  surface  of  the  wet  prairies,  when  first  reclaimed,  is 
covered  with  muck  or  humus,  the  decayed  vegetation  of  hun- 
dreds of  years,  to  a  depth  varying  from  a  few  inches  to  sev- 
eral feet.  This  material  is  rich  in  nitrogen  and  is  a  \'aluable 
fertilizer.  The  Southern  half  of  Louisiana  contains  much 
wet  prairie  land,  the  Eastern  portion  of  which  is  alluvial,  while 
the  Western  part  and  the  wet  lands  of  the  coast  of  Texas  are 
the  lower  and  poorly  drained  portions  of  the  coastal  plain, 
elevated  from  the  bed  of  the  Gulf  during  some  mighty  up- 
heaval in  a  geological  epoch  long  ago.  This  soil  is  usually  a 
silt  loam  with  an  impervious  clay  subsoil.  It  has  been  found 
especially  well  adapted  to  the  cultivation  of  rice. 

As  the  alluvial  soil  was  deposited  by  the  rivers,  the  highest 
land  is  found  near  the  banks  and  there  is  a  gradual  slope  from 
the  rivers  and  bayous  back  to  the  swamp.  Previous  to  the 
last  decade  the  only  reclaimed  agricultural  lands  in  Louisiana 
were  in  the  rear  of  sugar  plantations.  The  early  planters 
cultivated  the  narrow  strip  of  land  along  the  streams,  which 
•could  be  drained  by  gravity.  The  width  varied  greatly,  but 
usually  the  distance  from  the  levees  back  to  the  swamp  was 
from  half  a  mile  to  two  miles.  The  cultivation  of  sugar  cane 
created  a  demand  for  more  land  and  the  demand  was  met  by 
continuing  the  plantations  in  the  direction  of  the  swamps  and 
removing  the  water  by  means  of  pumps  from  lands  too  low  to 
drain  by  gravity. 

About  ten  years  ago  a  movement  was  started  by  Edward 
Wisner  to  reclaim  the  wet  prairie  lands  lying  at  or  near 
Gulf  level.  The  work  is  now  being  carried  out  on  an  extensive 
scale.  More  than  a  quarter  of  a  million  acres  of  agricultural 
lands  have  been  reclaimed  or  are  at  present  in  the  process  of 
reclamation  in  the  State  of  Louisiana.  These  lands  in  their 
natural  state  produce  nothing  more  valuable  than  water  grass, 
but  when  reclaimed  they  are  classed  with  the  most  fertile  and 
productive  to  be  found  in  the  world. 

In  this  section,  it  was  only  natural  and  normal  that  pumps 


used  successfull\'  in  drainage  work  would  be  employed  in  the 
irrigation  of  rice  when  that  industry  developed.  Often  the 
lift  for  irrigation  did  not  exceed  that  in  common  use  in  drain- 
age plants  and  especially  in  relift  irrigation  pumping  plants. 
Drainage  by  pumps  was  an  accomplished  fact  before  the  irri- 
gation of  rice  assumed  proportions  that  made  the  industry 
of  economic  importance.  Later  on  drainage  received  a  fresh 
impetus  from  the  reclamation  of  the  wet  prairie  lands  while 
the  rice  industry  had  attained  maturity.  The  story  of  pump- 
ing plants  in  this  section  at  times  must  therefore  deal  with 
drainage  and  at  times  with  irrigation. 

New  Orleans  was  founded  by  Bienville  in  1718.     The  site 
on   a   narrow   strip  of  land  with   a  swamp   in   the   rear,   was 
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Fig.  1    Mississippi  River  Levee  in  Louisiana 

chosen  because  on  one  side  Bayou  St.  John  gave  an  oppor- 
tunity for  transportation,  with  the  small  craft  of  that  day, 
from  the  rear  of  the  city  into  Lake  Pontchartrain,  and  out 
through  the  Rigolets  to  the  Mississippi  Coast;  while  on  the 
other  side  of  the  river,  opposite  the  city.  Bayou  Barrataria 
offered  transportation  facilities  to  the  South  through  a  net- 
work of  bayous  to  the  Gulf.  By  both  these  routes  the  city 
could  be  approached  without  stemming  the  current  of  the 
river.  One  of  the  first  acts  of  the  early  colonists  was  to 
build  a  small  levee  in  front  of  the  city.  The  height  has  been 
raised  from  time  to  time  because  of  increased  flood  heights, 
due  largely  to  the  confining  of  the  upper  river  between  levees 
instead  of  allowing  it  to  overflow  large  areas. 

In  the  city  of  New  Orleans  a  large  portion  of  the  surface 
is  at  or  near  Gulf  level  and  an  artificial  water  level  must 
be  maintained  several  feet  below  that  of  Lake  Pontchartrain, 
which  opens  into  the  Gulf  and  normally  is  at  the  same  eleva- 
tion. The  city  is  not  only  protected  from  the  Mississippi  on 
the  river  front  by  a  levee,  but  is  entirely  surrounded  by  levees. 
There  is  one  near  the  shores  of  Lake  Pontchartrain.  wliile 
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protection  levees  extend  from  the  river  to  tlie  lake  both  above 
and  below  the  city  to  guard  against  the  possible  danger  due 
to  crevasses  in  the  levees  of  the  river  above  or  below  the  city. 
All  the  run-off  must  therefore  be  pumped  and  some  of  the 
water  is  elevated  two  or  three  times  before  it  is  finally  dis- 
charged into  Lake  Ponteliartrain  or  through  Bayou  Bienvenu 
into  Lake  Borgne. 

The  drainage  of  agricultural  lands  is  quite  a  different  prob- 
lem from  the  drainage  of  a  city.  While  it  is  undesirable  to 
have  ditches  and  canals  overflow  their  banks  on  farm  lands, 
because  of  the  possible  injury  to  crops,  flooding  at  rare  inter- 
vals, provided  the  water  may  be  removed  before  serious  losses 
result,  may  be  justified  as  good  engineering;  while  in  a  city 
all  floods  are  to  be  prevented  in  so  far  as  possible.     In  any 


Fig.   2    Drainage   Wheel,   Sodthside  Planting   Cohpant 

case,  the  first  cost  of  the  works  required  to  eliminate  the  dan- 
ger, the  interest  on  the  investment,  and  the  depreciation  and 
the  upkeep  are  to  be  considered  and  balanced  against  the  pos- 
sible damage  from  floods  and  the  damage  which  is  dependent 
on  the  average  period  between  the  occurrence  of  unusual 
storms. 

The  capacity  of  pumping  plants  varies  with  many  factors 
among  which  may  be  mentioned:  (a)  rate  and  distribution  of 
rainfall;  (b)  general  design  of  collecting  ditches  and  canals. 
including  their  storage  capacity,  cross  section,  slope  and  ar- 
rangement; (c)  nature  of  the  territory  drained.  The  run-off 
wUl  be  much  greater  for  a  city  with  paved  streets  and  closely 
built  structures  than  on  agricultural  lands.  Again  the  condi- 
tion of  agricultural  lands  or  the  kind  of  crop  produced  will 
affect  the  run-off. 

The  rainfall  map  of  the  United  States  shows  that  there  is 
an  area  extending  from  the  North  shore  of  Lake  Pontchart- 
rain,  east  along  the  coast  of  the  Gulf  of  Mexico,  and  far  into 
Florida,  where  the  rainfall  is  60  in.  or  more  per  annum.  West 
of  New  Orleans  the  rainfall  decreases  to  50  in.  per  annum 
near  the  Sabine  River,  the  boundary  line  between  Louisiana 
and  Texas,  and  falls  to  .30  in.  in  the  eastern  half  of  Texas. 


But  the  rate  at  which  precipitation  takes  place  has  an  im- 
portant bearing  on  the  capacity  of  the  pumps  tiiat  are  required 
to  remove  the  run-off  from  the  nearly  level  lands.  A  few  ex- 
amples of  unusual  storms  will  make  clear  that  the  problem  is 
one  not  shared  by  the  other  parts  of  this  country.  On  April 
25, 1907,  7  in.  of  rain  fell  in  5  hours  and  8.59  in.  in  12  hours. 
On  March  22  and  23,  1912,  unusual  rainfall  occurred.  The  rec- 
ords kept  by  the  Sewerage  and  Water  Board  of  New  Orleans 
showed  the  following  rates  of  precipation : 

5  minutes    68  in. 

S  minutes     1.09  in. 

10  minutes    1.38  in. 

13  minutes    1.69  in. 

20  minutes    2.00  in. 

1  Iiour    2.48  in. 

2  hours     4.66  in. 

'2\i  hours     5.07  in. 

Total,  2  days 7.23  In. 

The  United  States  Weather  Bureau  records  at  the  New- 
Orleans  station  show  that  there  have  been  57  storms  in  the 
past  26  years  during  which  the  precipitation  in  24  hours  ex- 
ceeded 3  in.  These  stoi'ms  are  classified  as  to  their  intensity 
as  follows : 

57  rains  exceeding  3  iu.  in  24  hours. 
2.">  rains  exceeding  4  in.  in  24  hours. 
10  rains  exceeding  5  in.  in  24  hours. 

5  rains  exceeding  6  in.  in  24  hours. 

3  rains  exceeding  7  in.  in  24  hours. 

3  rains  exceeding  8  in.  in  24  hours. 

0  rains  exceeding  9  in.  in  24  hours. 

The  maximum  rainfall  in  24  consecutive  hours  recorded  at 
New  Orleans  was  9.22  in.,  April  7  and  8,  1883.  The  normal 
rainfall,  which  is  typical  of  that  for  a  large  portion  of  the 
State  and  especially  for  the  reclaimed  lands  to  the  South  and 
Southwest  of  New  Orleans,  is  remarkably  well  distributed  and 
the  growing  season  of  June,  July  and  August  receives  the 
maximum  rainfall. 

Run-off  is  usually  stated  in  tei-ms  of  a  drainage  coefficient 
or  the  depth  in  inches  of  water,  if  spread  over  the  entire  area 
to  be  drained,  removed  in  24  hours.  In  the  Upper  Mississippi 
valley  and  along  the  Illinois  River,  a  drainage  coefficient  of 
%  in-  has  been  fotind  satisfactory.  In  the  later  plants,  how- 
ever, there  has  been  a  tendency  towards  greater  capacity  and 
pumping  plants  recently  installed  have  been  designed  for  a 
drainage  coefficient  of  "/lo  in. 

In  Louisiana,  it  is  only  in  recent  years  that  a  drainage  co- 
efficient has  been  worked  out.  The  older  pumping  plants 
varied  widely  in  capacity  according  to  the  ideas  of  the  parties 
who  installed  the  machinery.  In  its  1909  Drainage  Investi- 
gations, the  U.  S.  Department  of  Agriculture  started  some 
work  in  Louisiana  along  the  following  lines: 

(1)  To  study  the  soil,  climate,  and  the  natural  condition 
with  special  reference  to  the  drainage  problems  encountered 
and  the  value  of  the  land  for  agricvdtural  purposes  when  suc- 
cessfully drained. 

(2)  To  collect  such  technical  data  and  to  examine  such  de- 
tails of  present  practice  as  will  afford  information  of  value 
to  land  owners  and  especially  to  engineers  interested  in  the 
reclamation  of  such  lands. 

(3)  To  disseminate  in  available  form  the  results  of  the  in- 
vestigations and  to  encourage  land  drainage  by  emphasizing 
the  benefits  to  be  derived  from  bringing  such  lands  under 
cultivation. 

This  work,  inaugurated  by  Arthur  M.  Shaw,  Drainage  En- 
gineer, and  the  writer,  has  been  continued  since  1909  by  Chas. 
W.  Okey,  Drainage  Engineer,  and  much  infonnation  of  value 
has  been  collected  and  made  available. 

The  area  of  the  individual  drainage  districts  varies  from 
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a  few  hundred  acres  in  the  smaller  districts  to  several  thousand 
acres  in  the  larger  ones.  The  pumping  capacity  in  24  hours 
was  found  to  vary  from  less  than  0.9  to  1.51  in.  These  figures 
represent  average  practice  in  Louisiana  and  are  being  used 
as  a  guide  in  deciding  the  capacity  of  drainage  pumping  plants 
for  agricultural  lands. 

Mr.  Okey  sums  up  the  records  of  a  rainfall  and  run-oft" 
from  four  drainage  districts  of  Louisiana,  as  follows : 

In  the  year  1914  the  results  from'  the  Poydras,  Des  Al- 
lemands,  Jefferson,  and  Raceland  plants  may  be  said  to  be 
typical.  In  addition,  the  results  from  the  last-named  district 
for  1913  are  also  typical.  An  average  of  the  records  for  1914 
for  each  of  the  districts  and  including  the  records  for  1913 
from  the  Raceland  district,  gives  the  following  results: 

Rainfall    50.85  In. 

Rnn-oflE    22.59  In. 

Days  per  year  on  which  operation  occurred 104 

Number  of  times  per  year  boilers  were  fired 97 

Number  of  24hour  days  per  year  at  full  capacity 21.1 

.\Terage  number  of  hours  run  at  full  capacity  per  fire-up. .  .  .     5.2 


Fig.  3    Drainage  Wheel,  Southside  Planting  Company 

While  the  above  rainfall  is  slightly  below  normal  for  this 
section  of  the  State,  it  is  believed  that  the  percentage  of  rain- 
fall appearing  in  run-off  in  the  above  average  will  not  be  far 
from  nonnal.  With  the  mean  annual  rainfall  of  56  in.  and 
the  same  percentage,  the  amount  to  be  pumped  would  be  25 
in.  per  year.  Therefore  a  plant  with  a  24-hour  capacity  of 
1.25  in.  in  depth  of  water  over  the  area  drained  would  have 
to  operate  an  average  of  about  20  days  of  24  hours  each,  per 
year.  Where  such  factors  as  leaky  levees  enter  in,  the  amount 
of  pumping  would  of  course  be  greatly  increased.  Where  the 
capacity  of  the  plant  is  much  less  than  specified  above,  the 
amount  pumped  would  be  somewhat  less,  due  to  evaporation 
prior  to  pumping. 

It  must  not  be  thought  that  the  large  rainfall  and  run-off 
impose  too  great  a  burden  in  the  cost  of  pumping  water  from 
the  reclaimed  wet  prairie  lands.  Information  has  been  col- 
lected and  compiled  by  C.  W.  Okey  in  regard  to  the  cost  of 
operating  several  drainage  pumping  plants  for  periods  vary- 
ing from  two  to  eight  years  and  for  a  variety  of  types  in 
equipment.  The  tabulated  costs  include  fuel,  labor,  repairs 
and  incidentals.  The  figures  indicate  that  the  cost  per  acre  per 
year  will  range  from  .$0.50  to  $1.25,  depending  on  the  sort  of 
machinery  used,  the  cost  of  fuel  and  the  peculiarities  of  the 
season.  For  those  using  steam  plants  he  finds  the  cost  of  fuel 
per  acre  foot,  lifted  one  foot,  less  with  Corliss  engines  than 
with  slide  valve  engines.  For  average  seasons,  in  each  case, 
the  depth  of  water  to  be  removed  from  land  in  drainage  is 


less  than  tlie  depth  of  water  pumped  onto  the  land  in  rice 
irrigation  and  the  average  lift  in  drainage  is  much  less  than 
that  in  irrigation. 

THE   DRAINAGE   WHEEL 

The  first  pumps  to  be  used  in  the  Gulf  Coast  country  for 
artificial  drainage  were  undoubtedly  of  the  "  drainage  wheel " 
or  "  scoop  wheel "  type.  The  latter  term  is  misleading,  for  it 
would  seem  to  imply  that  the  paddles  were  made  in  the  form 
of  scoops,  which  is  not  the  ease.  The  paddles  are  usually 
straight  boards,  inclined  back  at  the  periphery  of  the  wheel. 
Small  drainage  wheels  have  been  operated  by  horse  or  mule 
power,  and  there  are  many  of  the  steam-driven  drainage  wheels 
yet  in  use  in  Louisiana.  Some  are  of  venerable  age,  while  others 
date  from  a  comparatively  recent  period.  Many  of  the  old 
drainage  wheels  of  the  sugar  plantations  worked  between 
brick  piers  that  were  substantially  constructed.  Some  of  the 
later  installations  used  foundations  of  wood,  resting  on  long 
piles.     The  cost  of  foundations  and  the  difSculty  of  holding 
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Ivens    1868 

Fig.  4    Types  of  Centrifugal  Pumps 

them  rigidly  in  most  localities  has  increased  the  cost  of  the 
drainage  wheels  to  such  an  extent  that  they  have  been  prac- 
tically eliminated  from  competition  with  other  cheaper  forms 
of  pumping  plant. 

A  point  against  the  drainage  wheel  is  the  difficulty  involved 
in  adjusting  its  height.  Once  set,  the  depth  to  which  the  water 
may  be  lowered  is  definitely  fixed.  As  a  rule  these  wheels  are 
expected  to  pump  against  a  maximum  head  equal  to  one-fourth 
the  diameter.  The  large  steam-driven  wheels  usually  range 
from  28  to  32  ft.  in  diameter  with  a  width  of  from  4  to  7  ft. 
The  humus  of  the  reclaimed  land  in  time  disappears  as  the 
land  is  cultivated  and  the  level  of  the  land  seems  to  fall.  The 
amount  of  shrinkage  varies  with  the  conditions  as  the  depth 
of  humus  is  not  uniform.  As  a  result,  after  a  few  years  it 
lias  been  found  desirable  to  pump  to  a  lower  level  and  with  a 
drainage  wheel  it  requires  either  a  lengthening  of  paddles  or 
the  lowering  of  the  foundations  and  power  plant. 

TESTS  op  drainage  WHEELS 

The  writer  made  a  test  of  a  drainage  wheel  in  1905  used  to 
drain  the  sugar  plantation  of  the  South  Side  Planting  Co., 
im  the  right  bank  of  the  Mississippi  River,  opposite  New  Or- 
leans. The  plantation  contained  1700  acres,  1600  of  which 
were  then  under  cultivation.    Fig.  2  shows  this  wheel. 

Open  ditches  were  used  exclusively.  The  smaller  ones  were 
brought  together  successively  and  terminated  in  a  large  canal 
leading  to  the  drainage  wheel.  The  water  drained  away  from 
the  river.    The  flow  was  obtained  by  deepening  the  ditches  as 
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they  approached  the  pumping  j^laut.  as  well  as  from  the 
natural  slope  of  the  land.  Here  the  water  was  elevated  and 
then  flowed  back  into  the  swamps.  The  plantation  was  pro- 
tected from  backwater  by  means  of  a  levee. 

The  general  design  of  the  wheel  and  method  of  bracing  are 
clearly  shown  in  Fig.  3.  It  is  a  tj'pe  of  its  class,  but  has  some 
distinct  features  in  the  double  gearing  and  in  the  number  of 
paddles.  Care  was  exercised  so  to  design  the  wheel  that  the 
water  would  not  be  lifted  unnecessarily.  The  backward  flow 
through  the  pumji  wheels  when  at  rest  was  prevented  by  the 
swinging  door  shown  in  Fig.  3. 

The  diameter  of  the  wheel  is  28  ft.,  and  the  width  6  ft.  It 
is  driven  by  a  simple  non-condensing  engine  of  the  slide 
valve  type,  having  a  cylinder  16  in.  in  diameter  and  a  stroke 
of  24  in.  The  steam  pressure  was  40  lb.  or  less  and  wood 
was  ordinarily  used  as  fuel. 
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Fig.  5    Ivens  Centrifugal  Pump,  Hoeizoxtal  Shaft 

The  test  was  made  while  pumping  out  the  canal  system  and 
was  necessarily  short,  lasting  only  about  an  hour.  The  method 
of  testing  consisted  in  traversing  the  discharge  flume  with  a 
current  meter  and  taking  indicator  cards  and  other  observa- 
tions as  quickly  as  possible  after  traverse  was  finished.  By 
this  means  the  indicated  horsepower  was  a  little  less  than  the 
mean  corresponding  to  the  water  measurement,  but  as  the 
latter  required  only  about  ten  minutes,  the  error  was  not 
great.  This  method  was  rendered  necessary  by  lack  of  ob- 
servers. 

The  results  given  below  are  very  satisfactory,  as  they  show 
an  efficiency  of  engine,  transmission  gears,  and  pump  in  every 
case  exceeding  38  per  cent,  and  in  two  cases  considerably 
above  that  figure,  while  the  actual  lift  of  the  pump  varied 
from  2.4  ft.  to  2.86  ft.  During  the  last  observation  the  paddles 
dipped  into  the  water  to  a  depth  of  approximately  1  ft.,  and 
the  slip  or  backward  flow  was  quite  large.  The  clearance  on 
the  sides  of  paddles  was  about  %  in. 

Location,   Solthside  Pla.ntikg  Co. 

Steam  pressure,  average,  lb 38. 2 

Speed  of  engines,  average,  r.  p.  m 06.1 

Indicated   liorsepower.   average 9. 68 

Speed  of  wheel,  average,  r.  p.  m 2.22 

Head,  average,  ft 2.69 

Discharge,  average,  cu.  ft.  per  sec 14.34 

Useful  water  horsepower,   average 4.27 

Efficiency,  average,  per  cent ■ 43.4 

These  results  are  confirmed  by  a  test  made  by  W.  M.  "White. 
Mem.Am.Soc.M.E.,  of  a  similar  drainage  wheel  in  New  Or- 
leans in  August,  1900.  The  wheel  tested  was  used  at  that  time 
in  one  of  the  city  drainage  stations  at  London  Avenue.  Since 
the  inauguration  of  the  new  drainage  system  it  has  been  taken 
down  and  removed. 

The  log  of  the  test  shows  that  between  50  and  60  eu.  ft.  of 
water  per  sec.  were  pumped  through  a  height  varying  from  4 
to  5  ft.     The  efficiency  of  engine,  gearing  and  pump  ra'nged 


from  45  to  50  per  cent.  The  duty  per  100  lb.  of  coal  was  ap- 
proximately 13,000,000  f t-lb. ;  the  water  rate  of  the  engine  50.5 
lb.  per  i.h.p-hr.  The  engine  was  of  the  type  used  in  Missis- 
sippi River  steamboats;  diameter  of  cylinder  18  in.,  length  of 
stroke  54  in.  During  the  test  the  engine  made  about  35  r.p.m. 
The  drainage  wheel  was  used  extensively  in  this  city  pre- 
\ious  til  1000.  The  combined  capacity  of  the  drainage  wheels 
in  the  drainage  equiijment  of  New  Orleans  previous  to  the 
inauguration  of  the  present  S3'stem  was  1170  cu.  ft.  per 
sec.  with  a  lift  of  5  ft.  The  one  centrifugal  pump  then  in 
use  brought  the  total  amount  up  to  1214  cu.  ft.  per  sec.  How- 
e\'er.  the  accuracy  of  the  capacity  rating  of  these  wheels  is  in 
doubt.  While  a  capacity  of  300  cu.  ft.  per  sec.  with  a  lift  of 
5  ft.  was  claimed  for  the  two  London  Avenue  machines  or  150 
cu.  ft.  per  see.  for  each,  the  test  made  by  W.  M.  White  in 
1900  gave  between  50  and  60  cu.  ft.  per  see.  with  a  lift  of 
approximately  5  ft.  However,  it  is  possible  that  the  ma- 
chinery might  have  been  speeded  up  and  the  capacity  con- 
siderably increased. 

THE   CEXTRIFCGAL   PUMP 

So  far  as  the  writer  has  been  able  to  learn,  the  first  centrif- 
ugal   pump    manufactured    in    the    State    of    Louisiana    was 


Fig.  6    Ivexs  Pump  at  Acadia  Canal  Relift 

made  by  John  Clark,  a  prominent  foundryman,  in  the  early 
fifties.  It  was  similar  in  design  and  construction  to  the 
Palmer  pump  which  had  been  used  with  varjing  success  about 
that  time  in  drainage  work.  The  origin  of  the  Palmer  pump 
is  uncertain. 

Both  pumps  were  decidedly  crude  as  there  was  very  little 
machine  work  done  on  them  and  all  joints  were  made  with 
red  lead,  excepting  that  between  the  shells,  which  was  com- 
posed of  sal  ammoniac  and  cast  iron  borings.  The  vertical 
suction  extended  through  the  bed  plate  and  great  difiiculty 
was  experienced  in  making  a  satisfactory  joint  with  the  suc- 
tion pipe. 

The  centrifugal  pump  in  some  of  its  various  forms  has 
proved  to  be  a  favorite  for  the  work  of  irrigation  and  drain- 
age where  large  volumes  of  water  must  be  elevated  through 
only  a  few  feet  lift.  In  Fig.  4  are  diagrams  of  two  of  the 
early  types  of  centrifugal  pumps. 

There  are  many  reasons  for  the  popularity  of  the  centrif- 
ugal pump  among  which  may  be  mentioned  low  first  cost, 
reliability  of  operation  and  simplicity  of  construction.  If 
properly   designed   for   the   conditions    under   which   it   is   to 
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operate,  it  is  efficient.  Twenty-flve  years  ago  efficiencies  of 
50  to  60  per  cent  were  considered  good  practice  where  the 
lift  was  moderate.  Today  many  different  centrifugal  pumps 
may  be  found  in  irrigation  work  that  have  shown  efficiencies 
of  more  than  80  per  cent  under  carefully  conducted  tests. 
Drainage  pumps  of  the  centrifugal  or  screw  type  or  a  com- 
bination of  both  have  developed  efficiencies  on  lifts  less  than 
10  ft.  that  were  thought  impossible  a  few  years  ago. 

It  has  also  been  realized  that  the  design  of  the  pipes  to 
conduct  the  water  from  the  suction  basin  to  the  pumps  and 
from  the  pumps  to  the  discharge  basin  or  flume  is  well  wor- 
thy of  careful  consideration.  A  few  years  ago  it  was  a  com- 
mon practice  to  use  straight  suction  and  discharge  pipes 
having  the  same  djameter  throughout.  In  recent  years  ex- 
amples of  this  kind  of  ignorance  of  the  fundamental  laws  of 
hydraulics  have  been  uncommon  in  the  Gulf  Coast  country, 
although  they  are  found  in  parts  of  the  Mississippi  valley 
and  occasionally  descriptions  of  such  plants  find  their  way 
into  the  technical  press. 

In  drainage  installations  where  the  lift  is  usually  between 
4  ft.  and  10  ft.,  the  losses  at  the  entrance  of  suction  pipes 


Fig.  7    Ivexs  Quadruple  Discharge  Pump,  Box  Type 

and  the  kinetic  energy  that  may  be  thrown  away  at  the  end 
of  the  discbarge  pipe,  together  make  up  a  large  percentage 
of  the  energy  required.  The  entrance  loss  in  feet  of  water 
is  usually  estimated  at  0.9.3  of  the  velocity  head  at  the  en- 
trance. The  discharge  loss  is  equal  to  the  velocity  head  at  the 
end  of  the  discharge  pipe.  If  the  pipes  are  round  and  the 
diameter  is  doubled  at  suction  and  discharge  end,  the  area  is 
multiplied  by  four  and  if  pumping  a  constant  quantity  of 
water  there  will  be  entrance  and  discharge  velocities  one- 
fourth  as  great  as  with  straight  pipes.  Losses  vary  as  the 
square  of  the  velocity  so  they  will  be  reduced  to  one-sixteenth 
of  the  loss  of  a  straight  pipe,  if  the  diameter  of  the  ends  of 
suction  and  discharge  pipe  are  gradually  enlarged  to  twice  the 
diameter  of  the  straight  pipes,  or  if  not  round  in  cross  sec- 
tion, the  area  is  increased  to  four  times  that  of  the  original 
pipe. 

In  the  late  sixties  the  Ivens  pump  was  invented  by  Edmund 
M.  Ivens  of  New  Orleans,  grandfather  of  E.  M.  Ivens,  .Junior 


Member  of  the  Society.  It  was  mounted  on  a  heavy  wooden 
frame,  and  was  readily  installed  over  the  intake  or  suction 
water  and  discharged  tiinmgii  a  flume  bolted  to  the  discharge. 
The  pump  was  fitted  with  a  surface  valve  to  which  wa.s  con- 
nected a  steam  jet.  The  jet  discharged  through  a  check  valve, 
thus  priming  the  pump.  During  the  process  of  priming,  the 
connecting  valve  on  the  lower  side  of  jet  was  opened  slightly 
and  vacuum  established  between  valve  and  suction  water. 
When  in  operation  the  valve  rode  the  suction  column,  thus 
permitting  the  full  area  of  suction  opening.     The  pump  was 


Fig.  8    Diagraji  of  Casixs  axd  Impeller,  Ivens  Quadruple 
Pump 

properly  finished  and  on  account  of  the  results  obtained  is 
prominently  identified  with  the  drainage  work  of  that  period, 
in  this  section.    Later  on  it  was  used  in  rice  in-igation. 

The  Ivens  pump  was  made  in  a  variety  of  forms  and  sizes. 
Vertical  shaft  iron  pumps  had  double  suction  openings.  The 
smaller  sizes  had  a  single  suction  pipe  but  cored  passages 
around  the  outside  of  the  volute  of  the  pump  so  that  water 
entered  the  impeller  from  both  sides.  In  the  largest  size 
independent  suction  pipes  were  used.  The  writer  tested  sev- 
eral Ivens  pumps  during  the  irrigating  season  of  1905  and  the 
results  from  two  different  plants  here  follow. 

TESTS   OP   IVENS   CENTRIFUGAL   PUMPS 

A  test  was  made  by  the  writer  on  July  31,  1905,  of  the 
pumping  plant  forming  the  first  relift  of  the  Abbott-Duson 
canal  system.  The  plant  is  located  at  Egan,  La.,  about  2V2 
miles  east  of  the  main  pumping  plant.  There  are  two  Ivens 
pumps  rated  as  36  in.,  but  the  lift  is  so  small  that  the  pumps 
each  discharge  through  a  rectangular  opening  into  a  separate 
flume,  having  gradually  expanding  cross  sections.  The  two 
flumes  are  brought  together  at  a  distance  of  about  50  ft.  from 
the  pumps  into  a  larger  flume,  which  discharges  into  the  canal 
beyond  the  plant. 

Tlie  boiler  equipment  consists  of  three  horizontal  return 
tubular  boilers,  72  in.  in  diameter  by  18  ft.  long,  each  con- 
taining seventy-two  4-in.  tubes.  Crude  petroleum  is  used  as 
fuel.  The  two  pumps  are  driven  through  the  medium  of  a 
rope  driven  by  a  simple  condensing  Corliss  engine,  24  in. 
diameter  of  cylinder  and  48-in.  stroke.  The  flywheel  is  16  ft. 
in  diameter  and  has  18  rope  grooves.  There  are  1850  ft.  of 
1%-in.  rope  required  ftu-  tlie  drive. 
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Uuder  ordinary  coiulitioiis  an  open  heater  is  used.  A  direct- 
acting  steam  pump  furnishes  water  to  the  heater,  and  a  similar 
pump  takes  the  water  from  the  heater  and  delivers  it  to  the 
boilers.  The  heater  receives  the  exhaust  from  these  two  pumps 
and  also  from  the  condenser  pump.  During  the  test  the  heater 
was  not  used,  as  the  water  had  to  be  measured.  The  piping- 
was  changed  so  that  one  of  tlie  pumps  furnished  water  to  fill 
two  calibrated  barrels,  so  placed  that  they  could  be  emptied 
through  a  2-in.  valve  into  a  lower  barrel.  The  suction  of  the 
second  pump  was  attached  directly  to  tlie  lower  barrel,  and 
this  pump  was  used  to  feed  the  boilers. 

The  measurements  of  the  water  discharged  by  the  pumps 
were  made  by  the  pilot  tube.  The  discharge  flume  in  which 
the  measurements  were  made  was  18.75  ft.  wide.  The  depth 
of  water  varied  from  about  1.5  ft.  to  a  little  over  1.6  ft.     The 


Fk;.  9     Menge  Piiip 

cross  section  was  divided  into  20  rectangles  of  equal  size  and 
the  mean  velocity  obtained  at  the  center  of  each  rectangle,  or, 
in  other  words,  the  velocity  was  observed  at  ten  different  sta- 
tions across  the  flume  and  at  two  different  depths  at  each 
station. 

The  crude  petroleum  used  for  fuel  during  the  test  was 
measured  in  a  calibrated  barrel,  the  amount  per  hour  being 
712  lb.  The  following  day  fuel  oil  was  measured  for  1  hr. 
and  57  min.,  the  feed-water  heater  being  in  use.  It  was  found 
that  the  consumption  of  oil  per  hour  was  603  lb.  The  tem- 
perature of  water  entering  boiler  was  200  deg.  fahr.  instead 
of  92  deg.  fahr.,  as  found  when  heater  was  not  used.  The 
theoretical  gain  by  using  the  feed  water  is  about  11  per  cent, 
while  the  actual  difference  in  fuel  used  amounted  to  nearlj' 
20  per  cent.  The  discrepancy  is  accounted  for  by  the  differ- 
ence in  the  amount  of  water  present  in  the  fuel  oil.  For  ex- 
ample, during  the  test  on  July  31  the  amount  of  water  in  the 
fuel  oil  was  sufficient  to  put  out  the  fires  momentarily  on  two 
occasions,  and  to  require  careful  oversight  of  the  oil  burners 
to  prevent  irregularities  in  the  amount  of  combustion  and, 
consequently,  in  steam  pressure.  On  the  second  day  the  oil 
in  the  supply  tank  had  become  quite  thoroughly  separated 
from  the  water,  the  latter  having  settled  to  the  bottom,  and 
the  result  was  that  there  was  no  trouble  with  the  burners. 

During  the  test,  indicator  cards  were  taken  at  15-min.  inter- 
^■a]s,  and  observations  were  made  of  steam  pressure,  vacuum 


gage,  revolutions  of  engine  and  pump,  and  of  head  pumped 
against.  At  intervals  of  a  half  hour  water  measurements 
were  taken  in  the  flume,  and  the  temperature  of  water,  oil  and 
air  was  noted.  The  amount  of  water  and  fuel  oil  used  was 
also  carefully  noted. 

The  efficiency  of  engine,  transmission  and  pump  is  excel- 
lent— in  fact,  the  best  of  any  of  the  plants  tested  in  1905  in 
which  centrifugal  pumps  are  used.  This  efficiency  had  an 
average  value  of  64.2  per  cent.  If  the  efficiency  of  the  rope 
drive  is  assumed  to  be  95  per  cent  and  the  mechanical  efficiency 
of  the  engine  as  90  per  cent,  the  efficiency  of  the  pump  is 
found  to  be  about  75  per  cent.  The  results  of  the  tests  are 
as  follows: 

Location,  First  Relift.  Abbott-Duson  Canal. 

Duration  of  test,  4  hr. 

Total  fuel  oil.  2SS6  lb. 

Average  steam  pressure  by  gage.  65.6  lb.  i)er  sq.  in. 

Average  temjierature  of  feed  water,  92  deg.  fahr. 

Factor  of  evaporation,  1.157. 

Total  weight  of  water  fed  to  boiler,  28,629  lb. 

Equivalent  water  evaporated  from  and  at  212  deg.  fahr.,  33.112 
lb. 

Boiler  horse-power.  240. 

Average  temperature  of  fuel  oil.  171  deg.  fahr. 

Average  air  temperature.  92  deg.  fahr. 

Water  apparently  evaporated  per  pound  of  oil.  9.92  lb. 

Equivalent  evaporation  from  and  at  212  deg.  fahr.  (not  cor- 
rected for  quality  of  steam),  11.47  lb. 

Total  feed  water  (including  steam  used  by  auxiliaries)  per 
indicated  horse-power  hour,  31.2  lb. 

Average  speed  of  engine,  r.p.m 66.8 

Average  indicated  horse-power 229.8 

Average  speed  of  pump,  r.p.m 118.5 

Average  head,  ft 11.24 

Average  discharge,  cu.  ft.  per  sec 115.4 

Average  useful  water  horse-power 147.1 

Average  efiftciencj',  per  cent 64.2 

The  Acadia  relift,  which  was  tested  by  the  writer  in  August. 
1905,  is  located  on  the  main  Acadia  Canal,  about  a  mile  north 
of  Iota,  La.  The  pump  is  nominally  an  Ivens  36-ui.  pump, 
similar  to  those  at  the  Abbott-Duson  first  relift,  and  having 
two  suction  pipes  24  in.  in  diameter  (see  Fig.  6). 

The  equipment  of  this  plant  includes  two  horizontal  return- 
tubular  boilers  72  in.  in  diameter  by  18  ft.  in  length,  each 
containing  seventy-two  4-in.  tubes.  Fuel  oil  is  used.  The 
boilers  are  fed  by  means  of  two  direct-acting  steam  pumps. 
One  pump  takes  water  from  the  canal  and  furnishes  it  to  the 
open  heater.  Another  pump  takes  the  water  from  the  heater 
and  pumps  it  into  the  boiler.  Both  pumps  and  the  engine 
exhaust  into  the  heater. 

The  engine  is  a  simple,  non-condensing  Corliss,  cylinder 
diameter  22  in.,  stroke  42  in.  The  pump  is  driven  by  rope 
drive.  There  are  10  grooves  in  the  engine  flywheel  and  958 
ft.  of  1^^-in.  rope  are  used. 

The  discharge  from  the  pump  was  measured  in  the  flume 
about  50  ft.  from  the  pump.  At  this  place  the  flume  had  a 
uniform  cross  section  9.27  ft.  wide  and  about  1.8  feet  deep. 
A  current  meter  was  used  and  the  cross  section  slowly  tra- 
versed at  three  different  depths  to  obtain  the  mean  velocity  in 
all  but  two  observations,  when  the  pitot  tube  was  used.  With 
the  latter  instrument  the  velocity  was  observed  at  ten  different 
stations  across  the  flume  and  at  three  different  depths  in  the 
first  observation  and  at  two  different  depths  in  the  second. 

The  arrangement  of  the  plant  is  similar  to  that  of  the  Ab- 
bott Duson  first  relift,  except  that  there  is  only  one  engine 
and  one  pump,  instead  of  one  engine  and  two  pumps.  Both 
the  engine  and  the  rope  drive  were  larger  in  the  case  where 
two  pumps  were  used,  but  the  loss  due  to  friction  in  the  two 
cases  probably  was  not  very  different.  The  height  through 
which  the  water  was  lifted  was  a  little  greater  with  the  two 
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pumjjs  than  with  the  single  pump  of  the  Acadia  relift,  ami 
this  probably  had  some  effect  on  efficiency. 

It  was  practically  impossible  to  make  a  complete  boiler  test 
because  the  necessary  changes  in  the  piping  could  not  be  made 
for  measuring  the  feed  water.  Fuel  oil,  however,  was  meas- 
ured by  means  of  a  calibrated  barrel,  and  a  partial  boiler 
test  of  4.45  hours  duration  was  nm,  during  which  time  the 
average  steam  pressure  by  gage  was  79.4  lb.  per  sq.  in.  and 
1567  of  fuel  oil  were  consumed.  The  data  of  the  engine  and 
pump  test  are  given  below : 

Location,  Acadia  Relift. 
Duration  of  test,  4  hr. 

Steam  pressure,  average,  lb 79.4 

Speed  of  engine,  average,  r.  p.  ni ijS.S 

Indicated    horse-power,    average 1.37.7 

Speed  of  pump,  average,  r.  p.  m 117.2 

Head,  average,  ft 9.49 

Discliarge,  average,  cu.  ft.  per  sec 71.4 

Useful   horse-power,   average 76.5 

Efficiency,   average,   per  cent 55.6 

The  Ivens  pump  was  made  in  a  special  form  for  low  lifts. 
A  wooden  box  was  used  for  the  body  of  the  pump.  Into  the 
box  the  impeller  disAarged  its  water  through  two  or  four 


arranged  to  admit  water  both  above  and  below  the  impeller. 
A  ball  hearing  at  the  top  of  tlie  shaft  takes  the  weight  of  the 
moving  parts.  Aside  from  the  shaft,  impeller  and  bearings 
the  pumjj  is  entirely  of  wood  and  can  be  easily  and  cheaply 
erected.  As  the  water  pours  over  the  top,  the  quantity  of 
water  pumped  is  impressive. 

Tlie  pump  is  made  with  impellers  varying  in  size  from  8  in. 
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Fig.  10    Map  of  New   Orleaxs  Showing  Cojipleted 
Proposed  Drainage  Construction' 

expanding  nozzles.  The  impeller,  the  vertical  shaft  and  the 
parts  surrounding  the  impeller  including  the  cast  iron  nozzles, 
were  made  of  metal  while  the  remainder  was  constructed  of 
wood.  Figs.  7  and  8  show  some  of  the  details  of  this  pump 
which  was  especially  adapted  to  drainage  where  low  lifts 
prevail. 

THE    MENGE   pump 

The  Menge  centrifugal  pumjj  was  brought  out  by  the  late 
Joseph  Menge,  to  whom  patents  were  issued  in  1888  and  1891. 
S.  L.  Menge,  son  of  Joseph  Menge,  patented  in  1910  an  im- 
provement in  the  number  and  area  of  passages  by  which  the 
water  enters  the  pump. 

As  ordinarily  constructed,  the  body  of  the  pumjj  is  of  wood, 
although  concrete  has  occasionally  been  used.  The  shaft  is 
vertical  and  the  impeller  is  submerged  in  the  water  to  be 
pumped.    The  openings  in  the  bottom  of  the  pump  box  were 


diameter  by  4  in.  high  to  GO  in.  diameter  by  20 
in.  iiigh,  and  in  rated  capacities  from  833  gal. 
per  min.  to  60,000  gal.  per  min.  Either  a  belt 
or  rope  driver  is  used  to  connect  the  pump  with 
the  source  of  power.  Sectional  views  of  the 
Menge  pump  are  shown  in  Fig.  9. 

A  single  impeller  is  used  for  low  lifts,  while 
for  higher  lifts  two  or  three  impellers  are  ar- 
ranged at  intervals  on  the  same  shaft.  The 
pump  was  justly  popular  from  the  time  of  its 
inception  because  of  its  cheapness  and  its  ability 
to  handle  large  quantities  of  water  at  good  effi- 
eieneies,  especially  at  low  lifts.  In  the  drainage 
of  sugar  plantations  this  pump  found  a  par- 
ticularly favorable  field  and  it  has  been  used 
quite  exclusively  in  rice  irrigation. 

The  Menge  pump  is  still  extensively  used  in 
this  territory  and  several  thousand  are  in  oper- 
ation in  various  parts  of  the  United  States  and 
in  foreign  countries.  The  writer  has  made  sev- 
eral efficiency  tests  of  Menge  pump  installa- 
tions, both  for  drainage  and  irrigation.  Where 
the  pumps  were  favorably  located  and  the 
plants  in  good  condition,  the  efficiencies  were 
excellent.  In  a  few  cases  where  the  pumps 
were  set  to  lift  the  water  higher  than  was 
necessary,  or  the  wooden  box  was  allowed  to  get  out  of 
repair,  the  results  were  not  so  good. 

The  results  obtained  from  a  test  of  a  drainage  plant 
made  at  Paradis,  Louisiana,  Sept.  16,  1909,  are  of  interest: 
With  an  engine  speed  ranging  from  81  to  116  r.p.m.,  and  the 
pump  operating  against  a  difference  in  head  of  from  3.42  to 
5.30  ft.,  the  combined  efficiency  of  engine  and  pump  varied 
from  36.2  to  47.1  per  cent.  The  indicated  horsepower  of  the 
engine  ranged  from  22  to  76.5  h.p.  and  the  water  horsepower 
from  6.4  to  33.7.  If  the  mechanical  efficiency  of  the  engine  be 
asumed  as  90  per  cent  and  the  efficiency  of  transmission  95  per 
cent,  the  efficiency  of  the  pump  will  be  approximately  55  per 
cent  with  a  5-ft.  lift. 

The  plant  consists  of  a  48-in.  by  18-in.  Menge  pump  run 
by  means  of  a  rope  drive  from  an  Atlas  steam  engine,  diameter 
of  cylinder  14  in.,  stroke  20  in.  Various  speeds  of  rotation 
were  employed  for  the  purpose  of  finding  the  best  efficiency. 
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The  results  were  excellent  and  have  been  confirmed  by  tests 
of  other  plants. 

THE   STREAM    PU31P 

The  E.  L.  Stream  eentrifngal  pump  was  manufactured  in 
1891  by  H.  Dudley  Coleman  &  Brother  of  New  Orleans.  It 
was  a  side  inlet  pump,  the  main  feature  of  which  was  the 
method  of  attaching  the  suction  elbow  by  a  threaded  nipple 
with  a  jamb  ring.  By  this  means  the  suction  could  be  pointed 
at  any  desired  angle  to  meet  the  condition  of  a  falling  river, 
as  the  angle  of  the  suction  could  be  changed  to  conform  to  the 
surface  line  of  the  batture,  without  dismantling  the  pump. 

RICE   CULTIVATIOX 

Louisiana  has  cultivated  rice  for  many  years.  Directly  after 
the  Civil  War  the  abandoned  sugar  plantations  were  planted 


Fig.  12    12-FT.  Screw  Pujips,  Dr.4in"age  Statiox  No.  1 

to  rice  and  this  grain  became  one  of  the  staple  crops  of  the 
state.  For  several  years  planters  were  allowed  to  place  flumes 
in  the  levees  for  the  purpose  of  irrigating  their  rice  fields. 
The  flumes  became  a  menace  during  high  water  and  several 
crevasses  were  directly  due  to  leaks  around  flumes  in  high 
water.  This  led  to  the  passage  of  the  law  prohibiting  their 
use.  Since  that  time  siphons  have  been  used  over  the  levees. 
In  years  of  extreme  low  water,  it  is  necessary  to  pump  the 
water  from  the  river  to  shallow  pools  that  supply  the  siphons. 
The  pumping  plants  are  usually  very  crude. 

By  far  the  greater  part  of  the  rice  crop  is  now  raised  on 
the  upland  prairies.  The  increase  in  the  amount  of  rice  pro- 
duced in  the  Gulf  States  has  been  due  chiefly  to  the  utilization 
of  these  lands.  The  w-^ter  for  irrigation  must  be  pumped,  the 
lift  varying  from  a  few  feet  to  55  ft.  or  more. 

IRRIGATION   PUilPS   FOR   RICE 

The  rapid  increase  in  the  rice  industry,  beginning  in  the 
early  nineties,  created  a  demand  for  pumping  machinery  in 
the  prairie  country  of  Southwest  Louisiana  and  many  different 
types  were  installed.  Among  the  first  of  the  larger  pumping 
plants,  erected  near  Crowley,  La.,  was  one  which  consisted 
of  two  cast  iron  vessels,  into  which  steam  at  a  moderate 
pressure  was  introduced  alternately.  On  condensing  the  steam 
by  means  of  a  spray  of  water,  a  vacuum  was  formed  and 
water  entered  through  suction  pipes,  partially  filling  the 
vacuum.     The  vessels  were   placed   sufficiently  high  to  allow 


the  water  to  flow  from  them  to  the  land  to  be  irrigated.  Valves 
were  opened  automatically  to  accomplish  the  various  steps 
referred  to  above. 

The  process  of  pumping  was  slow  and  the  capacity  small 
when  compared  to  plants  of  similar  size  but  operating  on 
more  modern  systems.  Worse  than  this,  the  pumps  failed  to 
act  at  a  time  when  water  was  most  needed,  because  the  water 
used  for  condensing  had  become  too  warm,  and  consecpiently 
the  vacuum  formed  was  not  sufficient  to  raise  the  water  to  the 
height  of  the  vessels.  Mechanical  engineers  will  recognize  this 
pump  as  very  similar  to  the  one  used  by  the  Marquis  of  Wor- 
cester and  described  by  him  in  1663. 

Among  the  other  freak  designs  for  pumps  in  the  early  days 
of  rice  irrigation  by  pumping,  there  was  a  pump  that  scooped 
up  water  at  tlie  periphery  of  a  large  wheel  and  discharged  it 
near  the  axis.  The  water  passages  were  spirals.  The  wheel 
was  about  25  ft.  in  diameter  with  a  width  of  about  6  ft.  It 
was  driven  by  gearing  in  a  manner  similar  to  the  drainage 
wheels.  This  type  might,  with  propriety,  be  called  a  "  scoop  " 
wheel.  At  least  one  of  these  wheels  was  built  for  irrigation 
and  another  for  drainage.     The  type  has  now  disappeared. 

The  HoUingsworth  Water  Elevator  was  another  curiosity. 
It  was  built  with  a  shallow  inclined  flume  up  which  water 
was   carried   by   slats    attached    near   their   ends   to   sprocket 


Fig.  13    l)is(HAKGE  FROM  One  Screw  Pump  at  Station  No.  1 

chains.  The  head  and  tail  shafts  were  fitted  with  sprocket 
wheels,  over  which  the  chains  traveled.  The  outfit  was  car- 
ried by  a  wooden  frame  and  means  were  provided  to  raise  or 
lower  the  upper  end.  The  tail  end  was  submerged  several 
feet  in  suction  water  and  by  the  rapid  motion  of  the  slats, 
the  water  was  elevated  and  discharged  over  the  upper  end. 
The  liead  under  which  the  pump  worked  was  from  1  ft.  to  10 
or  12  ft. 

CAPACITT   OF  PUMPING  PLANTS  FOR  RICE   IRRIGATION 

It  was  about  22  years  ago  that  the  first  large  irrigation 
pump  was  installed  to  irrigate  rice  on  the  prairie  lands  of 
Southwest  Louisiana.  At  that  time  there  was  little  definite 
knowledge  regarding  the  capacity  for  a  given  acreage.  The 
rainfall  was  fairly  abundant  and  usually  well  distributed  so 
much  so  that  "  Providence "  rice  had  often  been  successfully 
raised.  However,  the  uncertainty  of  rain  at  the  most  critical 
period  of  the  growth  of  the  crop  and  the  small  amoimt  of 
land  favorably  situated  to  receive  the  run-off  of  higher  lands, 
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soon  led  to  the  installation  of  pumping  plants.  The  judg- 
ment shown  in  the  selection  of  the  capacity  was,  of  course, 
widely  variable. 

Profiting  by  early  mistakes  and  guided  by  the  results  of 
measurements  made  on  canal  systems  and  rice  fields  by  the 
U.  S.  Dept.  of  Agricultui-e,  the  capacity  became  standard- 
ized. On  the  prairie  lands  where  the  soil  and  subsoil  eon- 
tains  a  large  amount  of  clay  so  that  the  seepage  is  practically 
nil,  the  amount  should  be  from  71/2  to  8  gal.  per  min.  for 
each  acre  irrigated,  depending  somewhat  on  the  character  of 
the  soil  and  the  distance  from  pumping  plant  to  the  field 
where  the  water  is  to  be  used.  In  some  localities  where  the 
nature  of  the  soil  is  such   that   it   will   allow  more   seepage. 


6  ft.  square,  dug  by  hand  to  a  depth  of  from  30  to  50  ft. 
Trouble  was  experienced  in  keeping  the  shaft  in  line  and  this 
was  overcome  in  a  measure  by  means  of  the  "  Hunger  Attacli- 
ment,"  an  arrangement  for  rigidly  fastening  the  bearings  to 
the  discharge  pipe. 

Another  design  of  a  well  pump  for  an  open  pit  by  Stamm, 
Scheele  &  Co..  of  Rayne,  La.,  had  two  discharge  pipes  on 
opposite  sides  and  the  bearings  for  the  shaft  were  rigidly  sup- 
ported between  the  two  pipes.  The  wood-lined  pits  gave  con- 
siderable trouble  and  in  the  early  nineties  the  steel  pit  centrif- 
gal  pump  appeared.  This  is  the  only  type  installed  for  wells 
at  present. 

The  Census  of  1910  showed  a  total  acreage  of  rice  liar- 
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as  much  as  10  gal.  per  min.  should  be  provided  for  each  acre 
irrigated  and  in  land  having  a  loose  subsoil  where  the  seepage 
is  large,  the  capacity  needed  may  be  as  much  as  30  to  40  gal. 
Only  in  isolated  cases  covering  small  areas  are  these  large 
capacities  required. 

The  total  quantity  of  water  to  be  pumped  in  a  season  into 
the  large  canals  varies  from  less  than  2-acre  feet  to  3-acre 
feet  per  acre  of  rice  irrigated,  with  the  average  approximately 
2%  acre-feet  per  acre.  The  actual  plants  with  their  canal 
systems  vary  in  size  from  that  of  the  Neches  Canal  Co.,  near 
Beaumont,  Texas,  which  irrigated  26,853  acres  in  1914,  down 
to  the  individual  well  plant  that  irrigates  only  from  one  hun- 
dred to  two  hundred  acres.  About  1900  small  well  pumping 
plants  have  been  installed  in  the  rice  country.  In  Louisiana 
the  favorite  source  of  power  is  the  steam  engine.  In  Texas, 
while  steam  is  used  to  some  extent,  gasoline  engines  are  largely 
employed.  In  Arkansas  both  the  gasoline  and  steam  engine 
are  used. 

The  earlier  well  pumps  were  usually  vertical  shaft  centrif- 
ugal type,  4  in.  to  8  in.  in  diameter  and  placed  in  pits  about 


vested  in  the  United  States  of  610,175.     The  acreage  in  the 

Gulf  Coast  States  was  as  follows: 

Per  Cent  of 
Acres.       Total  in  U.  S. 

Arkansas   27,419  4.5 

Louisiana   317,518  52.0 

Texas    237,586  38.9 

582,523  95.4 

Since  tlie  census  was  taken,  rice  has  been  successfully  raised 
in  California,  where  it  is  a  rapidly  growing  industry.  There 
has  also  been  an  increase  in  the  acreage  in  Arkansas,  but 
Louisiana  and  Texas  together  continue  to  produce  over  80  per 
cent  of  the  rice  gi-own  in  this  country. 

The  relative  importance  of  pumping  plants  in  the  rice  terri- 
tory of  the  Gulf  States  is  well  known  by  the  irrigation  census 
of  1910,  which  showed  that  the  water  used  on  88.7  per  cent 
of  the  acreage  in  Louisiana  was  pumped,  in  Texas,  98.8  per 
cent  and  in  Arkansas,  90.8  per  cent.  The  water  that  was  not 
pumped  was  cai-ried  to  the  fields  by  gravity  from  flowing 
wells,  from  lakes  and  streams  and  through  siphons  along  the 
lower  Mississippi  River,  where  the  water  during  the  irrigation 
season  is  higher  than  the  land  behind  the  levees. 
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NEW  ORLEANS   ilODKRN    DRAIXAGE  SYSTEM 

Tlie  drainage  of  New  Orleans  and  the  sanitary  sewers  be- 
long to  separate  systems.  Work  was  begun  on  the  modern 
drainage  system  in  1896  and  it  went  into  operation  in  1900. 
The  reports  of  the  Drainage  Board  and  later  of  the  Sewerage 
and  Water  Board  give  the  details  of  the  various  installations. 
Table  1  is  from  the  Twenty-fourth  Semi-Annual  Report  of 
the  Sewerage  and  Water  Board,  December,  31,  1911.  A  map 
is  also  reproduced  in  Fig.  10  from  the  Semi-Annual  Report, 
December  31,  1914,  showing  the  completed  and  proposed 
drainage  construction. 

According  to  a  recent  report  by  Geo.  G.  Earl,  general  super- 
intendent of  the  Sewerage  and  Water  Board,  the  capacity  of 
pumping  plants  for  drainage  will  eventually  be  equal  to  7.33 


oountr}-,  that  of  the  Xeches  Canal  near  Beaumont,  Texas,  uses 
ConnersviUe  pumps  at  the  first  lift  to  elevate  water  from  30 
to  35  ft.  There  are  six  units,  having  a  total  capacity  of  ap- 
proximately 200,000  gal.  per  min. 

The  water  is  carried  for  about  two  miles  through  a  canal, 
having  levees  150  ft.  between  crowns,  where  it  is  again  ele- 
vated about  7.5  ft.  by  two  ConnersviUe  units  and  one  cen- 
trifugal pump  built  by  Morris  Machine  Works,  Baldwinsville, 
New  York. 

A  test  of  the  main  pumping  plant  of  the  Neehes  Canal  was 
made  in  1906  and  reported  in  Vol.  28,  Transactions  of  this 
Society  under  the  title,  "  Tests  of  a  Rotary  Pump."  The  test 
made  showed  a  remarkable  eflSeiency  for  the  pumps  and  the 
results  were  confirmed  by  a  test  at  the  same  plant  made  in 


Fig.  11    Elevation  of  76-in.  Jefferson-Plaquemines  Pump 


in.  of  run-off  removed  in  24  hours.  The  present  capacity  is 
about  3.5  in.  The  area  drained  amounts  to  25,000  acres,  or  a 
little  more  than  39  square  miles  It  is  believed  that  no  other 
city  in  the  world  has  such  enormous  volumes  of  drainage  water 
to  dispose  of. 

The  pumping  capacity  for  the  drainage  of  the  city  is  being 
increased  by  the  installation  of  eleven  12-ft.  screw  pumps  to 
be  used  in  Drainage  Pumping  Plants  Nos.  1,  2,  3,  5,  6  and  7. 
The  test  of  one  of  these  pumps  reported  in  Engineering 
Record,  Jan.  8, 1916,  by  Geo.  G.  Earl  and  in  Engineering  News 
of  Jan.  13,  1916,  by  Prof.  W.  H.  P.  Creighton,  shows  effi- 
ciencies above  70  per  cent  for  lifts  between  3.5  and  10.5  feet. 
The  efficiency  curve  rose  to  nearly  80  per  cent  at  approxi- 
mately 7.5  ft.  lift  (Fig.  11).  The  quantity  of  water  pumped 
varied  from  600  cu.  ft.  per  sec.  at  a  3-ft.  lift  to  400  cu.  ft.  at 
a  lift  of  10.5  ft. 

These  pumps  were  built  by  the  Nordberg  Manufacturing 
Co.,  of  Milwaukee,  from  designs  by  A.  B.  Woods,  Mechanical 
and  Electrical  Engineer  of  the  Sewerage  and  Water  Board. 
In  Fig.  12  is  a  view  of  the  large  pumps  in  drainage  station 
No.  1  of  the  New  Orleans  system  and  in  Fig.  13  a  view  show- 
ing the  discharge  from  one  of  these  pumps. 

CHAMBER   WHEEL   PUMPS 

Chamber  wheel  pumps  made  by  the  ConnersviUe  Blower 
Company,  or  the  P.  H.  &  F.  M.  Roots  Co.,  of  ConnersviUe, 
Indiana',  have  been  used  in  irrigation  and  drainage  work  in 
this  section. 

The  largest  rice  irrigation  enterprise  in  all  the  Gulf  Coast 


August,  1915,  when  almost  identical  results  were  obtained.  No 
adjustments  of  the  pumps  in  the  two  units  tested  have  been 
neeessar}^  during  the  twelve  years  they  have  been  used. 

The  installations  of  rotary,  chamber  wheel  pumps  for  rice 
irrigation  have  not  been  an  unqualified  success;  there  have 
been  many  troubles  with  some  of  the  plants,  partly  because 
of  the  lack  of  proper  talent  in  their  operation.  However,  the 
writer  has  for  years  visited  pumping  plants  of  this  type  in 
which  trouble  was  conspicuous  by  its  absence,  largely  because 
of  the  high-grade  men  in  charge. 

As  a  drainage  pump,  where  built  in  large  units,  such  as  are 
required  ordinarily  in  drainage  work,  the  pumps  lift  the  water 
higher  than  is  necessary  and  while  they  are  efficient  if  credited 
with  the  higher  lift,  they  lose  their  efficiency  on  low  lifts,  when 
actual  difference  of  levels  is  considered. 

This  point  is  well  illustrated  by  the  drainage  pumping  plant 
of  Willswood  Plantation.  This  is  an  old  river-front  planta- 
tion of  2400  acres,  on  the  Southern  Pacific  Railway,  ten  miles 
above  New  Orleans.  About  one-third  of  this  tract  is  sloping 
and  has  good  natural  drainage,  though  practically  all  of  the 
water  drains  into  the  main  canal  system  and  is  handled 
by  the  pumps.  An  intermediate  area,  containing  approxi- 
mately one-third  of  the  whole,  has  been  in  cultivation  for  a 
number  of  years,  drainage  originally  being  secured  by  means 
of  a  large  wheel  pump.  About  19  years  ago,  several  hundred 
acres  were  added  to  the  plantation  by  the  construction  of  a 
new  levee  farther  back  on  the  prairie.  New  canals  were  dug, 
a  new  pumpiug  plant  installed  and  the  old  wheel  pump  aban- 
doned. 
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There  are  three  pumping  units  on  this  plantation,  steam 
being  furnished  by  two  water  lube  boilei-s  and  one  horizontal, 
return  tubular  boiler.  The  fuel  used  is  crude  oil  and  a  feed 
water  heater  is  used.  Following  is  a  description  of  the  three 
units : 

1  A  16-in.  by  24-iu.  automatic,  non-condensing  engine,  con- 

nected by  rope  drive  to  a  rotary,  chamber  wheel  pump. 
Maximum  capacity  of  40.000  gal.  per  min. 

2  A  similar  engine,  connected  by  rope  drive  and  bevel  gear 

to  a  Menge  pump.    Size  of  impeller  42  in.  by  16  in. 

3  A  double  vertical  engine,  direct-connected  to  a  centrifugal 

pump.     Diameter  of  discharge  pipe,  36  in. 

Pumps  1  and  2  discharge  into  open  flumes  at  an  average 
head  on  pump  of  about  ten  feet,  which  is  about  five  feet 
greater  than  is  necessary.  The  bottom  of  the  discharge  flume 
was  placed  at  the  elevation  of  the  top  of  the  back  levee  which 
normally  was  about  4  ft.  higher  than  the  water  of  the  swamp 
behind  the  levee. 

When  the  pump  was  credited  with  the  head  through  which 
the  water  was  elevated  at  the  purpp,  the  average  efficiency  of 
engine  transmission  and  pump  was  found  to  be  60  per  cent. 
Assuming  the  mechanical  efficiency  of  the  engine  as  90  per 
cent  and  the  efficiency  of  transmission  as  95  per  cent,  the 
pump  efficiency  is  a  little  more  than  70  i)er  cent. 

ruEL.s 
Irrigation  and  drainage  plants  used  wood  or  coal  for  fuel 
previous  to  the  opening  years  of  this  century. 

The  Lucas  oil  well  was  brought  in.  Jan.  10, 1901,  at  Spindle- 
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top,  near  Beaumont,  Texas.  Soon  after,  oil  was  discovered  at 
other  fields,  many  of  which  were  in  or  near  the  rice  irrigation 
country,  notably  Jennings,  Welsh,  Vinton  and  Sulphur  in 
Louisiana  and  Dayton,  Sour  Lake,  Saratoga.  Batson  and 
Humble  in  Texas. 

At  first  the  production  of  crude  oil  was  far  in  excess  of  tile 
ilemand  of  the  refineries  and  crude  oil  sold  for  as  low  as  ten 
(^ents  a  barrel  of  42  gal.  at  the  fields.  Later,  as  refineries  were 
erected  and  means  worked  out  to  handle  the  output,  the  price 
of  crude  oil  steadily  advanced  to  from  75  cents  to  .$1.50  per 
barrel  and  even  more  in  some  instances.  The  cost  at  any 
particular  plant  in  the  Gulf  Coast  country  depends  upon  the 
transportation  costs  of  delivery  and  the  time  of  purchasing. 
Many  of  the  nearby  pumping  plants  were  supplied  by  pipe 
lines  from  the  oil  fields.  The  problem  of  pumping  both  for 
irrigation  and  for  drainage  plants  has  been  gi-eatly  simplified 
by  crude  oil  as  a  fuel. 

During   the    year   1915    the    petroleum    production    of   the 


TABLE  2     DATA  IPOX  JEFFERSON-PLAQIEMINES  PUMPS 
76-iN.  Pump 


Difference 
of  Levels 


Gallons  per 
Minute 


Duty  in  Millions 

of  Foot-pounds  per 

1000  Lb.  Dry  Steam 


10 
13 


168,000      i 

35 

156.000 

78 

1.35.000 

90 

130,000    ; 

90 

11,000 

9,000 

48-in.  Pump 


3 

47,500 

60 

3 

45,000 

80 

7 

42,000 

75 

8 

40,000 

70 

Fig.   16    76-in.   Puhp   Discharge,   Jeffersox-Plaquemines 

Station 

United  States  as  estimated  by  the  U.  S.  Geological  Survey  was 
267,400,000  barrels.  Of  this  amount  Texas  produced  26,- 
000,000  banels  or  9.72  per  cent  and  Louisiana  18..500,000  bar- 
rels or  6.92  per  cent. 

STRIKING    EXAMPLE    OF    A    MODERN    DRAINAGE    PLANT 

The  Jeft'ersou-Plaquemines  Drainage  District,  located  on 
the  right  bank  of  the  Mississippi,  and  extending  in  a  south- 
easterly direction  from  a  point  nearly  opposite  the  center  of 
the  city,  comprises  about  38,000  acres  of  land.  The  land  along 
the  river  has  been  in  cultivation  for  many  years,  but  a  large 
part  forming  the  interior  of  the  district  was  wet  prairie.  It 
is  the  largest  drainage  district  in  the  State  where  water  is 
pumped. 

A  large  pumping  plant  is  under  construction  and  when  com- 
pleted the  drainage  coefficient  will  be  '/lo  in.  removed  in  24 
hours.  At  present  the  equipment  consists  of  two  76-in.  pumps, 
each  driven  by  a  cross-compound  engine,  IGYz  and  35  by  36 
in.,  and  one  48-in.  pump  driven  by  a  cross-compound  engine, 
9  and  18  by  36  in.  All  the  pumps  are  of  the  horizontal-shaft 
centrifugal  type,  designed  to  operate  against  differences  of 
level  varving  from  1  to  13  ft.    The  engines  are  operated  con- 
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densing,  using  surface  condensers  guaranteed  tor  a  vacuum, 
with  water  at  85  deg.  fahr.,  of  26  in.  of  mercury.  Three  Heine 
boilers  are  used,  one  with  1380  sq.  ft.  and  two  with  2220  sq. 
ft.  of  heating  surface,  each.  The  steam  piping  is  extra  heavy 
and  tlie  whole  plant  gives  the  impression  of  excellent  design, 
good  materials  and  workmanship.  The  engines  were  built  by 
the  Nordberg  Manufacturing  Company,  Milwaukee,  and  the 
pumps  by  the  Southwark  Foundry  and  Machine  Company, 
Philadelphia.  J.  F.  Coleman  was  the  engineer  for  this  project 
and  the  mechanical  engineering  work  was  in  charge  of  Walter 
Castanedo,  Mem. Am.Soc.M.E.  The  guarantees  for  capacity 
and  duty  under  given  conditions  are  given  in  Table  2.  This 
plant  lias  not  been  tested. 

Results  op  Tests,  Drainage  Pumpixg  Plants 

The  author  concludes  his  paper  with  illustrations  and  de- 
scriptions of  nine  typical  drainage  plants  upon  which  tests 
have  been  made,  and  gives  results  of  the  tests.  In  what  fol- 
lows herewith  is  a  brief  summary  of  the  main  results  of  these 
tests. 

New  Orleans  Lake  Shore  Land  Company,  Citrus,  La.:  48- 
in.  Morris  centrifugal  pump ;  double  suction  pipes  38  in.  diam- 
eter, 105  ft.  long,  with  90-deg.  elbow  and  enlarged  at  end  to 
60  in.  diameter;  discharge  pipe  31  ft.  long;  Corliss  engine, 
Heine  boiler. 

Lift,   23   ft. 

Overall  efficiency,  engine,   pump  and  piping,  22  per  cent. 

Later  an  electrically-driven  plant  was  constructed,  supplied 
by  outside  current,  with  two  centrifugal  pumps. 

VXIT     XO.     1,     120    I!. P.M. 

Lift,   5.76   ft.  Lift.   6.54   ft. 

Discharge,  77.S00  gal.  per  min.  Discharge,  75,000  gal.  per  min. 

Efficiency.  4S.S  per  cent.  Efficiency,   55.7   per  cent. 

r.NiT    Xo.    2.    1211   R.P.M. 

Lift,  6.10  ft.  Lift.  6.25  ft. 

Discharge.    76,200  gal.  Discharge,   75,800  gal. 

Efficiency,  49.7  per  cent.  Efficiency,  51.75  per  cent. 
This  unit  was  operated  under  unfavorable  conditions. 

Morris  Centrifugal  Pump,  Second  Lift,  Neehes  Canal,  near 

Beaumont,  Tex.:  Engine-driven  centrifugal  pump,  discharge 

nozzle  of  pump  48  in.  diameter,  suction  pipe  37%  in.     Oil 

fuel  used. 

Head  on  pump.  9.99  to  10.23  ft.;  average.  10.12  ft. 

Horse  power,  average,  261.0. 

Discharge,   average,   69,300  gal.   per   min. 

Pump  efficiency,  70.2  to  72.5  per  cent ;  average,  71.6. 

Grand  Canal  Pumping  Plant:  36-in.  Lawrence  Machine 
Company  centrifugal  pump ;  compound  Corliss  engine ;  rope 
drive;  double  suction  pipes  24  in.  diameter,  enlarged  to  34 
in.  at  distance  of  4  ft.  from  pump,  and  conical  frustum  at 
intake  end ;  discharge  into  flume  through  vertical  20-in.  pipe 
enlarged  to  42  in. 

Mechanical  efficiency,  engine,  pump  and  rope  drive,  69  per  cent. 

Assuming  engine  efficiency  92.5  per  cent.,  and  transmission  effi- 
ciency, 95  per  cent,  efficiency  of  pump  would  be  78.5  per  cent. 
This  high  efficiency  is  due  in  part  to  the  enlargement  of  the 
suction  and  discharge  pipes,  thus  reducing  entrance  loss  and 
velocity  head  loss  at  entrance  to  flume. 

Fideliti)  Land  Company,  Dalcour,  La.:  24-in.  Worthington 
Drainage  Pump  direct  connected  to  35  h.p.  "  Ingeeo  "  engine 
using  distillate. 

Average  lift.  5  ft. 

.\verage  delivery.  9602  gal.  per  min. 

Fuel,  42  deg.  Baume,  at  86  deg.  fahr. ;  weight,  680  lb.  per  gal. 

Fuel  consumption,  2.99  gal.  per  hr. 

Whitelal-e  Land  Company,  Florence,  La.:  Two  54-in. 
Worthington  double  suction  pumps;  direct  connected  to  Cor- 
liss engines;  suction  and  discharge  pipes  of  approved  diverg- 
ing construction. 

Revolutions  per  min..  91.1. 

Indicated  horse  power.  ISC. 2. 

Discharge,  gal.  per  min.,  86,077.0. 

Static  head,  4.72  ft. 

Efficiency,  pump,  engine  and  piping,  55.6  per  cent. 


Efficiency,  pump  and  engine,  59.9  per  cent. 
Mechanical  efficiency,  pump  and  engine,  91.1  per  cent. 
Hydraulic  efficiency,  pump,  65.7  per  cent. 

Louisiana  Meadows  Company,  Eaceland,  La.:  48-in.  Worth- 
ington drainage  pumj)s,  combination  of  screw  and  centrifugal 
types;  suction  and  discharge  pipes  enlarged  at  outer  ends; 
pumjjs  driven  by  two-stroke  cycle,  crude  oil  Snow  engines, 
141/2  in.  by  24  in.;  fuel  27.4  deg.  Baume  at  60  deg.  fahr. 

Lift,  3.55  ft.  to  4.96  ft. 

Revolutions  per  min.,  195. 

Discharge,  60,050  gal.  per  min.  at  lower  lift;  54,700  gal.  per  min. 

at  higher  lift. 
Useful  water  horse  power.  53.8  to  68.5. 
Fuel  consumption.  1.132  lb.   (lower  lift),  and  0.887    (higher  lift) 

per  useful  water  horse  power  hour. 
Fuel  consumption  per  acre  foot  of  water  elevated  one  foot,   1.55 

lb.  to  1.12  lb. 

Onishi  Plant,  Mackay,  Tex.:  24-in.  Worthington  volute  sin- 
gle suction  centrifugal  pump,  direct  connected  to  Buckeye 
compound  condensing  engine;  machinery  located  in  reinforced 
concrete  pit;  suction  pipe  28  in.  diameter,  148  ft.  long;  dis- 
charge pipe,  24  in.  diameter  discharging  into  tubes. 

Lift,  37.23  ft. 
Head  on  pump.  39.43  ft. 
Dis(?harge  cu.  ft.  per  sec.  32.5. 
Indicated  horse  power.  230.4. 
Useful  water  horse  power,  137.2. 
Water  horse  power  basis  of  head  on  pump,  145.6. 
Efficiency,  engine  pump  and  pipe,  59.5. 
Efficiency,   pump    (estimatedl.  70  per  cent. 

Fuel  oil,  per  useful  water  horse  power  hour,  2.82  lb. ;   per  pump 
horse  power  hour,  2.66  lb. 

Moore's  Bluff  Plant,  Dayton,  Tex.:  This  is  a  high  lift  plant. 
Worthington  36-in.  volute  pump,  direct  connected  to  cross 
compound  condensing  Corliss  engine;  28-in.  double  suction 
pipes  enlarging  to  36  in.  and  to  5  ft.  of  intake;  36-in.  dis- 
charge pipe  enlarging  to  48  in.  diameter,  extending  up  a  hill 
at  45  deg.  and  discharging  in  a  flume  where  it  again  enlarges; 
fuel  oil,  19,347  B.t.u.  per  lb. 

Lift.  55.88  ft. 
Head  on  pump,  57.51  ft. 

Average  water  pumped,  39,707  gal.  per  min. 
Revolutions  per  minute,  173.4. 
Indicated  horse  power,  793.44. 
Useful  water  horse  power.  557.50. 
Efficiency,  engine  and  pump,  72.3  per  cent 
Efficiencv,   pump.   78.5  per  cent. 

Fuel  oil.  per  indicated  horse  power  hour,  1.378  :  per  useful  water 
horse  power  hour,   1.96. 

Garwood  (Tex.)  Irrigation  Plant:  36-in.  Worthington  vo- 
lute pump,  direct  connected  to  compound  condensing  Corliss 
engine.     This  is  anotiier  high  lift  plant. 

Lift.  42  ft. 

Head  on  pump.  43.51  ft. 

Mean  indicated  horse  power.  511.4. 

Useful  water  horse  power,  395.5. 

Pump  horse  power,  409.9. 

Discharge,  37.455  gal.  per  min. 

Efficiency,  engine,  pump  and  piping,  75.1  per  cent. 

Efficiency,  pump    (assuming  engine  92.5  per  cent  ),  86.6  per  cent. 

Fuel  oil  per  useful  water  horse  power  hour,  1.82. 

The  author  states  that  this  pump  has  made  the  best  record 
of  any  he  has  tested.  The  lift  was  high  and  conditions  favor- 
able to  a  high  etificiency.  By  way  of  comparison  the  follow- 
ing results  are  given  : 

Pounds  of  Fuel  Oil 
Xanie  of  Plant  per  Useful  Water 

H.P-Hour 

Neehes  Canal,  First,  Lift,   Beaumont,  Tex 2.09 

.Tennings  Canal.  Jennings.  La 2.16 

Sabine  Canal.  Vinton.  La 2.29 

Pierce  Estate  Canal,  Wharton.  Tex 2.84 

Moore's  Bluff 1.96 

Garwood    1.82 

From  these  figures  it  will  be  seen  that  the  Moore's  Bluff 
plant,  which  is  the  best  of  the  list  with  the  exception  of  the 
Garwood  ]>lant,  uses  more  than  7  per  cent  more  oil  than  the 
latter  to  do  the  same  amount  of  useful  work.  The  last  two 
plants  have  shown  the  feasibility  of  pumping  water  to  greater 
elevations  than  was  thought  commercially  possible  a  few  years 
ago.  A  properly  designed  steam  driven  pumping  plant  may 
be  operated  against  a  lift  of  55  ft.  at  a  cost  that  makes  rice 
irrigation  an  attractive  proposition,  especially  if  the  canal 
reaches  a  reasonably  large  acreage. 
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THE  DESIGN  AND  TEST  OF  A  LARGE 
RECLAMATION  PUMPING  PLANT 

G.  C.  NOBLE,'  SAN  FRANCISCO,  CAL. 

Non-Membei- 

UNTIL  recently  reclamation  work  along  the  rivers  of  the 
state  of  California  has  been  accomplished  more  or  less 
successfully  in  the  small  districts.  During  the  last  few  years, 
however,  there  has  been  a  very  rapid  development,  with  a  de- 
cided tendency  towards  forming  very  large  districts.  To  ac- 
complish true  reclamation  it  is  necessary  not  only  to  exclude 
the  flood,  or  overflow  waters,  but  also  to  provide  a  drainage 
and  pumping  system  which  will  insure  the  removal  of  all  sur- 
face water,  whether  from  rainfall  or  seepage,  as  fast  as  it 
accumulates.  In  the  smaller  districts  the  matter  of  drainage 
is  not  of  verv  serious  moment,  but  in  a  very  large  district  the 
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Fig.  1     Sutter  Basin,  Reclamatiox  District  No.  1500 

amount  of  drainage  water  to  be  handled  becomes  enormous, 
and  on  account  of  the  very  great  loss  involved  by  a  failure  to 
remove  this  drainage  water  as  fast  as  it  accumulates,  makes  it 
imperative  that  the  drainage  and  pumping  system  be  designed 
in  accordance  with  the  best  engineering  practice.  In  this 
paper  the  writer  wiU  outline  the  problems  involved  and  a  so- 
lution of  same  in  the  case  of  one  of  the  largest  reclamation 
districts  in  the  state  of  California,  and  which  has  resulted  in 
the  construction  of  the  largest  reclamation  pumping  plant  in 
this  country,  having  six  800  h.p.  units. 

In  November  1913,  the  writer  was  given  the  following  prob- 
lem:— Given  a  reclamation  district  located  at  a  definite  point 
in  the  Sacramento  Valley;  proceed  with  the  design  and  con- 
struction of  a  drainage  pumping  plant  that,  when  operated  in 
connection  with  a  certain  drainage  and  levee  system,  will  in- 
sure the  removal  of  all  accumulated  drainage  water.  No  re- 
strictions were  placed  on  the  writer  and  all  details  were  decided 
on  their  respective  merits.  The  district  under  consideration  is 
known  as  Reclamation  District  1500,  created  by  act  of  the 


state  legislature  in  1911,  and  commonly  called  Sutter  Basin. 
Its  geographical  location  is  shown  in  Fig.  1.  Lying  as  it  does 
between  tlie  Sacramento  and  Feather  Rivers  at  their  jmiction, 
it  forms  a  large  basin,  with  the  lowest  point  nearly  in  the 
center.  Its  geographical  location  makes  it  subject  to  the 
full  sweep  of  the  flood  waters  of  the  above  two  rivers. 

The  District  has  an  extreme  length  of  approximately  19 
miles,  a  maximum  width  of  approximately  10  miles,  and  has 
an  area  of  approximately  66,000  acres.  The  elevation  of  low- 
est point  in  basin  is  19  ft.  above  datum,  and  maximum  eleva- 
tion of  30  ft.  above  datum.  As  the  average  maximum  elevation 
of  the  flood  waters  at  this  point  is  approximately  39  ft.  above 
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FiG.  3    Surplus  Water  at  Pujiping  Plant 

datum  during  the  winter  time,  the  entire  district  is  under 
water  with  varying  depth  up  to  nearly  20  feet. 

To  reclaim  this  tract  of  land  it  is  necessary  to  build  levees 
around  its  entire  circumference,  about  70  miles,  to  exclude  the 
flood  waters  of  the  rivers.  The  natural  drainage  of  this  tract 
is  towards  the  center  from  the  east  and  west  and  from  north 
to  south,  terminating  at  the  southerly  end  of  the  district,  in 
what  is  known  as  Sacramento  Slough,  which  empties  into  the 
Sacramento  River  near  its  confluence  with  tlie  Feather.  On 
account  of  this  natural  condition,  it  is  obvious  that  this  dis- 
trict should  have  only  one  drainage  pumping  plant,  and  its 
location  should  be  near  the  point  where  the  levees  cross  Sacra- 
mento Slough.  This  Slough  has  now  been  utilized  as  part 
of  the  main  drainage  canal  of  the  district.  This  canal  extends 
in  a  general  northerly  direction  through  the  center  of  the 
basin. 

The  essential  steps  in  the  determination  of  the  size  and 
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cbaractei'  of  the  required  (haiiiage  pumping  plant,  and  its 
design,  may  be  grouped  as  lollows:  («)  Determination  ot" 
amount  of  drainage  water  to  be  pump.ed;  (b)  Pumping  head; 
(c)  Physical  design  of  plant;  (d)  Construetiou ;  (e)  Test 
and  operation.  The  above  steps  will  now  be  discussed  in  de- 
tail. 

AMOUNT   OF   DRAINAGE   WATER 

As  stated  above,  the  amount  of  water  to  be  handled  by  a 
reclamation  pumping  plant  is  made  up  of  the  run-off  from 
rainfall  and  seepage  through  the  levees,  or  any  other  under- 
gi'ound  channel.  The  former,  while  influenced  by  many  quan- 
tities imjiossible  to  predict  precisely  beforehand,  such  as  rate 


Fig.  4    Exterior  View  of  Pcmping  Plant 

of  rainfall,  duration  of  rain,  state  of  land  cultivation,  etc., 
can,  however,  be  approximated  with  a  reasonable  degree  of 
accuracy.  Since  to  produce  true  reclamation  all  drainage 
water  must  be  pumped  out  of  the  district  as  fast  as  it  accumu- 
lates, therefore  the  capacity  of  pumping  plant  will  be  deter- 
mined by  the  nw.ihmim  rate  of  accumulation  of  drainage  water 
which  has  to  be  handled ;  otherwise  a  portion  of  district  would 
become  flooded.  While  the  total  amount  of  water  to  be  han- 
dled may  be  made  up  largely  of  seepage,  the  maximum  rate  of 
accumulation  is  almost  entirely  determined  by  the  run-off 
from  rainfall,  as  explained  later.  It  is,  therefore,  verj'  essen- 
tial that  a  very  careful  study  be  given  to  this  phase,  and  as  the 
maximum  run-off  may  be  expected  at  maximum  rainfall,  the 
essential  point  is  to  determine  the  conditions  of  run-off  for 
this  maximum  rainfall. 

run-off  prom  rainfall 

There  has  been  in  the  past  no  actual  observation  of  rain- 
fall within  this  district.  Therefore,  the  rainfall  has  been  esti- 
mated from  the  two  nearest  points  of  record,  llarysviUe,  lo- 
cated at  the  east  and  north  on  the  Feather  River,  and  Knights 
Landing  on  the  west,  just  across  the  Sacramento  River,  giving 
twice  the  weight  of  the  Knights  Landing  readings  over  those 
at  MarysvUle.  As  these  readings  are  a  matter  of  record  they 
are  not  given  here.  From  an  analysis  of  the  estimated  rainfall 
thus  made,  the  maximum  rainfall  for  any  of  the  years  of  rec- 
ord occurred  on  January  12,  13,  14  and  15,  1911,  when  rain- 
fall was  1.04  in.,  0.95  in.,  2.53  in.  and  0.64  in.  respectively. 
Otiier  periods  of  severe  rainfall  which  might  be  mentioned  here 
are.  December  12.  13  and  14,  1900.  where  0.6  in.,  2.37  in.  and 


0.37  in.  of  rain  fell  respectively ;  also  December  25,  26  and  27, 
1906,  with  rainfall  of  0.22  in.,  2.01  in.  and  0.20  in.  respectively, 
and  February  11, 12  and  13,  1909,  with  rainfall  of  0.87  in.,  1.40 
in.  and  0.09  in.  resiiectively. 

Ramfall  ecjualing  the  above  niaxiuiuMi  \alues  may  be  ex- 
pected during  any  year,  and  it  is  not  unreasonable  to  expect 
that  at  sometime  they  might  be  slightly  exceeded.  However, 
taking  into  consideration  the  fact  that  they  are  estimated 
values,  that  if  the  above  maximum  values  as  first  given  are 
used  in  connection  with  a  conservative  value  of  percentage  of 
run-ofl',  the  result  will  probably  not  be  seriously  exceeded  at 
any  time.  Therefore,  the  pumping  capacity  of  plant  has  been 
determined  from  the  estimated  run-off  resulting  from  the  rain- 
lall  of  January  12,  13,  14  and  15,  1911. 

The  yearly  run-off  from  a  district  of  this  character  can  be 
estimated  very  accurately  from  the  yearly  rainfall,  but  in  this 
case,  since  there  are  no  storage  facilities,  we  are  concerned 
with  the  hourly  run-off.  It  is  a  well  established  fact  that  the 
run-off  varies  with  many  conditions,  among  which  is  the  rate 
and  duration  of  rain.  In  this  particular  case,  as  will  be  seen, 
the  hourly  rate  of  rainfall  will  have  a  very  material  effect 
nn  the  size  of  pumping  plant.    It,  therefore,  becomes  necessary 


Fig.  5    Interior  View  of  Pumping  Plant 

to  assign  to  the  above  rainfall  a  given  hourly  rate.  After 
careful  consideration  of  this  point,  Grunsky's  method  of  esti- 
mating hourly  rate  of  rainfall  was  adopted  with  some  modi- 
fications. This,  in  effect,  is  that  50  per  cent  more  rain  falls 
in  any  one  period  than  in  the  preceding  period,  that  is,  the 
ratio  of  fall  for  any  period  to  the  n^xt  of  equal  length  would 
be  1  to  11/2. 

A  further  assumption  was  made  that  the  rainfall  for  any 
one  day  started  at  a  minimum  value  at  the  beginning  and  in- 
creased at  the  above  ratio  to  a  maximum,  which  lasted  for 
three  hours  during  the  middle  of  the  day  and  then  decreased 
to  a  minimum  at  the  end  of  t's^enty-four  hours  in  the  above 
ratio.  This  rate  of  fall  for  a  rainfall  of  l^^  in.  per  day  is 
shown  in  Fig.  2. 

Having  fixed  the  hourly  rate  of  rainfall,  the  next  step  is 
to  determine  the  run-off  and  rate  of  arrival  of  this  run -off  at 
the  pumping  plant.  For  purposes  of  this  calculation  the  total 
run-off  has  been  taken  as  25  per  cent  of  the  total  rainfall.  The 
rate  of  run-off  has  been  assumed  arbitrarily  to  vary  with  rate 
and  duration  of  rainfall,  beinff  greatest  for  greatest  rate,  and 
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also  for  equal  rates  of  falL  being  greater  at  the  end  of  the 
days'  rainfall  than  at  the  beginning-.  This  varying  percentage 
of  run-off  for  the  rate  of  rainfall  assumed  above  is  shoTrii 
in  Fig.  2. 

On  account  of  the  large  area  of  the  district  and  its  extreme 
length  of  19  miles,  it  is  obvious  that  the  run-off  from  the 
extreme  northern  end  will  arrive  at  the  pumping  plant  sev- 
eral hours  after  the  rain  has  fallen.  The  drainage  system  of 
this  district  as  laid  out  contemplates  a  very  extensive  system 
of  ditches.  These  ditches  have  been  designed  for  a  certain 
velocity  of  water,  and  the  area  drained  depending  upon  slope 
and  character  of  soil,  so  that  it  may  be  assumed  that  as  far 


Fig.  6    Plan  of  Pumping  Plant 


Fig.  1     Elevation  op  Pumping  Plant 

as  delivery  of  run-off  water  to  the  pumping  plant  is  con- 
cerned, all  ditches  are  equally  effective.  From  an  analysis 
of  these  factors,  the  district  was  divided  into  zones,  or  areas, 
such  that  the  run-off  from  each  zone  might  be  assumed  to 
reach  the  plant  in  a  given  time,  taken  in  this  ease  as  one  hour. 
That  is,  the  run-off  of  Zone  No.  2  has  been  assumed  to  reach 
the  pumping  plant  one  hour  after  run-off  from  Zone  No.  1, 
etc.  There  is,  of  course,  certain  delayed  flow  of  the  run-off' 
before  it  reaches  the  ditches,  but  as  it  is  the  same  for  all 
zones,  its  effect  may  be  neglected  as  far  as  this  calculation  is 
concerned. 

Applying  the  above  method  to  the  rainfall  of  January  12 
to  15,  1911,  as  given  above,  and  assuming  different  rates  of 
pumping  at  pumping  plant,  the  surplus  water  given  in  aere- 
feet,  accumulating  at  pumping  plant,  above  that  pumped,  is 
shown  in  Fig.  3.  Fortunately,  the  main  drainage  canal  is  of 
very  ample  capacity,  and  it  has  in  itself  considerable  storage 
capacity,  provided  that  water  is  drawn  down  in  canal  before 
rain  sets  in.  Assuming  that  pumps  can  draw  the  water  down 
to  10  ft.  above  datum,  and  that  no  serious  flooding  takes 
until  20  ft.  above  datum  is  reached,  the  storage  capacity 
between  these  two  elevations  is  approximately  1150  acre-feet. 
Applying  this  value  to  the  curves  in  Fig.  2,  it  is  found  that 


a  pumping  plant  having  a  capacity  of  approximately  1000 
to  1100  second-feet,  should  be  suUicieut  for  the  purposes  of 
reclamation,  and  for  this  district  this  value  has  been  taken. 

SEEPAGE 

The  amount  of  seepage  water  which  might  be  expected  in 
this  district  is  very  difficult  to  estimate.  With  the  character 
of  soil  that  occurs  here,  and  assuming  well  constructed  levees, 
such  as  are  being  built,  it  is  reasonable  to  assume  that  the 
rate  of  seepage  will  not  be  a  very  great  amount.  In  other 
parts  of  the  state,  where  the  subsoil  is  of  a  peaty  nature, 
seepage  water  often  reaches  a  considerable  amount.  There  is 
practically  no  data  available  to  base  a  substantial  conclusion 
in  this  matter.  It  has  been  variously  estimated  by  different 
engineers  that  under  normal  conditions,  with  subsoil  as  oc- 
curring in  this  district,  that  the  seepage  would  average  from 
Yz  to  11/2  second-feet  per  mile  of  levee,  or  from  35  to  100 
second-feet. 

The  rate  of  seepage  would  be  somewhat  influenced  by  the 
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height  and  duration  of  flood  waters  outside  of  levees.  This 
seepage  water  is  independent  of  the  rainfall,  and  will  have 
a  tendency  to  be  a  more  or  less  constant  flow  throughout  the 
flood  season,  but  its  maximum  value  would  be  relatively  small 
and  therefore  not  have  any  material  bearing  on  the  maximum 
capacity  of  pumping  plant;  however,  its  effect  on  the  amount 
of  power  consumed  and  the  total  amount  of  water  pumped 
may  equal  or  exceed  that  of  the  run-off  from  the  rainfall. 
Hence,  in  determining  the  capacity  of  plant,  seepage  has 
been  neglected. 

PUMPING  HEAD 

The  head  under  which  the  plant  must  operate  is  extremely 
variable.  During  the  months  of  November  and  December, 
before  there  is  any  very  great  rise  in  the  rivers,  the  head  will 
be  a  minimum,  and  in  this  particular  case  will  be  about  10 
ft.  static.  However,  when  the  flood  season  occurs  the  plant 
will  be  required  to  operate  under  its  maximum  head.  The 
calculation  of  the  maximum  flood  plane  is  of  very  consider- 
able moment,  as  not  only  does  the  pumping  equipment  hinge 
on  it,  but  also  the  entire  levee  construction  is  based  on  the 
probable  flood  height.  At  the  present  time,  with  the  district 
open  to  overflow  waters,  there  was  recorded  this  year  a  flood 
height  of  39.2  ft.  above  datum.  But  with  the  completion  of 
levee  system,  and  the  confining  of  the  flood  waters  to  a  re- 
stricted channel,  the  flood  plane  will  increase  very  materially. 

On  account  of  its  bearing  on  the  construction  of  the  levee 
system,  the  calculation  of  the  maximum  flood  plane  was 
undertaken  in  very  great  detail,  and  very  thoroughly,  under 
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the  able  direction  of  the  chief  eugineer  of  the  District,  Mr. 
George  N.  Randall,  who,  from  many  years'  experience  with 
the  flood  conditions  of  the  Sacramento  River,  was  able  to 
bring  a  great  fmid  of  information  and  data  to  assist  in  deter- 
minations of  this  point.  The  problem  was  attacked  from 
every  conceivable  angle.  In  general,  however,  the  methods 
consisted  primarily  in  determinations  of  the  maximum  flow 
of  water  through  the  By-pass  and  Feather  River  channels. 
'The  width  of  this  channel  being  fixed  and  general  slope  known 
from  surveys,  having  estimated  the  maximum  flow,  it  is  a 
comparatively  simple  matter  to  determine  the  depth  of  water, 
or,  in  other  words,  the  maximum  elevation  of  flood  plane. 

The  data  collected  is  too  voluminous  to  present  here,  and 
is  perhaps  beyond  the  scope  of  this  paper.     The  conclusions, 


3  ft.,  the  total  maximum  pumping  load  was  taken  at  29  ft. 
Therefore,  in  conclusion,  the  capacity  of  plant  will  consist  of 
pumps  that  can  handle  1000  second-feet  against  a  29  ft.  head. 
With  this  determined,  the  only  remaining  feature  is  the  phys- 
ical design  of  plant. 

PLANT  DESIGN 

The  first  consideration  in  the  plant  design  is  the  motive 
power.  In  this  connection  electric  motors,  steam  engines  or 
turbines,  and  Diesel  engines  were  considered.  On  account 
of  the  fact  that  the  plant  was  readily  accessible  to  three 
power  companies,  the  Pacific  Gas  &  Electric,  Great  Western ' 
Power  Company  and  Northern  California  Power  Company, 
this  had  a  very  great  weight  in  forming  the  decision  to  use 
electric-motor-driven    centrifugal   pumps,   it   also    having   the 


0    20   40   60    80    100  120  140  160  180  200220  240 
Quan+i+y- Second   Feet 

Fig.  9    Results  of  Preliminary  Test  Run  of  One  Unit  ' 

however,  were  that  the  maximum  elevation  of  flood  waters 
when  confined  to  the  By-pass  channel  would  be  approxi- 
mately 42  ft.  above  datum,  and  this  value  is  used  in  determin- 
ing the  maximum  head  of  pumping. 

While  as  a  general  rule  the  peak  of  the  flood  watei-s  occurs 
from  one  to  three  days  after  the  rainfall,  there  are  condi- 
tions which  might  arise  whereby  this  peak  would  arrive  at 
the  point  of  discharge  of  the  pumping  plant  simultaneously 
with  the  arrival  of  the  maximum  run-ofl:  water  at  the  suction 
sump  of  plant;  therefore  conservatism  demands  that  the 
plant  be  designed  to  handle  maximum  amount  of  water 
against  maximum  head. 

While  the  above  quantities  determine  the  capacity  of  plant, 
in  order  to  obtain  an  estimated  early  consumption  of  power, 
the  same  calculation  of  quantity  and  head  were  made  for 
each  day  of  the  winter  season,  and  also  for  the  six  years  of 
record,  1906  to  1912.  These  detail  calculations  are  not  pre- 
sented here,  the  estimated  power  consumption  for  pumping 
run-ofE  only  being  from  700,000  to  1,200,000  kw-hr. 

With  an  elevation  of  discharge  water  level  of  42  ft.  above 
datum  and  elevation  of  water  surface  in  suction  sump  of  16  ft. 
above  datum,  the  maximum  static  pumping  head  is  26  ft. 
Allowing  for  an  estimated  friction  loss  in  discharge  pipes  of 
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other  great  advantage  of  lower  initial  investment,  although 
a  little  greater  operating  expense. 

In  order  to  select  the  size  and  number  of  pumping  units, 
a  number  of  plant  layouts  were  made  with  four,  five,  six, 
seven  and  eight  units,  and  after  careful  consideration,  both  of 
conditions  to  be  met  and  manufacturers'  requirements,  a  plant 
having  six  units,  each  a  .50  in.  centrifugal  pump  having  a 
normal  capacity  of  175  second-feet  agamst  a  discharge  head  of 
29  ft.,  driven  by  an  800  h.p.  electric  motor,  was  selected  as 
offering  the  most  satisfactory  arrangement  and  best  econom- 
ical design. 

At  this  point  a  consideration  of  the  advisability  of  using 
one  or  two  speed  motors  was  taken  up.  The  use  of  a  two- 
speed  motor  offers  several  advantages  in  a  condition  such 
as  presented  here  of  variable  head.  The  two-speed  motor,  if 
properly  chosen  in  respect  to  conditions,  will  produce  a 
higher  overall  efficiency,  which  in  turn  means  a  lower  annual 
operating  cost.  On  the  other  hand,  it  has  several  disadvan- 
tages, as  higher  first  cost  of  motor,  increase  in  cost  of  building 
on  account  of  requiring  more  space,  and  great  multiplicity  of 
parts  and  operating  gear.  After  careful  consideration  of 
the  various  advantages  and  disadvantages,  a  final  selection 
of  the  one-speed  motor  was  made,  as  the  saving  in  annual 
cost  of  operation  due  to  a  slightly  greater  overall  efficiency, 
did  not  warrant  the  increased  investment. 

building 

Inasmuch  as  the  district  would  be  flooded  the  first  year 
after  installing  plant  on  account  of  non-completion  of  levees, 
and  also  as  a  protection  against  damage  to  pumps  from 
flooding  due  to  possible  breaking  of  levee  at  high  water,  the 
design  of  pumping  plant  building  becomes  of  perhaps  greater 
importance  than  actual  mechanical  layout  of  pumping  units. 
In    designing    the    building,   if    must    be    so    constructed   that 
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its  walls  and  floor  slab  will  safely  resist  the  water  pressure 
due  to  floods,  also  suflfleient  weight  must  be  present  to  prevent 
flotation. 

The  building  as  finally  constructed  is  of  reinforced  con- 
crete, the  walls  so  designed  as  to  withstand  a  depth  of  water 
on  the  outside  of  18  ft.  above  floor  level.  This  necessitated 
walls  4  ft.  6  in.  thick  at  the  base  of  the  floor  line.  Under 
the  above  water  pressure  conditions  the  uplift  pressure  on 
the  bottom  of  building  amounts  to  nearly  5000  tons.  This 
gives  some  idea  of  the  problems  that  had  to  be  faced — they 
are  similar  to  those  of  dry  dock  construction.  On  account 
of  the  water  conditions  to  be  met  with,  there  is  no  opening 
into  the  building  below  elevation  42  ft.  above  datum,  or  18  ft. 
above  the  floor  line.  The  building  rests  on  a  concrete  pile 
foundation,  approximately  300  25-ft.  piles  being  used.  No 
difficulties  of  any  serious  moment  were  experienced  during 
construction. 

PUMPIXG    UNITS 

On  account  of  the  problems  to  be  met  in  the  building  con- 
struction, every  effort  was  made  in  the  pump  unit  layout 
to  reduce  the  size  of  the  plant.  The  writer  believes  that  the 
layout  finally  selected  offers  the  most  compact  layout  con- 
sistent with  good  operating  conditions.  The  units  are  dove- 
tailed in  such  a  manner  that  a  minimum  of  space  is  required. 
Each  unit  is  independent  of  the  balance,  having  each  a  sep- 
arate steel  suction  pipe  and  the  discharge  of  each  group  of 
two  pumps  is  brought  together  outside  of  building  into  a 
single  pipe.  There  are  three  reinforeed-eonerete  discharge 
pipes,  78  in.  in  diameter.  After  passing  through  the  levee, 
each  of  these  pipes  passes  into  a  valve  chamber  which  has 
a  large  wood  and  steel  swinging  check  valve  and  also  a  sluice 
gate. 

On  the  suction  sides  of  the  pumps  there  are  no  valves  of 
any  character.  On  each  discharge  side  there  is  located  just 
outside  the  building  a  50  in.  gate  valve,  operated  by  a  direct- 
current  motor  mounted  on  the  inside  of  building  for  flood 
protection,  and  operated  by  means  of  a  shaft  passing  through 
a  stuffing  box  in  the  wall;  the  gate  valves  were  placed  out- 
side to  reduce  the  size  of  building.  All  units  and  motors 
operating  the  gate  valves  are  controlled  from  the  switch- 
board located  in  one  end  of  the  building.  Priming  pumps 
are  installed  in  duplicate,  each  capable  of  priming  any  one 
pump  in  ten  minutes.  These  pumps  are  of  the  wet  vacuum 
type,  and  may  also  be  used  for  removing  any  drainage  water 
inside  of  building.  One  rather  unusual  feature  is  the  in- 
stallation of  a  storage  battery  for  operating  motors  on  gate 
valves.  This  was  done  so  that  the  gate  valves  may  be  op- 
erated quickly  if  the  main  source  of  electric  power  should 
fail,  and  this  feature  has  proven  very  successful. 

Electric  power  is  delivered  to  motors  at  2200  volts  from 
tinee  1500  k.v.a.  60,000  to  2200  volt,  outdoor-type  oil-cooled 
transformers.  These  transformers  are  mounted  outside  the 
building  on  a  platform  sufficiently  high  to  be  out  of  danger 
of  flood  water. 

The  total  cost  of  this  plant,  exclusive  of  engineering,  is 
approximately  $170,000,  of  which  the  building,  discharge 
pipes  and  sump  represent  $75,000  and  the  pumping  machin- 
ery $95,000.  Views  of  the  plant  are  shown  in  Pigs.  4  to  8 
and  in  Fig.  10. 

TESTS 

The  writer  had  hoped  to  give  at  this  time  results  of  final 
tests  on  units  in  this  plant.  However,  the  preliminary  test 
run  has  been  made  on  one  unit  and  the  results  are  presented 


here.  These  results  are  not  to  be  taken  as  final,  as  the  pump 
manufacturers  are  to  make  a  slight  change  in  runner,  which  it 
is  expected  will  modify  considerably  the  results  of  the  pre- 
liminary test  run. 

The  specifications  covering  the  pumping  machinery  provided 
for  tiie  method  of  test.  Guarantees  of  efficiency  were  made 
on  the  combined  efficiency  of  motor  and  pump,  also  with  all 
losses  in  suction  pipe  charged  to  the  pump.  The  electrical 
input  to  the  motor  was  measured  by  means  of  two  indicating 
wattmeters.  The  discharge  head  on  pump  was  obtained  by 
means  of  a  U-tube  of  water,  the  total  pumping  head  being 
taken  as  the  difference  in  level  between  the  water  in  the  sump 
and  height  of  water  slwwn  in  U-tube.  The  amount  of  water 
was  obtained  by  means  of  a  Cole  &  Flad  pitometer,  two  right 
angle  traverses  being  made  on  suction  side  of  pump.  Care 
was  taken  to  eliminate  errors  on  account  of  use  of  this 
instrument  on  the  suction  side.  The  combined  efficiency  was 
obtained  for  three  different  heads,  10,  20  and  29  ft.,  as  pro- 
vided in  the  specifications.  The  results  of  the  preliminary 
tests  on  one  unit  are  shown  on  the  curves  shown  in  Fig.  9. 
On  this  sheet  are  also  shown  estimated  curves  used  by  the 
writer  in  his  original  calculations,  and  also  guaranteed  values. 
It  is  expected  that  changes  in  runner,  as  proposed  by  manu- 
facturer, will  bring  about  a  closer  harmony  between  guaran- 
teed and  actual  test  results. 


In  the  evolution  of  centrifugal  and  turbine  pumps,  no  factor 
has  played  a  greater  part  in  obtaining  increased  efficiency  than 
the  study  of  the  laws  of  the  surface  friction  of  fluids.  This 
subject  has  been  under  investigation  by  the  most  eminent  en- 
gineers for  more  than  100  years,  and  today  the  laws  govern- 
ing the  velocity  of  flow  for  a  particular  fluid  are  tolerably  well 
known.  Experiments  establishing  a  general  relation  applicable 
to  all  fluids  and  conditions  of  flow  are  not  known,  however, 
though  it  is  known  that  such  relations  must  exist.  A  knowledge 
of  the  relations  which  hold  between  widely  differing  viscosities 
and  densities,  with  reference  to  main  flow  and  also  to  sec- 
ondary or  induced  currents,  will  be  of  great  value.  C.  G.  de 
Laval  in  Am.  Soc.  C.  E.  Proceedings,  Vol.  XLI,  No.  9. 


Notes,  with  numerous  illustrations,  analytical  data,  costs, 
descriptions  of  plants,  etc.,  to  indicate  the  trend  in  Europe  of 
some  of  the  important  fuel  problems  that  are  conspicuously 
before  the  United  States,  are  given  in  Tech.  Paper  No.  123, 
U.  S.  Bur.  of  Mines,  by  E.  H.  Fernald,  Mem.Am.Soc.M.E. 
The  subject  matter  is  divided  into  a,  utilization  of  high  ash 
coals;  b,  use  of  wood  refuse  and  other  similar  material;  c, 
recovery  of  fuel  from  by-jjroducts ;  d,  recent  developments  in 
the  preparation  and  use  of  peat;  e,  results  of  low  temperature 
distillation  of  fuels ;  /,  possibilities  of  the  slagging  type  of  gas 
producer;  g,  use  of  powdered  fuel. 


The  science  of  valuation  is  an  interdependent  mixture  of  law, 
economics,  and  engineering:  Law,  to  establish  the  governing 
ethical  principles ;  economics,  to  establish  the  criteria  of  value 
or  monetary  standards;  engineering,  to  apply  the  general 
criteria  of  value  to  any  given  specific  case  in  accordance  with 
ethical  principles. 

Some  of  the  problems  of  valuation  are  unsolvable  on  any 
definite  mathematie  basis.  To  solve  the  problem  as  to  what 
is  the  value  of  property  requires  the  most  logical  reason- 
ing, involving  legal,  economic  and  technical  science,  and  in 
addition  to  all,  that  \ery  rare  endowment  known  as  common 
sense. — S.  S.  Wyer,  Mem.Am.Soc.M.E.,  in  Bid.  A.  I.  M.  E., 
April,  1916. 


STEAM   SAFETY   VALVES 

A  Discussion  of  the  Principles  of  Safety  Valve  Operation  in  the  Light  of  an  Extensive  Series  of 
Tests  Leading  to  a  New  Development  in  Safety  Valve  Design 

BY  GEORGE  H.  CLARK,'    BOSTON,  MASS. 


THE  object  of  this  paper  is  to  place  before  the  Society 
a  record  of  the  experimental  work  and  conclusions 
drawn  therefrom,  of  an  investigation  into  the  theory  and 
design  of  a  safety  valve.  Safety  valves  have  been  in  the  past, 
and  are  at  present  the  result  of  cut  and  try  methods,  rather 
than  a  mechanism  based  on  logical  and  fundamental  prin- 
ciples. The  theory  which  is  here  presented  is  believed  to  be 
general  in  its  application,  and  original  in  character.  In  the 
course  of  the  experimental  work  undertaken  at  least  50  valves 
have  been  built  and  tested,  and  during  the  course  of  the  ex- 
perimental work  I  have  not  tested,  or  seen  in  operation  under 
test,  a  single  valve  of  a  design  which  is  now  on  the  market. 
Each  valve  built  and  tested  has  been  for  the  purpose  of  prov- 
ing or  disproving  a  step  in  the  theory  which  follows. 

At  a  glance,  it  seems  that  the  problem  of  the  design  of  a 
safety  valve  should  be  a  simple  one,  but  when  the  facts  are 
brought  into  line,  the  problem  becomes  increasingly  difficult. 
All  present  day  valves  employ  huddling  or  expansion  cham- 
bers, although  those  best  fitted  to  know  the  reasons  for  their 
use  disagree  as  to  the  actual  part  played  by  such  chambers 
in  the  action  of  the  valve  in  which  they  are  incorporated.  This 
is  one  example  of  the  apparent  mysteriousness  relative  to  the 
action  of  present  day  valves.  It  is  hard  for  the  engineering 
public  to  understand  why  it  is  not  possible  to  increase  the  lift 
of  valves  in  accordance  with  the  demands  of  the  day  for  high 
capacity  valves,  without  endangering  the  boilers  to  which  they 
are  connected  or  the  valves  themselves,  and  it  is  probably  true 
that  this  misunderstanding  is  due  to  the  lack  of  reasonable 
explanations,  in  which  those  best  fitted  to  know  concur.  The 
pros  and  cons  of  high  and  low  lift  valves  have  been  discussed 
before  this  Society  in  great  detail,  and  I  believe  that  I  am 
giving  the  consensus  of  opinion  in  this  regard  in  the  state- 
ment that  high  lift  valves,  so-called,  produce  more  or  less 
shock  at  closure  which  may  injure  the  boiler  itself,  and  is 
usually  a  serious  factor  in  determining  the  life  of  the  valve. 
The  Boiler  Code  Committee  of  the  Society  has  seen  tit,  in  its 
recent  report,  to  propose  a  limitation  in  the  lift  of  safety 
valves  of  approved  design,  a  fact  which  is  evidence  of  the 
above  statement. 

A  moment's  consideration  will  show  that  increasing  the  lift 
is,  except  for  changing  the  seat  angle,  the  only  available 
means  of  substantially  increasing  the  relieving  capacity  of  a 
valve  of  given  diameter,  and  further  consideration,  when  the 
tendency  in  steam  boiler  practice  is  taken  account  of,  results 
in  the  conclusion  that  high  lift  valves  must  come  into  common 
use.  The  absolute  necessity  for  high  discharge  capacity  valves 
has  led  English  designers  to  employ  auxiliary  pistons  acted 
on  by  boiler  pressure,  and  adapted  to  produce  high  lift.  To 
us  this  seems  an  awkward  method  of  solving  the  problem, 
when  it  is  remembered  that  most  producers  of  safety  valves 
state  that  they  can  build  high  lift  valves  of  the  ordinary  type. 
In  spite  of  the  economical  and  commercial  advantage  to  be 
gained,  such  valves  are  not  upon  the  market  and  are,  in  fact, 
frowned  upon  by  both  manufacturers  and  users. 


'  Instructor  in  mechanical  engineering,  Massachusetts  Institute  of 
Technology. 

Presented  at  the  Boston  local  section  of  The  .\meeican  Society 
OP   Mechanical   Engineers,  on   March    14,    1916. 


SAPETT    VALVE    SPECIFICATIOXS 

Most  specifications  in  force  at  the  present  day,  both  abroad 
and  at  home,  are  based  either  on  grate  area  or  heating  sur- 
face, and  are  recognized  by  engineers  to  be  misleading  and 
entirely  inadequate  for  present  day  practice.  This  fact  is 
evidenced  by  the  innovations  contained  in  the  report  of  the 
Boiler  Code  Committee,  which  bases  the  relieving  capacity  on 
the  greatest  possible  amount  of  steam  that  can  be  generated 
and  provides  that  valves  shall  take  care  of  this  maximum 
amount.  There  is  nothing  to  be  said  in  criticism  of  this  stand- 
point, as  experience  tells  us  that  every  boiler  plant  will  some 
day  have  to  depend  on  its  safety  valves  to  prevent  destruc- 
tion, and  that  in  this  emergency  they  should  not  be  found 
wanting.  The  difiiculty  of  this  method  is  the  lack  of  capacity 
of  valves  of  the  present  day  to  provide  means  for  economically 
taking  care  of  the  situation. 

I  venture  to  say  that  the  demands  of  the  rules  laid  down 
by  the  Boiler  Code  Committee  have  not  come  iiome  to  the 
boiler  users  at  present.  Whatever  the  position  of  the  boiler 
user,  the  basis  of  the  specifications  is  absolutely  right  and  just, 
and  they  distinctly  put  the  real  issue  on  the  valve  manufac- 
turer himself.  If  it  can  be  shown  by  one  or  a  group  of  valve 
manufacturers  that,  after  fulfilling  all  the  other  requirements 
incident  to  a  proper  safety  valve,  the  lifts  and  consequent 
discharge  capacities  are  well  above  those  allowed  by  the  speci- 
fications, then  the  table  of  capacities  must  be  revised  to  meet 
the  new  conditions  in  order  that  true  progress  may  not  be 
blocked. 

At  this  point  it  is  necessary  to  cite  a  few  examples  of  the 
workings  of  the  proposed  rules  in  order  that  the  true  status 
of  safety  valve  practice  may  be  illustrated.  One  of  the  most 
popular  boiler  units  found  in  present  day  plants  is  the  500 
h.p.  water  tube  boiler,  and,  equipped  with  stokers,  fans,  and 
pressure  regulators,  this  boiler  represents  current  practice. 
In  general  this  boiler  is  fitted  for  and  equipped  wth  two  4  in. 
valves  on  the  drums,  and  one  4  in.  valve  on  the  pipe  leading 
from  the  superheater.  In  general  such  valves  are  of  the  45 
deg.  seat  tjrpe,  and  reference  to  the  table  of  capacities  in  the 
proposed  rules  allows  us  to  determine  the  required  equipment 
for  this  boiler.  These  boilers  are  run  oftentimes  at  300  per 
cent  rating,  and  under  these  conditions  generate  approximately 
45,000  lb.  of  steam  per  hour.  If  the  boiler  pressure  be  taken 
as  200  lb.  gage,  it  will  be  found  that  with  the  maximum  lift 
allowed  in  the  table,  the  discharge  capacity  of  one  4  in.  valve 
is  9420  lb.  per  hour.  This  boiler  will  then  require  five  4  in. 
valves.  Now  the  specifications  state  that  should  two  or  more 
valves  be  connected  to  a  common  base,  the  nozzle  supplying 
the  combination  must  have  an  area  equal  to  the  combined  area 
of  the  valves  connected  thereto.  Since  most  of  this  type  of 
boilers  have  4  in.  valve  nozzles,  it  wiU  be  found  somewhat 
difficult  to  install  the  required  capacity  without  extensive 
changes.  Since  the  limiting  size  is  41/2  in.  diameter  and  since 
four  of  this  size  will  be  required,  there  is  little  to  be  gained 
in  this  direction,  as  all  the  connections  are  unsuitable  without 
the  same  extensive  changes. 

The  largest  single  boiler  unit  is  a  Stirling  type  boiler  of 
2356  boiler  h.p.  adapted  to  run  at  210  per  cent  rating.     A 
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simple  calculation  will  show  that  the  eombiued  discharge 
capacity  of  the  safety  valves  should  be  148,000  lb.  per  hour. 
This  installation  under  the  rules  would  require  eleven  valves 
of  the  maximum  size  and  maximum  lift  at  200  lb.  gage  pres- 
sure. The  safety  valves  of  a  boiler  of  this  size  would  probably 
be  piped  outboard,  and  under  the  proposed  specifications  this 
would  require  eleven  separate  discharge  pipes.  It  is  cus- 
tomary to  set  valves  connected  to  the  same  boiler  with  a  cer- 
tain range  of  pressure  between  their  respective  popping 
points.  If  they  are  set  2  lb.  apart,  then  the  total  range  of 
pressure  will  be  22  lb.  or  slightly  greater  than  10  per  cent  of 
the  working  pressure.  The  rules  require  that  the  installation 
of  valves  must  relieve  the  boiler  with  not  greater  than  6  per 
cent  accumulation  above  the  allowed  pressure.  It  is  true  that 
this  boiler  is  an  extreme  at  present,  but  it  does  represent- the 
tendency  of  present  day  practice. 

IMPORTANCE  OF  DISCHARGE   CAPACITY 

111  the  development  of  boilers  and  accessory  apparatus,  the 
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safety  valve  has  become  less  of  a  woi'kiiig  piece  of  apparatus 
and  more  of  a  safetj'  appliance.  Before  the  advent  of  stokers 
and  in  the  days  of  hand  regulation,  either  the  ash  pit  doors 
or  the  safety  valves  were  open  all  the  time.  Today  we  And 
ourselves  providing  a  rule  which  calls  upon  the  engineer  to 
see  that  his  valves  are  opened  once  a  day  at  least  to  insure 
that  they  are  in  working  order.  It  is  clear,  then,  that  the 
safety  valve  is  called  upon  in  the  emergency  only,  not  as  a 
pressure  regulator,  and  if  this  is  the  case,  should  not  its  dis- 
charge capacity  be  of  fundamental  importance? 

The  factors  which  tend  to  limit  the  discharge  capacity  of 
the  ordinary  type  of  valve  when  high  lifts  are  attempted  are 
the  apparent  impossibility  of  regulation  and  the  shock  pro- 
duced at  closure.  The  actual  valuation  of  the  shock  produced 
at  closure  defies  calculation  for  many  reasons,  but  it  can  be 
shown  experimentally  that  the  height  from  which  the  disc 
drops  to  sudden  closure  plays  an  important  part.  The  dia- 
grams shown  by  Figs.  1  and  2  represent  graphically  the  lift 
characteristics  of  high  and  low  lift  valves,  a  study  of  which 
shows  that  they  are  essentially  alike  in  all  characteristics,  but 
that  in  high  lift  valves  the  distance  through  which  the  disc 
drops  to  sudden  closure  is  much  greater  than  in  the  low  lift 
valves  and  actual  experience  tells  us  that  the  low  lifts  operate 
without  shock,  and  that  the  high  lifts  are  subject  to  tliat  defect 
ill  creater  or  less  degree.     If  this  is  the  case,  the  logical  solu- 


tion would  seem  to  be  a  valve  gi\'ing  a  diagram  like  lliat  shown 
by  Fig.  3,  in  which  the  lift  during  the  blowdown  period  grad- 
ually decreases  to  a  small  value  before  sudden  closure  takes 
place. 

We  are  not  vitally  interested  in  tlie  discharge  capacities  of 
valves  during  the  blowdown  period  provided  that  high  lift  can 
be  maintained  at  the  popping  pressure.  If  their  discharge 
capacity  is  such  that,  after  blowing,  the  blowdown  period  is 
finally  reached,  the  emergency  is  taken  care  of,  and  the  in- 
stallation is  safe.  In  order  to  produce  a  valve  which  will  give 
the  diagi'am  shown  in  Fig.  3,  it  is  necessary  to  keep  the  disc 
in  equilibrium  with  the  boiler  pressure,  while  that  pressure 
is  being  reduced  and  to  explain  tlie  factors,  it  is  necessary  to 
go  into  some  detail  as  regards  fundamental  theory. 

relation  between  discharge  and  pressure  under  disc 

The  first  tiling  to  investigate  is  the  variation  in  pressure  on 
the  spring  load  area  of  the  disc — in  other  words,  the  pressure 
which  exists  below  the  disc  in  advance  of  and  during  the  period 
of  blowing.     By  means  of  certain  assumptions  we  can  apply 


Fig.  4     Reduction  in  Area  Between  Boilei;  axi>   \aiak 

the  formula  of  How  proposed  by  Napier,  and  after  the  calcu- 
lations are  made  they  may  be  tempered  by  the  actual  condi- 
tions which  exist,  should  they  deviate  from  the  assumptions. 
Steam  in  the  course  of  its  passage  from  the  boiler  to  the 
atmosphere  encounters  two  reductions  in  area  of  passage, 
which  affect  the  pressure  under  the  disc,  one  at  entrance  to 
the  valve  or  the  nozzle,  and  the  other  at  the  seat.  The  ex- 
istent area  conditions  may  be  graphically  represented  by  Fig. 
4,  in  which  the  reduction  of  area  from  boiler  to  valve  is  de- 
noted by  the  section  at  A  and  over  the  seat  by  the  section  at  B. 
The  edges  of  the  passage  which  form  the  approach  to  the  sec- 
tion at  A  are  rounded  to  a  radius  equal  to  the  diameter  of  the 
passage  in  order  that  the  formula  that  we  shall  use  may  fit 
the  case  at  hand.  Let  P,  represent  the  boiler  pressure,  P..  the 
pressure  under  the  disc,  and  then  assume  that  by  some  means 
the  area  at  B  can  be  changed  as  desired.  When  flow  is  estab- 
lished and  conditions  have  become  constant,  the  weight  of 
steam  passing  the  section  B  is  the  same  as  that  passing  the 
section  ^1,  and  if  the  weight  passing  B  is  varied,  that  passing 
A  goes  through  the  same  variation.  Now  the  pressure  P..  de- 
pends on  the  weight  flowing  and  the  pressure  P^.  Assign  a 
constant  value  to  P,,  say  200  lb.  absolute  and  by  means  of  the 
following  formula,  calculate  the  pressure  P,  with  different 
weights  flowing.  So  long  as  the  discharge  capacity  by  B  is 
less  than  that  at  ^1,  the  formula 


IT  =  0.029  a  VPAP,  —  P.)  holds. 
This  formula  when  P,  is  assumed  to  be  constant  may  be  writ- 
ten : 


P,  = 


r, 


-^ 


\P, 
T 


w 

^0297)^ 

after  the  quadratic  equation  has  been  solved. 

Assume  now  for  an  actual  ease,  that  the  diameter  at  A  is 
2  in.,  giving  an  area  3.1416  sq.  in.  and  that  P,  is  equal  to  200 
lb.  absolute  boiler  pressure.  Then  calculate  different  values 
nf  P„  with  different  weights  (lowing.     These  values  of  P.  may 
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be  plotted  against  the  weights  and  the  curve  shown  by  Fig.  5 
will  result.  This  curve  is  interesting  since  it  represents  quan- 
tities which  may  be  arrived  at  by  calculation  only,  and  which 
must  exist.    Its  significance  is  as  follows : 

With  a  safety  valve  of  2  in.  nominal  diameter  and  adapted 
to  discharge  a  certain  weight  of  steam,  the  pressure  under  its 
disc  may  be  found  from  the  curve  as  follows:  Suppose  its 
discharge  is  6  lb.  per  sec. ;  then  the  points  C  and  D  are  located 
and  the  pressure  under  the  disc  may  be  read.  It  is  clear  then 
from  this  curve  that  the  pressure  under  the  disc  varies  as 
the  weight  of  flow  varies,  and  that  for  valves  of  low  lift  the 
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reduction  of  pressure  is  not  great,  but  that  for  high  lifts  it 
increases  rapidly.  This  curve  is  discontinuous  when  the 
pressure  under  the  disc  reaches  a  point  where  it  is  equal  to 
0.6  the  boiler  pressure,  under  which  conditions  the  area  at 
B  has  become  equal  to  that  at  A;  the  pressure  P .  is  the  min- 
imum possible,  and  to  all  intents  and  purposes  we  have  a 
standard  orifice,  so-caUed,  the  characteristics  of  which  are 
shown  by  Fig.  6. 

Our  only  assumptions  up  to  the  present  are  the  neglect 
of  friction  and  the  rounded  edges.  It  is  clear  that  friction 
and  square  edges  will  tend  to  increase  the  drop  in  pressure, 
since  both  tend  to  reduce  the  discharge  capacity  of  A,  and 
it  also  follows  that  maximum  capacity  is  not  available  with 
square  edges  at  ^4.  In  other  words,  the  full  advantage  of 
the  hole  in  the  boiler  is  not  available  unless  this  hole  has 
rounded  edges. 

There  results  from  the  further  consideration  of  the  curve 
in  Fig.  5,  a  simple  explanation  of  why  a  safety  valve  disc 
settles  back  after  the  first  sudden  pop.  Since  the  reduction 
of  pressure  on  the  disc  does  not  take  place  until  the  valve 
is  open  or  until  flow  is  established,  the  lifting  force  is,  at 
opening,  that  due  to  full  boiler  pressure,  and  the  instant 
flow  is  established  this  is  reduced  and  the  disc  must  neces- 
sarily settle  back  to  a  position  of  equilibrium.    The  design  of 


a  valve  must  then  incorporate  means  to  provide  lifting  force 
outside  the  seat  area,  to  make  up  for  the  reduction  of  upward 
force  on  the  load  area  due  to  drop  in  pressure  over  and 
above  that  necessary  to  compress  the  spring. 

In  any  safety  valve  there  are  three  factors  which  affect 
the  rate  of  flow  over  the  seat,  which  are  characteristics  of 
the  seat  itself.  They  are :  f,rst,  vertical  lift ;  second,  seat 
angle,  and  third,  the  contour  of  the  passage  which  approaches 
the  seat.  The  flat  seat  is  adapted  to  open  the  largest  area 
per  unit  of  vertical  lift,  and  hence  should  be  employed,  all 
other  things  being  equal.  Since  the  approach  to  a  standard 
orifice  makes  the  throat  sectional  area  100  per  cent  efficient, 
the  characteristics  of  such  an  orifice  should  be  employed. 
Professor  E.  F.  Miller,  of  the  Massachusetts  Institute  of 
Technology,  was  first  to  round  the  edges  of  a  safety  valve 
in  order  to  increase  the  efficiency  of  discharge  per  unit 
of  lift,  and  in  so  doing  took  a  long  step  in  the  direction 
of  high  safety  valve  efficiency.  The  valve  shown  in  Fig. 
7,  in  which  the  standard  orifice,  or  better,  its  practical  equiv- 
alent, is  incorporated,  follows  the  theory  proposed  by  him 
several  years  ago.  The  full  benefit  of  the  standard  orifice 
would  be  available,  regardless  of  the  type  of  lip  provided,  if 
the  passage  area  from  the  seat  outward  increased,  but  to 
produce  a  high  lift  valve  the  maximum  available  pressure 
between  the  lips  consistent  with  maximum  discharge  must  be 
used. 

STEAM  FLOW  AS  AFFECTED  BY   SHAPE  OF  ORIFICE 

A  consideration  of  the  pressure  conditions  within  a  standard 
orifice,  of  which  Fig.  6  is  an  example,  will  give  valuable 
information.  In  this  type  of  orifice  the  area  of  each  section 
after  the  throat  section,  is  equal  to  that  at  the  throat  section, 
and  it  has  been  found  that  at  the  throat  section  and  at 
each  section  of  equal  area  thereafter  the  pressure  is  very 
closely  equal  to  0.6  the  boiler  pressure,  and  that  the  back 
pressure  into  w^hich  this  orifice  discharges  has  no  effect  on 
either  the  weight  discharged  or  the  existent  orifice  pressures 
unless  this  back  pressure  exceeds  0.6  the  boiler  pressure.  If 
it  does  exceed  0.6  the  boiler  pressure  the  discharge  capacity 
is  reduced  and  the  pressure  throughout  the  orifice  is  increased. 
With  the  orifice  of  a  shape  shown  in  Fig.  8,  but  of  equal 
throat  sectional  area,  the  weight  discharged  is  the  same  as 
before,  but  the  pressure  after  the  throat  section  varies  in- 
versely as  the  area. 

It  follows  from  the  above  consideration  that  in  order  to 
produce  maximum  pressure  between  the  lips  there  must  exist 
at  full  lift  an  equality  of  area  at  each  section  outward  from 
the  throat  of  the  orifice  which  is  located  at  the  seat.  Since 
the  effective  disc  diameters  are  constantly  increasing,  the 
effective  lift  must  be  reduced  as  the  passage  is  lengthened. 
This  can  be  done  by  giving  the  passage  an  upward  slope,  as 
is  shown  by  Fig.  9,  which  illustrates  graphically  the  reduction 
of  effective  lift  with  increasing  diameters  such  as  D,  and  Z), 
at  which  the  vertical  and  effective  lifts  are  measured. 

If  a  valve  of  the  above  characteristics  is  constructed  and 
blown,  it  will  be  found  to  have  an  extremely  high  lift,  and 
the  opening  of  such  a  valve  is  so  sudden  as  to  be  truly  ex- 
plosive. A  very  large  percentage  of  the  pop  lift  is  sus- 
tained if  the  popping  pressure  is  held  constant,  and  when 
such  a  valve  starts  to  blow  down  the  lift  gradually  decreases 
during  the  blowdown  period  until  a  certain  point  is  reached, 
where  the  pressure  becomes  such  that  the  valve  disc  drops 
suddenly  to  closure.  This  construction  will  produce  a  blow- 
down  which  is  likely  to  be  a  third  of  the  boiler  pressure  and 
forces  its  designer  to  incorporate  means  of  regulation  which 
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will    give    a    small    blowdown    without    interfering    with    the 
capacity,  or  other  features  of  valve  action. 

REGULATION   FOR   WARNING  AND  BLOWDOWN 

The  question  of  adjustment  presents  the  real  difficulty  in 
safety  valve  design.  Means  for  regulation  should  in  general 
perform  their  functions  with  as  little  effect  as  is  possible  on 
the  lift  and,  per  unit  of  lift,  should  produce  no  effect  on 
the  discharge  capacity.  Other  than  lift,  the  two  functions 
to  be  controlled  by  regulation  of  the  variations  in  lifting 
force  are  warning  and  blowdown.  A  valve  which  chatters  or 
vibrates  at  the  instant  of  opening,  or  sizzles  at  that  time, 
shows  a  lack  of  lifting  force  at  low  lifts,  and  one  which  shows 
an  excessive  blowdown  demonstrates  that  the  lifting  force 
at  low  lifts  is  too  great  to  allow  of  closure,  and  it  follows 
that  the  requirements  of  warning  and  blowdown  are  some- 
what combative.  If  it  is  possible,  means  should  be  provided 
for  making,  in  so  far  as  is  possible,  the  means  adopted  to 
regulate  one  independent  of  the  other.  Blowdown  is  an  ab- 
solute necessity  on  the  spring  loaded  type,  due  to  the  exist- 
ence of  lifting  force  outside  the  spring  chamber,  and  it  is 
clear  that  attempts  to  reduce  the  blowdown  will  tend  to  de- 
crease the  lift  and  relieving  capacity.  In  general,— the  real 
secret  in  the  design  of  a  perfect  safety  valve  lies,  not  in  the 
production  of  excessive  lifting  force,  but  in  controlling  and 
adjusting  it;  the  action  of  a  valve  is  dependent,  not  on  the 
quantity  of  lifting  force,  but  on  variations  of  lifting  force 
with  discharge  capacity  and  pressure. 

DESIGN  OP   NEW  VALVE 

Fig.  10  shows  a  valve  which  has  means  for  adjustment 
which  are  based  on  the  production  of  variable  lifting  force 
as  stated  above.  The  two  annular  rings  shown  at  A  and  B 
carry  on  their  upper  surfaces  curves  which  approximate  in 
shape  the  curve  of  the  disc.  The  inner  ring  A,  which  I  choose 
to  call  the  warning  ring,  is  threaded  upon  the  base  of  the 
valve  just  outside  the  flat  seat  and  carries,  threaded  upon  it, 
the  ring  B,  which  is  adapted  to  control  the  blowdown.  These 
rings  may  be  lowered  away  from  the  disc,  or  given  what  I 
choose  to  call  initial  clearance. 

Now  it  is  clear  that  if  both  of  these  rings  are  lowered, 
an  extreme  distance,  when  the  v'alve  tends  to  open  no  lift- 
ing force  will  be  available.  If  the  ring  A  is  raised  to  a 
position  near  the  valve  disc,  a  lifting  force  will  be  provided 
which  will  depend,  first,  on  the  pressure  produced  between  it 
and  the  disc,  and  second,  on  the  extent  of  the  disc  area  on 
which  this  pressure  acts.  As  was  shown  m  the  discussion  of 
the  standard  orifice,  the  pressure  depends  on  the  area  of 
the  passage  and  the  area  in  the  valve  is  a  function  of  the 
initial  clearance  and  the  shape  of  the  curve.  These  factors 
are  built  into  the  valve  to  produce  the  desired  result,  which 
is  to  provide  lifting  force  at  small  lifts  to  overcome  exces- 
sive warning,  and  it  has  been  found  that  with  the  proper 
shape  of  ring,  on  its  initial  clearance,  depends  the  warning 
of  the  valve.  Since  this  warning  ring  alone  produces  only 
small  lifts,  it  has  no  appreciable  effect  on  the  blowdown. 

Now  as  the  blowdown  ring  B  is  raised  from  its  lowest  posi- 
tion, there  is  a  tendency  to  build  up  pressure  between  it 
and  the  disc  when  the  valve  is  open,  which  tendency  increases 
as  the  disc  is  approached.  If  a  reasonably  large  clearance 
is  left,  it  is  clear  that  this  ring  produces  almost  no  lifting 
force  at  low  lift,  since  the  area  of  the  passage  along  this 
ring  is  large  in  comparison  to  that  over  the  seat,  and  it 
follows,  also,  that  as  the  disc  lifts  the  effect  of  this  initial 
clearance  on  the  area  of  the  passage  becomes  less  and  less 


as  lifting  continues.  This  can  be  illustrated  by  a  simple 
calculation.  Suppose  that,  measured  at  the  extreme  outside 
edge  of  this  ring,  the  initial  clearance  is  0.03  in.  and  that  the 
angle  at  this  point  is  45  deg. ;  then  if  the  disc  lifts  0.1  in.  in 
a  vertical  direction,  the  height  of  the  passage  over  the  seat 
will  be  0.1  in.,  and  at  the  extreme  edge  the  increase  in  passage 
height  perpendicular  to  the  curves  will  be  0.07  in.,  since  with 
a  45  deg.  angle  the  vertical  lift  is  only  seven-tenths  effective — 
so  that  the  total  height  of  the  passage  is  0.1  in.,  the  same 
as  that  over  the  seat.  Suppose  now  that  lifting  continues; 
the  area  at  the  "edge  of  this  ring  gradually  approaches  that 
over  the  seat  and  can  be  made  to  become  equal  to  it  by  proper 
design  at  any  chosen  lift.  It  is  clear  then  that  for  all  of  the 
initial  clearance  a£  the  rings,  we  have  at  full  lift  gotten  back 
to  the  area  conditions  of  a  standard  orifice. 
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Fig.  6    Pressure  Conditions  for  Fig.    7    Valve    Incor- 
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Fig.    8    Pressure    Vart-      Fig.  9    Valve  with  Maximum 
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Fig.  10    Valve  Adjustable  for  Variable  Lifting  Force 

Tests  of  this  valve  prove  the  value  of'  this  method  of  regu- 
lation in  that  all  the  requirements  of  practice  are  afforded  by 
it  for  all  of  the  high  lifts.  Any  one  sufBeiently  interested 
can  lay  out  a  valve  of  this  type,  and  he  will  find  that  if  the 
characteristics  of  the  spring  to  be  used  are  known,  he  can 
calculate  with  reasonable  accuracy  the  lifting  force  at  any 
lift  and  also  an  approximate  value  of  the  total  lift.  In  cal- 
culations of  this  nature,  the  reduction  of  pressure  on  the 
spring  load  area,  as  previously  explained  in  this  paper,  must 
be  taken  into  consideration. 

diagrams  showing  performance  op  experimental  valves 

I  have  witli  some  difficulty  succeeded  in  getting  some  dia- 
gi-ams  from  valves  under  ser\ice  conditions  which,  I  believe, 
show  in  detail  the  results  of  the  methods  of  regulation  whi<;li 
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are  employed.  Fig.  11  shows  a  photograph  of  the  arrange- 
ments of  the  valves  for  testing.  The  tests  from  which  the 
diagrams  were  secured  were  carried  on  at  the  power  plant 
connected  with  the  new  buildings  to  .  be  occupied  by  the 
Massachusetts  Institute  of  Technology. 

One  of  the  regular  4  in.  valves  was  removed  and  a  Y-base 
substituted  in  its  place;  the  regular  4  in.  was  then  placed  on 
one  of  the  branches  and  on  the  other  was  placed  a  special 
by-passed  gate  valve,  and  fmally,  on  top  of  this,  the  valve 
on  test  was  connected.  Under  the  above  conditions  the  valve 
on  test  was  well  above  3  ft.  higher  than  the  top  of  the  drum. 
Those  experienced  in  safety  valve  action  will  realize  that 
this  height  is  apt  to  seriously  affect  the  action  of  the  ordi- 
nary valve.  The  recording  apparatus  used  consisted  of  a 
clock  motion  adapted  to  turn  a  chart  once  in  15  minutes. 
Bearing  on  this  chart  was  a  pen  rigidly  connected  to  the 
spindle  of  the  valve  and  adapted  to  leave  a  record  thereon 


Fig.   11    Valve  Arranged  for  Test 

of  lift  with  respect  to  time,  the  lifts  being  multiplied  by  a 
ratio  of  approximately  four  to  one. 

Fig.  12  shows  a  chart  of  the  performance  of  a  valve  with 
a  2>4  in.  seat.  This  valve  was  blown  at  150  lb.  gage  boiler 
pressure  and  showed,  under  the  existent  regulation,  5  lb. 
blow-down  and  almost  no  warning.  In  order  that  it  may 
be  clearly  understood,  it  has  been  transferred  to  a  diagram 
having  rectilinear  axes,  on  which  is  plotted  the  scale  of  lifts 
which  resulted  from  the  calibration  of  the  recording  lift  gage 
with  an  accurate  micrometer.  In  Fig.  13  the  sudden  pop 
lift  is  shown  at  A,  and  the  corresponding  sustained  lift  at  B. 
The  variations  in  lift  at  the  point  B  are  further  evidence  of 
the  readjustments  of  pressure  which  determine  the  pop  and 
sustained  lifts,  an  idea  of  which  may  be  gained  from  the 
theoretical  considerations  previously  stated  in  this  paper. 
The  discharge  capacity  of  this  valve  was  such  that  the  pop- 
ping pressure  was  not  maintained,  and  the  curve  from  B  to  C 
shows  the  reduction  in  lift,  which  in  this  type  always  corre- 


sponds to  a  reduction  in  boiler  pressure.  At  C  the  valve 
closed  suddenly  with  less  than  half  its  initial  sustained  lift 
prevailing. 

In  other  words,  the  drop  lift  of  this  valve,  which  is  numer- 
ically 0.09  in.,  is  about  equal  to  that  of  a  low  lift  valve,  while 
its  discharge  capacity  at  popping  pressure  is  nearly  twice 
as  great  as  regards  lift,  and  is  even  more  when  seat  angle 
and  efficiency  are  taken  into  account.  This  diagram  shows 
the  action  of  the  valve  when  adjusted  to  give  action  somewhat 
similar  to  that  to  be  found  in  some  types  of  valves  now  pro- 
curable, and  is  in  a  good  many  ways  ideal.  Attention  is  called 
to  the  smootlmess  of  the  curve  between  B  and  C  as  evidence 
of  the  equilibrium  between  lift  and  boiler  pressure  existent 
as  the  boiler  pressure  is  reduced. 

Fig.  14  shows  precisely  the  same  valve  with  its  outside  or 
blowdown  ring  lowered  slightly.  This  diagram  is,  like  the 
one  preceding,  a  photograph  of  the  actual  diagram,  and  has 
not  been  transferred  to  rectilinear  axes  because  of  the  diffi- 
culty in  showing  the  fluctuations  in  lift.  The  section  of  the 
curve  at  -4  shows  the  pop  and  sustained  lifts  as  before.  From 
Z?  to  C  is  shown  the  gradual  reduction  of  lift  corresponding 
to  decreasing  boiler  pressure,  until  the  point  C  is  reached, 
where  the  disc  suddenly  falls  from  a  reasonably  high  lift 
to  a  much  lower  one.  This  action  is  due  to  the  large  initial 
clearance  of  the  blowdown  ring,  which  throws  it  out  of  action 
entirely  when  the  lift  value  at  C  is  reached.  The  fluctuations 
in  lift  at  the  point  C  show  the  lack  of  equilibrium  at  this 
point  in  the  action,  which  results  flnally  in  the  drop  to  the 
lower  lift.  At  the  lower  lift,  represented  by  D,  all  the  sup- 
porting force  is  that  due  to  the  inner  or  warning  ring. 

The  downward  slope  of  the  curve  from  D  to  E  shows  the 
tendency  of  the  valve  to  decrease  its  lift  with  decreasing 
pressure  and  closure  would  doubtless  have  taken  place  at  D, 
had  not  the  fans  been  started  at  this  point  in  an  attempt  to 
force  the  pressure  back  to  the  popping  pressure.  The  sec- 
tion from  £  to  F  shows  an  increase  in  lift  corresponding  to 
the  increase  in  pi'essure.  The  fluctuations  in  lift  during  this 
period  show  the  tendency  of  the  blowdown  ring  to  come  into 
action,  it  being  prevented  from  doing  so  only  by  the  lack  of 
pressure.  The  fans  were  shut  off  without  orders  at  F,  and  the 
valve  immediately  blew  down  and  closed  with  0.04  in.  closing 
lift  at  G.  If  we  suppose  the  diagram  to  have  been  com- 
pleted by  closure  at  D,  as  would  have  been  the  case  without 
the  attempted  accumulation,  this  diagram  would  then  repre- 
sent the  action  of  a  high  lift  valve  with  a  closing  lift  less 
than  that  obtainable  from  any  low  lift  valve  of  ordinary  de- 
sign. That  this  action  can  be  and  is  continually  repeated  by 
valves  of  this  type  is  a  fact  to  which  every  one  who  has  been 
a  witness  of  the  blowing  of  this  valve  will  testify.  To  those 
who  have  heard  such  vah  es  blow  no  diagrams  are  necessary. 

It  was  decided  after  the  two  preceding  diagrams  were  se- 
cured to  change  to  a  smaller  valve  of  lower  discharge  capacity, 
under  which  the  pressure  could  be  regulated  as  desired.  It 
is  my  purpose  to  bring  out  by  the  three  diagrams  which  follow 
the  faculty  this  type  of  valve  has  to  respond,  under  ordi- 
nary conditions  of  regulation,  to  accumulated  pressure  above 
the  opening  pressure.  The  new  Boiler  Code  rules,  if  put  into 
force,  will  allow  6  per  cent  accumulation  of  pressure,  and  I 
wish  to  show  by  the  diagrams  what  advantage  may  be  taken  of 
this  accumulation. 

Fig.  15  shows  a  chart  taken  from  a  2  in.  valve  in  which 
the  pressure  was  not  allowed  to  accumulate.  The  low  closing 
lift  in  comparison  to  the  sustained  lift  is  to  be  noted.  Fig. 
16  shows  the  same  valve  with  an  accumulation  of  pressure 
over  the  opening  pressure  of  4  per  cent.     This  is  under  the 
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same  regulation  couditions  as  the  next  preceding  chart.  The 
substantial  increase  in  lift  and  corresponding  discharge  ca- 
pacity is  to  be  noted,  together  with  the  same  closing  lift. 

In  Fig.  17  the  valve  was  regulated  to  give  a  low  sustained 
lift,  and  was  then  given  the  full  6  per  cent  accumulation. 
It  is  clear  that  the  lift  at  B  is  more  than  100  per  cent  greater 
than  that  at  A,  so  that  the  discharge  capacity  at  6  per  cent 
accumulation  is  more  than  100  per  cent  greater  than  that  at 
the  opening  pressure.  The  low  closing  lift  is  to  be  noted  as 
before.  The  blowdown  on  this  valve  was  about  2  lb.,  so  that 
this  chart  was  made  between  a  maximum  pressure  of  159  lb. 
and  a  minimum  pressure  of  148  lb.  The  new  Boiler  Code  speci- 
fications rate  valves  on  their  sustained  lift  at  the  popping 
pressure,  and  so  it  is  clear  that  with  this  type  the  basis  is 
amply  safe. 

In  presenting  the  diagram  (Fig.  18)  for  consideration  I 
believe  that  I  am  showing  a  safety  valve  which  is  absolutely 
new,  both  in  conception  and  results.     It  has  been  the  aim  of 


(litiou  imposed  by  absolute  safety  being  that  at  slightly  above 
the  popping  pressure,  the  lift  will  have  increased  to  such  an 
extent  that  any  possible  emergency  will  be  taken  care  of. 

Fig.  18  shows  a  diagram  from  a  valve  which  produces  the 
above  action,  and  is  what  may  be  called  a  second  opening 
valve.  Many  of  this  type  have  been  built,  and  it  has  been 
found  that  with  the  proper  regulation  of  rings,  all  valves 
having  two  rings  will  produce  this  action  in  modified  form. 
Imagine,  first,  one  of  the  ordinary  type  blown  with  the  out- 
side ring  removed.  This  would  result  in  a  low  lift  and  a  very 
low  blowdown.  Now  suppose  that  the  blowdown  ring  is  in 
place,  but  that  it  is  given  such  a  large  initial  clearance  that 
the  valve  will  act,  provided  that  it  has  sufficient  capacity  to 
relieve  the  boiler,  exactly  as  before,  but  if  it  has  not  the 
required  capacity  the  pressure  will  accumulate  and  the  in- 
crease of  lift  resulting  with  only  the  inner  ring  in  action  will 
finally  bring  the  outer  ring  into  action,  and  a  second  pop 
will  occur.     This  pop  will  result  in  a  high  lift,  with  eorre- 


FiG.  12    Performance  or  2y2-iN.  Experimental  Valve         Fig.  14    Valve  op  Fig.  12  with  Blowdown  Ring  Lowered 


safety  valve  designers  to  produce  a  valve  which  relieves  a 
boiler  with  an  action  which  is  smooth  and  containing  as  few 
sudden  fluctuations  in  pressure  as  is  possible.  The  Boiler 
Code    Committee    recognized    the    capabilities    of    standard 


Pop  Li-ff- 0.26', 

Su5+ained  Lifi 0.16 

Closing  Lift 0.09" 

Discharge  Capaciig  ai  0.16  Liff—I0j550lb. 

Seai  Diamehr-2'2 


Fig.  13    Analysis  op  Diagram  Shown  in  Fig.  12 

valves  to  respond  to  accumulated  pressure  by  incorpo- 
rating the  6  per  cent  accumulation  rule.  The  ideal  safety 
valve  for  practical  purposes  is,  I  believe,  one  in  which  a 
reasonably  low  lift  is  maintained  at  the  popping  pressure, 
but  one  which  will  on  the  slightest  accumulation  respond 
with  an  extremely  high  lift  to  take  care  of  the  emergency. 
If  a  low  lift  is  available  at  the  popping  pressure  for  ordi- 
nary relief,  a  low  blowdown  may  be  incorporated,  the  con- 


sponding  high  discharge  capacity,  and  the  valve  size  may  be 
proportioned  to  give  the  required  safety. 

That  this  action  can  be  accomplished  in  actual  practice  is 
shown  by  the  diagram  in  Fig.  18,  which  resulted  from  the 
action  of  a  1^  in.  valve  on  a  boiler,  or  rather  boilers,  of  suffi- 
cient capacity  to  produce  the  required  accumulation.  The 
first  pop  and  sustained  lifts  are  shown  at  A,  the  sustained 
lift  being  very  low.  The  increase  in  lift  between  A  and  B 
finally  results  in  the  second  pop,  shown  at  B,  which  is  the 
result  of  accumulated  pressure.  Between  B  and  C  the  lift 
gradually  falls  as  the  pressure  is  reduced,  until  at  C  the  out- 
side ring  goes  out  of  action  and  the  disc  drops  to  a  low  lift, 
which  is  at  the  given  pressure  just  sustainable  by  the  inner 
ring.  As  the  pressure  is  reduced  the  lift  decreases,  and  after 
a  slight  blowdown  the  valve  closes  at  D  with  a  very  low 
closing  lift.  This  valve  had  a  seat  diameter  of  1%  in.  and 
lifted  at  its  highest  sustained  point  about  0.11  in.  This  lift 
was  the  result  of  about  4  per  cent  accumulation,  and  the  cal- 
culated discharge  capacity  is  5100  lb.  per  hour,  which  is 
approximately  170  boiler  h.p. 

FEATURES    OP    DESIGN 

Careful  design  wiU  allow  of  bringing  the  second  pop  down 
very  near  the  first  one,  and  the  limits  of  regulation  may  be 
so  built  into  the  valve  by  limiting  the  possible  up  and  down 
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motion  of  rings,  so  that  this  second  pop  will  always  come 
within  a  given  range  of  pressure.  This  type  of  action  has 
many  advantages  to  recommend  it.  The  absence  of  sudden 
excessive  changes  in  relieving  capacity  and  the  low  lift  at 
closure  are  evident  from  the  diagram.  It  is  dear  that  if  a 
boiler  had  two  valves  of  this  type,  the  second  might  be  set 
to  blow  at  a  pressure  corresponding  to  the  point  O  on  the 
diagram,  so  that  the  two  valves  would  be  able  to  handle  the 


The  installation  would  then  be  essentially  a  low  lift  installa- 
tion, but  would  have  all  the  advantages  of  high  lift  in  the 
case  of  emergency. 


DISCHARGE  TESTS 


In  the  course  of  my  experimental  work  very  few  discharge 
tests  could  be  run,  since  most  available  plants  have  no  means 
of  measuring  the  water  used.     Three  tests  were  run  at  An- 


FiG.  1.5    2-ix.  Valve:  Slstained  Lift  and  Low  Closing 

Lift 


Fifi.  17    2-iN.  Valve:  Low  Sustained  Lift  with  Pressure 

ACCUMTTLATION 


Fig.   16    2-in.   Valve:   Pressure  Accumulation   Betvteen 
Opening  and  Closing 

table  1  results  of  discharge  tests  on  2  and  2H-IN.  valves 


Valve 
Diameter 

Opemng 
Pressure 

Blowing 
Pressure 

Percentage 
Accumula- 
tion 

Discharge 
in  Pounds 
per  Hour 

Efficiency 

Lift 

2.5" 
2.5" 
2.0" 

150  Lb. 
200  Lb. 
200  Lb. 

158.8  Lb. 

212.9  Lb. 
203.4  Lb. 

5.86% 
6.44% 
1.7   % 

17.325      !      99.43% 
16,892          78.88% 
10,176         101.57% 

.252 
.238 
.145 

Above  pressures  are  by  the  gage. 


boiler  at  all  ordinary  times  without  the  second  pop,  but  in 
the  case  of  emergency  both  would  rise  to  the  second  pop  lift. 


Fig.  18    A  "  Second  Opening  "  Valve 

napolis,  Md.,  at  the  L'nited  States  Naval  Experiment  Station, 
the  results  of  which  are  useful  in  this  paper  only  in  so  far  as 
they  establish  the  fact  that  the  efficiency  of  the  standard 
orifice  type  is  so  nearly  100  per  cent  per  unit  of  lift  that 
the  accepted  formula  used  will  not  show  accurately  the  devi- 
ation from  the  above  efficiency.  Three  capacity  tests  were 
made,  two  with  a  seat  diameter  of  25^  in.  and  one  with  a 
seat  diameter  of  2  in.  Two  of  the  tests  were  run  at  the  reg- 
ular, 6  per  cent  over-pressure  common  to  Navy  practice.  The 
results  reported  by  the  station  are  shown  in  Table  1. 

The  test  in  which  the  efficiency  fell  off  to  78.88  per  cent  is 
reported  by  them  to  be  a  mistake  which,  after  the  test,  was 
impossible  of  correction,  so  I  think  that  it  is  fair  to  assume 
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that  we  may  accept  the  results  as  evidence  of  the  fact  that 
the  discharge  efficiency  is  so  nearly  100  per  cent  that  for 
ordinary  calculations  the  efficiency  may  be  neglected. 

It  is  always  interesting  to  compare  the  results  obtained 
from  any  piece  of  apparatus  with  those  which  we  know  to 
be  theoretically  possible.  In  the  ease  of  safety  valves  the 
full  opening  valve  serves  as  a  convenient  basis  of  compari- 
son, in  that  its  capacities  may  be  calculated  without  ref- 
erence to  the  type  of  valve  used.  If  we  attach  a  standard 
orifice  to  a  boiler  we  have  then  the  most  efficient  way  of  dis- 
charging steam,  and  this  on  a  basis  of  throat  diameter  may 
be  characterized  as  the  full  opening  valve. 

In  column  1,  Table  2,  are  shown  the  capacities  of  full 
opening  valves  of  several  diameters  figured  directly  from 
Napier's  formula.  Column  2  shows  the  discharge  capacity  of 
valves  of  the  same  diameters  as  read  from  the  table  in  the 
recent  A.S.M.E.  Boiler  Code.  I  have  assumed  that  these 
values  represent  standard  conservative  practice.  Column  3 
shows  the  discharge  capacity  of  the  type  of  valve  which  I 
have  described,  and  is  the  result  of  calculations  involving  the 
lift  as  measured  from  the  diagrams  at  the  popping  pressure. 

It  seems  reasonable  to  believe  that  the  spring  load  of  a 
safety  valve  is  to  some  extent  a  measure  of  the  shock  at 
closure,  which  may  be  expected.     Since  all  valves  of  the  same 


Fig.  19    Steam  Safety  Valve  op  Approved  Design 

diameter  have  approximately  the  same  spring  load,  some  other 
basis  than  diameter  must  be  chosen  for  comparison.  Discharge 
capacity  is  the  first  requisite  in  all  valves,  and  so  the  spring 
load  has  been  calculated  per  1000  lb.  of  steam  discharged  per 
hour.  Column  4  shows  the  spring  load  per  1000  lb.  dis- 
charge of  full  opening  valves,  which  is,  of  course,  constant. 
Columns  5  and  6  show  the  same  quantity  calculated  for  A.S. 
M.E.  valves  and  for  the  proposed  type.  Columns  7  and  8 
show  the  percentage  of  full  opening  attained  by  the  two 
available  types. 

There  is  reason  to  believe  that  we  shall  soon  have  boilers 
which  will  operate  at  600  lb.  pressure.  Consideration  of  some 
of  the  values  given  in  this  table  is  interesting  in  this  connec- 
tion. A  4  in.  valve  set  at  600  lb.  pressure  will  have  a  spring 
load  of  approximately  7540  lb.,  or  about  3i/2  tons.  Now  if 
a  2  in.  valve  can  be  constructed  to  give  twice  the  lift  of  the 


4  in.,  it  will  have  the  same  discharge  capacity,  but  its  spring 
load  will  be  only  one  quarter  as  great,  or  1885  lb.  In  other 
words,   the   discharge   capacity   varies   as   the   first   power   of 

TABLE  2     calculated  CAPACITIES  OF  FULL  OPENING  VALVES 
Opening  Pressure  150  Lb.  Gage 


Nominal  Valve  Diameter 


1  Discharge  capacity  of  a  full 

opening  valve 6,660 

2  Discbarge         capacity         of 

A.S. M.E. valves  (from  table) 

3  Discharge    capacit.v    of    pro- 

posed tj-pe  (from  tests) 

4  Spring  load  of  (1)  in  pounds 

per  1000  lb.  discharged 

5  Same  for  A.S.M.E 

6  Same  for  proposed  type 

7  Percentage  of  full  opening  at- 

tained by  proposed  type 

8  Same  for  A.S.M.E 


1" 

134" 

2" 

2W 

3" 

3K" 

6,660 

14,900 

26.600 

41,600 

59,900 

81,600 

904 

1,625 

2,529 
5,310 

3,613 
10,640 

5,419 

6,9.54 

17.7 

17.7 

17.7 

17.7 

17.7 

17.7 

131 

120 

185 
88.5 

26.6 

204 
69.2 

25.6 

196 

208 

13.6 

10.9 

9.51 

8.67 

9.05 

8.50 

106,500 
8,670 


17.7 
218 


8.15 


Fig.  20    Locomotive  Valve  op  Approved  Design 

the  diameter  and  the  lift,  but  the  spring  load,  which  is  inde- 
pendent of  the  lift,  increases  as  the  square  of  the  diameter. 
It  seems  clear  from  this  that  high  pressure  boilers  will  of 
necessity  require  small-diameter  high-lift  valves. 

This  table  shows  the  net  result  of  the  development  in  spring- 
loaded  safety  valves,  and  serves  to  emphasize  the  opportunities 
which  may  be  grasped  by  the  designer. 

The  question  of  the  effect  of  back  pressure  in  the  easing 
of  a  safety  valve  has  been  much  discussed.  It  has  been  said 
that  it  may  operate  in  two  ways  to  reduce  the  discharge 
capacity.  First,  the  effective  lifts  may  be  reduced,  and,  sec- 
ond, it  has  been  held  that  back  pressure  reduces  the  efficiency 
of  discharge  of  the  orifice.  If  any  of  the  disc  area  is  exposed 
to  back  pressure,  the  lifts  will  be  reduced  to  some  extent,  but 
consideration  of  the  theory  of  flow  through  an  orifice,  and  par- 
ticularly a  standard  orifice,  brings  out  the  fact  that  as  long  as 
the  back  pressure  in  the  casing  is  less  than  0.6  the  boiler  pres- 
sure, the  discharge  of  the  orifice  is  not  affected. 

The  discharge  capacity  tests  made  some  years  ago  by  Mr. 
P.  G.  Darling  went  some  distance  in  establishing  this  fact, 
although  no  general  conclusions  were  drawn.  It  remained 
for  a  section  of  a  Committee  of  the  American  Society  of 
Refrigerating  Engineers,  with  Professor  E.  F.  Miller  as  chair- 
man, to  establish  this  fact  beyond  question.     In  refrigeration 
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installations  long  discbarge  pipes  are  required,  and  tlie  back 
pressure  built  up  in  tbem  as  a  result  of  pipe  friction  produces 
so  much  back  pressure  that  either  the  ordinary  type  of  valve 
is  useless  or  its  discharge  pipe  must  be  of  an  excessive  size. 
The  experimental  work  resulted  in  a  valve  which  was  so  con- 
structed as  to  take  advantage  of  back  pressure  to  increase  its 
lift  without  in  any  way  having  its  discharge  capacity  per  unit 
of  lift  reduced.  This  valve  is  due  to  the  ingenuity  of  Mr.  F. 
L.  Fairbanks  of  the  Quincy  Market  Cold  Storage  and  Ware- 
house Co.,  and  has  been  adopted  as  the  standard  in  Massachu- 
setts. 

EFFECT  OF  BACK  PRESSURE 

The  possibility  of  back  pressure  operates  to  reduce  the 
discharge  pipes  to  reasonable  sizes  in  spite  of  their  length. 
There  are  many  economical  advantages  to  be  gained  for  steam 
users  by  a  valve  which  will  operate  without  harmful  effect 
of  back  pressure.  First,  the  sizes  of  discbai-ge  pipes  may 
1)6  reduced,  and,  second,  several  valves  may  be  connected  into 
a  common  discharge  pipe. 

EXAMPLES  OP  THE  NEW  VALVES 

Fig.  19  shows  a  complete  view  of  a  valve  which  has 
the   above   advantages.      In   the   first   place,   valves   of   high 


Fig.  21    Marine  Valve  of  Approved  Design 

lift,  and  by  that  I  mean  higher  lift  than  any  of  those 
obtainable  at  present,  must  be  guided  from  above,  as  guides 
in  the  base  will  cause  too  great  a  drop  in  pressure  on 
the  disc  area.  In  this  view  the  disc  is  made  in  the  shape 
of  a  hollow  piston,  which  is  guided  by  a  cylindrical  sleeve 
which  encloses  the  spring  chamber.  The  fit  existent  between 
these  is  extremely  loose,  and  no  attempt  is  made  to  prevent 
leakage  by  the  disc.  This  loose  fit  insures  that  the  disc  will 
not  bind  because  of  expansion  or  contraction  between  the 
members  due  to  temperature  changes,  and  is  long  enough  in 
relation  to  the  diameter  of  the  disc  so  that  it  wiU  never  cock. 
Its  looseness  alone  insures  that  the  disc  will  come  to  a  uni- 
form bearing  on  the  seat,  and  it  has  been  found  that  under  no 
conditions  of  back  pressure  has  the  leakage  by  it  been  suffi- 
cient to  produce  pressure  in  the  spring  chamber,  which  is 
always  fitted  with  a  vent.  With  this  type,  the  back  pressure 
may  be  built  up  to  nearly  0.6  the  boiler  pressure  without 
hampering  the  discharge  capacity  in  the  least,  and  since  the 
back  pressure  is  a  result  of  the  effective  opening  of  the  valve, 
it  has  no  effect  whatever  on  regulation,  if  it  is  brought  about 
by  the  means  shown. 

In  the  case  of  duplex  or  triplex  valves  having  a  common 


discharge  pipe,  the  opening  of  one  will  tend  to  open  the  other, 
due  to  the  exposed  area  outside  the  seat  and  the  impossibility 
of  back  pressure  acting  downward  on  the  disc.  It  must  be 
understood  that  the  commercial  types  of  valves  which  are 
shown  in  the  following  illustrations  are  not  dependent  on  back 
pressure  for  any  part  of  their  action,  but  are  in  every  case 
adapted  to  work  with  it,  without  harmful  effect.  Fig.  20 
shows  a  locomotive  ^alve  of  approved  design,  and  Fig.  21  the 
proposed  marine  type  of  exceedingly  large  capacity. 

Having  shown  a  valve  in  which  there  is  substantial  increase 
in  dischai'ge  capacity  over  those  in  use  at  present,  and  having 
demonstrated  that  this  may  be  accomplished  with  lower  closing 
lifts  than  are  now  the  rule,  attention  is  called  to  a  possible 
improvement  in  this  type.  It  will  have  been  noted  by  this  time 
that  in  all  the  types  shown,  the  passage  turns  upward  from 
the  seat  region,  and  it  is  also  clear  that  so  far  as  the  area 
conditions  go  it  might  as  well  be  turned  downward.  If  it  is 
turned  downward,  the  area  conditions  will  remain  constant, 
as  illustrated  in  Fig.  22,  but  there  wiU  be  available  as  lifting 
force  a  factor  which  would  act  upward  on  the  disc,  and  which 
is  commonly  known  as  a  jet  action.  Some  few  valves  of  this 
type  have  been  constructed,  and  the  results  gained  have  been 
convincing  of  their  possibilities.  Enormous  lifts  have  been 
attained  with  the  same  absence  of  shock  at  closure  as  is  the 
ease  with  valves  herein  described.  The  problem  has  been  by 
no  means  solved,  but  advances  have  been  made  in  a  direc- 
tion which  tends  to  indicate  that  it  wUl  be  solved  finally,  and 
will  result  in  enormous  discharge  capacities  per  inch  of  valve 
diameter,  with  the  same  efficiency  per  unit  of  lift.    It  is  clear 


Fig.  22    Valve  with  "  Jet  Action  " 

from  a  consideration  of  the  diagram  that  the  force  due  to 
jet  action  will  not  be  destroyed  by  back  pressure,  as  the 
velocity  of  the  issuing  jet  of  steam  is  a  function  of  the  orifice 
pressure,  which  pressure  is  not  affected  by  the  back  pressure. 

In  closing  this  paper,  attention  is  directed  to  the  fact  that 
tliis  valve  is  not  essentially  a  high  lift  valve.  It  may  be 
designed  to  give  low  lifts  as  well  as  high  lifts,  and  is  easily 
adaptable  to  the  proposed  specifications.  It  will,  of  course, 
under  the  specifications,  benefit,  by  reason  of  its  flat  seat,  by 
a  discharge  capacity  about  30  per  cent  greater  than  the  45 
deg.  seat  now  in  common  use. 

I  have  shown  that  it  is  possible  to  produce  a  valve  of 
Iiigh  lift  as  regards  discharge  capacity  and  low  lift  as  regards 
the  shock  at  closure.  This  one  feature  alone  removes  the  most 
serious  objection  to  high  Uft.  It  is  clear  that  for  all  of  the 
reasonably  high  initial  lift  the  valves  have  a  marked  faculty 
to  respond  to  over  pressure.  Finally,  high  lift  valves  must 
come  into  general  use  as  the  safety  requirements  in  boiler 
practice  must  be  more  economically  met  than  is  the  case  at 
present.  It  is  distinctly  the  province  of  the  experienced  and 
unbiased  engineer  to  lay  down  the  rules  that  will  govern 
future  safety  valve  installations,  but  in  determining  the  rules 
the  valves  must  be  considered  on  a  basis  of  discharge  capacity 
and  action  rather  than  lift. 
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PORTLAND  CEMENT 
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WHILE  the  Portland  cement  manufacturing  industry 
has  grown  from  an  output  of  a  few  hundred 
barrels  per  year  to  about  lUI)  niilliuii  barrels  annually,  and 
.  while  the  mechanical  part  of  the  manufacture  has  under- 
gone many  changes,  the  installation  of  improved  machinery 
having  almost  revolutionized  the  former  art  of  making  the 
cement,  the  chemical  process  in  itself  is  carried  out  in  the 
same  way,  based  on  chemical  laws  and  definitions  laid  down 
by  the  investigation  and  vpork  of  Fuchs  and  Vicat,  two  dis- 
tinguished scientists  of  the  early  part  of  the  last  century.  Of 
course,  the  advanced  knowledge  of  chemistry  and  the  re- 
searches of  eminent  men  have  given  us  more  and  truer  knowl- 
edge of  the  chemical  composition  of  cement,  and  in  order  to 
throw  more  light  and  awaken  more  interest  in  research,  a 
prize  has  been  offered  by  the  Prussian  Government  for  the  best 
essay  on  the  constitution  and  hardening  process  of  hydraulic 
cements,  and  efforts  are  renewed  to  solve  this  much  disputed 
problem. 

Portland  cement  is  a  hydraulic  cementing  material  with  not 
less  than  1.7  parts  by  weight  of  lime  to  1  part  of  soluble 
silica  plus  alumina  and  iron.  The  lime  necessary  to  produce 
Portland  cement  is  found  as  limestone  called  calcareous  mat- 
ter, and  the  silica,  alumina  and  iron  are  found  in  clay,  called 
silicious  matter;  the  calcareous  and  silicious  materials  are 
mixed  in  proper  proportions  and  burned  to  incipient  fusion 
at  a  temperature  of  about  2600  to  2800  deg.  fahr.  and  the 
resulting  clinker  ground,  to  which  3  per  cent  of  gypsum  is 
added  to  regulate  the  setting  time.  Portland  cement  should 
not  have  more  than  1.75  per  cent  sulphuric  acid,  which  is 
equivalent  to  about  3  per  cent  calcium  sulphate  or  gypsum, 
and  not  more  than  4  per  cent  magnesia,  although  these  specifi- 
cations vary  in  different  countries. 

Chemically  Portland  cement  is  a  salt  composed  of  acid  and 
basic  constituents  of  such  a  composition  that  none  of  the 
bases  are  unsaturated.  The  main  elements  are  siUea,  alumina 
and  iron,  known  as  the  acids,  and  the  lime  and  the  magnesia 
are  known  as  the  bases.  When  limestone  and  clay  have  been  in- 
timately mixed  and  ground  together  to  an  impalpable  powder, 
this  then  represents  the  mechanical  mixture  of  acid  and  basic 
constituents,  or  what  is  the  same,  the  silicious  and  calcareous 
materials.  In  subjecting  this  mechanical  mixture  of  limestone 
and  clay  to  the  influence  of  heat  at  about  2GO0  to  2800  deg. 
fahr.,  the  mechanical  mixture  is  converted  into  a  chemical 
mixture  or  compound,  and  limestone  and  clay  exist  no  longer 
in  their  original  form,  but  are  converted  into  an  entirely  new 
chemical  compound,  a  clinker,  called  tri-caleium  silicate. 

Various  theories  are  advanced  on  the  chemical  composition 
of  cement.  According  to  Zulkowsky,  there  are  existing  two 
isomorphous  compounds  of  the  di-calcium  silicate,  the  non- 
ortho  active  modification,  the  ortho  silicates,  the  active  modifi- 
cation and  the  basic  meta-silicates.  The  meta-silicate  is  con- 
sidered a  strong  hydraulite,  having  hardening  properties  in 
contact  with  water.  The  ortho  silicate  has  no  hydraulic  prop- 
erties and  disintegrates.    In  other  words,  silica,  Hme,  alumina 


and  iron  must  be  present  in  such  a  ratio  that  certain  chemical 
action  is  produced. 

According  to  Le  Chatelier.  whose  work  has  long  been  con- 
sidered the  modern  theory  on  cement,  cement  is  a  tri-calcium 
silicate.  Professor  Miehaelis  recently  advanced  the  colloid 
theory,  which  might  give  an  entirely  new  view  on  the  constitu- 
ents of  cements.  Clilford  Richardson  made  a  very  thorough 
microscopic  examination  of  cement  cluiker  and  his  studies 
are  very  interesting.  According  to  these  theories,  the  total 
basic  constituents  of  any  cement  expressed  in  equivalents 
should  not  be  gTeater  than  three  times  the  total  acid  constit- 
uents expressed  in  ecjuivalents.  According  to  Miehaelis,  the 
composition  of  the  cement  should  be  such  that  the  ratio  of  the 
acid  constituents  to  the  basic  constituents  shall  be  from  1.8  to 
2.2  times  larger  by  weight.  This  formula  is  the  one  most 
used  and  enables  the  composition  to  be  judged  from  the 
analysis  very  quickly. 

In  Portland  cement  each  element  performs  a  certain  func- 
tion, and  therefore  the  elements  should  have  a  certain  ratio  to 
each  other,  as  follows : 


Lime  to  silica. . . . 
Alumina  to  iron. 
Iron  to   alumina. 
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...  2.8:1  minimum;  3.2:1  maximum; 
...  2.5:1  minimum;  3.5 :1  maximum ; 
...   2.0 :1  minimum ;  3.0 :1  maximum. 

The  chemical  composition  of  Portland  cement  is  very  uni- 
form and  is  usually  as  follows :  silica,  from  20  to  23  per  cent ; 
alumina,  from  5  to  8.5  per  cent;  iron  oxide,  from  1  to  4  per 
cent;  lime,  from  60  to  64  per  cent;  magnesia,  from  0.5  to  3.5 
per  cent,  and  sulphuric  acid,  from  1.5  to  2.5  per  cent. 

There  are  certain  formulae  for  the  calculation  of  the  proper 
proportion  of  each  raw  material  in  relation  to  the  others  ac- 
cording to  chemical  composition  and  physical  nature.  One 
of  the  most  convenient  which  is  used  is  a  formula  according 
to  C.  Shoch  by  which  the  desired  ratio  can  be  determined  ac- 
cording to  the  analysis  of  the  materials  which  are  calculated 
on  the  total  silicates  containing  silica,  alumina  and  iron. 
However,  no  matter  what  formula  might  be  chosen,  the  Port- 
land cement  raw  mixture  contains  usually  from  42  to  43  per 
cent  lime  and  20  to  21  per  cent  silica,  or  a  ratio  of  2:1;  this 
may  sometimes  be  as  low  as  1.8:1  and  as  high  as  2.2:1. 

Portland  cement  contains  usually  from  5  to  8  per  cent 
alumina.  With  an  increased  amoimt  of  alumina  the  cement 
becomes  quicker  setting,  and  if  the  alumina  content  reaches 
about  9  per  cent,  the  cement  becomes  very  quick  setting,  due 
to  the  formation  of  a  tri-caleium  aluminate.  If  alumina  is 
present  in  quantities  exceeding  a  certain  limit  it  is  consid- 
ered detrimental,  as  it  not  only  produces  a  quick  setting  ce- 
ment, but  has  a  greater  expansion  power,  especially  if  harden- 
ing takes  place  in  sea  water  or  water  containing  alkaline 
matter.  The  aluminates  are  parts  of  a  cement  which  are  most 
easily  acted  ujjon  by  certain  salts  contained  in  sea  water,  form- 
ing water  soluble  compounds  which  in  time  destroy  the  cement. 

Iron  in  a  cement  combines  with  lime  and  acts  as  flux  sim- 
ilar to  alumina  in  lowering  the  fusing  point  between  the  acid 
and  basic  constituents.  Iron  will  give  cement  a  darker  color. 
Alumina  might  be  replaced  by  iron  giving  an  excellent  cement 
fior  marine  work.  In  fact,  there  are  now  manufactured  in 
Germany  iron  Portland  cements  which  are  claimed  to  be 
superior  to  ordinary  Portland  cements  for  sea  water  construc- 
tion. 

The  effect  of  magnesia  on  cement  is  still  a  matter  of  investi- 
gation, but  all  agree  that  a  large  amount  of  magnesia  is  detri- 
mental to  cement.  It  is  of  so  much  more  danger  than  other 
constituents  as  the  expansion  power  of  magnesia  will  occur 
long  after  setting.    The  general  specifications  call  for  not  more 
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than  4  per  cent  magnesia,  while  the  German  specifications 
allow  a  limit  of  5  per  cent.  Candelot  in  his  investigation 
stated  that  magnesia  produced  the  same  effect  as  free  lime. 
In  recent  years  the  many  accidents  occurring  in  construction 
where  magnesia  cements  have  been  used  have  drawn  attention 
to  this  question.  Magnesia  cements  give  very  good  results  in 
tests,  and  masonry  made  with  these  cements  shows  desirable 
solidity  sometimes  during  several  years,  but  after  a  certain 
time  swelling  begins  to  manifest  itself,  and  with  such  intensity 
that  nothing  can  resist  it.  Candelot  stated  that  a  rod  of 
magnesia  cement  1  m.  long  was  found  to  elongate  26  mm.  in 
three  years.  Dykerhoffer  stated,  after  very  thorough  research 
work,  in  which  he  studied  the  effects  of  magnesia,  that  when 
magnesia  is  added  to  the  raw  material  or  substituted  for  an 
equivalent  portion  of  lime,  it  causes  a  decrease  in  strength  in 
the  resulting  cement  if  present  in  a  proportion  greater  than 
4  per  cent.  Cracking  occurs  only  with  8  per  cent  magnesia 
or  more. 

It  is  known  that  magnesia  compounds  become  hydi'ated 
much  more  slowly  than  calcium  compounds,  and  this  is  evident 
as  although  concrete  consisting  of  calcium  silicate  and  alum- 
inate  will  harden  and  set  in  a  proper  manner,  cement  contain- 
ing magnesia  either  in  combined  form  or  as  free  magnesia  will, 
due  to  the  slow  hydration  after  setting,  undergo  changes  and 
molecular  movements,  causing  expansion  and  cracking.  The 
natural  cements  contain  usually  from  16  to  22  per  cent  mag- 
nesia, but  here  the  magnesia  has  no  injurious  effects  as  in 
Portland  cement.  The  trouble  lays  in  the  burning,  as  while 
Portland  cement  raw  mixture  is  burned  at  a  high  temperature 
to  effect  incipient  fusion,  forming  a  very  dense  clinker,  in  a 
natural  cement  mixture  only  a  moderate  heat  is  applied  to 
drive  off  the  carbon  dioxide.  The  resulting  clinker  is  soft  and 
the  magnesia  is  hydrated  here  very  quickly;  the  hard  clinker 
obtained  with  this  process  is  picked  out  and  not  used. 

The  amount  of  sulphuric  acid  in  a  Portland  cement  should 
not  exceed  1.75  per  cent,  but  according  to  the  German  specifi- 
cations 2.5  per  cent  is  allowed.  The  presence  of  sulphuric  acid 
in  a  cement  is  due  to  the  addition  of  calcium  sulphate,  which 
is  added  in  the  form  of  rock  gypsum  or  burned  plaster  before 
or  after  grinding  the  clinker.  Portland  cement  clinker  is 
more  or  less  quick  setting,  and,  in  order  to  retard  or  regulate 
the  setting  time,  a  small  amount  of  gypsum  is  added.  The 
amount  depends  on  the  composition  of  the  raw  materials — 
usually  from  2.5  to  3  per  cent  is  added. 

Portland  cement  clinker  usually  contains  about  0.1  to  0.4 
per  cent  of  sulphuric  acid  due  to  the  sulphates  in  the  raw 
materials,  which  are  mostly  converted  by  the  high  heat  to 
volatile  acid  and  driven  off.  A  small  amount  of  this  acid 
is  also  due  to  the  ash  from  the  coal,  which  becomes  part  of 
the  cement.  If  the  burning  or  fusion  takes  place  in  a  reducing 
atmosphere,  the  sulphates  will  be  converted  to  sulphides,  form- 
ing mostly  iron  and  calcium  sulphides,  which  will  again  be 
oxidized  to  sulphates.  The  small  amoimt  of  calcium  sulphate 
added  to  cement  retards  the  setting  time. 

When  cement  is  mixed  with  water  chemical  action  takes 
place  at  once,  according  to  Le  Chatelier.  The  hardening  proc- 
ess is  due  to  a  deposit  of  inter-locking  crystals  from  a  supei^ 
saturated  solution,  part  of  the  water  entering  into  chemical 
combination.  There  are  two  distinct  chemical  actions  which 
take  place,  the  setting  or  hydration  and  the  crystallization  or 
hardening  process.  The  process  of  setting  is  due  to  the  forma- 
tion of  aluminates  of  calcium,  developing  a  certain  degree  of 
heat,  but  the  addition  of  calcium  sulphate  prevents  quick 
hydration  by  forming  sulphate  of  aluminate  of  calcium,  which 
hydrates  very  slowly  without  developing  heat. 


Along  with  the  hydration  the  hardening  process  is  begin- 
ning very  slowly.  The  tri-calcium  silicate  is  decomposed  by 
the  action  of  water  to  mono-calcium  silicate  and  calcium 
hydrate.  The  process  of  crystallization  begins  very  slowly, 
and  as  time  goes  on  the  crystals  become  closer  interlaced,  form- 
ing a  denser  body  and  attain  a  stone-like  character,  called 
hydraulic  character,  and  it  is  this  process  which  makes  Port- 
land cement  such  a  high  grade  hydraulic  mortar.  If  once 
formed,  no  action  of  the  elements  can  disturb  its  increasing 
crystallization,  and  as  Portland  cement  is  the  binding  medium 
in  concrete,  any  suitable  aggregate  will  become  embodied  and 
form  an  unseparable  bond  of  natural  stone. 

Portland  cement  develops  in  the  hardening  process  about 
40  per  cent  of  its  total  strength  in  the  first  24  hr.,  60  to  70 
per  cent  in  7  days,  80  to  85  per  cent  in  about  30  days,  and  it 
will  attain  its  maximum  strength  in  about  6  to  12  months, 
depending  on  the  season  of  the  year.  This  explains  why  a 
cement  of  24  hr.  is  not  as  strong  as  at  7  days,  and  at  7  days 
not  as  strong  as  at  28  days. 

There  are  several  processes  by  which  Portland  cement  is 
manufactured,  the  wet  process,  the  semi-wet  process  and  the 
dry  process.  In  this  country  almost  95  per  cent  of  the  total 
product  is  made  by  the  dry  process.  The  production  in  this 
country  has  reached  92,000.000  barrels  annually. 

One  of  the  most  modern  Portland  cement  mills  has  been 
recently  erected  at  Mason  City,  Iowa,  by  the  Northwestern 
States  Portland  Cement  Company.  The  annual  capacity  of 
this  plant  is  about  2,000,000  bawels.  In  it  are  indicated  the 
many  changes  and  improvements  that  the  Portland  cement 
industry  has  undergone,  by  the  adoption  of  economical  ma- 
chinery, etc.  The  plant  at  Mason  City  is  the  seventh  erected 
according  to  the  Cowham  system. 

The  materials  used  at  Mason  City  are  Kmestone  and  clay, 
which  are  found  in  almost  perfect  composition  in  the  vicinity. 
The  quarry,  which  is  only  a  few  hundred  feet  away  from  the 
plant,  has  a  limestone  averaging  about  97  per  cent  pure 
carbonate  of  lime,  and  many  acres  of  it  are  owned  by  the 
company.  The  physical  characteristics  of  this  quarry  are 
a  very  important  feature.  It  has  not  only  horizontal  seams, 
but  vertical  seams  at  right  angles  to  the  others,  and  the  seams 
are  so  close  that  the  rock  is  in  reality  a  multiplicity  of  smaU 
cubes,  and  very  little  blasting  is  necessary  to  tear  them  asunder. 

A  large  steam  sho^•el  with  a  3-yard  dipper  is  used  in  load- 
ing this  rock  in  side  open  cars  that  are  hauled  by  a  Shay  loco- 
motive to  the  plant.  The  stone  is  dumped  into  a  receiving 
hopper  of  a  gyratory  crusher,  which  crushes  the  rock  to  a 
4  in.  cube  size,  and  from  here  it  is  elevated  to  the  top  of  the 
crusher  building  and  again  crushed  by  two  small  crushers  to 
cubes  about  2  in.  and  finer.  The  stone  then  passes  into  a  set 
of  rolls,  which  crushes  it  to  about  %  in.  size  and  finer.  The 
crushed  material  is  next  discharged  into  the  bottom  run  of  a 
24  by  32  in.  McCaslin  conveyor  which  encircles  the  stone  dry- 
ing, stone  crushing  and  stone  storage  building  like  a  belt.  The 
stone  storage  building  has  a  capacity  of  about  30,000  tons  of 
stone.  The  top  run  is  located  in  the  monitor  of  the  building, 
and  the  bottom  run  is  located  in  a  tunnel  under  the  storage 
pile.  The  conveyor  permits  of  delivering  the  stone  directly 
from  the  rolls  to  the  dryer  bins,  or  into  the  storage  building. 

As  it  is  necessary  to  dry  the  stone  before  further  reduction 
in  size  is  made,  this  is  done  by  two  rotary  stone  dryers  into 
which  the  stone  is  fed  from  the  stone  bins  by  Gates  oscillating 
feeders.  Each  of  these  dryers  consists  of  a  fire-brick-lined 
cylindrical  steel  shell,  6  ft.  diameter  by  60  ft.  long,  mounted 
on  two  sets  of  carrying  mechanisms.  They  are  set  on  a  slight 
slope,  with  the  feed  end  a  little  higher  than  the  discharge  end ;. 
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and  the  furnace  is  located  at  the  lower,  or  discharge  end.  The 
heat  comes  into  intimate  contact  with  the  particles  of  stone 
as  the  dryer  has  shelves  in  it  which  raise  the  stone  and  shower 
it  through  the  heated  air  and  gases  passing-  through  the  dryer. 

From  the  dryers  the  stone  is  elevated  and  discharged  into 
eight  steel  bins,  from  which  it  is  discharged  by  means  of  feed- 
ers into  Krupp  ball  mills.  These  ball  mills  take  the  output 
of  the  crusher  above  described  and  reduce  it  to  coarse  grit 
of  which  50  per  cent  will  pass  through  a  100  mesh  sieve.  This 
mill  consists  of  a  drum  of  a  diameter  about  double  its  length, 
filled  with  5000  1-lb.  steel  balls,  and  the  lining  is  made  up 
of  over-lapping  steel  plates  which  form  steps  or  shelves  on 
the  inside.     This  drum  revolves  at  a  speed  of  about  26  r.p.m. 

The  clay  fields  are  located  about  11/2  miles  southwest  of  the 
plant.  No  stripping  is  necessary  as  the  clay  is  suitable  directly 
beneath  the  grass  roots.  A  specially  designed  plow  drawn 
by  a  traction  engine  is  used  to  plow  this  clay  to  the  depth  of 
about  1  in.,  so  that  the  air  and  sun  can  get  a  chance  to  dry  it 
out.  The  clay  fields  are  kept  higher  in  the  middle  than  at  the 
edges  in  order  to  have  easy  drainage. 

The  clay  is  gathered  by  means  of  a  specially  designed 
gathering  machine  on  scrapers  (revolving  cylinders),  each 
drawn  by  a  team  of  horses,  which  load  automatically.  When 
loaded  the  team  is  driven  over  a  bridge  under  which  the  clay 
track  runs  and  the  clay  is  dumped  automatically  through  an 
opening  into  side-dump  cars.  When  a  certain  number  of  cars 
are  loaded  the  train  is  hauled  to  the  plant  and  up  onto  a 
trestle,  where  the  ears  are  dumped  m  a  few  seconds.  The 
clay  is  then  discharged,  by  means  of  a  belt,  into  clay  pans, 
where  the  grinding  of  the  clay  takes  place.  From  here  it  is 
raised  into  an  elevated  bin,  from  which  it  is  fed  into  the 
rotary  clay  dryers,  which  are  similar  to  the  stone  dryers. 
After  drying,  the  clay  goes  either  to  the  clay  storage  room  or 
to  the  mixing  station  into  a  steel  mixer  alongside  the  stone 
mixer.  The  clay  storage  has  a  capacity  of  about  15,000  tons 
of  clay.  There  is  also  another  large  clay  storage  building  at 
the  clay  fields,  holding  approximately  the  same  amount  of  this 
material. 

In  the  meantime,  while  these  materials  are  being  prepared, 
samples  have  been  taken  at  every  step  at  certain  intervals  and 
tested  at  the  laboratory,  and  the  chemist,  knowing  the  composi- 
tion of  the  limestone  and  of  the  clay,  is  now  in  position  to 
direct  the  proper  amounts  to  be  mixed  to  obtain  the  proper 
raw  mix.  The  ground  stone  and  the  finely  divided  clay  are 
stored  in  adjoming  bins  of  steel,  and  steel  spouts  lead  the 
materials  through  shut-off  gates  to  steel  lioppers  mounted  on 
scales.  There  are  two  sets  of  scales,  each  of  which  is  so  ar- 
ranged that  the  weighman  can  see  the  poise  but  cannot  tamper 
with  the  weights,  as  the  scale  beams  are  in  a  box  which  is 
locked  and  the  key  held  by  the  chemist  on  watch;  the  adjust- 
ment of  these  scales  is  tested  very  often  by  the  chemist.  The 
stone  is  weighed  first  and  then  the  clay  is  run  in  on  top  of 
the  stone — approximately  9000  lb.  of  the  two  materials  is 
weighed  per  batch. 

After  passing  through  a  rotary  mixer  this  material  is  con- 
veyed to  Allis-Chalmers  tube  mills  for  a  finer  grinding  and 
mixing.  These  tube  mills  are  steel  cylinders  5  ft.  in  diameter 
by  22  ft.  long,  supported  at  each  end  by  trunnions,  and  filled 
about  one-half  full  with  flint  pebbles  imported  from  Denmark, 
which  are  about  the  size  of  one's  fist.  The  mixture  is  ground 
to  a  fineness  such  that  about  97  per  cent  will  pass  through  a 
100  mesh  sieve. 

The  raw  mix,  now  prepared  to  its  necessary  fineness,  is 
conveyed  and  elevated  to  the  kiln  building,  where  the  raw 
mixture  is  calcined,  and  after  all  the  carbon  dioxide  is  driven 


off,  the  acid  and  basic  constituents  are  fused,  fonning  tri- 
calcium  silicates.  The  fusion  takes  place  at  about  2800  deg. 
fahr.  The  clinker,  as  the  fused  mixture  is  now  called,  drops 
from  the  kilns  into  a  pit  and  is  conveyed  to  the  clinker  cool- 
ing station.  The  kilns  are  similar  in  their  construction  to 
the  stone  and  clay  dryers  mentioned  heretofore,  except  that 
they  are  larger.  These  large  cylinders,  which  are  constructed 
of  sheet  steel  9-16  in.  thick  and  lined  with  fire-brick,  are  sup- 
ported at  a  slight  incline  from  the  horizontal  by  means  of 
rolled  steel  tires,  each  of  which  revolves  at  about  one-half  a 
revolution  per  minute  on  four  heavy  cast  steel  rollers  mounted 
in  pairs  on  a  rocker.  Each  of  these  kilns  weighs,  with  its  load 
of  fire-brick  and  charge  of  mix,  approximately  175  tons. 

A  large  amount  of  coal  is  used  for  fuel  in  these  rotary 
kilns,  which  after  being  dried  and  powdered  in  suitable  grind- 
ing machinery  to  a  fineness  of  about  97  per  cent  through  a  100 
mesh  sieve,  is  conveyed  to  steel  hoppers  in  the  rear  of  the 
kiln  building,  and  then  fed  through  pipes  into  the  lower  ends 
of  the  revolving  cylinders  and  blown  with  a  pressure  of  4  oz. 
per  sq.  in.  through  5-in.  pipes. 

The  cooled  clinker  is  next  conveyed  and  elevated  to  the 
Kent  mill  buildmg,  where  the  clinker  is  reduced  to  the  size 
of  fine  sand.  This  fine  clinker  passes  over  a  series  of  screens 
separating  the  coarser  clinker  from  the  fine  clinker.  The  fine 
clinker  goes  on  to  the  gypsum  station,  while  the  coarser  is 
conveyed  back  to  the  Kent  mill  for  regi-inding.  The  fmely 
ground  clinker  passes  into  a  hopper  having  a  capacity  of  five 
barrels,  to  which  a  weighed  amount  of  gypsum  is  added. 
There  are  two  of  these  hoppers,  to  allow  feeding  and  discharg- 
ing alternately.  By  this  process  the  addition  of  gypsum  is 
uniform  at  all  times,  as  the  clinker  is  weighed  and  the  gypsum 
weighed  also,  insuring  perfect  unifoi'mity. 

The  clinker  with  the  addition  of  gypsum  is  then  elevated 
and  conveyed  to  the  finish  tube  mills,  which  are  similar  to  the 
raw  mix  tube  mills.  Here  the  clinker  is  ground  to  the  desired 
fineness,  which  is  on  the  average  of  about  96  to  97  per  cent 
through  a  100  mesh  sieve.  Tests  of  fineness  of  the  cement 
are  made  from  each  mill  every  hour  before  the  cement  enters 
the  warehouse.  At  this  point  samples  of  the  cement  are  de- 
livered to  the  laboratory  each  hour  for  the  general  tests  of 
fineness,  setting  time  and  soundness.  The  warehouses  in 
which  the  finished  cement  is  stored  have  a  capacity  of  600.000 
barrels. 

After  the  cement  has  been  tested  for  the  necessary  tests 
already  mentioned,  with  tlie  addition  for  tensile  strength,  the 
cement  is  then  discharged  from  the  warehouse  bins  into  a 
conveyor  running  in  a  tunnel  underneath  the  bins  and  ele- 
vated to  bins  above  the  packing  machines,  where  the  cement 
is  packed  in  bags  ready  for  shipment.  Samples  are  taken 
during  the  loading  of  each  car  of  cement  and  tested  again  at 
the  laboratory  before  the  ear  leaves  the  yards.  The  samples 
of  cement  are  kept  on  file  for  six  months.  Perfect  records  of 
shipments  and  tests  are  kejjt  in  the  laboratory,  where  they 
can  be  referred  to. 

The  entire  building  equipment  of  the  Northwestern  States 
plant  covers  an  area  of  about  40  acres  of  ground,  and  the  build- 
ings on  the  plant  proper  are  arranged  in  a  unique  order,  so  that 
the  material  always  advances  from  the  crushing  end  througli 
the  various  departments  until  it  arrives  at  the  packing  room, 
where  it  is  loaded  onto  the  cars.  About  1,600  carloads  of 
machinery,  materials,  etc.,  of  construction  (exclusive  of  sand, 
gravel  and  crushed  rock)  were  used  in  the  building  of  this 
plant.  The  plant  as  it  is  to-day  represents  an  actual  cash 
investment  of  $2,7.50,000.  and  the  daily  capacity  is  6,000  bar- 
rels of  cement. 
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EQUITABLE    SPECIFICATIONS   AND 
CONTRACTS 

BY  HILLIS  F.  HACKEDORN,'   INDIANAPOLIS,   IND. 

Non-member 

THE  American  Society  of  Engineering  Contractors,  ever 
since  its  organization  in  1909,  has  had  a  number  of 
ideals  to  which  it  has  chiug  tenaciousl}'.  One  of  these  is  the 
idea  of  equitable  specifications  and  contracts;  specifications 
that  are  written  fully  and  completely  describing  the  work 
down  to  the  minutest  detail,  eliminating  aU  guesswork  and 
conveying  to  the  contractor  completely  the  ideas  of  the  engi- 
neer; describing  fully  what  work  he  expects  to  do,  how  he 
expects  to  do  it,  sequence  of  the  performance  and  the  results 
iie  expects  to  obtain,  leaving  nothing  for  future  argument, 
nothing  for  guesswork. 

In  reading  over  many  specifications  and  contracts,  it  more 
than  frequently  occurs  to  me  that  the  engineer  who  lias  written 
them  seems  to  take  the  position  that  the  contractor  is  bound 
to  be  dishonest,  ever  ready  to  take  advantage  of  the  slightest 
point  to  "  put  one  over  "  the  engineer  and  owner.  But  all  con- 
tractors are  not  dishonest,  and  it  has  been  my  pleasure  during 
an  experience  of  almost  20  j'ears  in  the  construction  of 
reinforced  concrete  bridges,  to  meet  a  number  of  gentlemen 
in  the  contracting  business  with  ideals  and  aims  as  high 
and  honoraoie  as  in  any  other  industry,  occupation,  business 
or  profession;  likewise  have  I  met  contractors  whose  knowl- 
edge of  the  contracting  business,  and  incidentally  of  the  engi- 
neering profession,  has  been  as  broad,  liberal  and  authentic 
as  any  engineer  I  have  ever  known. 

One  of  the  greatest  impositions  that  is  ever  placed  on  the 
contractor  is  by  the  engineer  whose  specifications  fairly  teem 
with  the  expression  "  to  the  satisfaction  of  the  engineer."  This 
very-much-abused,  never-understood,  and  impossible-to-fore- 
cast expression  is  about  as  serious  a  handicap  as  can  be  hung 
onto  a  contractor  who  is  making  up  an  estimate  of  cost  on 
any  type  of  construction.  It  leaves  such  a  wide  field  for  guess- 
work, it  opens  up  such  a  broad  avenue  of  opportunity  for  the 
engineer  or  inspector  to  "  get  even  "  with  the  contractor  for 
some  fancied  or  real  grievance.  It  is  something  against  which 
a  contractor  has  no  opportunity  whatever  to  protect  himself. 

This  phrase  impresses  the  contractor  as  an  evidence  of  either 
lack  of  knowledge  on  the  part  of  the  engineer  or  laziness  in 
preparation  of  the  specifications,  and  in  many  instances  tlie 
contractor  views  these  clauses  in  the  light  of  a  club  to  be  held 
over  his  head  during  the  construction  of  the  work.  They  im- 
press him  with  the  belief  that  the  engineer  thinks  he  wants 
certain  things  done  but  if  the  contractor  learns  during  con- 
struction that  the  engineer  wants  something  else  done,  the 
contractor  must  pay  for  the  change.  The  engineer  should  be 
sufficiently  advised  and  have  sufficient  knowledge  of  all  con- 
ditions surrounding  the  work  to  enable  him  to  make  up  a  cor- 
rect detailed  guaranteed  design  and  estimate.  He  should  have 
the  nerve  to  stand  pat  on  his  estimate  and  likewise  should  not 
expect  the  contractor  to  make  good  the  cost  of  any  mistake  he 
may  make  in  the  preparation  of  plans  and  specifications; 
neither  should  the  contractor  be  put  to  the  expense  of  thor- 
oughly checking  the  engineer's  estimates,  and  all  engineering 
and  contractors'  organizations  should  join  in  an  effort  to  edu- 
cate specification  writers  to  a  proper  conception  of  what  is 
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lair  and  equitable  to  owners,  engineers  and  contractors  alike. 

In  Great  Britain  carefully  prepared  schedules  a.-;  to  quan- 
tities are  submit  ted  to  the  contractor.  These  qu;tntities  are 
guaranteed,  and  in  case  of  en'or,  the  contractor  has  a  ground 
of  action  against  the  quantity  surveyor  if  his  bill  of  quantities 
is  wrong.  This  method  enables  the  contractor  to  estimate 
much  more  closely  as  to  the  cost  of  the  work  than  under  cus- 
toms in  this  country,  where  all  estimates  of  quantities  are 
frankly  labeled  as  guesses,  and  the  engineer  dodges  all  re- 
sponsibility by  stating  that  the  contractor  must  assume  all  the 
hazard  as  to  errors  in  such  estimates.  Of  course,  the  con- 
tractor under  these  conditions,  must  charge  for  an  element  of 
chance  which  should  not  enter  into  the  proposition.  The  engi- 
neer should  make  his  estimates  carefully  and  thoroughly  and 
be  ready  to  stand  behind  them  in  case  of  error.  I  know  of 
but  one  bridge  engineer  who  guarantees  his  quantity  estimates 
and  as  a  result  biddei-s  can  make  much  closer  estimates,  know- 
ing as  they  do,  that  he  wUl  stand  responsible  for  any  errors 
ill  his  quantity  statements. 

An  unfair  engineering  jjractice  frequently  resorted  to  in 
the  writing  of  specifications  is  to  require  the  contractor  to 
l)repare  the  detailed  working  drawings  for  the  job,  including, 
for  reinforced  concrete,  bending  diagrams  and  special  details 
as  to  connections  of  reinforcement,  thereby  making  it  neces- 
sary for  the  contractor  to  maintain  a  much  more  extensive 
engineering  and  drafting  department  than  would  be  otherwise 
required  if  the  engineer  did  his  full  duty,  preparing  all  detail 
j)lans  and  working  drawings  so  that  there  would  be  no  ques- 
tion in  the  contractor's  mind,  when  he  bid  on  the  work,  exactly 
liow  the  work  was  to  be  executed  to  the  most  minute  detail. 
In  addition  to  this,  some  specifications  require  that  the  con- 
ti'actor  "  having  checked  the  plans  shall  be  responsible  for  the 
correctness  of  all  drawings,  as  to  dimensions,  elevations  and 
mutual  correlation  of  various  parts,"  thereby  making  the  con- 
tractor absolutely  responsible  for  the  correctness  of  the  engi- 
neer's design  and  drawings,  and  in  case  of  an  error,  tlie  ex- 
pense of  correction  is  unfairly  placed  on  the  contractor.  The 
contractor  is  given  no  extra  allowance  for  preparing  these 
drawings,  but  must  do  it  at  his  own  expense  and  deduct  it 
from  his  estimated  profits,  when  it  should  be  taken  from  the 
engineer's  fee. 

Our  position  in  the  matter  of  detailed  specifications  is  that 
we  know  of  no  legitimate  reason  why  the  contractor  should 
not  have  full  detailed  information  as  to  what  will  be  required 
in  the  execution  of  a  given  contract  before  the  contract  is 
signed,  rather  than  make  haphazard  guesses  on  small  scale 
drawings  and  indefinite  specifications  frequently  lacking  in 
vital  information.  If  detailed  drawings  have  not  been  com- 
jileted  before  the  date  upon  which  bids  are  requested,  the  date 
should  be  postponed  to  give  the  engineer  an  opportunity  to 
prepare  complete  working  drawings.  It  takes  no  longer  to 
study  the  details  of  a  structure  before  the  contract  is  executed 
than  after,  and  a  careful  preparation  of  detailed  drawings 
and  the  writing  of  complete  specifications,  would  frequently 
result  in  saving  of  cost  to  the  owner  because  of  the  necessity 
of  the  contractor  to  add  a  certain  percentage  to  cover  tlie  uncer- 
tainties of  plans  and  specifications. 

Another  question  in  which  many  engineers  err  in  judgment 
i^  in  specifying  a  short  time  for  completion  and  requiring  the 
starting  of  work  immediately  upon  the  awarding  of  contract. 
.\  short  limit  reduces  competition  because  it  admits  only  the 
contractor  who  is  fully  equipped  and  ready  to  begin  immediate 
work,  and  where  a  short  time  limit  is  provided,  the  engineer 
should  include  a  certain  compensation  to  cover  the  cost  of 
night  work  necessary  on  the  part  of  the  contractor  in  order 
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to  complete  the  work  within  the  time  set.  It  has  been  our 
esperienee  that  where  the  engineer  cooperates  with  the  con- 
tractor, the  quality  of  work  is  very  much  improved,  resulting 
in  a  great  benefit  to  the  owner.  Of  course,  if  the  contractor 
knows  that  the  engineer  is  disposed  to  treat  him  fairly  and 
not  impose  unnecessary  hardships  upon  him,  he  will  in  return 
for  this  confidence,  exert  every  effort  to  give  the  owner  the 
benefit  of  his  experience  in  producing  the  highest  class  of  re- 
sults. If  the  engineers  will  write  their  specifications  with  the 
most  complete  details,  setting  out  definitely  in  every  para- 
graph what  is  expected,  how  it  is  expected  to  be  done,  avoid 
all  reference  "  to  the  satisfaction  of  the  engineer,"  then  when 
the  contract  is  commenced  the  contractor  understands  the  case, 
what  he  is  expected  to  produce  for  the  compensation  promised 
him,  and  there  is  no  argument,  no  quibbling  and  no  trouble. 
An  owner  gets  a  high  class  piece  of  work,  the  contractor  gets 
paid  for  doing  it  and  the  engineer  reaps  the  credit  for  the 
design. 

One  of  the  most  dangerous  conditions  in  the  great  majority 
of  specifications  is  the  clause  providing  that  the  engineer  shall 
be  the  final  judge  as  to  the  interpretation  of  the  specifica- 
tions. The  lawyer  would  call  this  ex  parte,  for  the  reason 
that  the  engineer  is  in  the  employ  of  the  owner,  and  his  judg- 
ment is  bound  to  be  biased  toward  that  side. 

One  manifestly  unfair  condition  in  many  specifications  is 
that  of  giving  the  engineers  the  right  to  make  minor  changes 
in  the  plans,  without  extra  compensation  to  the  contractor, 
unless  "  in  the  opinion  of  the  engineer  "  he  is  entitled  to  such 
extra  compensation,  the  amoimt  of  any  such  extra  compensa- 
tion to  be  determined  solely  by  the  engineer.  This  condition 
leaves  a  very  large  opening  and  opportunity  for  the  engineer 
to  abuse  his  authority  over  a  contractor  whom  he  does  not 
like,  or  seriously  cripple  him,  when  the  wrong  man,  in  the  opin- 
ion of  the  engineer,  has  landed  the  job. 

One  of  the  ideals  of  the  American  Society  of  Engineering 
Contractors  is  that  the  specifications  should  provide  in  the 
event  of  any  disagreement  between  the  contractor  and  engi- 
neer, regarding  the  reading  of  the  plans  or  the  interpretation 
of  the  specifications,  the  quality  of  the  work,  the  justice  of 
any  claim  for  extras,  or  any  other  controversy  arising  out  of 
the  contract  or  the  specifications,  that  such  question  shall  be 
submitted  to  arbitration — the  engineer  and  owner  on  the  one 
side  and  the  contractor  on  the  other  being  bound  beyond  ap- 
peal, to  the  decision  of  the  arbitrators.  In  our  opinion,  this 
removes  the  danger  of  the  contractor  being  injured  by  the  de- 
cision of  the  engineer,  or  the  owner  being  defrauded  by  any 
unfair  work  of  the  contractor.  It  would  mean  the  elimina- 
tion of  controversies  between  engineer  and  contractor  and 
place  their  relations  on  the  broad  peace  basis  of  arbitration, 
that  is  bound  to  be  a  controlling  spirit  in  future  times,  which 
we  trust  are  not  far  distant. 

In  my  mind,  one  of  the  greatest  injustices  which  enters  into 
nearly  all  specifications,  is  the  clause  requiring  the  contractor 
to  "  indemnify,  keep  and  save  harmless  the  owner  and  engi- 
neer from  all  liabilities,  judgments  or  costs  and  expenses  which 
may  in  any  wise  come  against  the  owner  or  engineer  on  ac- 
count of  any  infringement  of  any  patent  on  the  use  of  any 
design,  material,  machinery,  device  or  apparatus  used  in  the 
performance  of  the  contract."  In  other  words,  the  engineer 
goes  along,  prepares  his  design,  specifies  his  materials  and 
method  of  construction  and  puts  the  responsibility  on  the  con- 
tractor for  ascertaining  whether  or  not  there  are  any  patents 
on  the  type  of  design,  or  material  used,  or  on  the  method  of 
construction.  It  seems  to  me  that  this  is  part  of  the  duty  of 
the  engineer,  and  that  in  making  his  design  he  should  ascer- 


tain beyond  the  possibility  of  a  doubt  whether  or  not  his  de- 
sign infringes  any  of  the  many  patents  which  have  been 
granted  by  the  Patent  Office  at  Washington,  and  in  case  he 
cannot  make  a  design  without  infringing  a  patent,  he  should 
either  notify  all  bidders  of  the  existence  of  such  iiatent,  and 
the  fact  that  his  design  infringes,  or  he  should  obtain  from 
the  owner  of  the  patent  the  right  to  use  it  for  a  specific  price 
on  the  work.  It  is  entirely  unfair  to  shoulder  this  responsi- 
bility and  liability  on  the  contractor,  in  addition  to  the  many 
other  troubles  which  he  has  to  guard  against  in  executing  the 
contract. 

Another  inequity  is  that  of  giving  the  engineer  the  right  to 
direct  the  sequence  of  the  work  and  issue  orders  as  to  the  man- 
ner and  time  in  which  the  v.u'ious  parts  of  the  work  shall  be 
done,  and  the  force  required  to  complete  it  within  the  time 
specified.  I  believe  I  can  state,  without  fear  of  contradiction, 
that  no  two  contractors  would  handle  the  same  job  in  the 
same  manner  and  sequence.  It  is  customary  in  making  up 
estimates,  to  carefully  plan  the  manner  and  sequence  of  the 
construction,  and  if  the  contractor  is  not  permitted  to  follow 
his  own  methods,  it  frequently  results  in  turning  a  contract, 
that  would  otherwise  be  profitable,  into  one  that  results  in  a 
loss  to  the  contractor. 

The  experience  of  many  contractors  has  demonstrated  that 
many  of  the  engineering  profession  are  guessers  on  cost  con- 
struction with  no  actual  experience  to  guide  them.  Of  course, 
we  as  contractors  do  not  charge  the  engineering  profession 
with  doing  this  guessing  on  cost  with  any  malieious  intent  to 
injure  a  contractor,  but  the  result  is  the  same.  If  an  engineer, 
having  a  lack  of  actual  knowledge  as  to  the  cost  of  the  vari- 
ous elements  making  up  the  construction  of  a  given  piece  of 
work,  relies  on  a  rough  guess,  it  is  bound  to  bring  grief  to 
the  contractor,  either  in  the  way  of  blaming  him  for  charging 
exorbitant  prices  for  the  work,  or  if,  as  is  frequently  the  case, 
the  contractor  has  had  no  personal  experience  in  the  cost  of 
this  element  and  uses  the  engineei-'s  guess  as  a  basis  for  bidding, 
he  is  bound  to  lose. 

Many  contractors  hesitate,  and  some  even  refuse,  to  furnish 
engineers  any  details  as  to  actual  cost  data,  which  in  my  opin- 
ion, is  more  injurious  to  contractors  than  to  the  engineers.  If 
contractors  would  supply  the  engineering  profession  with  ac- 
tual experience  data,  I  have  no  doubt  the  engineers  would  be 
glad  to  use  it  in  making  future  estimates,  but  it  is  doubtful 
if  the  contractors  as  a  class  can  be  convinced  that  this  method 
would  correct  frequent  carelessness  and  loose  methods  in  mak- 
ing up  estimates  by  engineers. 

Another  practice  followed  by  some  engineers  is  the  trim- 
ming and  praning  of  monthly  estimates  for  pajniient.  As  a 
general  proposition  the  engineer  or  inspector  directly  in  charge 
of  the  job,  who  is  frequently  a  young  man,  will  make  a  decided 
practice  of  underestimating  work  actually  done,  refuse  to  in- 
clude in  his  estimate  many  items  which  in  equit)',  a  contractor 
should  be  allowed,  and  then,  after  taking  off  the  percentage 
held  back  as  provided  by  the  contract,  a  contractor  gets  in 
reality  50  or  60  per  cent  of  his  work  actualh'  done  where  he 
should  get  80  or  90  per  cent.  Of  course,  this  has  no  bearing 
on  the  engineer's  ability,  but  it  frequently  embarrasses  the 
contractor  in  financing  big  jobs. 

We  all  know  the  average  contractor  will  take  on  work  in 
excess  of  what  he  really  should  undertake  with  a  fair  and 
reasonable  consideration  of  his  financial  ability,  which  fre- 
quently makes  it  necessary  for  him  to  watch  every  corner,  and 
make  many  twists  and  turns  in  a  financial  way  to  meet  his 
payrolls  and  material  bills.  This  is  chargeable  in  most  in- 
stances to  ambition  and  an  eagerness  to  make  money,  but  when 
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this  condition  is  evident,  and  on  top  of  this,  the  engineer  trims 
his  estimate  approximately  20  or  30  per  cent  below  what  the 
contractor  is  entitled  to  receive  and  has  reasonably  expected, 
it  very  often  gets  him  between  the  millstones  of  the  banks, 
which  proverbially  grind  slowly  but  exceedingly  fine. 

An  important  point  in  the  preparation  of  estimates  for  pay, 
is  that  engineers  should  make  an  allowance  for  material  on 
the  ground  ready  to  be  worked  up,  a  sum  covering  forms  and 
preliminary  work,  and  in  some  instances  a  sum  approximating 
the  cost  of  new  equipment  that  is  to  be  bought  to  handle  the 
especial  job.  Of  course,  I  realize  that  the  engineer  will  say 
that  many  contractors  will  be  unreasonable  in  these  claims, 
but  if  the  engineers  would  show  a  disposition  to  help  the  con- 
tractor along  these  lines,  I  believe  that  90  per  cent  of  the  con- 
tractors would  be  disposed  to  strain  points  in  favor  of  the 
engineer  and  owner,  and  give  them  a  higher  type  of  construc- 
tion. It  would  be  nothing  more  than  an  appreciation  of  a 
favor  extended,  and  along  this  line,  we  are  aU  human  and 
willing  to  show  our  appreciation  of  any  such  help. 

The  business  relations  between  the  contractor  and  the  engi- 
neer are  little  underetood  by  the  public  at  large.  We  fre- 
quently hear  a  contractor  on  pubUc  work  condemned  for  fail- 
ures in  bridges,  roads  or  pavements,  when  he  was  entirely  in- 
nocent, having  built  the  work  in  strict  accordance  with  speci- 
fications furnished,  yet  the  general  public  makes  him  the  goat, 
and  the  engineer,  who  has  prepared  faulty  specifications,  goes 
"  Scot  free."  Of  course,  the  engineer  may  take  the  high  posi- 
tion that  if  the  contractor  does  not  like  his  specifications  he 
need  not  bid  on  the  work,  but  this  is  not  only  unfair  to  the 
contractor  but  also  to  the  owner,  because  it  reduces  competi- 
tion by  eliminating  intelUgent  and  responsible  contractors. 
Some  contractors  go  so  far  as  to  refuse  to  bid  on  v/ork  where 
the  specifications  are  not  fair  and  completely  detailed,  but 
where  a  contractor  has  a  large  organization  with  a  certain 
amount  of  overhead  expense,  he  is,  of  course,  anxious  to  make 
as  good  a  showing  on  the  capital  invested  as  he  can ;  hence  by 
passing  up  unfair  specifications,  many  pieces  of  work  which 
he  could  do  at  a  profit  under  fair  specifications,  are  lost.  We, 
as  contractors,  realize  that  one  of  the  most  difficult  problems 
confronting  an  engineer  is  the  preparation  of  his  specifica- 
tions, in  making  them  rigid  enough  to  control  the  bad  con- 
tractor and.  at  the  same  time  work  no  hardship  on  the  con- 
tractor who  is  honest  and  sincere  in  his  work. 

A  prominent  engineer,  in  a  paper  recently  read,  refers  to 
the  personality  of  the  engineer  as  probably  the  most  imjjor- 
tant  factor  in  the  relations  between  engineer  and  contractor, 
stating  that  some  engineers  have  a  notoriously  bad  name  and 
do  not  seem  to  appreciate  the  responsibility  of  the  honorable 
position  they  occupy.  If  the  contract  is  used  merely  as  a 
legal  document  to  hold  over  the  contractor's  head  as  a  club 
and  unnecessary  harassing  and  vexatious  conditions  insisted 
on,  trouble  will  surely  foUow.  The  wise  engineer  knows  that 
many  contract  conditions  can  be  ignored  without  any  harm 
being  done,  and  that  many  facilities  can  be  given  the  con- 
tractor to  help  expedite  the  work.  We  believe  that  the  con- 
tractors as  a  body  will  not  take  unfair  advantage  of  these 
concessions,  but  in  their  turn,  will  go  out  of  their  way,  even 
at  extra  expense,  to  meet  some  special  request  of  the  engineer, 
playing  the  game  of  "  give  and  take  "  in  a  reasonable  way  with- 
out expecting  extra  pay  for  eveiy  trifling  piece  of  work,  thus 
bringing  about  a  great  improvement  in  the  relations  between 
engineer  and  contractor  and  eliminating  many  of  the  dis- 
putes which  at  present  are  too  frequent. 

The  National  Association  of  Builders  Exchanges,  of  which 
Mr.   H.  L.  Lewman  of  Louisville,  Ky.,  is  the  president,  has 


been  working  fur  a  number  of  yeare  in  conjunction  with  the 
American  Institute  of  Architects,  to  secure  standard  specifi- 
cations and  contracts  for  the  use  of  builders.  Their  eifort  has 
been : 

To  accui-ately  define  and  standardize,  wherever  practicable, 
plans  and  specifications  in  order  to   eliminate  unneces- 
sary hazards  and  uncertainties  in  construction  contracts; 
To  reduce  the  cost  of  improvement  to  the  owner; 
To  give  the  contractors  and  surety  companies  a  proper  under- 
standing of  the  obligations  they  assume; 
To  establish  contracting  and  suretyship  on  a  more  stable  and 

definite  basis; 
To  provide  fur  the  settlement  of  differences  by  some  equit- 
ably constituted  authority ; 
To  estabhsb  building  contracts  on  such  a  basis  that  banks  and 
commercial  institutions  may  intelligently  determine  the 
amount  of  credit  to  be  extended  to  owners  and  con- 
tractors, and  to  eliminate  the  present  uncertain  condi- 
tions of  credit  based  on  such  contracts. 
How  well  they  have  accomplished  this  work  is  evidenced 
by  The  Standard  Documents  of  the  American  Institute  of 
Architects  in  collaboration  with  the  National  Association  of 
Builders  Exchanges.  These  documents  define  the  duty,  scope 
and  power  of  the  architect,  the  duty  of  the  contractors,  the 
scope  and  limit  of  arbitration,  the  rights  of  sub-contractors 
and  a  carefully  prepared,  detailed  article  entitled :  Advice  to 
Contractoi-s  by  Mr.  William  B.  King,  general  counsel  to  the 
National  Association  of  Builders  Exchanges.  The  specifica- 
tions and  contract  forms  have  been  so  carefully  prepared  and 
revised  that  it  is  difficult  to  find  any  point  wherein  there  can 
be  criticism.  Their  theory  is  to  insist  upon  the  use  of  the 
jjrinciple  of  arbitration  on  every  possible  question  that  can 
be  settled  without  resort  to  the  courts.  But  the  greatest  les- 
son to  be  derived  from  this  joint  work  of  these  two  great 
national  organizations  is  the  benefits  and  justice  that  are  sure 
to  accrue  as  a  result  of  the  joint  organization,  cooperation 
and  close  affiliation.  The  result  has  been  to  increase  the  mem- 
bership of  the  National  Association  of  Builders  Exchanges 
more  than  double  during  the  year  of  191.3,  which  number  was 
doubled  in  1914  and  almost  doubled  so  far  in  1915,  making 
this  organization  now  one  of  the  largest  and  most  powerful 
commercial  organizations  in  the  United  States,  representing 
as  it  does,  the  broad  field  of  building  construction. 

If  it  were  possible  to  bring  about  such .  close  relations  and 
affiliations  between  the  various  national  engineering  societies, 
and  all  of  the  national  contractors'  organizations,  it  would 
be  a  result  which  would  be  beneficial  to  all  engineers  and 
contractors  and  almost  entirely  eliminate  losses  caused  by 
misunderstandings  of  contracts  and  specifications.  Such  a 
uniform  action  could  bring  about  an  adoption  of  stanaara 
specifications  and  contracts  based  upon  equity,  intelligence  and 
fair  dealing,  ever  guarded  by  the  idea  of  arbitration.  It  is 
my  fondest  hojje  as  the  executive  head  of  the  American  So- 
ciety of  Engineering  Contractors,  that  the  day  is  not  far  dis- 
tant when  all  of  the  National,  State  and  local  organizations 
of  Engineers  and  Contractors  may  be  brought  into  such  close 
relationship  and  cooperation  that  equitable  specifications  and 
contracts  will  be  the  rule  instead  of  the  exception,  resulting 
in  standard  forms  that  will  not  only  represent  fully  the  engi- 
neer's ideas  but  will  be  fairer  to  the  contractor  and  econom- 
ical to  the  owner.  I  cannot  imagine  a  better  declaration  of 
principles  and  creed  than  that  of  the  International  Rotary 
Clubs,  and  if  we  can  get  together  under  some  such  banner, 
we  can  exemplify  to  the  letter  the  motto  of  that  magnificent 
organization — "  He  profits  most  who  serves  best." 
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JVhat  the  Engineers  are  Doing 


HIRTY  thousand  American  engineers  are  making  a  card 
index  survey  of  American  industry  so  that  it  may  be  pre- 
pared for  its  \ital  part  in  defending  the  country,  if  need 
comes.  The  past  eighteen  months  have  taught  us  here 
in  America  what  lack  of  industrial  preparedness  has  meant  to  some 
of  the  countries  now  at  war.  These  nations  had  the  ships 
and  thej'  had  the  men;  but  when  the  hour  struck,  their  factories  were 
not  able  to  furnish  the  colors  with  arms  and  shells  and  powder.  Their 
factories  were  not  prepared.     And  our  factories  are  not  prepared. 

But  it  is  not  enough  to  draw  a  moral.  In  the  United  States  five  great  Engi- 
neering Societies — Civil,  Mining,  Mechanical,  Electrical  and  Chemical — have 
pledged  their  services  to  the  Government  of  the  United  States,  and  are  already 
working  hand  in  hand  with  the  Government  to  prepare  industry  for  the  national 
defense.  They  receive  no  pay  and  will  accept  no  pay.  All  they  seek  is  oppor- 
tunity to  serve  their  country,  that  she  may  have  her  industries  mobilized  for  de- 
fense. 

All  elements  of  the  nation's  life — the  manufacturers,  the  business  men,  and 
the  workingmen — should  support  this  patriotic  and  democratic  work  of  the  engi- 
neers, and  assist  them  cheerfully  when  asked.  There  can  he  no  better  national  in- 
surance against  war. 

The  Associated  Advertising  Clubs  of  the  World,  representing  all  advertising 
interests,  have  offered  their  free  and  hearty  service  to  the  President  of  the  United 
States,  in  close  co-operation  with  these  five  Engineering  Societies,  to  the  end  that 
the  country  may  know  what  the  engineers  are  doing.  The  President  has  accepted 
the  offer.     The  engineers  have  welcomed  the  co-operation. 

This  advertisement,  published  without  cost  to  the  United  States,  is  the  first 
in  a  nation-wide  series  to  call  the  country  to  the  duty  of  co-operating  promptly 
and   lull\-  with  the  engineers. 

NAVAL    CONSULTING    BOARD    OF    THE    UNITED    STATES 

IX  CO-OPEKATION  WITH 

The  American  Scciziy  of  Civil  Engikeeks  The  American  Society  of  Mechanical  Engineers 

The  Ajiefican  Institiie  of  Mining  Engineers       The  American  Institute  of  Electrical  Engineers 

The  American  Chemical  Society 
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THE  SPRING  MEETING 


THE  Spring  Meeting  at  New  Orleans,  with  headquarters 
at  the  Grunewald,  was  successful  from  every  stand- 
point. The  local  membership  of  the  Society,  the  Association 
of  Local  Members  of  the  American  Society  of  Civil  Engineers 
and  the  Louisiana  Engineering  Society  joined  as  hosts,  and 
arrangements  were  perfectly  worked  out  through  their  local 
committee,  W.  B.  Gregory,  Chairman,  A.  L.  Black,  Treasurer, 
and  H.  L.  Hutsou,  Secretary. 

The  engineering  developments  of  New  Orleans  in  connec- 
tion with  its  drainage  problem,  sewerage  disposal  and  water 
supply  and  the  handling  of  its  freight  for  foreign  shipment, 
are  of  unusual  interest.  The  old  town  of  New  Orleans,  which 
still  reflects  the  characteris- 
tics of  the  French  and  Span- 
ish who  were  the  first  settlers, 
is  an  alluring  place  for  vis- 
itors, and  dinner  parties  at 
the  noted  restaurants  in  this 
section  were  very  much  in 
order  during  the  convention. 
Most  of  the  historic  build- 
ings, sites  and  landmarks 
are  to  be  found  here  and 
their  pro.ximity  to  headquar- 
ters made  possible  frequent 
between-time  trips  to  this  al- 
most foreign  land. 

The  papers  presented  were 
all  of  a  high  order,  there  was 
a  large  amount  of  discussion, 
and  the  keynote  session  of 
the  meeting,  on  the  subject 
of  Industrial  Preparedness, 
aroused  a  great  deal  of  inter- 
est and  called  forth  contribu- 
tions from  engineers  from 
every  section  of  the  country. 

The  attendance  was  good  considering  the  great  distance 
from  the  center  of  gravity  of  the  Society's  membership,  there 
being  a  total  registration  of  485,  of  which  114  were  members, 
92  of  whom  were  from  out  of  the  city.  Special  cars  were 
rm  from  New  York  and  Chicago,  through  Chattanooga  and 
stopping  for  a  day  at  Birmingham,  where  the  visitors  were 
entertained  by  the  newly-formed  local  section  of  the  Society 
in  that  city,  of  wliich  R.  E.  Brakeman  is  chairman  and  Paul 
Wright,  secretary.  A  small  group  also  went  to  New  Orleans 
by  boat  from  New  York. 

THE  STOP  AT  BIRMINGHAM 

On  Monday  morning,  April  10,  the  party  going  by  rail  left 
the  special  cars  for  the  day  at  Birmingham.  Representatives 
of  the  Birmingham  Section  were  on  hand  at  Chattanooga  to 
acquaint  the  visitors  with  the  day's  arrangements. 

After  breakfast  at  the  Tutwiler,  the  party  boarded  a  special 
train  which  was  at  their  disposal  for  the  day  and  was  taken 
to  the  Thomas  furnaces  of  the  Republic  Iron  and  Steel  Com- 
pany, and  to  several  of  the  plants  of  the  Tennessee  Coal,  Iron 
and  Railroad  Company,  inspecting  during  the  forenoon  the 
blast  furnaces  at  Ensley,  the  open  hearth  furnaces,  the  rail 
mill  and  the  turbo  generator  station  for  the  rail  mill.  The 
train  then  proceeded  to   Bayview  where  a  much   anticipated 


A  MESSAGE  FROM  PRESIDENT  WILSON 

My  dear  Mr.  Jacobus: 

It  is  with  great  pleasure  that  I  acknowledge  your 
letter  of  April  fourth  as  it  gives  me  the  opportunity 
of  expressing  my  appreciation  of  the  high  sense  of 
loyalty  and  patriotism  displayed  by  the  members  of 
The  American  Society  of  Mechanical  Engineers  in 
their  prompt  and  earnest  volunteer  of  service  to  the 
Gocemment  of  this  Republic.  It  is  the  kind  of  res- 
ponse that  was  expected  from  the  members  of  your 
organisation  and  is  expressive  of  the  real  spirit  of 
Americanism  which  is  ever  ready  to  serve  the  interests 
of  our  common  country. 

In  the  hope  that  your  meeting  will  result  in  your 
highest  anticipations,  I  am 

Sincerely  yours, 

WooDROw  Wilson 

April  7,  191(i. 


barbecue  dinner  was  served  on  the  shores  of  an  artificial  lake 
used  for  water  supply  for  a  part  of  the  company's  plants. 
To  many  this  dinner  was  a  novelty  and  to  all  it  was  a  treat. 
After  dinner  the  party  spent  a  few  minutes  at  the  Edge- 
water  coal  mine  in  the  vicinity,  and  inspected  the  Fairfield  l)y- 
product  coke  plant  which  produces  ammonium  sulphate  in 
large  quantities,  and  several  lighter  distillates  of  coal  tar. 

The  last  inspection  was  at  the  Fairfield  plant  of  the  Ameri- 
can Steel  and  Wire  Company,  affiliated  with  the  Tennessee 
Company.  There  is  a  large  production,  not  only  of  wire,  but 
of  wire  nails  and  wire  mesh  and  barbed  wire  fencing. 

Of  particular  interest  is  the  welfare  work  undertaken  by 

the  Tennessee  Company. 
There  are  18,000  employees, 
almost  exactly  half  of  whom 
are  white  and  half  black.  A 
considerable  percentage  live 
in  company  houses  in  sep- 
arate groups  for  the  white 
and  the  black,  laid  out  after 
an  exhaustive  study  of  the 
best  to  be  found  among  in- 
dustrial communities  in  this 
and  other  countries.  As  a 
preventive  measure,  strict 
supervision  is  maintained  of 
the  sanitary  condition  of  the 
surroundings  and  the  health 
conditions  of  the  people. 
The  water  supplies  are  an- 
alyzed once  in  two  weeks. 
There  is  frequent  inspection 
of  the  sources  of  milk  sup- 
ply, daily  disposal  of  all 
waste,  street  cleaning,  etc. 
Welfare  workers  give  in- 
struction in  hygiene,  in  the 
care  of  yards  and  surroundings  and  in  home  duties.  There 
are  kindergartens  for  children  below  school  age,  courses  in 
domestic  science,  and  medical  and  hospital  service,  regardless 
of  the  extent  of  treatment  needed,  for  a  small  sum  paid 
monthly  by  each  family.  The  company  cooperates  with  the 
county  in  the  conduct  of  public  schools.  The  attractive  ap- 
pearance of  Fairfield,  the  model  town,  the  commissary  depart- 
ment of  which  the  visitors  were  privileged  to  inspect,  and  the 
evidence  everywhere  of  cleanliness  and  orderliness  throughout 
the  various  jilants  of  the  company,  called  forth  favorable 
eorument. 

In  the  evening,  dinner  was  served  at  the  Hotel  Tutwiler, 
after  which  there  were  several  addresses.  R.  E.  Brakeman, 
chairman  of  the  Birmingham  section,  was  toastmaster,  and 
the  visitors  were  welcomed  to  the  city  by  Commissioner  John 
R.  Homady,  who  also  represented  the  Chamber  of  Commerce. 
Frank  H.  Croekard,  vice  president  and  general  manager  of  the 
Tennessee  Coal,  Iron  and  Railroad  Company,  who  is  also  the 
Society's  choice  in  Alabama  as  its  director  for  the  industrial 
survey  of  the  state,  told  something  of  the  resources,  operation 
and  products  6f  his  company  in  relation  to  the  plants  which 
had  been  visited  during  the  day. 

Dr.  W.  F.  M.  Goss,  Past-President  Am.Soc.M.E.,  said  a 
few  words  in  response,  referring  to  the  visit  of  the  Society 
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to  old  Birmingham  in  England,  six  years  ago,  and  the  edu- 
cational institutions  there.  In  the  new  Birmingham  he  found 
comparable  conditions  through  the  splendid  work  along  edu- 
cational lines  among  its  employees  by  the  Tennessee  Coal,  Iron 
and  Railroad  Company. 

AHKIVAL  AT  NEW  ORLEANS 

Members  of  the  New  Orleans  local  committee  joined  the 
party  en  route  Tuesday  morning  and  gave  an  early  greeting 
to  those  on  the  official  train.  The  arrival  was  on  schedule 
time  during  the  forenoon  and  during  the  afternoon  there  were 
personally-conducted  trips  to  the  French  quarter.  In  the 
evening  all  gathered  in  the  ballroom  of  the  hotel  for  an  in- 
formal reception  and  dance. 

OPENING   SESSION 

The  first  session  on  Wednesday  morning,  April  12,  was 
opened  by  Chairman  W.  B.  Gregory  of  the  local  committee 
of  aiTangements,  whose  cordial  welcome  made  those  present 
doubly  glad  that  they  could  be  there  to  enjoy  the  hospitality 
in  store  for  them.  Professor  Gregory  referred  to  two  early 
and  distinguished  members  of  the  Society  who  were  claimed 
by  New  Orleans.  Lewis  Johnson,  a  charter  member,  remem- 
bered with  affection  and  esteem,  lived  his  life  and  died  in 
New  Orleans.  For  many  years  he  was  president  of  the 
Sewerage  and  Water  Board  of  the  city,  and  chairman  of  the 
Executive  Committee.  The  work  of  the  Sewerage  and  Water 
Board  stands  as  a  monument  to  his  memory.  The  city  has 
been  transformed  as  regards  sanitation  and  drainage,  and  has 
been  given  an  abundant  water  supply. 

The  other  name,  high  on  the  honor  roll  of  The  American 
Society  of  Mechanical  Engineers,  is  that  of  Maunsel  White,  a 
native  of  Plaquemine  Parish,  below  New  Orleans.  He  will 
best  be  remembered  for  his  part  in  the  extended  investigations 
which  led  to  the  discovery  of  the  Taylor-WTiite  process  of 
treating  steel,  and  the  development  of  high-speed  steel,  revo- 
lutionizing the  machine  shop  work  of  the  world  and  doubling 
and  trebling  the  output  of  machine  tools.  He  was  a  man  of 
wide  interest,  who  loved  Uterature  and  art,  a  poet  and  mathe- 
matician.   Mr.  White  died  in  New  Orleans  in  1912. 

Following  Professor  Gregory,  A.  M.  Shaw,  Past  President 
of  the  Louisiana  Engineering  Society,  welcomed  the  visiting 
engineers  as  a  representative  of  the  Louisiana  Engineering 
Society  and  of  the  local  association  of  members  of  The  Ameri- 
can Society  of  Civil  Engineers. 

The  Chairman  then  introduced  Hon.  Martin  Behrman, 
Mayor  of  the  city  of  New  Orleans,  who  recounted  briefly  the 
long  struggle  of  the  city  to  solve  its  problems  of  sanitation, 
water  sujsply  and  shipping  facilities.  New  Orleans  is  an  old 
town,  full  of  romance  and  history.  A  great  street.  Canal  Street, 
di\'ides  the  old  from  the  new.  Below  Canal  Street  are  scenes 
that  remind  one  of  France  and  Spain,  and  above  Canal  Street 
is  the  bustling,  up-to-date  city  rapidly  forging  to  the  front. 
He  had  one  request.  Reference  had  already  been  made  to  the 
modem  water  system  of  the  city,  and  when  strangers  come  to 
New  Orleans  it  is  insisted  that  they  drink  at  least  one  glass 
of  water,  for  there  is  an  old  adage  of  the  French  which  says, 
"  Lorsqu'on  a  bu  de  I'eau  du  Mississippi,  on  y  revient  tou- 
jours." 

President  Jacobus  responded  and  afterwards  took  the  chair 
for  the  session  which  followed  on  Organizing  for  Industrial 
Preparedness.  It  had  been  his  privilege  to  arrive  early  in 
New  Orleans  and  to  attend  a  meeting  of  the  Louisiana  Engi- 
neering Society.  Prof.  C.  W.  Williamson  presented  a  paper 
on  the  Industrial  Resources  of  Louisiana  which  had  a  direct 


bearing  on  the  subject  of  the  morning's  discussion.  There  was 
also  a  Spring  Meeting  paper  by  William  Von  Phul  on  the 
facilities  of  the  Port  of  New  Orleans.  These  two  papers,  and 
the  remarks  by  the  speakers  of  the  morning,  indicate  the  im- 
portance of  New  Orleans  and  of  Louisiana  as  an  industrial 
and  an  engineering  center.  Tulane  University  of  New  Orleans 
and  the  State  University  at  Baton  Rouge  both  contribute  to 
this  end.  The  engineers  of  New  Orleans  are  to  be  congratu- 
lated on  the  commercial  promises  of  the  city  and  the  features 
which  are  bound  to  make  the  locality  a  center  of  engineering; 
a  movement  in  which  all  wOl  wish  to  cooperate,  since  engi- 
neers in  fact  are  all  brothers  and  wish  to  pull  together  for  the 
best  success  of  all  concerned. 

DISCUSSION    ON    INDUSTRIAL   PREPAREDNESS 

In  the  absence  of  the  author,  the  paper  on  Organizing 
for  Industrial  Preparedness  by  Silencer  Miller,  member  of 
the  Council  and  Representative  of  the  Society  on  the  U.  S. 
Naval  Consulting  Board,  was  jaresented  by  Charles  Whiting 
Baker.  This  paper  has  been  sent  in  pamphlet  form  to  the 
entire  membership  and  was  briefly  abstracted  in  the  last 
number  of  The  Journal. 

Calvin  AV.  Rice,  Secretary,  read  a  telegram  from  Howard 
E.  Coffin,  Mem.Am.Soc.M.E.,  which  called  attention  to  the 
opportunity  as  well  as  the  obligation  resting  with  the  members 
of  the  Society  in  the  matter  of  industrial  preparedness,  say- 
ing that  a  successful  performance  of  the  great  task  of  pre- 
paring the  industrial  inventory  to  which  our  technical  so- 
cieties have  been  pledged  by  their  governing  bodies  cannot 
but  bring  the  American  engineer  enhanced  reputation  and 
closer  future  relations  with  the  national  government.  Mr. 
Coffin  is  chairman  of  the  Committee  on  Production,  Organi- 
zation, Manufacture  and  Standardization  of  the  Naval  Con- 
sulting Board,  through  whose  efforts  the  industrial  inventory 
of  the  country  is  being  developed. 

The  discussion  on  the  paper  continued  throughout  the  morn- 
ing; and  in  the  evening,  after  the  address  by  Commissioner 
Thompson,  more  time  was  given  to  the  consideration  of  the 
subject  and  the  audience  had  the  privilege  of  listening  to  two 
brief  discussions  by  representatives  of  the  army  and  navy  who 
are  stationed  at  New  Orleans.  Written  discussions  were  re- 
ceived from  all  parts  of  the  country  showing  the  widespread 
interest  in  industrial  preparedness  and  containing  many  con- 
structive suggestions.  A  full  report  of  the  session  will  be  pub- 
lished in  an  early  issue  of  The  Journal. 

At  the  morning  session  a  resolution  was  offered  and  passed, 
proposed  by  L.  P.  Alford,  requesting  the  Council  to  consider 
the  advisability  of  appointing  a  standardizing  committee  for 
machine  tools,  realizing  the  necessity  of  standardization  in 
our  industrial  preparation  for  war. 

The  Society  was  honored  by  recei\ang  a  communication 
from  President  Wilson,  too  late,  however,  to  be  read  at  the 
Wednesday  morning  session,  congratulating  the  engineers  on 
the  movement  which  they  were  undertaking  and  heartily  com- 
mending it.  This  letter  appears  on  the  insert  on  the  first 
page  of  the  report  of  the  Spring  Meeting  in  this  issue. 

A  letter  was  also  received  from  Secretary  Daniels  of  the 
U.  S.  Navy  as  follows : 

Accept  my  thanks  and  appreciation  for  your  letter  of  April 
fifth  and  the  very  interesting  paper  of  Mr.  Miller  which  you 
enclosed  therewith.  Permit  me  again  to  express  my  apprecia- 
tion of  the  service  your  Society  is  rendering  to  the  country 

Yours  truly, 

JosEPHus  Daniels. 


May 
1916 
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WEDNESDAY   ATTEENOON   AND   EVENING 

It  was  the  intention  of  the  Committee  on  Meetings  that, 
following  the  session  on  Wednesday  morning,  the  local  com- 
mittee at  New  Orleans  should  be  given  the  balance  of  the 
day  and  the  whole  of  Thursday  to  carry  out  such  plans  as 
they  had  arranged  for.  Accordingly,  the  session  on  Thursday 
morning  consisted  of  papers  on  local  subjects  by  local  engi- 
neers, and  Wednesday  and  Thursday  afternoons  and  evenings 
were  devoted  to  various  entertainment  features. 

On  Wednesday  afternoon  there  was  a  trip  on  the  steamer 
Sidney  to  inspect  the  harbor  of  the  Port  of  New  Orleans, 
formed  by  the  Mississippi  River.  There  are  many  miles  of 
water  front  controlled  by  the  Board  of  Port  Commissioners  as 
representatives  of  the  State  of  Louisiana,  and  the  docks  and 
warehouses,  totaling  nearly  20  acres  in  area,  are  uniformly  of 
most  modem  construction  with  mechanical  handling  devices, 
as,  for  example,  for  the  unloading  of  bananas,  one  of  the 
chief  imports,  for  which  specially  designed  conveyors  are  used. 
The  exports  and  imports  through  the  port  of  New  Orleans 
are  valued  annually  at  over  $300,000,000. 

During  the  trip  a  landing  was  made  at  the  recently  con- 
structed public  cotton  warehouses  erected  at  the  expense  of 
$.3,000,000  for  the  safe  storage  and  shipment  of  cotton.  This 
not  only  provides  the  best  possible  facilities  for  handling  at 
low  cost,  but  the  large  storage  capacity  enables  the  cotton  crop 
to  be  handled  at  the  most  advantageous  time  in  relation  to  the 
market  conditions. 

Many  interesting  facts  about  the  harbor  and  the  cotton 
warehouse  were  brought  out  in  the  lecture  by  Commissioner 
W.  B.  Thompson,  given  in  the  evening,  on  The  Debt  of  New 
Orleans  to  the  Engineer,  an  abstract  of  which  follows  this  re- 
port. Mr.  Thompson's  address  was  carefully  prepared, 
pleasingly  delivered,  and  gave  the  visitors  a  most  acceptable 
resume  of  the  striking  engineering  developments  of  New  Or- 
leans which  have  meant  so  much  in  the  city's  growth  and  for 
which  the  city  is  indebted  to  the  engineer  as  its  master  worker. 

THE    DAY    THURSDAY 

At  the  session  on  Thursday  morning,  devoted,  as  stated,  to 
subjects  of  local  interest,  the  following  papers  werg  presented 
which  drew  out  considerable  discussion:  Capacity  and  Econ- 
omy of  Multiple  Evaporators,  E.  W.  Kerr;  The  Evolution  of 
Low-Lift  Pumping  Plants  in  the  Gulf  Coast  Country,  William 
B.  Gregory;  Mechanical  Equipment  Use  in  the  Port  of  New 
Orleans,  William  von  Phul.  The  paper  by  Professor  Gregory 
is  given  in  this  number  of  The  Journal  and  an  account  of  the 
other  papers  and  a  discussion  upon  all  of  them  wiU  appear  in 
later  issues. 

Several  clubs  of  New  Orleans,  including  the  New  Orleans 
Country  Club  and  the  Chess,  Checkers  and  Whist  Club,  ex- 
tended their  club  privileges  to  the  members  and  on  Thursday 
afternoon  as  many  as  desired  to  go  were  taken  in  automobiles 
to  the  Country  Club,  one  of  the  beauty  spots  of  the  city, 
which,  unlike  most  such  outdoor  places,  is  located  near  the 
center  of  the  city  and  conveniently  accessible  from  almost  any 
point.  From  here  the  party  went  to  the  Newcomb  School  of 
Art,  a  department  of  Newcomb  College,  the  woman's  college 
of  Tulane  University,  where  many  beautiful  art  objects  are 
made  by  the  students  under  the  personal  direction  of  their 
instructors.  The  Newcomb  pottery,  which  is  widely  known  as 
ranking  among  the  most  attractive  products  of  the  potter's 
wheel,  is  made  and  decorated  here  with  designs  characteristic 
of  the  Southern  flora,  rich  and  beautiful  in  its  subdued  tones. 


The  visitors  were  graciously  received  at  the  school  by  ladies 
of  New  Orleans  and  the  students  of  the  college.  Tea  and  re- 
freshments, including  New  Orleans  candies,  were  served,  and 
the  college  glee  club  afforded  entertainment. 

On  Thursday  evening  was  the  culminating  feature  in  the  re- 
ception and  dance  held  in  the  ballroom  of  the  Grunewald, 
which  was  largely  attended  and  greatly  enjoyed. 

PEIDAT,  THE  PINAL  DAT 

On  Friday  morning  were  simultaneous  sessions  at  which  the 
following  list  of  papers  was  presented :  Establishing  a  Stand- 
ard of  Measurement  for  Natural  Gas  in  Large  Quantities, 
Francis  P.  Fisher;  Deviation  of  Natural  Gas  from  Boyle's 
Law,  Robert  F.  Earhart  and  Samuel  S.  Wyer;  Some  Experi- 
ments on  Water-Flow  Through  Pipe  Orifices,  Horace  Judd; 
Dynamic  Balance,  N.  W.  Akimoff;  The  Measurement  of  Vis- 
cosity and  a  New  Form  of  Viscosimeter,  H.  C.  Hayes  and 
G.  W.  Lewis;  On  the  Transmission  of  Heat  in  Boilers,  E.  R. 
Hedrick  and  E.  A.  Fessenden. 

Dr.  Jacobus  presided  at  one  session  and  Professor  Gregory 
at  the  other.  At  the  former  D.  R.  Yarnall  of  Philadelphia 
offered  a  resolution  to  which  he  had  previously  referred  at  the 
Wednesday  evening  session,  stating  that  as  engineers  we 
should  seek  to  find  and  remove  the  causes  for  war  with  even 
greater  effort  than  we  devote  to  national  defense,  and  by  the 
same  methods  of  scientific  research  as  followed  in  our  other 
professional  work;  and  providing  that  the  members  present 
should  request  the  Council  to  appoint  a  committee  of  five  to 
consider  and  report  to  it  as  to  whether  there  is  any  way  by 
which  the  profession  can  exert  its  influence  toward  the  pre- 
vention of  war. 

This  resolution  was  warmly  seconded  by  H.  L.  Hutson, 
Charles  Whiting  Baker  and  others,  Mr.  Baker  saying  that  it 
is  our  duty  as  American  citizens  to  take  our  part  and  assume 
our  responsibility  as  leaders  in  industry  in  molding  a  right 
public  opinion  in  matters  of  this  sort,  and  that  it  is  the  engi- 
neer's responsibility  to  find  the  sources  of  trouble  and  to  re- 
move them  rather  than  merely  to  remedy  troubles  when  they 
appear. 

One  view  expressed  was  that  the  gathering  was  a  small  one 
to  pass  upon  so  important  a  resolution  for  the  Society  at 
large.  Upon  vote  the  motion  was  finally  laid  on  the  table. 
Later  a  resolution  was  unanimously  can-ied  to  extend  a  vote  of 
thanks  to  all  who  had  participated  in  the  substantial  evidence 
of  friendship  and  good  will  shown  during  the  convention  and 
expressing  the  sense  of  gratitude  which  every  visitor  per- 
sonally felt. 

On  Friday  afternoon  a  party  was  taken  to  the  New  Or- 
leans Lake  Shore  Land  Company's  project  to  inspect  the 
reclamation  work  in  process  there.  This  trip  was  of  interest 
for  other  as  well  as  its  engineering  features,  because  the 
tract  is  devoted  to  the  growing  of  oranges.  The  large  devel- 
opments of  this  kind  which  have  come  into  being  during  the 
past  few  years  in  the  vicinity  of  New  Orleans  are  very  fully 
outlined  by  Professor  Gregory  in  the  present  number  of  The 
Journal. 

SATURDAY 

Probably  a  third  of  the  visitors  remained  for  the  day  Satur- 
day to  continue  their  trips  about  New  Orleans  and  on  this  day 
as  well  as  previously,  many  took  occasion  to  inspect  some  of 
the  most  interesting  municipal  plants,  including  the  water  fil- 
tration and  pumping  plant,  and  certain  of  the  drainage  pump- 
ing stations. 
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THE  DEirr  OF  NEW  ORLEANS  TO 
THE  ENGINEER 

Address   by    W.  B.    Tiiompsoii,    Commissioner    of 
Public   Utilities   of   the    City    of  New  Orleans 

Oil  Wednesday  evening  of  the  meeting,  an  address  was 
given  by  W.  B.  Tliompsou,  Commissioner  of  Public  Utilities 
of  the  City  of  New  Orleans,  in  which  was  summarized  the 
salient  features  of  the  great  engineering  enterprises  which 
have  been  carried  through  by  the  engineer  for  the  benefit  of  the 
municipality.     Mr.  Thompson  said  in  part : 

The  City  of  New  Orleans,  as  age  is  reckoned  on  this  side  of 
the  sphere,  is  au  ancient  city.  While  its  growth  has  not  been 
rapid,,  nevertheless,  when  consideration  is  gi\cn  to  the  difficul- 
ties which  its  people  have  encountered,  we  have  reason  to  be 
proud  of  its  record.  When,  in  1718,  Bienville  established  his 
civic  corporation  on  the  banks  of  the  Mississippi  River  be- 
tween destroying  flood  and  miasmatic  swamp,  the  destiny  of 
New  Orleans  as  the  daughter  of  effort,  struggle  and  self-de- 
fence was  irre\()cably  fixed.  What  its  people  have  has  been 
tvoii ;  and  the  fortitude  and  spirit  of  self-reliance  which  are  the 
products  of  victory  over  hostile  forces  are  more  valuable  than 
mere  prosperity  as  tiie  lesult  of  a  fortunate  inheritance. 

THE  FIGHT  fOR  LIFE  AXD  PROPERTY 

Situated  in  a  basin  between  the  river  and  the  lake,  with  the 
highest  point  behind  the  river  banks  lower  than  the  high  water 
level  of  tlie  river,  and  with  the  greater  portion  of  its  land 
lower  than  the  high  tides  of  the  lake,  it  is  perceived  that  the 
fii-st  misfortune  which  threatened  the  young  community  was 
the  destruction  of  life  and  property  by  flood  and  overflow.  The 
engineering  genius  of  that  crude  period  took  hold  of  the  situ- 
ation and  built  levees,  first  for  protection  against  the  river 
floods  and  later  against  inundation  from  the  high  tidal  waters 
of  the  lake.  These  primitive  improvements  constituted  the  be- 
ginning of  the  levee  system  which,  though  not  always  an  im- 
pregnable defense,  has  at  least  given  sufficient  protection  to 
make  a  great  city  possible,  and  finally  under  progressive  im- 
provement, has  made  New  Orleans  flood  proof. 

THE    FIGHT    FOR    HEALTH 

Until  the  latter  part  of  the  century  just  closed  a  few  years 
ago,  the  City  of  New  Orleans  seemed  permanently  held  within 
the  bondage  of  insauitation.  Because  of  its  topographical  loca- 
tion the  soil  was  super-saturated  and  soft.  There  was  no 
drainage  system  worthy  of  the  name.  Mosquitoes  were  plenti- 
ful. There  were  no  sewers.  For  a  water  supply  the  city  de- 
pended mainly  upon  overhead  cisterns  storing  water  caught 
from  the  roofs  of  the  houses.  Sometimes  the  supply  was  in- 
suflicient  and  in  consequence  inconvenience  and  suffering  re- 
sulted. At  all  times  the  water  so  caught  was  unclean  and 
oftentimes  impure,  and  unsafe.  The  so-called  public  supply- 
provided  by  a  private  company  was  water  pumped  directly 
from  the  Mississippi  River,  which  in  its  natural  state  was  too 
muddy  to  be  of  much  practical  use,  and  which  as  a  filtered 
product  was  too  expensive  to  encourage  any  general  consump- 
tion. It  is  not  surprising  that  as  results  of  these  conditions 
the  disease  and  mortality  rate  was  high,  growth  in  population 
slow  and  business  enterprise  unprogressive. 

But  there  were  dreamers  among  the  people  and  their  dreams 
have  all  come  true.  A  few  dauntless  men  and  women  in  the 
late  nineties  led  a  movement  under  the  force  of  which  the  peo- 
ple of  the  city  were  aroused  to  vote  the  measures  required  to 


finance  a  complete  and   comprehensive  system    of    sewerage, 
drainage  and  water  supply. 

SEWERAGE,  DRAIXAOE  AXD  WATER  SYSTEM 

The  chasm  separating  project  from  realization  is  ever  broad 
and  deep  and  notwithstanding  the  fact  that  the  tax  to  jirovide 
the  necessary  means  had  been  voted  by  the  people,  consumma- 
tion was  still  afar.  Many  asked,  how  was  it  possible  to  over- 
come the  hitherto  unconquerable  natural  difficulties?  How  was 
it  possible  to  trench  and  effectively  drain  the  sodden  soil,  to 
sewer  the  city  safely  and  to  supply  the  required  amount  of 
pure  water  at  a  cost  within  the  reach  of  all?  Every  citizen 
realized  that  the  undertaking  was  gigantic,  many  believed  it  to 
be  impossible.  It  is  needless  to  say  that  the  men  who  accom- 
plished the  herculean  task  were  engineers. 

It  is  no  jsart  of  mj-  purpose  to  try  to  tell  how  the  thing  was 
done  and  I  am  destitute  of  any  scientific  knowledge  as  to  how 
the  several  functions  of  the  completed  system  are  performed. 
I  do  know,  however,  that  the  soil  is  no  longer  soft  with  super- 
saturation  but  is  firm  and  dry;  that  waste  matter  heretofore 
disposed  of  in  a  manner  offensive  and  injurious  is  now, 
througii  our  sewerage  mains,  carried  secretly  into  innocuous 
oblivion  ;  that  a  limited  supjily  of  muddy  river  water  and  im- 
pure cistern  water  has  been  replaced  by  an  unlimited  volume 
of  clear,  pure  liquid  as  good  and  as  cheap  as  any  city  supply  in 
the  world;  and  that  since  our  sewerage,  drainage  and  water 
facilities  have  been  in  operation  the  mortality  rate  and  the  dis- 
ease ratio  of  the  community  has  shown  a  phenomenal  decrease 
and  that  our  health  statistics  compare  favorably  with  those  of 
our  sister  cities. 

Although  good  health  conditions  constitute  the  foundation 
upon  which  any  and  all  civic  progress  must  of  necessity  be 
based,  still  the  solution  of  the  physical  problems  alone  by  no 
means  answers  all  of  the  demands  of  the  city's  well-being  and 
well-doing.  New  Orleans  is  the  seaport  of  the  Mississippi  val- 
ley, the  gateway  through  which  this,  the  most  prolific  section 
of  the  United  States,  should  and  to  a  large  extent  does  send  its 
surplus  of  production  into  the  great  world  market.  But  even 
as  the  old  city  was  restricted  by  the  bonds  of  insauitation,  so 
was  the  seaport  of  the  older  days  hampered  in  its  development 
by  intrinsic  defects  of  equal  relative  importance. 

PUBLIC   DOCKS 

The  docks  and  shiiDping  facilities  of  the  port  are  of  necessity 
the  vital  factors  of  its  existence.  They  constitute,  in  figurative 
speech,  the  channel  through  which  the  stream  of  foreign  com- 
merce flows.  If  this  channel  be  narrow  or  is  usable  only  at  a 
high  toll  of  expense,  then  the  volume  of  business  passing 
tlu'ough  will  be  restricted  to  the  necessary  movement  and  the 
increase  of  such  volume  will  be  discouraged. 

Under  the  former  regime  the  dock  facilities  of  the  Port  of 
New  Orleans  were  operated  by  private  persons  or  corporations 
under  lease  from  the  State.  This  policy  of  administration  of 
an  essentially  public  utility  is  vicious  from  the  core.  The  re- 
sults that  followed  from  the  instance  in  question  were  the  re- 
sults which  always  follow  the  surrender  of  such  a  distinctly 
public  function  to  the  grasp  of  private  monopoly  and  private 
gi-eed.  The  wharves  supplied  by  this  private  administration 
were  merely  wooden  floors  of  primitive  construction,  open  and 
exposed  to  the  elements,  limited  in  area,  destitute  of  equip- 
ment, expi-essive  to  the  users  and  wholly  inadequate  both  in 
point  of  capacity  and  service  to  properly  care  for  the  business 
from  necessity  forced  thereover  or  to  encourage  a  new  and 
broader  commerce. 
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Some  seventeen  years  ago  tlie  State,  led  by  men  of  vision 
who  appreciated  the  great  advantages  to  be  derived  from  the 
public  ownership  and  operation  of  the  port  facilities,  redeemed 
the  river  front  from  its  bondage  to  private  interests  and  in- 
augurated the  system  of  public  administration,  of  which  our 
splendid  dock  equipment  of  today,  capable  of  earing  for  the 
second  largest  export  and  import  movement  in  the  United 
States,  is  the  result. 

Under  the  administration  of  the  State  through  its  instrument, 
the  Board  of  Commissioners  of  the  Port,  the  wretched  equip- 
ment of  the  old  order  has  been  replaced  at  the  cost  of  approxi- 
mately four  million  dollars,  by  more  than  five  miles  of  com- 
modious wharves  of  the  most  substantial  construction,  pro- 
tected for  the  much  greater  part  by  steel  sheds  of  the  best  ap- 
proved design.  Instead  of  excessive  charges  for  poor  ser- 
vice, commerce  now  pays  for  a  high  and  improving  and  ex- 
panding order  of  service  the  minimum  impost  consistent  with 
proper  operation  and  the  protection  of  outstanding  bonded 
obligations. 

PUBLIC  BELT  RAILROAD 

But  the  port  problem  is  not  settled  by  the  construction  of  a 
dock  system,  no  matter  how  commodious  and  complete  these 
particular  facilities  may  be.  It  is  necessary  to  supply  the 
means  whereby  export  goods  in  quantity  may  be  assembled  on 
the  docks  for  shipment,  and  whereby  imports  may  be  from  the 
docks  distributed  through  the  several  avenues  of  transporta- 
tion to  local  or  inland  destination.  These  means  are  supplied 
by  the  terminal  switching-  facilities  of  the  port. 

Under  the  old  order,  the  important  detail  of  terminal  switch- 
ing was  operated  by  the  several  private  railroad  lines  which 
had  secured  track  privileges  along  the  commercial  liver  front. 
The  track  grants  under  which  the  railroads  operated  were  each 
limited  to  a  certain  locality,  hence  each  grantee  could  operate 
only  on  its  own  unit.  This  arrangement  subjected  the  genei'al 
commerce  movement  to  the  necessity  of  interchange  between 
the  switching  railroads,  and  the  number  of  interchanges  would 
run  from  one  to  five  according  to  the  origin  and  destination  of 
the  freight  handled  in  the  switch  movement.  Moreover  each 
railroad  operating  on  its  own  unit  naturally  levied  its  own  sep- 
arate switching  charge,  and  naturally  was  not  particularly  in- 
terested in  the  expeditious  movement  of  freight  originating  on 
or  destined  to  other  lines.  The  inevitable  result  of  such  a 
situation  was  that  excessive  burdens  both  in  respect  to  cost  and 
delay  were  imposed  upon  the  intermediate  freight  traffic  of  the 
port,  and  in  consequence  shippers  were,  to  a  great  extent, 
forced  into  the  wholly  uneconomic  alternative  of  draying.  Un- 
der these  transportation  conditions  not  only  was  the  movement 
of  commerce  seriously  impeded,  but  any  future  considerable 
growth  was  rendered  impossible. 

Again  dreamers  in  the  community,  some  seventeen  years 
ago,  began  a  movement  looking  towards  the  unification  of 
switching  facilities  under  municipal  ownership,  control  and 
operation  and  about  eight  years  ago  this  movement  reached  the 
stage  of  concrete  reality  through  the  inauguration  of  a  Public 
Belt  Railroad  system  by  the  City,  to  be  administered  through 
the  instrumentality  of  a  board,  called  the  Public  Belt  Rail- 
road Commission  of  the  City  of  New  Orleans.  Up  to  the  pres- 
ent time  the  Belt  Railroad  system  has  cost  approximately  one 
million  dollars.  It  has  some  fifty-three  miles  of  track,  includ- 
ing main  lines  and  switches,  already  constructed  and  additional 
mileage  is  about  to  be  constructed.  It  serves  the  public  wharves 
and  the  public  warehouses,  supplies  switch  track  facilities  to  a 
lai'ae  and  constantlv  increasing  number  of  mercantile  and  in- 


dustrial plants,  eoiuiects  and  interchanges  with  all  railroad 
lines,  and  finally,  effects  upwards  of  250,000  ear  movements 
per  year  at  the  fiat  charge  of  two  dollars  per  car  to  or  from 
any  point  on  the  system,  which  charges  cover  the  double  move- 
ment of  the  loaded  and  empty  car. 

PUBLIC   WAREHOUSES 

In  the  movement  of  export  and  import  commerce  a  portion 
of  the  freight  must  be  assembled  prior  to  ocean  shipment  in 
the  one  case,  or  inland  distribution  in  the  other.  The  wharves 
are  intended  for  transit  goods  and  should  not  and  cannot  be 
utilized  for  the  storage  of  commodities  detained  for  any  con- 
siderable length  of  time  pending  shipment  or  re-shipment.  In 
the  conduct  of  the  export  and  import  business,  as  well  as  in 
the  operation  of  a  market  of  deposit  and  distribution,  a  ma- 
terial proportion  of  transit  freight  and  market  deposits  require 
this  sort  of  storage  accommodation.  It  is  obvious,  therefore, 
that  warehousing  facilities  constitute  an  essential  adjunct  to 
a  complete  port  e<|uipment. 

Under  the  old  order  there  was  no  such  adjunct.  Such 
warehousing  facilities  as  were  available  were  supplied  at  high 
cost  by  private  enterprises  in  plants  located  without  reference 
to  the  docks,  and  at  inconvenient  distances  therefrom,  thereby 
entailing  excessive  expense  on  the  goods  so  housed,  or  else 
undue  crowding  and  congestion  on  the  wharves,  or  both. 

In  line  with  their  forward  movement,  the  people  of  Louisi- 
ana in  1910,  by  an  amendment  to  the  Constitution  of  the  State, 
supplied  the  Board  of  Commissioners  of  the  Port  with  the 
necessary  authority  to  construct  a  system  of  warehouses  to 
lie  operated  in  conjunction  with  the  dock  facilities.  Under 
this  authority,  at  a  cost  of  approximately  three  million  dollars, 
the  board  has  recently  built  a  monster  cotton  warehouse,  has 
already  begun  the  construction  of  a  grain  elevator  and  ware- 
house, which  will  require  approximately  one  and  a  quarter 
million  dollars  to  complete. 

THE   COTTON   WAREHOUSE 

The  improved  facilities  which  the  cotton  warehouse  supplies 
for  the  more  profitable  marketing  of  the  cotton  crop,  invests 
it  with  an  economic  significance  which  reaches  out  beyond  the 
limits  of  the  port  of  New  Orleans,  and  through  its  bearing 
upon  the  cotton  problem  touches  tiie  vital  interests  of  the  entire 
South. 

The  value  of  the  cotton  crop  amounts  annually  to  approxi- 
mately one  billion  dollars,  but  under  tlie  faulty  and  uneconomic 
marketing  methods  which  have  jirevailed,  this  great  product  has 
not  yielded  a  full  return  to  the  producer.  The  cotton  crop, 
which  requires  nearly  tweh'e  months  in  the  making  and  har- 
vesting, and  fully  twelve  months  in  the  spinning,  has  hereto- 
fore passed  from  first  hands  within  three  or  four  months.  The 
great  bulk  of  the  crop  has  been  precipitated  upon  the  market 
during  the  last  three  months  of  the  calendar  year.  This  uneven 
distribution  is  all  in  favor  of  the  buyer,  hence  it  means  low 
prices  to  the  seller. 

The  cotton  crop  to  a  very  considerable  extent  is  made  on 
credit.  When  harvested,  the  farmer  must  pay  his  debts,  for 
which  he  must  either  borrow  monej'  on  his  cotton  or  sell  it.  In 
order  to  boiTow  he  must  be  able  to  carry  his  cotton  in  a  safe, 
dependable  warehouse  and  receive  therefor,  for  negotiation,  a 
good  warehouse  receipt.  If  these  conditions  could  not  be  ful- 
QUed  he  could  not  borrow  on  living  terms,  if  at  all.  Unfor- 
tunately the  general  warehousing  conditions  in  the  South  have 
fallen  far  short  of  fulfilling  these  prerecjuisites. 


396 


SOCIETY  AFFAIRS 


The  Journal 

Am.Soc.M.E. 


The  people  of  Louisiana  have  taken  the  fii-st  great  step 
toward  reforming  these  uneconomic  conditions.  The  mammoth 
State-owned  plant,  equipped  with  most  modern  and  efficient 
devices  of  safety  and  operation  supplies  the  necessary  facili- 
ties; administered  under  the  economies  of  public  ownerehip, 
the  absolute  minimum  of  handling  and  carrying  charges  is 
assured;  and  guaranteed  by  the  good  faith  and  credit  of  a 
sovereign  state,  the  wai-ehouse  receipts  covering  the  commodi- 
ties stored  therein  are  current  in  all  the  money  markets  in  the 
world,  and  what  is  most  important  current  at  low  interest 
rates.  The  public  cotton  warehouse  is  therefore  not  only  a 
monumental  exhibit  of  modern  engineering  skill,  and  not  only 
an  imposing  unit  of  our  port  equipment,  but  it  is  the  exponent 
of  an  economic  principle  which  in  logical  operation  is  des- 
tined to  revolutionize  the  cotton  trade,  emancipate  the  cotton 
producer  and  establish  American  markets  for  the  world-wide 
distribution  of  an  American  product. 

And  so  the  city's  fight  for  economic  progress  was  won. 

PREPAREDNESS 

The  port  which  offers  the  maximum  of  facility  at  the  mini- 
mum toll  places  the  merchants  and  manufacturers  within  and 
in  the  territory  behind  it  in  the  most  advantageous  competitive 
position  with  regard  both  to  the  sale  of  their  output  abroad 
and  traffic  in  foreign  commodities  at  home.  The  extent  to 
which  the  American  exporter  can  comjjete  with  or  undersell 
his  rivals  in  the  foreign  markets  depends,  to  a  large  extent, 
upon  the  cost  of  placing  his  commodities  in  such  markets;  and 
tlie  price  at  wliieh  domestic  consumption  shall  secure  its  foreign 
supplies  is  materially  aifected  by  the  cost  of  importation  and 
distribution.  Hence,  the  extent,  the  completeness  and  the 
availability  of  port  terminal  and  transportation  facilities,  and 
the  cost  at  which  these  are  supplied,  are  items  of  importance 
not  only  to  the  port  city  itself  but  to  the  entire  territory  tribu- 
tary thereto.  These  considerations,  important  at  all  times,  are 
vital  at  this  time,  in  view  of  the  impending  trade  revolution 
which  will  involve  the  United  States  and  the  world.  The  doctrine 
of  commercial  preparedness  cannot  be  too  vigorously  advocated. 
There  is  hardly  a  more  important  element  in  trade  preparation 
than  the  development  of  the  port  facilities  mentioned.  In 
point  of  present  ability  to  handle  the  great  volume  of  expoit 
and  import  traffic  now  moving,  the  New  Orleans  equipment 
equals  that  of  any  port  in  the  United  States;  and  in  point  of 
capacity  for  indefinite  expansion  and  for  encouragement  of  a 
broader  commerce,  the  port  organization  of  New  Orleans  is 
distinctly  superior  to  anj% 

THE   DEBT 

But  let  it  not  be  imagined  that  the  revolution  in  sanitary 
and  economic  conditions  which  has  worked  the  transition  of 
the  old  city  of  romantic  history  into  the  new  city  of  virile 
though  no  less  romantic  promise,  was  accomplished  without 
travail  and  suffering,  or  that  the  improvements  of  which  we 
are  justly  proud  and  for  which  we  are  duly  grateful  have 
sprung  from  the  ground  in  a  night  like  Jonah's  gourd,  or 
have  flowered  from  the  glib  facility  of  the  oratoi-'s  period  or 
the  demagogue's  promise.  It  has  required  effort,  long  con- 
tinued and  stern,  and  work,  even  to  prepare  the  gi'ound  for 
these  developments.  But  after  the  ground  has  been  prepared 
and  the  plans  formulated,  and  even  after  the  means  for  con- 
sumation  had  been  secured,  the  Fact  was  yet  afar,  and  our 
fine  projects  still  remained  nothing  but  dreams  and  nebulous 
hopes  until  the  Engineer  was  called  and  this  great  materializeiv 
took  hold  and  wi-ought  the  miracle  of  translating  the  ideal  into 
the  real. 


NOTES 

Those  who  arrived  in  New  Orleans  by  boat  had  the  pleasure 
of  attending  a  meeting  of  the  Louisiana  Engineering  Society 
on  Monday  evening,  April  10,  when  a  paper  by  Prof.  C.  W. 
Williamson  of  Tulane  University  was  presented  on  the  possi- 
bilities in  Louisiana  for  additional  chemical  industries,  and 
through  the  courtesy  of  that  society  copies  of  the  paper  were 
placed  at  the  headquarters  for  any  who  desired  them. 

Splendid  service  is  being  rendered  in  the  development 
of  the  resources  of  Louisiana  and  the  south  by  the  graduates 
of  the  technical  courses  of  Tulane  University  at  New  Orleans 
and  of  the  State  University  at  Baton  Rouge.  Many  of  the 
students  at  Tulane  attended  the  sessions  of  the  Spring  Meet- 
ing and  the  members  of  the  Student  Section  of  the  State  Uni- 
\'ersity  came  to  New  Orleans  to  hold  a  dinner  during  the  con- 
vention, which  it  was  the  pleasure  of  the  President  and  Sec- 
retary to  attend. 

The  five  members  of  the  Nominating  Committee,  selected 
b.y  the  Local  Sections  of  the  country  and  appointed  by  the 
President  on  their  recommendation,  were  on  hand  from  the 
five  cities  of  Boston,  Philadelphia,  Atlanta,  Chicago  and  San 
Francisco.  Several  meetings  were  held,  but  no  intimation  has 
been  given  of  the  outcome  of  their  deliberations.  The  pro- 
cedure followed  by  Dr.  Jacobus  this  year  in  appointing  this 
committee  received  words  of  approval  on  every  hand. 

The  efficient  local  committee  consisted  of  W.  B.  Gregory, 
Chairman;  A.  L.  Black,  Treasurer,  and  H.  L.  Hutson,  Secre- 
tary, who  acted  in  cooperation  with  several  sub-committees, 
of  which  the  following  were  chairmen:  George  H.  Davis, 
Finance;  H.  F.  Rugan,  Hotels;  A.  M.  Lockett,  Entertainment; 
R.  T.  BuiTvell,  Reception;  E.  L.  Jahncke,  Printing  and  Pub- 
licity. These  chairmen  and  J.  F.  Coleman,  President,  New 
Orleans  Association  of  Members  A.S.C.E.,  Samuel  Young, 
President,  Louisiana  Engineering  Society,  and  L.  C.  Datz, 
constituted  the  Executive  Committee. 

COUNCIL   NOTES 

At  the  meeting  of  the  Council  on  April  11,  1916,  held  at  the 
headquarters  of  the  Spring  Meeting,  Hotel  Grunewald,  New 
Orleans,  Louisiana,  the  following  were  present :  D.  S.  Jacobus, 
President,  W.  F.  M.  Goss,  James  E.  Sague,  Members  of  the 
Council;  Oberlin  Smith  and  S.  T.  Wellman,  Past  Presidents, 
and  Calvin  W.  Rice,  Secretary. 

The  President  reported  the  appointments  of  George  I.  Alden, 
G.  C.  Anthony,  H.  S.  Baldwin,  A.  G.  Duncan,  C.  H.  Fish, 
^Y.  A.  Hall,  Franklin  W.  Hobbs,  ^Y.  R.  Park,  George  F.  Swain, 
J.  A.  Tilden,  A.  C.  Walworth,  A.  K.  Warren,  H.  S.  Bald- 
win, G.  H.  Barrus,  John  A.  Stevens,  Richard  H.  Rice,  C.  T. 
Plunkett,  E.  F.  Greene,  E.  W.  Thomas  and  C.  T.  Main  as 
Honorary  Vice-Presidents  to  represent  the  Society  at  the 
funeral  of  C.  J.  H.  Woodbury,  an  organization  member  of  the 
Society. 

H.  C.  Gardner  was  appointed  to  represent  the  Society  at 
a  conference  in  Chicago,  April  14,  called  by  Dr.  F.  H.  Newell 
on  "Engineering  Cooperation." 

The  President  reported  invitations  to  the  Society  to  partici- 
pate in  the  exercises  to  be  held  on  the  150th  Anniversary  of 
the  founding  of  Rutgers  College,  and  at  the  opening  of  the 
new  buildings  of  the  Massachusetts  Institute  of  Technology. 
The  Council  requested  the  President  to  be  present  and  repre- 
sent the  Society,  but  if  not  possible  the  President  was  author- 
ized to  appoint  a  representative. 
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Subject  to  the  approval  of  the  Committee  on  Sections,  the 
following  committee  was  appointed  in  charge  of  the  Atlanta 
Section :  E.  F.  Scott,  Chairnvan,  P.  A.  Dallis,  Secretary,  Oscar 
Elsas,  L.  W.  Robert  and  F.  H.  Neely. 

F.  W.  Dean,  Chairmcm,  J.  S.  Coon  and  A.  M.  Mattice  were 
appointed  a  Committee  on  Resolutions  on  the  death  of  Hon- 
orary Member  and  Past-President  E.  D.  Leavitt. 

A  communication  was  read  from  the  Boiler  Code  Committee 
with  respect  to  the  standardization  of  open  feed  water  heaters, 
and  it  was  voted  that  the  President  nominate  a  committee  to 
undertake  this  work. 

Calvin  W.  Rice,  Secretary. 

COOPERATIVE    SPIRIT   AT   NEW   HAVEN 

It  is  believed  that  never  before  has  the  spirit  of  cooperation 
so  permeated  a  Local  Section  meeting  as  it  did  the  Spring 
meeting  of  the  New  Haven  Section  held  on  April  5. 

In  the  first  place,  no  less  than  seven  other  local  organiza- 
tions cooperated  with  the  Section  in  cari-ying  out  the  program 
of  the  meeting.  These  were  the  Engineers'  Club  of  the  Shef- 
field Scientific  School,  Yale  University;  the  Yale  Mechanical 
Engineers  Club,  Student  Branch,  Am.Soc.M.E.;  the  Yale 
Branch,  A.I.E.E.;  the  Mining  Society  of  the  Sheffield  Scien- 
tific School:  the  Connecticut  Society  of  Civil  Engineers  and 
Surveyors:  the  Winchester  Engineering  Club;  and  the  Yale 
Dining  Club. 

In  the  second  place,  particularly  at  the  afternoon  session, 
the  audience  included  many  manufacturers  and  representa- 
tives of  local  industries  who  "  came  to  get  information  the 
engineers  had  to  give  them." 

Other  evidences  of  the  cooperative  spirit  manifested  them- 
selves throughout  the  meeting,  resulting  in  the  most  successful 
get-together  meeting  yet  held  by  this  progressive  Section. 

Following  the  precedent  of  this  Section,  two  sessions  were 
held,  one  in  the  afternoon  and  the  other  in  the  evening,  and 
a  dinner  was  served  between  the  sessions.  This  Section  holds 
two  such  meetings  each  season.  The  meetings  were  practi- 
cally continuous  from  3  p.  m.,  to  10 :30  p.  m.,  with  the  interest 
maintained  all  through,  thanks  to  the  efforts  of  the  New  Haven 
Committee  and  of  the  officers  of  the  cooperating  organizations. 

Henry  B.  Sargent,  Chairman  of  the  New  Haven  Section, 
Am.Soc.M.E.,  opened  the  afternoon  session  in  the  Mason 
Laboratoiy  of  Sheffield  Scientific  School,  with  an  attendance 
of  about  150.  After  the  usual  announcements,  Prof.  L.  P. 
Breckenridge  took  the  chair,  and  introduced  H.  I.  Harriman, 
civil  engineer,  of  Boston,  who  presented  a  paper  on  The 
Water  Powers  of  New  England.  The  speaker  called  atten- 
tion to  the  fact  that  on  account  of  the  general  poorness  of  the 
New  England  soil  for  agricultural  purposes,  the  people  had 
early  been  obliged  to  turn  their  attention  to  manufacturing, 
with  the  result  that  they  had  early  made  demands  for  power. 
He  reviewed  the  history  of  the  efforts  to  supply  this  power 
by  utilizing  the  available  water;  and  by  means  of  lantern 
slides  he  gave  recent  examples  of  impounding  reservoirs  and 
hydroelectric  plants  in  New  England.  He  then  gave  a  de- 
tailed description  of  the  construction  of  the  Moosehead  Lake 
Dam  and  the  Somerset  Dam,  and  the  hydroelectric  plants  on 
the  Deerfleld  River,  concluding  with  illustrations  of  recent 
equipment  for  long  distance  transmission  lines. 

This  paper  was  followed  by  a  general  discussion  on  The 
Power  Requirements  of  Connecticut  Industries,  opened  by 
R.  J.  S.  Pigott,  Mem.Am.Soc.M.E.,  who  gave  a  large  amount 
of  valuable  data  on  the  cost  of  steam  power  in  a  modern  in- 
dustrial establishment,  and  methods  of  reducing  that  cost. 
One  of  the  most  interesting  phases  of  Mr.  Pigott's  discussion 


was  the  question  of  bleeder  turbines  and  their  economy  in 
plants  using  a  large  amount  of  low  pressure  steam  for  heat- 
ing and  for  processes.  Another  was  the  question  of  indi- 
\idual  motor  drive  vs.  group  motor  drive,  which  latter  he 
strongly  advocated ;  he  said  that  many  plants  were  "  over- 
motored,"  with  the  result  that  most  of  the  motors  were  run- 
ning on  only  a  fraction  of  their  load  for  the  greater  part  of 
the  time,  insufficient  attention  being  paid  to  diversity  factor 
in  loading. 

Others  taking  part  m  this  discussion  were  John  W.  Lieb, 
Mem.Am.Soc.M.E.,  wlio  took  up  the  question  of  water  power 
vs.  steam  jjower,  and  said  that  none  of  our  large  centers  of 
population  could  afford  to  depend  solely  on  water-generated 
power,  and  that  the  best  we  could  hope  for  in  large  cities 
was  the  utilization  of  power  from  all  kinds  of  sources;  S. 
Ferguson,  who  said  that  the  jarimary  need  in  all  industries 
was  reliable  power,  and  that  to  increase  reliability  many 
water  powers  should  be,  and  were  being,  "  tied-in  "  with  steam 
powers;  Prof.  C.  F.  Scott,  who  said  that  in  the  case  of  any 
manufactured  article,  since  the  cost  of  power  to  produce  it 
was  not  over  1  per  cent  of  the  cost  of  the  article,  doubling 
the  cost  of  power  to  secure  reliability  would  be  justified; 
C.  R.  Harte,  who  advocated  greater  study  of  such  problems 
as  re-forestation,  etc.,  before  deciding  on  sites  of  impound- 
ing reservoirs  for  water  powers;  Prof.  Breckenridge,  and 
others. 

Calvin  W.  Rice,  Secretary  Am.Soc.M.E.,  spoke  for  a  few 
moments  and  commended  the  Section  upon  the  splendid  re- 
sults of  its  cooperative  work  as  evidenced  by  such  a  success- 
ful meeting.  He  also  gave  recent  illustrations  of  our  Society's 
cooperation  with  the  other  national  engineering  societies  and 
with  the  Government  in  engineering  matters  affecting  the 
nation-at-large. 

Winfield  S.  Huson,  Mem.Am.Soc.M.E.,  expressed  his  ad- 
miration of  the  good  fellowship  in  evidence  at  the  meeting, 
quoting  the  words  of  Grosman : 

"  To-day  a  man  who  is  out  of  touch  with  fellow-men  is  a 
useless  man.  His  beatitude  and  exaltation  do  not  in  the 
slightest  enhance  his  value.  For  men  ask  of  one  another  that 
each  help  in  the  work  and  business  of  life,  and  contribute  his 
ability  and  his  manhood." 

Following  the  afternoon  session  an  excellent  dinner  was 
served  in  the  inspiring  Yale  Dining  Club  Hall. 

The  evening  session,  held  in  North  Sheffield  Hall,  was  de- 
voted to  a  paper  on  The  Progress  of  Economic  Power  Gen- 
eration and  Distribution,  by  Samuel  InsuU,  President  of  the 
Commonwealth  Edison  Co.,  Chicago.  The  meeting  was 
opened  by  President  Arthur  T.  Hadley,  of  Yale  University, 
who  introduced  the  speaker.     There  were  about  300  present. 

Mr.  InsuU's  paper,  which  was  profusely  Ulusti-ated  with 
lantern  slides,  reviewed  the  history  of  the  business  of  electric 
power  generation  and  distribution,  from  its  inception  in  the 
early  80's  to  the  present  time,  with  special  reference  to  the 
speaker's  own  connection  with  the  business  in  the  City  of 
Chicago. 

Mr.  InsuU  considered  the  limitations  of  the  early  business, 
when  small  areas  only  were  served  and  when  there  was  no 
diversity.  He  described  the  effect  of  the  introduction  of  the 
a.c.  system  and,  later,  of  the  steam  turbine,  to  which  he  paid 
tribute  by  saying  that  the  introduction  of  this  prime  mover 
was  the  one  thing  above  all  others  which  had  made  possible 
the  massing  of  production  of  electric  power  for  all  kinds  of 
purposes. 

By  means  of  slides,  he  contrasted  the  early  apparatus  used 
in  the  business  with  that  now  used,  and  traced  the  evolution 
of  this  apparatus  through  its  radical  stages  of  development. 
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He  gave  his  opinion  that  the  limit  of  ecouumical  size  of 
unit  was  reaehed  in  the  large  \uiits  now  being  employed,  and 
that  it  was  unwise  to  exceed  these  maximum  sizes. 

He  concluded  with  a  discussion  of  some  of  the  figures  of 
modern  electric  production,  and  the  effect  on  them  of  in- 
creasing the  diversity  of  utilization  by  "  massed  production," 
generating  power  for  all  kinds  of  purposes. 

CONFERENCE  ON  ENGINEERING 
COOPERATION 

The  second  conference  of  the  Committee  on  Engineering 
Cooperation,  to  which  our  Society  was  invited  to  send  a  dele- 
gate, was  held  in  Chicago.  April  13  and  U.  The  Committee 
is  self -constituted,  and  Dr.  Frederick  H.  Newell,  Mem.Am.Soc. 
M.E.,  is  chairman  and  Clarence  E.  Drayer,  is  secretary, 
its  aim  is  the  formulation  of  a  plan  of  increased  cooperation 
between  engineers  with  a  view  to  securing  greater  efflciency 
in  the  larger  matters  of  concern  to  the  individual  engineer,  the 
profession  and  the  public.  Over  thirty  technical  and  engi- 
neering societies,  engineering  clubs,  and  like  organizations 
were  represented  at  the  conference.  H.  C.  Gardner,  Mem. Am. 
Soc.M.E.,  attended  as  the  delegate  of  our  Society. 

The  conference  was  opened  by  the  chairman,  greetings  were 
extended  by  B.  E.  Grant,  President  of  the  AVestem  Society 
of  Engineers,  and  an  address  of  welcome  delivered  by  B.  F. 
Affleck,  President  of  the  Chicago  Engineers  Club. 

During  the  conference  there  was  a  good  deal  of  discussion 
upon  the  scope  of  the  plan  of  attaining  the  objects  in  mind ; 
as  to  whether  a  separate  organization  should  be  formed  or 
how  best  the  activities  of  the  existing  societies  could  be  cor- 
related. The  representative  of  our  Society  argued  for  the 
development  of  the  plan  through  existing  organizations.  At 
the  close  of  the  conference  resolutions  were  passed  estab- 
lishing a  subcommittee,  with  Dr.  Newell  as  chairman,  to  pre- 
pare a  plan  for  consideration  at  a  third  conference  on  engi- 
neering cooperation,  to  be  called  by  the  subcommittee  at  such 
time  and  place  as  may  seem  to  be  desirable,  and  expressing 
appreciation  for  the  courtesies  extended  to  the  delegates. 

SCIENTIFIC  MANAGEMENT  CONFERENCE 

An  elaborate  conference  on  Scientific  Management  lias  been 
planned  by  the  Frederick  \V.  Taylor  Cooperators,  to  be  held 
at  the  University  of  Micliigan,  Ann  Arbor,  Mich.,  from  May 
11  to  13,  1910.  A  feature  of  the  conference  will  be  seven 
round  table  discussions  on  scientific  methods  of  management 
applied  to  various  types  of  industry. 

The  address  of  welcome  will  be  delivered  by  President  Harry 
B.  Hutchins,  of  the  University  of  Michigan,  and  Harlow  S. 
Person,  President  of  the  Taylor  Society,  will  respond. 

Papers  will  be  presented  on  Scientific  Management,  Its 
Nature  and  Significance,  by  Henry  P.  Kendall,  Mem.Am.Soc. 
M.E. ;  Scientific  Methods  of  Management  Applied  to  Various 
Types  of  Industry,  by  Sanford  E.  Thompson,  Mem.Am.Soc. 
M.E.;  Scientific  Management  in  the  Operation  of  a  Public 
Service  Corporation,  by  Charles  Day,  Mem.Am.Soe.M.E.,  and 
An  Illustrated  Trip  Through  Scientifically  Managed  Factories, 
by  H.  K.  Hathaway,  Mem.Am.Soe.M.E. 

The  round  table  discussions  will  cover  continuous  manu- 
facturing processes,  including  paper  and  pulp  manufacture, 
textiles,  books,  clothing,  boxes,  envelopes,  handkerchiefs  and 
printing;  non-continuous  manufacturing  processes,  particu- 
larly machine  shop  practice;  practically  continuous  processes, 
exemplified  by  automobile  manufacture;  construction  work; 
store  sales  management  and  traveling  sales  management.  Lead- 


ers in  the  round  table  discussions  will  be  Keppele  Hall,  Mem. 
Am.Soc.M.E.:  Robert  B.  Wolf,  Mem.Am.Soe.M.E.;  Henry  V. 
K.  Sclieel,  Mem.Am.Soe.M.E.;  Arthur  E.  Barter,  Richard  A. 
Feiss,  Mem.Am.Soc.M.E.;  Frank  R.  Wallace,  R.  B.  Eraser, 
D.  J.  Walsh,  Jr.,  John  H.  WiUiams,  Carl  G.  Barth,  Mem.Am. 
SocM.E.;  Com.  Allen  M.  Cook,  H.  K.  Hathaway,  Mem.Am. 
Soc.M.E.;  F.  A.  Parkhurst,  Assoc.Am.Soc.M.E. ;  Albert  R. 
Shipley,  Assoc.Am.Soc.M.E.;  F.  F.  Beall,  Jun. Am.Soc.M.E.; 
J.  C.  Regan,  Mem.Am.Soe.M.E.;  W.  B.  Laine,  Mem.Am.Soc. 
M.E. ;  Wm.  0.  Lichtner,  Mem.Am.Soc.M.E. ;  John  H.  Scoville, 
Miner  Chipman,  T.  K.  Corey,  H.  A.  Brown,  John  M.  Bruce, 
Assoc.Am.Soc.M.E.;  Henry  T.  Noyes,  Assoc.Am.Soc.M.E.,  and 
R.  Mayo-Smith. 

M.  L.  Cooke,  Mem.Am.Soc.M.E.,  will  act  as  chairman  at 
the  closing  session,  which  will  be  a  summary  and  discussion. 

The  Richard  A.  Feiss  Co.,  Clothcraft  Shops,  Cleveland, 
Ohio,  will  entertain  visiting  members  on  their  way  to  the 
Congress,  as  will  also  the  Executives'  Club  of  the  Detroit 
Board  of  Commerce. 

JUNIOR    AND    STUDENT    PRIZES 

The  Committee  on  Awards  of  prizes  for  papers  contributed 
by  Junior  Members  and  members  of  Student  Branches  desire 
to  call  attention  to  the  fact  that  the  limiting  date  for  sending 
in  contributions  for  competition  for  these  prizes  is  June  30. 

One  cash  prize  of  fifty  dollars  and  engraved  certificate  are 
available  for  the  best  paper  of  the  year  by  a  Junior  Member, 
and  four  cash  prizes  of  twenty-five  dollars  each,  and  engraved 
certificate,  are  available  for  the  four  best  papere  of  the  year 
by  members  of  Student  Branches. 

Full  information  regarding  these  prizes  and  the  Rules  of 
Award  are  given  in  the  1916  Year  Book.  The  Committee 
desire  to  emphasize  that  contributions  should  be  typewritten 
in  double  spacing  on  paper  of  uniform  size,  preferably  8I2  x 
11  m.,  and  with  illustrations  neatly  drawn  and  tabulated  matter 
clearly  arranged ;  the  whole  should  be  enclosed  in  a  binder. 
Papers  must  be  the  bona  fide  production  of  the  contributor 
and  must  not  have  been  previously  made  public. 

The  awards  for  1916  wiU  be  announced  at  the  Annual 
Meeting,  December,  1916,  and  will  also  be  published  in  The 
Journal. 

CLASSIFICATION  OF  TECHNICAL 
LITERATURE 

A  meeting  of  the  joint  committee  of  the  National  Engineer- 
ing Societies  and  leading  technical  and  industrial  organiza- 
tions of  the  country,  on  classification  of  technical  literature, 
was  held  in  the  council  room  of  our  Society  on  April  1.  Henry 
W.  Peck,  Mem.Am.Soc.M.E.,  who  has  been  actively  identified 
with  the  movement  from  its  inception,  presented  a  progress 
report  reviewing  the  work  of  the  committee  to  date.  W.  P. 
Cutter,  librarian  of  the  United  Engineering  Society,  presented 
a  paper  entitled  How  to  Make  a  Classification. 

Two  general  schemes  of  procedure  were  then  presented, — the 
one  to  assign  parts  of  the  classification  to  organizations  vitally 
interested  therein,  the  final  compilation  and  correlation  to  be 
performed  by  one  central  body  under  the  super^'ision  of  an  ex- 
pert classifier;  and  the  other  to  have  classifiers  or  librarians  in- 
timately acquainted  with  present  technical  literature  prepare 
classifications  subject  to  revision  by  engineering  organizations. 
After  considerable  discussion,  it  was  decided  to  adopt  the 
former  plan.  F.  R.  Low,  Mem.Am.Soc.M.E.,  has  resigned  the 
chairmanship  of  the  executive  committee  in  favor  of  Henry  W. 
Peck,  :Mem.Am.Soc.M.E. 
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INDUSTRIAL  PREPAREDNESS 

The  names  of  the  members  of  our  Society  selected  by  the 
Couin-il  from  each  of  the  states  of  the  Uniou,  the  Territory 
of  Alaska  and  the  District  of  Columbia,  to  act  as  State 
Directors  of  the  Organization  for  Industrial  Preparedness 
and  Associate  Members  of  the  Naval  Consulting  Board,  liave 
now  been  approved  by  tl)e  Secretary  of  the  Navy  and  the 
appointments  made.  Tlie  Secretary  of  tlie  Navy  has  also 
made  the  appointments  in  the  cases  of  the  four  other  great 
technical  societies  mentioned  in  the  letter  to  the  Society  from 
the  President  of  the  United  States,  jniblished  in  the  February 
issue  of  The  Journal,  and  the  personnel  of  the  organization 
is  now  complete. 

Below  are  the  names  of  the  State  Directors  appointed  from 
our  Society,  correct  to  April  10.  1916. 

Al.^bama.     F.  H.  Crockard,  152-1  Brown-Marx  Bldg..  Birming- 
ham, Ala.— V.  P.,  Tenn.  Coal.  Iron  &  R.  R.  Co. 
Alaska.     George  A.  Diamond.   Nome.   Alaska — Mngr.,    Scheld 

&  Co. 
Arizona.     A.   G.   McGregor,   AVarren,   Ariz. — Caliunet   &   Ariz. 

Mining  Co. 
Arkansas.     B.    N.    Wilson,    Fayetteville,    Ark. — Prof.    Mech. 

Eug.,  Univ.  of  Ark. 
California.     C.   W.   Merrill,   llll    Second    St.,    San   Francisco, 

Cal. — Merrill  Metallurgical  Co. 
(oi.oHADO.     T.  B.  Stearns,  1720  California  St.,  Denver,  Colo. 
CoN.NECTicuT.     H.  B.  Sargent,  New  Haven,  Conn. — V.  P.,  Sar- 

i;ent  &  Co. 
Delaware.     R.    \Y.   Smith.   Wilmington.   Del.— V.   P.,   Hilles  & 

.Tones  Co. 
DisTRiCE    or    CoLiiiBiA.     Dr.    W.    S.    Stratton.    Washington, 

D.  C. — Director,  Bureau  of  Standards. 
Florida.     R.  E.  Chandler.  Gainesville.  Fla. — Prof.  Mech.  Eng., 

Univ.  of  Fla. 
Georgia.     Oscar  Elsas.  Atlanta,  Ga. — Pres.,  Fulton  "ag  &  Cot 

ton  Mills. 
Idaho.     Geo.  F.  Waddell,  Squirrell,  Fremont  County,  Idaho. 
Illinois.     Dr.  W.  F.  M.  Goss,  llrbana,  111. — Dean,  Coll,  Eng., 

Univ.  of  111. 
Indiana.     Geo.  O.  Rockwood,  1801  English  Ave..  Indianapolis, 

Ind. — Pves..  Rockwood  Mfg.  ("Vi. 
lowA      S.  M.  Woodward,  Iowa  City.  Iowa — Prof.  Mech.,  State 

Univ.  of  Iowa. 
K.\NSAS.     A     A.    Potter.    Manhattan.    Kansas — Dean.    Dlv.    of 

Engineering.  Kansas  State  Agric.  College. 
Kentucky.     W.  S.  Speed.  ,'')25  AVest  Main  St..  Louisville,  Ky. — 

Pres..  Louisville  Cement  Co. 
Louisiana.     A.    M.    Lockett.   53S   Baronne    .St..    New    f)i-leans. 

La. — Pres..  A.  M.  Lockett  Co..  Ltd. 
Maine.     .L  S.  Hyde.  Bath.  Mo.— Pres..  Bath  Iron  Works. 
Maryland.    C.  C.  Thomas.  Baltimore.  Md. — Prof.  M.  E.,  Johns- 
Hopkins  Univ. 
AlASSAniTisETTs.     Ira  N.  Hollis.  Worcester,  Mass. — Pres.,  Wor- 
cester, Poly.  Inst. 
MicniGAN.     Alex   Dow.   18   Wash.   Ave..   Detroit,   Mich. — Pres. 

&  G.  M.,  The  Detroit  Edison  Co. 
Minnesota.     .1.   .T.    Flather.   Minneapolis.   Minn. — Prof.   Mech. 

Eng.,  Univ.  Minn. 
MississippL     R.    C.    Carpenter,    Agricultural    College.    Miss. — 

Prof.  Mech.  Eng. 
MiSROUBL     E.  Flad.  DeMenil  Bldg..  St.  Lonis.  Mo. 
IMONTANA.     C.   T.   Nordberg,   305  Elec.   Bldg.,   Butte.   Jlont. — 

Nordberg  Mfg.  Co. 
Nebraska.     Wm.    R.    McKeen,    1222    Webster    Ave..    Omaha, 

Nebr. — Pres.,  McKeen  Motor  Car  Co. 
Nevada.     .Tames   G.    Scrugham.    Reno.   Nev. — Dean    Eng.    Col- 
lege. Univ.  of  Nev. 
New  Hampsitiee.     Thomas  W.  Fry,  Claremont,  N.  H. — Secy., 

Sullivan  Mchy.  Co. 
New  .Tebsey.     H.  L.  Gantt.  290.5  Singer  Bldg..  New  York  City. 
New  Mexico.     L.  J.  Charles.  Elephant  Butte.  New  Mexico — 

C.  E.,  U.  S.  Reclamation  Service. 
New  York.     W.  H.  Marshall.  30  Church  St..  New  York  city— 

Pres.,  American  Locomotive  Co. 
North   Carolina.     Wm.    S.   Lee.   Mercantile  Bldg..   Charlotte, 

N.  C— V.  P.  &  Chf.  Eng.,  Southern  Power  Co. 
NoETH  Dakota.     Calvin  H.  Crouch.  University,  N.   D. — Dean 

Coll.  Mech.  &  Elec.  Eng.,  Univ.  of  N.  D. 
Ohio      Frnnk  A.  Scott.  .5701  Carnegie  Ave..  Cleveland.  Ohio — 

V.  P..  The  Warner  &  Swasey  Co. 
Oklahoma.     .1.  P.  Fisher,  Bartlesville,  Okla. 


Oregon.  Bert  C.  Ball,  Porthind,  Ore.— Pre.s.  &  Mngr.,  Willa- 
mette lion  &  Steel  Works. 

Pennsylvania.  .InliMi  Kennedy,  1217  Bessemer  Bldg.,  Pitts- 
burgh, Pa. 

Rhode  Island.  Henry  D.  Sharpe,  Providence,  R.  I. — Treas., 
Brown  &  Sharpe  Mfg.  Co. 

South  Carolina.  J.  L.  Cokei',  .Jr.,  Hartsville,  S.  C. — V.  P., 
Carolina  Fiber  Co. 

South  DAKtvrA.  M.  W.  Davidson,  Vermillion,  S.  I). — Prof. 
M.  E..  Univ.  of  .S.  Dak. 

Tennessee.  N.  Sand^irs,  Chattanooga,  Tenn. — Newell  Sanders 
Plow  Co. 

Texas.  W.  B.  Tuttle,  ;!<).")  E.  Houston  St.,  San  Antonio,  Tex. — 
V.  P.,  San  Antonio  Traction  (^o.  &  San  Antonio  Gas  & 
Elec.  Co. 

Utah.  Wm.  Wraith.  018  Kearns  Bldg..  Salt  Lake  City,  Utah 
— G.  M..  Internal.  Smelting  Co. 

Vermont.  .Tames  Hartness.  Springfield,  Vt. — Pres.,  .Tones  & 
Lamson  Mnch.  Co. 

Vircima.  W.  D.  Mount.  Saltville,  Va.— G.  M.,  Mathieson  Al- 
kali Woi-ks. 

Washington.  .James  V.  Paterson,  Seattle.  Wash.  —  Pres., 
Seattle  Constr.  &  Dry  Dock  Co. 

Wesi  Virginia.  Chas.  E.  Ward,  Box  647,  Charleston,  W.  Va. 
— Pros.,  Charles  Ward  Eng.   Works. 

Wisconsin.  L.  E.  Strothman.  Milwaukee,  Wis. — Dept.  Mngr., 
Allis-Chalmers  Mfg.  Co. 

Wyoming.  E.  G.  Hoefer.  Laramie,  Wyo.— Head  Dept.  M.  & 
E.  Eng..  Univ.  of  Wyoming. 

The  next  step  to  be  taken  is  the  organization  of  each  State 
Board  of  Directors  for  business,  and  the  selection  in  each 
state  of  a  corps  of  field  aides  from  the  membership  of  the 
five  societies  within  that  state,  to  assist  the  boards  in  carrying 
out  the  plan  of  the  industrial  census  as  published  in  the 
March  issue  of  The  .Jounial. 

Howard  E.  Coffin.  Mem.Am.Soc.M.E.,  is  chairman  of  the 
Committee  on  Industrial  Preparedness  of  the  Naval  Consult- 
ing Board,  under  the  direction  of  which  the  State  Directors 
will  work  and  to  which  they  will  report,  and  W.  S.  Gilford, 
statistician  of  the  American  Telephone  and  Telegraph  Com- 
pany, is  supervising  director  of  the  work  of  the  committee. 

TRIBUTE  TO  DR.  WOODBURY 

At  a  meeting  of  the  Board  of  Government  of  The  National 
Association  of  Cotton  Manufacturers,  April  24,  1916,  the  fol- 
lowing resolution  was  unanimously  adopted  : 

The  Board  of  Government  desires  to  express  its  profound 
sorrow  at  the  death  of  the  Secretary  of  the  Association,  Dr. 
Cliarles  J.  H.  AVoodbury. 

This  Association,  and  tlie  cotton  industry  in  general,  owes  to 
Dr.  AYoodbury  a  debt  which  is  unmeasurable.  Devoting  him- 
self in  early  life  to  the  problems  of  mill  construction  and  fire 
protection,  he  has,  during  all  his  official  connection  with  the 
Association,  of  upwards  of  twenty-five  years,  been  the  leader  in 
all  movements  tending  to  improve  the  processes  and  methods 
of  textile  mills.  Under  the  guidance  of  his  trained,  scientific 
mind,  the  Transactions  of  the  Association  have  recorded  in  the 
fullest  degree  the  development  of  the  cotton  industry  in  its 
technical,  historical,  and  social  aspects;  and  they  stand  as  a 
worthy  monument  to  his  memory. 

To  Dr,  Woodbury  more  than  to  any  one  man  is  due  the  con- 
tinued growth  and  prosperity  of  the  Association,  and  its  value 
as  a  representative  of  the  textile  trade.  In  spite  of  severe  phy- 
sical disabilities  during  the  last  period,  he  has  served  its  inter- 
ests with  fidelity  and  devotion,  and  it  may  be  said  with  truth 
that  he  laid  down  his  life  in  its  service. 

As  individuals,  we  shall  miss  him,  with  his  kindly  personal- 
ity, his  unfailing  courtesy,  his  broad  culture,  and  his  remark- 
able fund  of  information. 

The  Board  of  Government  of  The  National  Association  of 
Cotton  Manufacturers  hereby  resolves,  as  a  tribute  of  affection 
and  gratitude,  tliat  this  resolution  be  entered  upon  its  records, 
and  that  copies  be  sent  to  the  bereaved  family,  to  affiliated  as- 
sociations, and  to  tlie  daily  press. 
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ERICSSON  MONUMENT 

The  Society  has  received  a  copy  of  Hearings  before  the 
Committee  on  the  Library,  House  of  Representatives,  Sixty- 
fourth  Congress,  reporting  the  hearing  on  March  13,  1916,  on 
the  bill  recently  introduced  in  Congress  to  erect  a  monument 
to  the  memory  of  John  Ericsson. 

As  stated  in  The  Journal  last  month,  seven  members  were 
appointed  to  represent  the  Society  at  this  hearing.  Four  of 
these  were  able  to  attend,  and  the  following  are  the  speeches 
in  favor  uf  the  bill  made  by  two  of  them,  Erik  Oberg  and 
Casimir  von  Philp,  and  as  reported  in  the  hearings: 

Statemext  of  Mr.  Erik  Oberg,  of  New  York,  N.  Y. 

Mr.  Chairman  and  gentlemen  of  the  committee,  while  by 
accident  of  birth  I  come  from  the  same  country  as  John 
Ericsson  I  am  here  to-day  to  urge  the  passage  of  this  bill, 
not  in  any  way  on  tliat  account,  but  simply  to  urge  the  passage 
of  the  bill  as  an  engineer. 

1  am  honored  to  be  here  to-day  as  the  representative  of  one 
of  the  greatest  engineering  societies  in  the  United  States,  The 
American  Society  of  Mechanical  Engineers.  There  are  three 
other  gentlemen  in  this  group,  who  are  here  also  representing 
that  society.  I  am  authorized  by  the  Board  of  Directors  of 
The  American  Society  of  Mechanical  Engineers,  an  organiza- 
tion composed  of  7,000  members,  living  in  all  parts  of  the 
United  States,  all  of  whom  belong  to  the  most  prominent 
engineering  societies  in  the  country,  to  urge  the  passage  of 
this  bill. 

The  engineers  of  the  country  recognize  that  John  Ericsson 
was  one  of  the  greatest  engineering  geniuses  of  the  last  cen- 
tury, irrespective  of  where  he  was  bom  and  irrespective  of 
whatever  his  nationality  may  have  been.  He  is  recognized  as 
one  of  the  greatest,  if  not  the  greatest  engineering  genius  of 
the  nineteenth  century,  and  it  seems  appropriate  that  the 
nation  in  which  he  carried  out  his  greatest  engineering  inven- 
tions should  erect  a  monument  to  him  as  well  as  to  other  men 
in  other  professions,  who  have  done  signal  service  to  humanity. 
It  seems  fitting  that  a  lasting  monument  should  be  erected  to 
such  a  man. 

There  is  no  one  in  the  city  of  Washington  or  in  the  United 
States  whose  convenience  and  whose  every-day  life  is  not  influ- 
enced by  the  engineering  inventions  of  John  Ericsson.  He 
has  made  life  for  humanity  at  large  easier.  The  steamships 
that  aptly  plow  the  sea  to-day,  pass  through  the  ocean  much 
safer  and  easier  because  of  the  mventions  of  John  Ericsson. 
Because  of  that  fact.  The  American  Society  of  Mechanical 
Engineers  urges  that  this  committee  report  this  bill  favorably 
to  the  Congi-ess  of  the  United  States.     [Applause.] 

Statement  of  Mr.  Casimik  von  Philp,  of  Bethlehem,  Pa. 

Mr.  Chairman  and  gentlemen  of  the  committee,  I  do  not 
speak  as  a  Swede,  or  as  an  American,  or  as  representing  any 
other  nationality.     I  only  speak  as  a  mechanical  engineer. 

The  engineer  is  considered  the  master  of  the  mechanical  arts. 
We  will  find  monuments  erected  to  prominent  men  of  all  pro- 
fessions, to  lawyers  and  to  warriore.  but  what  have  we  done 
for  the  man  who  makes  the  warriors'  tools?  Is  there  a  single 
monument  to  the  inventor  of  the  warriors'  tools?  There  is 
none.  The  engineer  is  the  inventor  of  the  warriors'  tools,  but 
we  have  done  nothing  for  him,  and  as  an  engineer  I  ask  that 
this  bill  be  favorably  considered,  so  that  the  engineers  wiU  be 
represented  at  least  to  some  extent  in  the  monuments  erected 
to  prominent  men. 

I  want  now  to  call  your  attention  to  the  rewards  received 
by  engineers.  We  have  the  United  States  Patent  Office,  which 
is  the  protector  of  the  engineei-'s  inventions.  This  Patent  Of- 
fice has  received  revenue  from  the  engineers  who  have  applied 
for  patents.  A  part  of  the  revenue  received  by  the  Patent 
Office  can  be  used  for  the  erection  of  a  monument  to  an 
engineer,  the  master  of  the  mechanical  art. 

As  an  engineer  in  the  Bethlehem  Steel  Co.,  I  am  associated 
with  the  class  of  engineers  rejjresented  by  John  Ericsson.  If 
we  take  the  Monitor  we  will  find  that  the  basic  features  of  our 
modern  battleships  are  found  in  the  invention  of  John  Ericsson 
as  it  appeared  in  the  Monitor. 


The  Monitor  was  the  most  perfect  invention  of  any  kind  of 
battleship  construction.  That  vessel  in  its  time  was  absolutely 
invulnerable.  The  guns  were  splendidly  protected  by  the 
armament  of  the  turrets,  and  the  overhang  of  the  armor  pre- 
vented any  vessel  of  that  time  ramming  the  Monitor,  and  those 
things  made  that  ship  one  of  the  most  prominent  inventions  of 
that  time. 

A  modern  battleship  can  be  sunk  easily,  as  has  been  shown 
during  the  present  war,  but  at  that  time  the  battleship  of  John 
Ericsson  was  nonsinkable  by  any  method  in  use  at  that  time. 
There  was  nothing  in  the  line  of  warships  that  could  stand 
against  it. 

As  an  engineer  and  a  follower  of  John  Ericsson,  I  ask  for 
the  passage  of  this  biU,  in  order  that  the  engineers  may  be 
included  in  that  class  of  prominent  men  who  have  had  monu- 
ments erected  to  their  memory.     [Applause.] 

LECTURES    ON  MILITARY   ENGINEERING 

As  anticipated,  the  movement  inaugurated  in  New  York  by 
a  committee  of  members  of  the  national  engineering  societies 
for  providing  free  lectui-es  on  military  engineering  subjects 
has  spread  beyond  the  metropolis. 

In  Detroit  a  course  of  five  weekly  lectures  for  engineers, 
by  Col.  M.  M.  Patrick  and  Major  P.  S.  Bond,  Corps  of  En- 
gineers, U.  S.  A.,  was  commenced  on  March  29. 

In  Chicago  eleven  weekly  events,  beginning  on  April  20, 
have  been  inaugurated.  The  first  nine  of  these  are  Military 
Engineering  lectures,  and  the  remaining  two  excursions  to  a 
citizen's  training  camp  to  be  established  near  Indianapolis. 
Correspondence  courses  and  practical  work  in  field  engineering 
and  maneuvers  by  members  of  the  training  camp  are  to  be 
organized  during  the  summer. 

NOTES 

The  A.S.M.E.  Boiler  Code  was  presented  by  S.  F.  Jeter, 
Mem.Am.Soc.M.E.,  at  the  Annual  Meeting  of  the  National 
Association  of  Cotton  Manufacturers,  held  in  Boston,  April 
26  and  27.  John  R.  Fordyce,  Mem.Am.Soc.M.E.,  presented 
a  paper  on  Cotton  Handling  in  Southern  Warehouses;  Dr. 
S.  W.  Stratton,  Mem.Am.Soc.M.E.,  presented  a  paper  on 
Tests  of  Cotton  Yam  and  Fabrics,  and  Wm.  D.  Hartshorne, 
Mem.Am.Soc.M.E.,  presented  a  paper  on  The  Washington 
Conference  and  Its  Relation  to  Tire  Fabric  and  Other  Testing 
Requirements. 


The  Metropolitan  District  Student  Branches  are  to  be  con- 
gratulated upon  the  success  of  their  first  joint  meeting  and 
smoker,  which  was  held  in  the  Engineering  Societies  Building 
on  April  14,  and  an  account  of  which  is  given  elsewhere  in 
this  issue.  The  purpose  of  the  meeting  was  announced  to  be 
"  to  bring  the  students  into  closer  touch  with  the  Society,"  but 
the  real  effect  of  this  joint  meeting  was  undoubtedly  "  to  bring 
the  students  into  closer  touch,  through  the  Society,  with  one 
another  " — which  was  everj-thing  to  be  desired. 


An  informal  discussion  on  the  question  "  What  relation 
should  exist  between  the  National  Engineering  Societies  and 
the  local  section  or  association  of  their  members;  and,  in  the 
interests  of  the  profession,  what  should  be  the  attitude  of  both 
of  the  above  to  other  local  engineering  societies  or  clubs?"  was 
held  by  the  American  Society  of  Civil  Engineers  at  their  meet- 
ing of  April  19.  President  D.  S.  Jacobus  presented  the  sub- 
ject from  the  standpoint  of  the  experience  of  our  Society.  A 
report  of  the  meeting  which  is  of  equal  interest  to  all  of  our 
members  will  appear  in  a  later  issue  of  The  Journal. 


APPLICATIONS  FOR  MEMBERSHIP 


TO  BE  VOTED  ON  JUNE  10, 1916 


Providence,  E.  I. 


Members  are  requested  to  scrutinize  with  care  the  follow- 
ing list  of  candidates  who  have  filed  aijplications  for  member- 
ship in  the  Society.  These  are  subdivided  according  to  the 
grades  for  which  their  ages  qualify  them  and  not  with  regard 
to  professional  quaUfieations,  i.e.,  the  ages  of  those  under  the 
first  heading  place  them  under  either  Member,  Associate  or 
Associate-Member,  those  in  the  next  class  under  Associate- 
Member  or  Junior,  and  those  in  the  third  class  under  Junior 
grade  only.  Applications  for  change  of  grading  are  also 
posted. 

The  Membership  Committee,  and  in  turn  the  Coim<:il,  urge 

NEW  APPLICATIONS 

FOE    CONSIDERATION    AS    MEMBER,    AS.SOCIATE    OR   ASSOCIATE- 
MEMBER 

Affleck,  Myron  H.,  Engr., 

Rumford  Chemical  Works, 
Andersox,  Arthur  E.,  Supt, 

The  Intermountain  Rwy.,  Lt.  &  Pwr.  Co.,  Laramie,  Wyo. 
BoRGE,  John,  Pres., 

Borge  Incmerator  Corp.,  New  York  City 

Brown.  Fred  W..  Vice-Pres.. 

Associated  Engineering  Co.,  Somerset,  Ky. 

Brown,  Percy,  Efficiency  Engr., 

American  Graphophone  Co.,  Bridgeport,  Conn. 

Clemons,  Robert  S.,  Constr.  Engr., 

Amblei'-Davis  Co.,  Philadelphia,  Pa. 

Elliott,  Newton  R.,  Mech.  Draftsman, 

The  Portland  Co.,  Portland,  Me. 

FiNLAY,  Walter  S.,  Jr.,  Constr.  Engr.,  Motive  Pwr.  Dept, 

Interborough  Rajaid  Transit  Co.,  New  York  City 

Fitzgerald,  Walter  L.,  Asst.  Works  Mgr., 

Edward  G.  Budd  Mfg.  Co.,  PhUadelphia,  Pa. 

Foque.  Theodore  A.,  Genl.  Mech.  Supt, 

The  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry.  Co.,  Soo 

Line.  Minneapolis,  Minn. 

Hays,  Joseph  W.,  Cons.  Engr.,  1778  Estes  Ave.,  Chicago,  111. 
HoLLis,  Henry  L.,  Cons.  Mining  and  Metallurgical  Engi-., 

1025  Peoples  Gas  Bldg.,  Chicago,  111. 
Hyde,  Glenn  C,  Engr.  and  Viee-Pres., 

Electric  Transmission  Co.  of  Va.,  Lexington,  Ky. 

Jacobt,  Henry  E.,  Contr.  Engr.,  95  Liberty  Street, 

New  York  City 
Kane,  Edmund  J.,  Engr., 

Tractor  Works,  International  Harvester  Corp.,  Chicago,  111. 
Kempton,  Herbert  E.,  Prod.  Mgr., 

Van  Blerck  Motor  Co.,  Monroe,  Mich. 

KiTTREDGE,  John  AV.,  Development  Dept., 

Firestone  Tire  &  Rubber  Co.,  Akron,  Ohio 

Leeds,  Edward  L.,  Genl.  Sales  Mgr., 

Niles-Bement-Pond  Co.,  New  York 

MacBriar.  Wallace  N.,  Ch.  Engr., 

Carnation  Milk  Products  Co.,  Seattle,  Wash. 

MacFarland,  D.  H.,  Asst.  to  the  Pres., 

The  Atlas  Portland  Cement  Co.,  New  York  City 

Marrow,  George  P.,  Asst.  Engr., 

Cons.  Gas,  Electric  Light  &  Pwr.  Co.,  Baltimore,  Md. 

Massey,  Frank  L.,  Mgr.  and  Treas., 

Massey  Machine  Co.,  Watertown,  N.  Y. 

Mow  AT.  J.  F.,  M.M.  of  Blast  Furnaces, 

Illinois  Steel  Co.,  Joliet,  111. 

Raybould,  Frank  J.,  Foreman  Assembling  Room, 

Winchester  Repeating  Arms  Co.,  New  Haven,  Conn. 

Stewart,  Samuel,  Mech.  Engr.  and  Genl.  Master  Mech., 

Republic  Iron  &  Steel  Co.,  Thomas  Sta.,  Birmingham,  Ala. 
Talkes,  Ernest  B.,  Master  Mechanic, 

Federal  Furaace  Plant,  By-Products  Coke  Corp., 

Chicago,  111. 


the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  candidates  into  Membership  by  advising  the  Sec- 
retary promptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  All  correspondence  in  regard  to 
such  matters  is  strictly  confidential,  and  is  solely  for  the  good 
of  the  Society,  which  it  is  the  duty  of  every  member  to  pro- 
mote. Unless  objection  is  made  by  some  member  by  June  10, 
1916,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  these  candidates  will 
be  balloted  upon  by  the  Council.  Those  elected  to  membership 
will  be  notified  by  the  Secretary  about  July  15,  1916. 

Titus,  Warren  H.,  Retired,  Providence,  R.  I. 

Vaughan,  Lillian  L.,  Asst.  Prof,  of  Exper,  Engrg., 

N.  C.  College  of  Agriculture  &  Mechanic  Arts, 

W.  Raleigh,  N.  C. 
Wagner,  Charles  F.,  Mech.  Engr., 

The  J.  B.  McCrary  Co.,  Atlanta,  Ga. 

Webster,  Joseph  S.,  Mech.  Engr., 

New  Haven  Boiler  Works,  New  Haven,  Conn. 

Wightman,  George  H.,  Mech.  Engr., 

Gorham  Mfg.  Co.,  Providence,  E.  I. 

WiLBER,  Dana  W.,  Prin.  Asst.  Engr., 

to  Mr.  H.  M.  Wharton,  M.E.,  New  York  City 

Wilcox,  Ralph  M.,  Civil  Engr., 

of  Wilcox  &  Lucey,  Middletown,  Conn. 

FOR    CONSIDERATION    AS   ASSOCIATE-MEMBER   OR    JUNIOR 

Ball,  Herbert  J.,  Instr.  in  Mech.  Engrg.  and  Accounting, 

Lowell  Textile  School,  Lowell,  Mass. 

Barbour,  Robert,  Pres., 

Barbour  Flax  Spinning  Co.,  Paterson,  N.  J. 

Bryan,  Marcus  K.,  Mech.  Engr., 

with  John  A.  Stevens,  Cons.  Engr.,  Lowell,  Mass. 

Carbone,  Mario  G.,  Mgr., 

Italian-Swiss  Colony,  New  York  City 

De  Florez,  Luis,  Chief  Engr., 

Motor  Petrol  Co.,  Bayonne,  N.  J. 

DisSTON,  William  D.,  3rd  Vice-Pres., 

Henry  Disston  &  Sons,  Inc.,  Tacony,  Philadelphia,  Pa. 

Force,  Henry  H.,  Chief  Engr.  and  Chief  Electrician, 

The  Stanley  Works,  New  Britain,  Conn. 

Holmgren,  Frederic  C,  Material  Engr., 

Remington  Arms  &  Ammunition  Co.,  Bridgeport,  Conn. 

Kellogg,  Charles  D.  H.,  Jr., 

with  Bridgeport  Brass  Co.,  Bridgeport,  Conn. 

Lipsnee,  Benjamin  B.,  Mech.  Engr.  and  Supt.  of  Transporta- 
tion, 

Albert  Pick  &  Co.,  Chicago,  111. 

Lloyd,  Sherman  C,  Asst.  Ballistic  Engr., 

Expr.  Sta.,  E.  I.  du  Pont  de  Nemours  &  Co., 

Henry  Clay,  Del. 
Morrow,  Lester,  C,  Inspector,  Under  U.  S.  Representatives 
of  British  Ministry  of  Munitions, 

Gisholt  Mch.  Co.,  Madison,  Wis. 

Nestler,  Peter  J.,  Asst.  Engr., 

M.  W.  Kellogg  Co.,  New  York 

Rogers,  Frederick  E.,  Jr.,  Cons.  Engr., 

Good  Housekeeping  Inst.,  New  York  City 

Sampson,  Edwin  M.,  Supt., 

Ai-mored  Cable  Dept.,  National  Metal  Molding  Co., 

Economy,  Pa. 
Starbuck,  William  D.  L.,  746  St.  Nicholas  Avenue, 

New  York  City 
Vaniman,  Roy  L.,  Pres., 

Produce  Terminal  Corp.,  Union  Stock  Yards,  Chicago,  111. 

FOR    consideration    AS    JUNIOR 

Blackmer,  Waldo  H.,  Supvr.  Inspection, 

American  Ammunition  Co.,  Worcester,  l^Iass. 
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Boston,  Mass. 

Peoria.  111. 

St.  Louis,  Mo. 

Brooklyn,  N.  Y. 

Chester.  Conn. 


West  Lynn,  Mass. 
New  York  City 

Washington,  D.  C. 
Cincinnati,  Ohio 
Kew  York  City 


Blood,  Lalrexce  E.,  Supt.  Factory  B, 

S.  A.  Woods  Machine  Co., 
BoHX,  Robert  G..  Draftsman, 

Illinois  Traction  System, 
Brady,  Charles  A'..  Senior  Student, 

Washington  University. 
Braxdt.  Herjiax  A..  Student, 

Polytechnic  Institute  of  Brooklyn. 
Brooks,  Malcolje  G.. 

with  M.   S.  Brooks  &  Sons, 
Browx,  Claude  C.,  Asst.  Boiler-room  Chemist, 

Pacific  Gas  &  Elec.  Co.,  San  Francisco,  Cal. 

Cexter.  Irvixg  E.,  Asst.  Engr.,  Turbine  Research  Dept., 

General  Electric  Co., 
Doyle.  William  L.  H.  Engrg.  Dept., 

Combustion  Engineering  Corp., 
Fairchild,  Iler  ,j..  Computer-Draftsman, 

Ordnance  Oflice,  War  Dept.,  U.  S.  A., 
Ge  Bauer,  Clabex-ce  H., 

with  General  Elec,  Co., 
Glexx',  Edward  R.,  Shop  Supt., 

Electro  Bleachmg  Gas  Co., 
Grobli,  Walter  A.,  Instr.,  Dept.  of  Descriptive  Geometry  and 
Mech.  Drawing, 

Stevens  Inst,  of  Technology,  Hoboken,  N.  J. 

Hamjltox.  Kexneth  D.,  Mech.  Engr., 

Geo.  E.  Keith  Co.,  Campello,  Mass. 

Haixes,  J.  Edgar,  Supervising  Draftsman, 

Duquesne  Light  Co.,  Pwr.  Sta.  Dept.,  Pittsburgh,  Pa. 

Keller,  Clifford  H.,  Engr., 

Rochester  Trailer  Co.,  Inc.,  East  Rochester,  N.  Y. 

Matthew,  Robert  M..  Machine  Shop  Foreman, 

Ohio  Tool  Co.,  Charleston,  W.  Va. 

Mehard,  Hugh  R., 

with  Ford  Motor  Co.. 
Novotxey.  Thomas  A.,  Engr., 

Dept.  of  Research,  American  Radiator  Co., 
Pexrod,  Estel  B..  Draftsman, 

Eclipse  Motor  Co.. 
ROLAXD,  Percy  W.,  Mech.  Engr., 

Gadabout  Motor  Corp., 
Ruth,  Rowlaxd  W.,  Engrg  Dept., 

American  Well  Works, 
Schmidt.  Frank  B.,  Asst.  Supt., 

F.  L.  Schmidt  Co., 
Seelbach.  Earl  H.,  Designer, 

Pierce-Arrow  Motor  Car  Co., 


Detroit.  Mich. 

Buffalo,  N.  Y. 

Cleveland,  Ohio 

New  York  City 

Aurora,  111. 

New  York  City 

Buffalo.  N.  Y. 


Sharp,  Ralph  E.,  Chief  Inspector, 

Worth  Brothers  Co.,  Coatesville,  Pa. 

Sherwood,  Herbert  P., 

with    The   Kennicott    Co.,  Chicago,    111. 

Smith,  Carroll  W., 

with  C.  A.  Smith  Lumber  &  Mfg.  Co.,  Oakland,  Cal. 

Spearman.  .Johx  M.,  Steam  Engr., 

Mining  Div.,  Tennessee  Coal,  Iron  &  R.R.  Co.,  Bloekton,  Ala. 
Strahlmaxx,  Otto  E.,  Aeronautical  Mech.  Draftsman, 

U.  S.  Signal  Corps  Aviation  School,  San  Diego,  Cal. 

Voos,  Frederick  W., 

with  Remington  Arms  &  Ammunition  Co.,  Bridgeport,  Conn. 
Wellixu,  Lindsay  H., 

with  Henry  R.  Worthington,  New  York  City 

Westbrook,  James  R.,  Student  Apprentice, 

Westinghouse  Air  Brake  Co.,  Wilmerding,  Pa. 

APPLICATIONS  FOR  CHANGE  OF  GRADING 

PROMOTION   FROM   ASSOCIATE-MEMBER 

Ashley,  Edward  E.,  .Jr.,  Mech.  and  Elec.  Engr., 

c/o  Starrett  &  Van  Vleck,  Architects,  New  York  City 

PROMOTION    FROM    JUNIOR 

Andersox',  Howard  L.,  Master  Mech., 

American  Sheet  &  Tin  Plate  Co.,  Vandergrift,  Pa. 

AvNSOE,  Thorklld,  Genl.  Supt., 

Texas  Portland  Cement  Co.,  Dallas — Houston,  Tex. 

Hallock,  Homan  F.,  Mech.  Engr., 

The  Diamond  Match  Co.,  Oswego,  N.  Y. 

Murphy,  Benjamin  S.,  Asst.  Engr., 

Hudson  &  Manhattan  R.  R.  Co.,  New  York  City 

Naess,  Ragnvald,  Engr., 

American   Trading  Co.,  Manila,  P.   I. 

Oakley.  Walter  W.,  Standardization  of  Mfg.  Practice. 

The  Pittsburgh  Plate  Glass  Co.,  Works  No.^8,  Kokomo,  Ind. 
Shexberger,  George  H.,  Draftsman, 

The  Goulds  Mfg.  Co..  Seneca  Falls,  N.  Y. 

WithixCtTOxt,  Sidney,  Asst.  Engr., 

New    York,   New    Haven   &   Hartford 

R.  R.  Co.,  New  Haven,  Conn. 

SUMMARY 

New  Applications 81 

Applications  for  change  of  grading: 

Promotions   from  Associate-^Feniber 1 

Promotion  from  -Junior 8 

Total 90 


GEOGRAPHICAL  INDEX 

( Aii])lications  for  promotion  from  any  grade  will  be  indicated  by  the  initials  of  that  gi'ade.) 


Alabama 

Birminghajti — Stewart.   S. 
Blochton — Spearman.  J.  M. 
California 

Oakland — Smith,  C.  W. 
fian  Diego — Strahlmann,  O.  E. 
.San  Francisco — I>ro\vn,  C.  C. 
Connecticut 

Bridgeport — Brown,  P. 

Holmgren,  F.  C. 
Kellogg,   r,   D.   H.,  Jr. 
Voos.    F.   W. 
Chester — Brooks,  M.  G. 
Middletoun — ^Wilcox.   R.   M. 
New  Britain — Force.  H.  H. 
.     New  Haven — Ravboiikl,   F.   J. 
Webster,  J.   S. 
Withingtou,    S.    I  J.  I 
Delaware 

Henrii  Chuj — Lloyd.  S.  C. 
District  of  Columbia 

Wasliiiiffton — Fairchild,   I.   J. 
Georgia 

Atlanla — Wagner.  C.  F. 
Dlinois 

Aurora — Ruth,   R.   W. 
Chicago — Havs.    J.    W. 
Hollis.    H.   L. 
Kane,  E.  J. 
Llpsner,   B.  B. 
Sherwood.   H.  P. 
Talkes.  E.  B. 
Vaniman.    E.    L. 
Joliet — Mowat,   J.   F. 
Peoria — Bohn.  R.  G. 
Indiana 

Kokomo — Oakley,  W.   W.    (J.) 
Kentucky 

Lexington — Hyde,   G.   C, 
Somerset — Brown,  F.  W. 


3Iaine 

Portland — Elliott,  N.   E. 
Maryland 

Baltimore — Marrow.   <I.    P. 
Massacliusetts 

Boston — Blood.  L.  E. 
Campello — Hamilton,   K.    D. 
Lotvell — Ball,   H.  J. 

Bryan.  M.  K. 
West  Limn — Center,  I.  E. 
Worcester — Blackmer,  W.   H. 
Micliigran 

Detroit — Mehard,   H.    H. 
Monroe — Kempton.   H.   E. 
Minnesota 

Minneapolis — Foque.  T.  A. 
Missouri 

at.  Loui,9 — Brady.  C.  V. 
New  Jersey 

Baiiotine — de  Florez.  L. 
Patersnn — Barbour.    R. 
Hoboken — Grobli.  W.   A. 
New  York 

Brooklyn — Brandt,    H.   A. 
Buffalo — Novotney,   T.  A. 
Seelbach.   E.   II. 
East   Itochester — Keller.  C.   H. 
Xetc  York  City — Ashley.  E.  E..  Jr.  (A.M.) 
Borge,  J. 
Carbome,  M.   G. 
Dovle,   W.   L.   H. 
Finlay,   W.    S.,    Jr. 
Glenn,  E.  E. 
Jacobv,  H.  E. 
Leeds.  E.  L. 
MacFarland,   D.   H. 
Murphy,   B.   S.    (J.) 
Nestler,  P.  J. 
Rogers,   F.   E.,  Jr. 


Eoland,  P.  W. 
Schmidt.  F.   B. 
Starl)uck,   W.    D.   L. 
Welling,    L.    H. 
Wilber.   D.  W. 
Oswego — Hallock,  H,  E.   (J.) 
Seneca  Falls — Shenbcrger,  G,  H.   (J.) 
Watertoicn — Massey,  F.  L. 
Nortli  Carolina 

ir,  Raleigh — Vaughan,  L.  L. 
Ohio 

Akron — Kittredge,  J.  W. 
Cincinnati — Ge  Bauer,   C.   H. 
Cleveland — Penrod.  E.  B. 
Pennsylvania 

Coatesville — Sharp,   E.   E. 
Fconomii — Sampson.  E.  M. 
PItiladeiphia — demons,   E.   S. 
Dissfou.  W.  D. 
Fitzgerald,    W.    L. 
Pittsiurgh — Haines,    J.    E. 
Vandergrift — ,\nderson.   H.  L.    (J.) 
Wihnerdiiig — Westbrook.  J.  R. 
Philippine  Islands 

Munila — Naess,   R.    iJ.) 
Rhode  Island 

Providence — Affleck,  M.    H. 
Titus,  W.   H. 
Wightman,  (J.   H. 
Texas 

Houston — .iynsoe,  T.    (J.) 
Washington 

Seattle — MacBriar.  W.  N. 
West  A'irginia 

Charleston — Matthew,   R,  M, 
AVisconsin 

Madison — Morrow,  L.  0. 
W.voming 

Laramii — .-indersoD,   \.   E, 


PERSONALS 


'T'HIS  department  is  intended  for  items  about  members  of  the  Society,  their  professional  work 
and  incidents  concerning  them  which  may  be  of  interest  to  the  membership  in  general.  Items 
are  solicited  upon  important  engineering  developments  in  which  members  have  been  associated,  and 
also  newspaper  clippings  or  manuscripts  of  addresses  delivered  by  members  at  meetings  of  any  kind 
are  desired.  It  is  hoped  that  every  member  of  the  Society  will  furnish  an  interesting  item  occa- 
sionally for  publication  in  The  Journal. 


H.  L.  Gantt  is  the  author  of  a  new  book  entitled  Industrial 
Leadership. 

C.  B.  Langstroth  has  become  associated  with  the  Ross  Rifie 
Company  of  Quebec,  Canada. 

James  I.  Emery  has  been  appointed  chief  engineer  of  the 
National  Projectile  Factory,  Lancaster,  England. 

An  article  on  the  Lethbridge  Municipal  Power  Plant  by 
A.  G.  Christie  is  published  in  the  April  4  issue  of  Power. 

Robert  B.  Brownlee  is  co-author  with  Frederick  G.  Keyes 
of  a  book  entitled  The  Thermodynamic  Properties  of  Am- 
monia. 

George  H.  Houston  has  become  associated  with  the  American 
Can  Company  in  a  consulting  capacity,  with  headquarters  in 
New  York. 

Willard  F.  Rockwell  has  contributed  an  article  on  The 
Organization  of  a  Modem  Foundry  to  the  April  6  issue  of 
The  Iron  Age. 

Dr.  Miller  R.  HutL'hison,  chief  engineer  of  the  laboratory 
of  Thomas  A.  Edison,  addressed  the  Jovian  League  of  New 
York  City  on  April  5. 

George  C.  Olmsted,  manager  of  the  Minnesota  Radiator 
Company  of  Duluth,  Minn.,  has  changed  his  headquarters  to 
Minneapolis,  Minn. 

James  A.  Moyer  and  James  P.  Calderwood  are  co-authors 
of  a  book  entitled  Engineering  Thermodynamics  which  has 
recently  been  published. 

Charles  P.  Steinmetz  sjioke  on  general  problems  of  illumi- 
nating design  at  the  April  6  meeting  of  the  Illuminating  En- 
gineering Society,  New  York. 

An  address  on  The  Manufacture  of  Pulp  and  Paper  by 
Lucien  Buck  was  given  at  the  March  17  meeting  of  the  Roch- 
ester Engineering  Society. 

L.  R.  Pomeroy  is  the  author  of  an  article  on  Diameter  of 
Driving  Axle  Journals,  which  appears  in  the  April  issue  of 
Railway  Mechanical  Engineer. 

W.  F.  Freund,  formerly  with  the  India  Rubber  Company  of 
New  Brunswick,  N.  J.,  has  become  a  member  of  the  staff  of 
Gibbs  and  Hill  of  New  York. 

Arthur  C.  Scott  is  the  autlior  of  an  article  on  Lubrication 
of  Station  and  Industrial  Machinery  which  appears  in  the 
April  8  issue  of  Electrical  World. 

J.  E.  Johnson,  Jr.,  has  contributed  an  article  on  The  Oper- 
ation of  the  Blast  Furnace  to  the  April  1  issue  of  Metallurgi- 
cal and  Chemical  Engineering. 

A.  Lewis  Jenkins  contributed  an  article  on  a  Chart  for 
Ratios  for  Speeds  in  Geometric  Progression  to  the  April  13 
issue  of  the  American  Machinist. 

George  F.  Swain,  professor  of  civil  engineering.  Harvard 
University,  Cambridge,  Mass.,  is  the  author  of  a  book  entitled 
Conservation  of  Water  by  Storage. 


C.  T.  Myers,  engineer  for  the  Timken-David  Brown  Com- 
pany, Detroit,  manufacturers  of  worm-driven  truck  axles,  has 
been  promoted  to  manager  of  the  company. 

Herman  .Jakobsson.  consulting  engmeer  nf  Washington. 
D.  C,  has  become  aflSliated  with  the  Midvale  Steel  Company 
of  Philadelphia,  Pa.,  as  artillery  engineer. 

Wm.  H.  Wood  is  the  author  of  a  brief  article  entitled  Safety 
First  Railroad  Rail  System,  which  appears  in  the  April  issue 
of  Rail'waij  and  Locomotive  Eniiiiieeriii;j. 

F.  B.  and  L.  M.  Gilbreth  are  authors  of  an  article  entitled 
Conserving  the  Worker's  Health  and  Energy,  which  is  pub- 
lished in  the  April  6  issue  of  The  Iron  Age. 

H.  M.  Estabrook,  president  of  the  Barney  and  Smith  Car 
Company,  Dayton,  0.,  has  become  aflSliated  with  the  Malm 
Machine  Company  of  Dayton,  0.,  as  treasurer. 

Dr.  Alex.  C.  Humphreys,  Past-President,  Am.Soc.M.E.,  pre- 
sented a  paper  entitled  Reform  and  Regulation  at  the  April 
21  meeting  of  the  Boston  Society  of  Civil  Engineers. 

Herbert  R.  Davis  is  now  connected  with  the  Dominion  Gas 
Company  of  Buffalo,  N.  Y.  He  was  until  recently  in  the  em- 
ploy' of  the  Quapaw  Gas  Company  of  Bartlesville,  Okla. 

Arthur  R.  Carlyle,  engineer  with  the  Union  Oil  Company 
of  California,  San  Francisco,  has  been  transfen-ed  to  Los 
Angeles,  Cal.,  as  engineer  of  the  marine  department. 

Bradley  Stoughton,  Secretary  of  the  American  Institute  of 
Mining  Engineers,  addressed  the  Philadelphia  Foundn-men's 
Association,  April  5,  on  Melting  with  Cnide  Oil  in  the  Cupola. 

Welles  H.  Sellew  is  now  associated  with  the  Canadian  Car 
and  Foundry  Company,  Kingsland,  N.  J.  He  was  formerly 
in  the  emplov  of  the  Otis  Elevator  Company  of  New  York, 
N.  Y. 

Harry  E.  Smallbone,  president  and  superintendent  of  the 
Smallbone  Manufacturing  Company,  Chicago,  lU.,  has  become 
associated  with  the  King  Sewing  Machine  Company,  Buffalo, 
N.  Y. 

Walter  C.  Beckjord  has  become  affiliated  with  the  Madison 
Gas  and  Electric  Company  of  Madison,  Wis.  He  was  former- 
ly in  the  employ  of  the  St.  Paul  Gas  Light  Company,  St.  Paui, 
Minn. 

Howard  B.  Howie,  until  recently  associated  with  the  Oris- 
kany  Ore  and  Iron  Corporation,  Reusens,  Va.,  has  become 
identified  with  the  Canadian  Copper  Company,  Cunickel,  On- 
tario. 

Oscar  Segalowitz,  formerly  with  the  American  Paper  Goods 
Company,  Kensington,  Conn.,  has  entered  the  employ  of  the 
Aetna  Explosives  Company,  New  York,  in  the  engineering  de- 
partment. 

Forrest  W.  Manker  has  accepted  a  position  with  the  B.  F. 
Sturtevant  Company,  Cleveland,  0.  He  was  until  recently 
connected  with  the  Moulton  Engineering  Corporatimi  of  Port- 
land, Me. 
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S.  S.  Wyer  is  the  author  of  an  article  on  Principles  of 
Natural  Gas  Leasehold  Valuation  -n-hich  appears  in  the  April 
issue  of  the  Bulletin  of  the  American  Institute  of  Mining 
Engineers. 

F.  L.  Gilman,  assistant  general  superintendent  of  the  West- 
ern Electric  Company,  Chicago,  III.,  has  been  appointed  one 
of  the  assistant  chief  engineers  of  the  company,  with  headquar- 
ters in  New  York. 

William  H.  Shirey,  formerly  connected  with  Smith,  Hinch- 
man  and  Grylls,  Detroit,  Mich.,  as  draftsman,  has  entered  the 
employ  of  McMeans  and  Tripp,  consulting  engineers  of  In- 
dianapolis, Ind. 

George  S.  Wilson  has  contributed  an  article  to  the  April  4 
issue  of  Po'wer  on  Sawmill  Waste  in  Suction  Producer  Plant 
which  gives  results  of  test  with  hogged  mill  waste,  fir  bark  and 
Douglas  fir  cubes. 

Walter  J.  Bitterlich  has  been  appointed  plant  engineer  of 
the  Hood  Rubber  Company,  Watertown,  Mass.  He  was  for- 
merly connected  with  this  company  in  the  capacity  of  assistant 
master  mechanic. 

W.  Clement  Brooke,  untU  recently  inspector  of  the  East 
Orange  Water  Department,  has  accepted  the  position  of  as- 
sistant construction  engineer  with  the  Interborough  Rapid 
Transit  Company. 

Burton  C.  Fonda,  until  recently  in  the  employ  of  the 
Thomas  Crimmins  Contracting  Company,  New  York,  has  be- 
come associated  with  the  General  Electric  Company  of  Sche- 
nectady, N.  Y.,  in  the  turbine  department. 

L.  Guy  Long,  until  recently  affiliated  with  the  Fairbanks- 
Morse  Electric  Manufacturing  Company,  Indianapolis,  Ind., 
as  mechanical  engineer,  has  accepted  a  position  with  The 
Gibson  Company  of  the  same  city. 

P.  A.  Beaman  has  been  ajipointed  assistant  superintendent 
of  George  W.  Prentiss  and  Company,  Hblyoke,  Mass.  He 
was  formerly  with  the  Manufacturers  Equipment  Company, 
Boston,  Mass.,  as  mechanical  engineer. 

Archibald  Johnston,  vice-president  of  the  Bethlehem  Steel 
Company,  a  graduate  of  the  class  of  '89  of  Lehigh  University, 
was  given  a  dinner  April  7  at  the  Machinery  Club,  New  York, 
by  the  members  of  the  New  York  Lehigh  Club. 

Walter  C.  Lange  has  resigned  his  position  of  engineer's 
assistant  with  the  Consolidated  Gas  Company  of  New  York, 
and  has  accepted  the  position  of  superintendent  of  the  Schmitt 
Manufacturing  Company,  Homestead,  N.  J. 

J.  W.  F.  Macdonald,  until  recently  connected  with  the  Inter- 
national Engineering  Works  of  Framingham,  Mass.,  as  chief 
draftsman,  has  accepted  the  position  of  mechanical  engineer 
with  the  Men-iU  Process  Company,  Boston,  Mass. 

Alonzo  B.  See,  president  of  the  A.  B.  See  Electric  Elevator 
Company,  New  York,  has  been  elected  vice-president  of  the 
Machinery  Club  of  the  City  of  New  York,  to  succeed  the  late 
John  A.  Hill,  publisher  of  the  American  Machinist. 

Marcus  B.  Rascovich  has  accepted  a  position  with  the  Min- 
eral Products  Corporation  of  Marysvale,  Utah.  He  was  until 
recently  associated  with  the  Jualin  Alaska  Mines  Company, 
Jualin,  Alaska,  in  the  capacity  of  mechanical  engineer. 

Russell  J.  Neagle  is  now  connected  with  the  Condit  Elec- 
trical Manufacturing  Company  of  South  Boston,  Mass.,  in 
the  capacity  of  salesman.  He  was  formerly  in  the  employ  of 
the  Edison  Electric  Illuminating  Company  of  Boston. 

Ross  Anderson  has  resigned  his  position  of  factory  super- 
intendent with  the  Flannery  Bolt  Company,  BridgeviUe,  Pa., 
and  has  accepted  the  position  of  factory  manager  with  the 
Poole  Engineering  and  Machine  Company,  Baltimore,  Md. 


Howard  B.  Clark  has  resigned  his  position  as  eastern  rep- 
resentative of  the  McNaull-Boiler  Manufacturing  Company 
of  Toledo,  0.,  to  accept  the  position  of  engineer  of  operation 
and  maintenance  with  the  National  Carbon  Company  of  Cleve- 
land, 0. 

The  city  of  Philadelphia,  acting  on  the  recommendation  of 
The  Franklin  Institute,  has  awarded  the  John  Scott  Legacy 
Medal  and  Premium  to  Clement  F.  Street,  vice-president  of 
the  Locomotive  Stoker  Company,  for  the  Street  locomotive 
stoker. 

Theodore  B.  .J.  Merkt,  until  recently  connected  with  the 
Pyrene  Manufacturing  Company,  New  York,  as  experimental 
engineer,  has  become  associated  with  Westinghouse,  Church, 
Kerr  and  Company,  New  York,  in  the  capacity  of  assistant 
engineer. 

A.  C.  Brown  has  been  elected  general  manager  of  the  Brown 
Hoisting  Machinery  Company  of  Cleveland,  0.,  succeeding 
Richard  B.  Sheridan.  Mr.  Brown  is  also  vice-president  of  the 
Brown  Hoisting  Machinery  Company  and  has  been  assistant 
manager. 

William  L.  Wotherspoon  has  become  consulting  mechanical 
and  electrical  engineer  to  the  International  Nickel  Company, 
New  York.  He  was  until  recently  associated  with  the  Cana- 
dian Mining  and  Exploration  Company,  New  York,  in  the 
same  capacity. 

Walter  Castanedo,  for  many  years  New  Orleans  representa- 
tive of  the  Harrisburg  Foundry  and  Machine  Works,  has  been 
appointed  district  manager  for  the  Ames  Iron  Works  of 
Oswego,  N.  Y.,  with  headquarters  in  the  Hennen  Building, 
New  Orleans,  La. 

Charles  A.  R.  Haynes  has  resigned  his  position  as  assistant 
engineer  with  the  New  York  Steam  Company.  New  York,  to 
accept  a  position  as  supervisor  of  scheduling  of  the  plant 
department  of  the  Winchester  Repeating  Arms  Company, 
New  Haven,  Conn. 

Frank  R.  Wheeler,  for  the  past  ten  years  associated  with 
the  C.  H.  Wheeler  Manufacturing  Company  on  the  Pacific 
Coast  and  Chicago,  has  returned  to  Chicago,  as  district  man- 
ager of  the  Middle  Western  territory,  with  oflSce  in  the  Mar- 
quette Building. 

M.  R.  HuU  has  resigned  his  position  as  superintendent  of 
construction  at  the  Washoe  Reduction  Works  of  the  Anaconda 
Copper  Mining  Company,  Anaconda,  Mont.,  to  accept  the 
position  of  chief  engineer  of  the  Arizona  Copper  Company, 
with  headquarters  at  Clifton,  Ariz. 

A.  L.  G.  Fritz  has  accepted  the  position  of  superintendent 
of  construction  with  Ford,  Bacon  and  Davis  at  Kingsport, 
Tenn.  He  was  until  recently  superintendent  of  construction 
of  the  New  Burlington  Power  Station  of  the  Public  Service 
Electric  Company,  Burlington,  N.  J. 

Axel  C.  V.  Malm  has  resigned  his  position  of  superintendent 
with  the  Egry  Register  Company,  Dayton,  0..  which  position 
he  held  for  the  past  four  years,  and  has  formed  a  new  company 
under  the  name  of  The  Malm  Machine  Company,  Dayton,  0., 
for  the  working  out  of  a  rotary  punch  press  designed  by  Mr. 
Malm. 

James  Mcllvrid,  who  for  years  was  manager  of  the  Cock- 
burn  Company  and  its  successor.  The  Standard  Gas  Power 
Corporation,  has  retired  from  the  latter  concern  and  has 
opened  a  machine  shop  in  Jersey  City  under  the  name  of  The 
Mutual  Iron  Works,  where  he  is  building  a  complete  line  of 
special  machinery. 

Charles  L.  Edgar,  president  of  the  Edison  Electric  lUumi- 
nating  Company  of  Boston,  and  J.  B.  McCall,  president  of 
the  Philadelphia  Electric  Company,  have  been  appointed  to 
represent  the  central-station  industry  on  the  campaign  ex- 
ecutive committee  for  the  "  America's  Electrical  Week  "  cele- 
bration next  December. 
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Dr.  Charles  E.  Lueke  presented  a  paper  before  the  Inde- 
pendent Oil  Men's  Association  at  a  meeting  held  in  New  York 
on  April  14,  in  which  he  advocated  the  use  of  kerosene  as  fuel 
for  automobiles.  His  idea  in  general  terms  was  to  pre-heat 
the  air  and  the  kerosene  to  300  degrees,  the  initial  heat  to 
come  from  a  kerosene  lamp. 

Frederick  Sargent,  of  the  firm  of  Sargent  and  Lundj',  Chi- 
cago, 111.,  sailed  from  New  Orleans,  La.,  for  Chile,  S.  A.,  on 
April  5.  Mr.  Sargent  is  making  this  trip  in  behalf  of  the 
Chile  Exploration  Company,  a  firm  which  is  identified  with 
the  Guggenheim  cojiper  interests.  He  expects  to  return  to 
Chicago  in  about  two  months. 

Arthur  Falkenau,  vice-president  of  the  Hooper-Falkenau 
Engineering  Company,  industrial  engineers  and  architects, 
New  York,  has  Isecome  acting  consulting  engineer  of  the 
Canadian  Car  and  Foundry  Agency,  which  is  carrying  on  the 
production  of  munitions  for  Russia  in  eighty  or  more  plants 
in  the  United  States  and  Canada. 

Reid  Jones  has  resigned  his  position  as  designing  engineer 
for  Bartlett  and  Ranney,  Inc.,  consulting  engineers  of  San 
Antonio,  Tex.,  and  has  formed  a  partnership  with  C.  S. 
Thomas,  Jr.,  of  St.  Louis,  under  the  firm  name  of  Thomas  and 
Jones.  This  firm  is  under  contract  to  consti'uct  the  new 
$1,750,000  terminals  of  the  M.,  K.  and  T.  R.  R.  at  San  An- 
tonio, Tex. 

Carl  M.  Hansen,  secretary  and  chief  engineer  of  the  depart- 
ment of  accident  prevention,  inspection  and  merit  classification 
of  the  Workmen's  Compensation  Service  Bureau  has  resigned. 
Mr.  Hansen  has  been  with  the  Bureau  for  three  years  and  in 
that  time  has  developed  and  put  into  successful  application 
the  system  of  schedule  rating  in  practically  every  compensation 
state  in  the  Union. 

E.  C.  De  Wolfe  is  the  author  of  an  article  on  the  Applica- 
tion of  Correct  Methods  which  appears  in  the  April  1  issue  of 
Coal  Age.  This  article  outlines  the  advantage  realized  from 
the  use  of  a  top  cutter  in  a  mine  where  both  floor  and  roof  are 
uneven  and  top  coal  must  be  left.  Both  wide  and  narrow 
work  is  performed  by  this  machine  and  the  expense  of  timber- 
ing is  practically  eliminated. 

Richard  B.  Sheridan,  general  manager  of  the  Brown  Hoist- 
ing Machinery  Company,  Cleveland,  0.,  has  announced  his 
resignation  and  has  accepted  a  position  with  the  American 
International  Corporation  whose  offices  are  at  120  Broadway, 
New  York.  Before  his  departure  from  Cleveland  to  New 
York,  Mr.  Sheridan  was  tendered  a  banquet  by  former  asso- 
ciates who  presented  him  with  a  loving  cup. 

Henry  Souther,  vice-president  of  the  Ferro  Machine  and 
Foundry  Company,  Cleveland,  0.,  and  past-president  of  the 
Society  of  Automobile  Engineers,  has  severed  his  connection 
with  that  firm.  His  new  affiliations  have  not  yet  been  an- 
nounced. Mr.  Souther  joined  the  Ferro  organization  in  1914, 
having  been  consulting  engineer  to  the  Standard  Roller  Bear- 
ing Company,  Philadelphia,  for  the  previous  four  years. 

H.  G.  Stott,  superintendent  of  motive  power  of  the  Inter- 
borough  Rapid  Transit  Company,  New  York,  has  been  re- 
tained as  consulting  engineer  in  connection  with  the  large 
steam  plant  which  the  Buffalo  General  Electric  Company  is 
building  to  supplement  its  hydro-electric  energy  from  Niagara 
Falls.  This  new  plant  will  embody  many  advanced  features, 
including  a  steam  pressure  of  275  lb.  and  an  exceptionally 
high  boiler  rating. 

George  W.  Martin,  vice-president  of  the  New  York  Service 
Company,  and  Jay  G.  De  Remer,  formerly  manager  of  the  gen- 
eral engineering  department  of  the  American  District  Steam 
Company  at  North  Tonawanda,  N.  Y.,  have  formed  a  partner- 
ship under  the  firm  name  of  Martin  and  De  Remer,  with 
offices  at  100  Broadway,  New  York,  for  general  practice  in 
public  utilities  and  industrial  plants.  Mr.  Martin  will  retain 
his  interest  in  the  New  York  Service  Company  as  its  vice- 
president. 


NECROLOGY 


HENRY   WICK 


Henry  Wick  was  born  in  Youngstown,  Ohio,  on  May  13, 
1846.  He  received  his  early  education  in  the  schools  of 
Youngstown  and  later  spent  two  years  at  the  preparatory 
school  of  Western  Reserve  College  at  Hudson,  Ohio.  He  re- 
turned to  Youngstown  and  after  a  very  short  time  spent  in  his 
father's  bank,  he  became  manager  of  the  Packard  Coal  Com- 
pany which  was  then  opening  a  mine  about  two  miles  west  of 
Youngstown. 

In  1877,  Mr.  Wick  became  treasurer  and  active  manager 
of  the  Youngstown  Rolling  Mill  Company.  He  later  took  the 
lead  in  purchasing  the  rolling  mill  at  Warren  on  the  failure  of 
the  pipe  works  there  and  became  the  head  of  the  company 
which  undertook  its  operation.  Up  to  that  time,  Youngstown 
had  had  no  steel  plant,  but  in  the  summer  of  1892  a  determined 
effort  was  made  by  the  leading  manufacturers  to  establish  one 
there.  As  a  result  of  this,  the  Ohio  Steel  Company  was  formed 
and  Mr.  Wick  was  chosen  as  its  head.  In  1899,  the  Ohio  Steel 
Company  with  several  plants  in  other  places  joined  in  forming 
the  National  Steel  Company  of  which  Mr.  Wick  became  the 
first  vice-president  with  headquarters  in  Chicago,  111.  A  year 
later  the  ofiiees  were  moved  to  New  York  City  and  early  in 
1901,  Mr.  Wick  was  elected  president.  He  resigned  this  posi- 
tion shortly  afterwards,  however,  and  returned  to  Youngstown 
to  take  up  some  enterprises  in  which  he  was  particularly  inter- 
ested. 

Mr.  Wick  became  a  member  of  this  Society  in  1893.  He  died 
at  his  home  in  Youngstown  after  a  short  illness  on  December 
22,  1915. 

ALASTAIR   ROSS 

Alastair  Ross  was  born  in  Aberdeen,  Scotland,  on  July  1, 
1888.  He  received  his  early  education  in  the  High  School  and 
at  Gordon's  College  at  Aberdeen  and  at  the  West  of  Scotland 
Technical  College  in  Glasgow.  He  served  a  four  years'  ap- 
prenticeship with  Messrs.  J.  Abernethy  and  Co.,  Engineers,  in 
Aberdeen,  in  fitting  and  erecting  marine  engines,  in  general  mill 
work  and  one  year  in  the  drafting  room.  From  1910-1911,  he 
was  a  draftsman  with  the  Harvey  Engineering  Company  in 
Glasgow,  sugar  machinery  specialists.  He  left  this  firm  to  be- 
come chief  draftsman  for  Messrs.  Catton,  Neil  and  Co.  in 
Honolulu,  Hawaii.  In  1913,  he  became  head  of  the  Engineer- 
ing Department  of  Findlay  Richardson  &  Company  of  Manila, 
Philippine  Islands,  and  the  next  year  went  to  Cuba  as  chief 
engineer  for  The  Guantamo  Sugar  Company.  He  left  Cuba  in 
August,  1915,  to  take  part  in  the  War  and  obtained  a  Commis- 
sion as  Second  Lieutenant  in  the  Royal  Flying  Corps.  He  was 
killed  in  an  aeroplane  accident  in  Catterick,  Yorkshire,  on 
January  17,  1916.  He  became  a  member  of  this  Society  in 
1915. 

ROBERT   ALLISON 

Robert  Allison  was  born  at  Middletown,  Durham  County, 
England,  on  December  25,  1827,  but  was  brought  to  this  coun- 
try by  his  parents  when  very  young.  He  received  his  early 
education  in  the  schools  of  Shamokin,  Northumberland  County, 
Pa.,  which  were  taught  by  farmers  for  four  months  during  the 
year. 

At  the  age  of  15,  Mr.  Allison  was  appointed  an  assistant 
engineer  at  the  Shamokin  furnace  and  the  next  year,  he  was 
apprenticed  to  the  firm  of  Haywood  &  Snyder,  Pottsville,  Pa., 
to  learn  the  trade  of  machinist.    For  about  two  years  follow- 
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ing  the  completion  of  his  appreiitieoship,  he  worked  as  a  jour- 
neymau,  following  which  he  accepted  a  position  as  foreman 
in  the  shops  of  T.  H.  Wintersteen,  Port  Carbon,  Pa.,  where  he 
introduced  and  developed  many  improvements  in  the  shops, 
one  in  particular  being  a  tool  for  boring  ear  wheels.  This 
machine  did  five  times  as  much  work  as  that  done  by  tlie  old 
method. 

About  1863.  Mr.  Allison  in  partnership  with  F.  B.  Ban- 
iian  of  Pottsville,  Pa.  started  the  Franklin  Iron  Works  of  Port 
Carbon  which  had  been  idle  several  years.  One  of  the  most  im- 
portant inventions  of  this  company  was  the  Allison  Cataract 
Steam  Pump  which  revolutionized  the  system  of  freeing  the 
underground  mines  from  water.  Another  important  invention 
was  the  hydraulic  feed  for  diamond  drilling  machinery. 

In  1878,  Mr.  Allison  purchased  Mr.  Bannan's  interest  in  the 
works  and  operated  them  alone  until  the  time  of  his  retirement 
in  1901. 

Mr.  Allison  was  a  member  of  several  Masonic  lodges,  a  mem- 
ber of  the  Historical  Society  of  Schuylkill  County,  the  Schuyl- 
kill Motor  Club  and  the  American  Institute  of  Mining  Engi- 
neers. He  became  a  member  of  this  Society  in  1884.  He  died 
at  his  home  in  Port  Carbon  on  Februai-y  3,  1916. 

THOMAS    I.    STEPHENSON 

Thomas  I.  Stephenson  was  born  in  Lenoir  City,  Tennessee, 
November  5,  1863,  and  received  his  early  education  in  the 
schools  of  Knoxville.  He  began  work  with  the  KnoxviUe  Iron 
Company  in  1880  and  in  1891  was  made  its  secretary.  He  was 
elected  vice-president  and  general  manager  in  1895  and  presi- 
dent and  general  manager  in  1910.  He  was  elected  president 
of  the  Cross  Mountain  Coal  Company  in  1914.  Mr.  Stephen- 
son became  a  member  of  this  Society  in  1915.  He  died  at  his 
home  in  Knoxville  on  January  18,  1916. 

EDWARD    I.    LEIGHTON 

Edwai-d  I.  Leighton  was  born  in  Birmingham,  England,  on 
Slarch  8,  1850.  He  moved  to  this  country  with  his  parents 
when  about  six  years  old,  settling  in  Cleveland,  where  be 
attended  the  public  schools.  Prior  to  1880  Mr.  Leighton  was 
employed  in  the  steel  mills  of  Cleveland.  In  that  year,  with 
Fred  W.  Bruch,  he  started  the  Cleveland  Punch  &  Shear 
Works  Company,  fii-st  operated  under  the  firm  name  of  Leigh- 
ton and  Bruch.  About  1890  Mr.  Leighton  purchased  his 
partner's  interest  and  later  the  business  was  sold.  Although 
he  retired  from  business  15  yeai's  ago,  he  had  been  director 
up  to  the  time  of  his  death  in  the  following  concerns :  Acme 
Machinery  Company,  the  Forest  City  Live  Stock  and  Fair 
Company,  the  Van  Dom  &  Button  Company,  the  Van  Dom 
Electric  Tool  Company  and  the  Reliable  Machine  Company. 

Mr.  Leighton  became  a  member  of  this  Society  in  1892.  He 
died  at  St.  Augustine,  Fla.,  on  February  26,  1916. 

GEORGE    W.    K.    TAYLOR 

George  W.  K.  Taylor  was  born  in  New  York  City  on  Decem- 
ber 18,  1856.  He  received  his  early  education  in  the  public 
schools  of  Brooklyn  and  later  attended  Cooper  Union  from 
which  he  received  a  B.S.  degree  in  1877  and  a  degree  in  me- 
chanical engineering  in  1907.  From  1874-1893  he  was  employed 
by  the  Eaton,  Cole  &  Burnham  Co.  at  New  York  and  Bridge- 
port, Conn.,  in  charge  of  the  designing,  manufacturing  and 
superintending  the  production  of  special  valves,  fittings,  etc., 
especially  adapted  to  high  pressure  steam  work  for  power  sta- 
tions.    In  1893,  he  formed  a  partnership  with  Mr.  McMann. 


and  this  lirni  made  a  specialty  of  designing,  manufacturing  and 
superintending  work  for  power  plants.  In  1894,  he  equipped 
the  steam  power  plants  of  the  Baltimore,  Md.,  traction  system, 
and  the  C^ulumbus,  O.,  Edison  Electric  Light  Co.  This  firm  was 
incorporated  in  1910  as  the  McMann  &  Taylor  Company,  de- 
signing and  manufacturing  wrought  and  cast  iron  pipes,  boiler 
tubes,  fittings,  valves,  tools,  etc.,  and  all  goods  pertaining  to 
steam,  water,  gas,  etc. 

ilr.  Taylor  was  a  member  of  the  Machinery  Club  of  New 
York,  the  Society  of  Old  Brooklynites,  the  Chamber  of  Com- 
merce, the  Merchants'  Association,  the  Old  Union  League  Club 
of  Brooklyn,  Director  of  Greenwich  Bank,  Trustee  of  St. 
.John's  Methodist  Episcopal  Church  of  Brooklyn,  and  was  a 
32nd  degree  Mason.  He  became  a  member  of  this  Society  in 
1906. 

He  died  at  his  home  in  Brooklyn,  March  7,  1916. 

WM.    H.    FRANCIS 
AVm.  H.  Francis  died  in  Philadelphia  on  March  16,  1916. 

GEORGE    NEWBOLD    COMLY 

George  Newbold  Comly  was  born  at  Byberry,  Philadelphia, 
Pa.,  on  August  6,  1851.  He  was  educated  at  the  Friends' 
School  at  Byberry  and  also  at  the  Friends'  Central  School  in 
Philadelphia,  and  served  an  apprenticeship  in  the  machine  shop 
of  Wm.  B.  Bement  &  Sons  in  Philadelphia  for  four  years.  Fol- 
lowing this,  he  was  foreman  of  the  machine  shop  at  the  Edge 
Moor  Iron  Works  and  later  was  jiut  in  charge  of  the  drawing 
room. 

.  In  1890,  Mr.  Comly  started  an  engineering  business  for  him- 
self, doing  considerable  business  for  the  Newport  News  Ship 
Building  and  Dry  Dock  Company. 

In  1896,  he  became  connected  with  the  Solvay  Process  Com- 
pany of  Syracuse  where  he  was  in  charge  of  the  engineering 
department  for  fourteen  years.  For  two  and  one  half  years 
preceding  his  death,  he  was  Deputy  Commissioner  of  Buildings 
for  the  city  of  Syracuse. 

Mr.  Comly  was  a  member  of  the  Citizen's  Club,  The  Tech- 
nology Club,  the  Syracuse  Countrj'  Club,  and  the  Social  Liter- 
ary Club,  all  of  Syracuse.  He  was  also  a  director  of  the 
Society  for  the  Prevention  of  Cruelty  to  Children.  He  became 
a  member  of  this  Society  in  1880.  He  died  at  his  home  in 
Syracuse  on  March  22,  1916. 

HAROLD    B.    KIRKUP 

Harold  B.  Kirkup  was  born  on  September  14,  1887.  He 
received  a  degree  of  mechanical  engineering  from  Cornell 
University  in  1912.  In  September,  1912,  he  entered  the  em- 
ploy of  the  Cambria  Steel  Company  of  Johnstown,  Pa,,  doing 
general  power  plant  work,  including  steam  engine  testing, 
indicating  and  valve  setting.  For  two  years  preceding  his 
death  he  was  with  the  Ice  Manufacturing  Company  of  New 
York  City  as  testing  engineer.  Mr.  Earkup  became  a  mem- 
ber of  this  Society  in  1914.  He  died  in  New  York  on  March 
2.3,  1916. 

CLATJDE   M.    DUGAN,    JR. 

Claude  M.  Dugan,  Jr.  was  born  in  Philadelphia,  Pa.  on  Feb- 
ruary 3,  1877.  He  received  his  education  at  the  Boys'  Manual 
Training  School  and  at  the  University  of  Pennsjdvania,  from 
which  he  graduated  in  1898. 

In  1899  he  entered  the  employ  of  the  Vulcanite  Portland 
Cement  Company  as  a  chemist.  Following  this,  he  was  em- 
ployed by  Wra.  Krause  Son  Cement  Co.  and  by  the  Bureau  of 
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Filtration  in  Philadelpliia.  In  1903,  he  became  assistant  super- 
intendent of  tlie  Kosmos  Portland  Cement  Co.  at  Kosmosdale, 
Kj-.  and  later  manager  of  the  manufacturing  department.  In 
1911  he  became  general  manager  of  this  company.  In  1913, 
he  became  president  of  the  Dugan  Engineering  Company  which 
was  afterwards  absorbed  by  the  Hunt  Engineering  Company. 
For  this  latter  company  he  was  vice-president. 

Mr.  Dugan  became  a  member  of  this  Society  in  1913.  He 
died  on  April  11.  1916. 

JAMES    F.    WALSH 

James  F.  Walsh  was  born  in  Cleveland,  Ohio,  <iu  March  29, 
1857.  He  received  his  education  in  the  parochial  schools  and 
Spencerian  College  of  Cleveland.     In  1871  he  began  railroad 


work  as  machinist  apprentice  on  the  Cleveland,  Columbus, 
Cincinnati  and  Indianapolis  Ry.  and  was  successively  loco- 
motive fireman,  engineer,  and  roundhouse  foreman  and  general 
foreman. 

in  1892  Mr.  \Valsh  became  associated  with  the  Galena  Signal 
Oil  Company  as  mechanical  expert  and  in  1902  he  was  aji- 
pointed  superintendent  of  motive  power,  Chesapeake  and  Ohio 
Railway,  at  Richmond,  Virginia.  In  May,  1910,  he  became 
general  superintendent  of  motive  power  for  the  Chesapeake 
and  Ohio  lines.    He  retired  from  active  service  in  July,  1912. 

At  the  time  of  his  death,  which  occurred  on  April  13,  1916, 
at  Roanoke,  Virginia,  Mi'.  Walsh  was  doing  special  raeehanical 
work  for  the  Galena  Signal  Oil  Company.  He  became  a 
niember  of  this  Soeietv  in  1913. 


SOCIETY  MEETINGS 


/T  is  of  the  Iiighest  importance  in  the  development  of  the 
monthly  meetings  of  the  Society,  both  of  the  Sections  and 
of  tiie  Student  Branches,  that  comprehensive  reports  of  these 
meetings  he  published  in  The  Journal  regularly.  Secretaries 
of  the  sections  and  student  branches  are  urged  to  make  every 
effort  to  get  the  complete  reports  of  their  meetings  to  this  of- 
fice as  quickly  as  possible  after  the  meetings  are  held,  and  also 
where  possible,  copies  of  the  papers  presented  should  be  sent 
in;  if  desired,  the  copy  of  the  paper  will  be  returned  after 
examinution.  The  reports  of  meetings  in  order  to  appear  in 
the  next  issue  of  The  Journal  must  be  received  in  this  office, 
before  the  18th  of  the  month. 

NEW  YORK,  MARCH  29 
The  first  social  event  to  be  held  by  the  New  York  section, 
at  which  no  effort  was  made  to  combine  business  with  pleasure, 
took  place  at  the  Machinery  Club  on  ilarch  29.  There  was 
an  attendance  of  nearly  200  members  and  ladies.  A  dinner 
was  served,  followed  by  dancing.  Edwin  J.  Prindle,  chairman 
of  the  Entertainment  Committee,  was  toastmaster,  and  brief 
speeches  were  made  by  F.  R.  Low,  Editor  of  Power,  Spencer 
Miller,  member  of  the  Naval  Consulting  Board,  and  Secretary 
Calvin  W.  Rice.  The  speakers  all  entered  into  the  spirit  of 
the  occasion,  which  called  for  story-telling  rather  than  more 
serious  discussion,  and  the  whole  affair  was  one  of  enjoyment 
and  a  delightful  entertainment  for  all.  By  means  of  this 
meeting,  the  New  York  members,  who  usually  have  to  rush 
for  a  train  at  the  close  of  their  evening  meetings,  became 
much  better  acquainted  than  has  heretofore  been  possible,  and 
the  affair  afforded  so  much  i^leasure  that  it  is  likely  to  become 
at  least  an  annual  event,  and  will,  undoubtedly,  lead  to  other 
social  occasions  in  the  way  of  smokers  or  excursions. 

BUFFALO,  MARCH  29 
A  meeting  of  the  Engineering  Society  of  Buffalo  was  held 
on  March  29  at  which  Major  L.  V.  Frazier  of  the  United  States 
Corps  of  Engineers  gave  a  stereopticon  lecture  on  The  En- 
gineering Arm  of  Our  Army.  Major  Frazier  said  that  the 
United  States  has  about  2000  engineers  to  an  army  of  approxi- 
mately 80,000  men.  In  Europe,  he  said,  the  proportion  of 
engineers  is  about  twice  that  of  the  United  States.  He  de- 
scribed the  duties  of  the  engineering  corps  as  construction  and 
demolition,  and  illustrated  his  points  with  figures.  It  builds 
and  operates  railways,  mines  bridges,  trenches  and  fortifica- 
tions; the  participation  of  engineers  in  warfare  is  not  limited 
to  actual  work  with  the  fighting  forces.  Major  Frazier  said 
that  examinations  were  ojien  to  junior  and  assistant  engineers 


and  to  graduates  of  recognized  engineering  schools,  and  showed 
with  a  series  of  slides  tlie  training  that  they  receive  in  prepara- 
tion for  them.  Some  of  the  views  were  of  actual  work  at 
West  Point,  in  Philadelphia  and  in  Russia.  A  raft  made  of 
barrels  to  take  the  place  of  pontoons  he  referred  to  as  a  com- 
mon expedient.  The  paper  was  discussed  by  Col.  Charles 
Wolf  of  the  74th  Regiment,  who  said  that  the  country  is 
talking  too  many  kinds  of  preparedness,  it  should  decide 
on  one  kind  and  go  ahead  with  it,  and  Capt.  W.  E.  Welsh  of 
the  30th  United  States  Infantry,  who  said  that  to  go  into  war 
without  a  trained  army,  we  should  have  to  put  2,000,000  men 
in  the  field  to  secure  suitable  training  for  1,000,000. 

Two  resolutions  were  carried  unanimously.  The  first  was 
presented  by  D.  C.  Howard,  Mem.Am.Soe.M.E.,  and  demanded 
that  our  representatives  in  Congress  "  act  in  accordance  with 
the  views  expressed  "  in  it  which  were  that  the  country  should 
be  put  in  a  condition  of  defense  both  on  the  Atlantic  and 
Pacific  coasts.  The  other  was  introduced  by  F.  A.  Lidbury  of 
Niagara  Falls,  former  president  of  the  Electro  Chemical  So- 
ciety of  the  United  States.  His  resolution  provided  that  this 
nation  should  so  permit  and  foster  development  of  its  water 
power  as  to  prevent  further  exportation  of  the  electro  chemical 
industry,  on  which  military  preparation  fundamentally  de- 
pends.    There  were  about  2.50  members  present. 

BOSTON,  APRIL  5 
A  meeting  of  the  Boston  Section  of  the  Am.Soc.M.E.  was 
held  on  April  5  at  the  Franklin  Union.  The  subject  of  the 
meeting  was  The  Shoe  Industry,  which  was  presented  by 
Joseph  J.  Gillespie.  The  lecture  was  illustrated  with  lantern 
slides  and  moving  pictures  which  showed  the  shoes  of  the 
primitive  man  and  of  the  various  countries  and  centuries, 
and  also  methods  of  shoe  manufacture  and  the  progress  that 
has  been  made  up  to  the  present  time. 

NEW  HAVEN,  APRIL  5 

The  Spring  Meeting  of  the  New  Haven  Section  held  on  April 
5,  was  a  joint  meeting  with  the  Civil,  Electrical  and  Mining 
Engineers  of  New  Haven.  The  meeting  consisted  of  an  after- 
noon session,  held  in  the  Mason  Laboratory  of  the  ShefiSeld 
Scientific  School,  dinner  at  the  Yale  Dining  Club  Hall,  and 
an  evening  session  in  North  Sheffield  Hall,  About  150  were 
present  in  the  afternoon  and  about  300  in  the  evening. 

Dr.  L.  P.  Breckenridge,  Mem.Am.Soe.M.E.,  presided  in  the 
afternoon,  when  H.  I.  Harriman,  C.E.,  of  Boston,  Mass., 
presented  an  interesting  paper  on  The  Water  Powers  of  New 
England.     The  paper  was  illustrated  with  numerous  lantern 
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slides  showing  recent  examples  of  drains,  impounding  reser- 
voirs and  hydro-electric  plants  in  various  paats  of  New  Eng- 
land. 

This  paper  was  followed  by  a  general  discussion,  which  was 
opened  by  R.  J.  S.  Pigott,  Mem.Am.Soc.M.E.  John  W.  Lieb, 
Mem.Am.Soc.M.  E. ;  S.  F.  Ferguson,  Mem.Am.Soc.M.E. ;  Prof. 
C.  r.  Scott,  Mem.Am.Soc.M.E.;  C.  E.  Harte,  W.  S.  Huson, 
Mem.Am.Soc.M.E.,  Professor  Breekenridge,  and  others  took 
part  in  the  discussion. 

Calvin  W.  Rice,  Secretary  Am.Soc.M.E.,  was  present  and 
spoke  for  a  few  moments  upon  the  work  that  the  Society  is 
doing  in  cooperating  with  the  other  national  engineering  so- 
cieties toward  the  welfare  of  the  country. 

Following  this  session,  a  dinner  was  served  in  the  hall  of 
the  Yale  Dining  Club.  The  evening  session  was  opened  by 
President  Arthur  T.  Hadley  of  Yale  University.  President 
Hadley  introduced  Samuel  Insull,  president  of  the  Common- 
wealth Edison  Company  of  Chicago,  who  presented  a  compre- 
hensive paper  on  The  Progress  of  Economic  Power  Generation 
and  Distribution.  Mr.  InsuU  reviewed  the  history  of  the  busi- 
ness of  electric  power  generation  and  distribution,  from  its 
inception  in  the  early  ages  to  the  present  time.  His  paper 
was  illustrated  by  numerous  lantern  slides  showing  the  evolu- 
tion of  electric  power  station  machinery. 

A  more  complete  account  of  this  meeting  is  given  elsewhere 
in  this  issue. 

PHILADELPHIA,  APRIL  10 

On  April  10  a  joint  meeting  of  the  Philadelphia  Section  of 
The  American  Society  of  Mechanical  Engineers  and  of  the 
American  Institute  of  Electrical  Engineers  was  held  at  the 
Engineers'  Club,  at  which  Joseph  Tracy,  Chaii-man  of  the 
Philadelphia  Section  of  the  A.I.E.E.,  and  Prof.  R.  H.  Fernald, 
Mem.Am.Soc.M.E.  and  Chairman  of  the  Philadelphia  Section 
of  the  Am.Soc.M.E.,  presided  jointly.  The  general  subject  of 
the  evening  was  Some  Prime  Movers  Now  Under  Development. 
The  first  paper  given  was  The  Uniflow  Engine,  which  was 
presented  by  Allan  D.  Skinner,  Mem.Am.Soc.M.E.,  of  the 
Skinner  Engine  Co.,  Erie,  Pa.  The  second  paper,  on  Future 
Possibilities  of  the  Large  Steam  Turbine  Generator  in  electric 
generating  service,  was  presented  by  W.  C.  Eglin,  Mem.Am. 
Soe.M.E.,  vice-president  and  chief  engineer  of  the  Philadelphia 
Electric  Co.  His  paper  was  discussed  by  George  R.  Hender- 
son, Mem.Am.Soc.M.E.;  Carl  Heiing  and  R.  H.  Fernald.  Mem. 
Am.Soc.M.E.  The  last  paper,  on  The  Diesel  Engine,  prepared 
by  L.  B.  Harris,  of  the  Southwark  Foundry  &  Machine  Co.,  was 
presented  by  W.  B.  Piersol,  of  the  Southwark  Foundi-y  & 
Machine  Co.,  as  Mr.  Harris  was  unable  to  be  present.  This 
paper  was  discussed  by  J.  Woodbridge,  T.  M.  Chance,  Mem. 
Am.Soc.M.E. ;  H.  P.  Liversidge,  H.  T.  Moore,  Mem.Am.Soc.M. 
E. ;  Prof.  Fernald  and  others.  There  were  about  240  members 
present. 

On  behalf  of  Mr.  Harris,  Mr.  Piersol  extended  an  invitation 
to  all  present  to  visit  the  Southwark  Foundry  &  Machine  Co. 
to  see  the  Southwark  Diesel  engines  under  construction. 

BUFFALO,  APRIL  12 

A  meeting  of  the  Engineering  Society  of  Buffalo  was  held 
on  April  12  at  which  Fred  Kent,  works  manager  of  the  Lodge 
&  Shipley  Company  of  Cincinnati,  Ohio,  spoke  on  Bringing  a 
Shop  Up-to-Date. 

Mr.  Kent's  talk  was  very  practical  and  dealt  with  the  estab- 
lishment of  a  proper  drafting  room  system,  planning  depart- 
ment, proper  means  for  training  of  men  and  a    means    for 


routing  work  through  the  shop.  He  dealt  in  considerable  detail 
with  the  question  of  when  it  paid  to  make  jigs  and  when  it 
did  not;  also,  with  the  points  of  advantage  of  automatic 
lathes  or  plain  engine  lathes  to  the  small  shop  man.  About  250 
members  were  present. 

NEW   YORK,   APRIL   20 

The  New  York  Local  Section  held  a  joint  meeting  with  the 
Metropolitan  Section  of  the  Society  of  Automobile  Engineers 
in  the  Auditorium  of  the  Engineering  Societies  Building  on  the 
evening  of  April  20.    About  350  were  present. 

H.  R.  Cobleigh,  chairman  of  the  Am.Soc.M.E.  Section, 
opened  the  meeting  and  invited  Leonard  Kebler.  chairman  of 
the  S.A.E.  Section  to  take  the  chair. 

The  topic  of  discussion  was  the  four-cylinder  vs.  the  multi- 
cylinder  motor.  Finley  R.  Porter,  Mem.Am.Soc.M.E.  and 
M.S.A.E.,  read  a  paper  on  Internal  Combustion  Motors;  The 
P'our-Cylinder  Motor  of  To-day  and  Future  Possibilities,  and 
J.  Edward  Schipper,  M.S.A.E.,  read  a  paper  on  Automobile 
Ajiplieations  of  Four-Cylinder  Motors,  prepared  by  F.  E. 
Watts,  M.S.A.E.,  who  was  unable  to  be  present. 

The  keynote  of  Mr.  Porter's  paper  was  that  the  increase  in 
number  of  cylinders  of  an  engine  has  been  the  result  of  a  de- 
mand in  advance  of  the  art,  and  that  the  determining  factor  of 
niinil)er  of  cylinders  is  thermal  efficiency. 

Mr.  Watts'  jjaper  considered  the  requirements  of  perform- 
ance, durability  and  maintenance  cost  of  the  motor  of  pleasure 
automobiles  and  pointed  out  how  the  four-cylinder  motor  met 
these  requirements. 

The  case  of  the  four-cylinder  motor  having  been  presented 
in  the  two  papers,  the  chairman  called  for  discussion  of  the 
other  side  of  the  question,  and  several  members  responded  with 
interesting  observations. 

Preceding  the  meeting  an  informal  dinner  was  held,  at  which 
members  of  both  societies  were  present. 

STUDENT  BRANCHES 

JOIN'T    MEETING     OF    METROPOLIT.\N     STUDENT    BRANCHES 

For  the  first  time  in  the  history  of  the  Society  a  joint  meet- 
ing of  Student  Branches  was  held  at  the  headquarters  of  the 
Society  on  Friday  evening,  April  14,  1916.  Five  Student 
Branches  located  at  the  following  institutions  participated : 

Columbia  University 

New  York  University 

Pennsj'lvania  State  College 

Polytechnic   Institute   of  Brooklyn 

Stevens  Institute  of  Technology 
More  than  250  undergraduates  and  members  of  the  Faculty 
of  the  various  colleges  were  in  attendance. 

The  meeting  opened  with  an  address  of  welcome  by  Past 
President  and  Honorary  Secretary  F.  R.  Hutton,  who  is  also 
Chairman  of  the  Committee  on  Student  Branches.  Professor 
Hutton  pointed  out  the  importance  of  the  occasion  and  the 
fact  that  future  joint  meetings  would  be  governed  in  a  sense 
by  the  precedents  formed  on  the  occasion  of  the  initial  affair. 
Tlie  object  of  the  meeting  was  to  bring  the  students  of  the 
different  engineering  schools  into  closer  touch  with  the  parent 
Society  and  at  the  same  time  foster  the  habit  of  forming  new 
acquaintanceships  and  friends  among  those  in  the  engineeriing 
profession.  In  turn  this  develops  the  cooperation  which  is  of 
]iaramount  importance  to  the  continued  progress  of  the  pro- 
fession. 

It  is  planned  to  make  this  joint  meeting  of  the  Student 
Branches  located  in  the  Metropolitan  District  an  annual  affair, 
and  further  that  whenever  possible  the  branches  in  other  sec- 
tions of  the  country  will  arrange  to  hold  occasional  joint  meet- 
ings. This  can  be  done  either  where  several  branches  are  con- 
veniently located  to  one  another,  as  is  the  case  in  New  York, 
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or  on  occasions  when  one  or  more  groups  of  engineering  stu- 
dents are  visiting  other  cities  for  trips  of  inspection  or  other 
purposes.  The  student  members  at  Pennsylvania  State  Col- 
lege were  in  New  York  on  a  trip  of  inspection  and  the  com- 
mittee in  charge  of  the  meeting  invited  them  to  be  their 
guests.  It  is  planned  to  organize  the  meeting  sufficiently  early 
next  year  to  make  it  possible  for  some  of  the  other  out  of  town 
Student  Branch  members  to  join  in  the  meeting. 

The  manufacture  of  steel,  tin  plate,  and  tin  products  was 
shown  by  motion  pictures  loaned  by  the  United  States  Steel 
Corporation.  A  motion  picture  showing  the  welding  of  a 
broken  rudder  plate  followed  with  an  actual  demonstration  of 
thermit  welding  of  two  pieces  of  pipe.  This  was  most  spec- 
tacular and  was  described  by  Mr.  Hurlbert  of  the  Goldschmidt 
Thermit  Company. 

All  those  in  attendance  were  provided  with  cards  showing 
the  college  they  attend  and  with  space  for  each  to  write  his 
name.     These  were  attached  to  the  coat  lapels. 

A  smoker  and  refreshments  followed  in  the  rooms  of  the 
Society  and  all  joined  in  college  songs  led  by  the  members  of 
the  glee  clubs  of  the  schools.  Good  fellowship  prevailed  gen- 
erally and  the  following  members  of  the  committee  in  charge 
felt  well  repaid  for  the  efforts  which  they  put  forth  to  make 
a  success  of  the  undertaking: 

Lawrence  H.  Nielsen,  Columbia  University,  Chairman 

Herman  Brandt,  Polytechnic  Institute  of  Brooklyn. 

Charles  A.  Pines,  New  York  University 

James  A.  WUcox,  Stevens  Institute  of  Technology. 

ARMOUR   INSTITUTE    OF    TECHNOLOGY 

The  Armour  Institute  of  Technology  Student  Branch  held 
a  meeting  on  March  16,  1916,  and  Prof.  Geo.  F.  Gebhardt, 
Mem.Am.Soc.M.E.,  carried  out  a  novel  plan.  At  his  sugges- 
tion, the  members  considered  themselves  as  consulting  engi- 
neers and  he  acted  as  a  client  who  was  bringing  several  speci- 
mens of  apparatus  to  be  tested.  A  pair  of  small  gears  made 
of  a  special  alloy  were  tested  for  failure.  Other  specimens 
were  an  automatic  sprinkler  and  a  piece  of  rubber  hose.  Many 
interesting  points  about  the  thoroughness  with  which  the  arti- 
cles are  tested  were  brought  out. 

Plans  were  discussed  for  conducting  a  meeting  in  the  form 
of  a  court  trial  in  which  the  defendants  and  plaintiffs  would 
be  composed  of  the  students,  the  subject  of  the  suit  being  the 
failure  of  some  article  with  which  engineers  have  to  deal. 

A  meeting  of  the  Student  Branch  was  held  on  April  12  at 
which  the  following  officers  were  elected  for  the  coming  year : 
L.  A.  King,  president;  Geo.  Fritze,  vice-president;  E.  W. 
Haines,  secretary;  H.  S.  White,  treasurer.  Plans  were  dis- 
cussed for  a  banquet  to  be  held  on  April  29.  Following  the 
speeches  given  by  the  new  officers,  a  talk  on  Boiler  Room 
Efficiency  was  given  by  G.  F.  Wetzel,  a  Senior  who  is  em- 
ployed by  the  International  Filter  Company  of  Chicago. 

BUCKNELL    UNIVERSITY 

A  meeting  of  the  Bueknell  University  Student  Branch  was 
held  on  April  10.  The  speaker  of  the  evening  was  unable  to 
be  present  and  the  meeting  was  given  over  to  an  impromptu 
discussion  of  the  subject  of  Safety  Devices.  The  paper  on 
Standardization  of  Safety  Principles  by  Carl  M.  Hansen, 
published  in  the  April  issue  of  The  Journal,  was  referred  to 
in  a  number  of  instances  and  many  instructive  points  were 
brought  out  by  the  students. 

COLORADO  AGRICULTURAL  COLLEGE 

The  Colorado  Agricultural  College  Student  Branch  held  a 
meeting  on  February  28.  Mr.  Conrey  gave  a  detailed  and  in- 
structive talk  on  the  Diesel  Engine  mentioning  the  advantages 
of  the  engine  and  its  construction,  and  also  giving  an  account 
of  the  discovery  of  the  Diesel  principle. 

The  meeting  on  March  13  was  visited  by  members  of  the 
local  branch  of  the  A.I.E.E.  and  several  sophomore  engineer- 
ing students.  President  Loi-y  was  the  speaker  of  the  even- 
ing and  discussed  the  subject  of  Strengthening  the  Engineering 
Departments  of  the  Land  Grant  Colleges.  He  said  that  in  the 
early  years  of  these  colleges  the  engineering  department  threat- 
ened the  life  of  the  agricultural  work.     This  fact  caused  con- 


siderable agitation  and  brought  about  the  organization  of  the 
National  Association  of  Agricultural  Colleges  and  Experiment 
Stations.  This  movement  surprisingly  strengthened  the  stand- 
ing of  the  agricultural  departments  and  after  several  years  the 
engineering  department  lost  favor  and  seemed  to  be  rapidly  de- 
clining. This  state  of  affairs  continued  to  exist  until  only  a  few 
years  ago  an  attempt  was  made  to  do  away  with  the  engineer- 
ing department  in  the  Land  Grant  Colleges  through  legislation. 
This  led  to  protective  measures  on  the  part  of  that  department 
and  through  organization,  great  strides  have  been  made  toward 
strengthening  its  stand.  It  is  now  planned  to  establish  engi- 
neering experiment  stations  at  these  schools  and  thereby  in- 
crease materially  the  value  and  usefulness  of  the  engineering 
courses.  Dr.  Lory  pointed  out  several  important  phases  of  the 
matter  which  should  be  followed  up  and  spoke  of  the  work  al- 
ready done  by  some  of  the  larger  institutions.  In  conclusion 
he  painted  a  very  bright  picture  of  the  future  of  engineering 
in  the  Colorado  college. 

At  a  meeting  of  the  Branch  on  March  27,  a  series  of  four 
films  were  shown  entitled  From  Ore  to  Finished  "  National 
Pipe."  These  pictures  very  clearly  illustrated  the  mining,  ship- 
ping and  handling  of  the  iron  from  the  fields  to  the  finished 
product  of  steel  pipes.  One  reel  was  devoted  to  the  welfare 
work  of  the  National  Tube  Co. 

LEHIGH  UNIVERSITY 

At  a  meeting  of  the  Student  Branch  of  Lehigh  University 
held  on  March  23,  William  D.  Reese  spoke  on  Exhaust  Steam 
Turbines.  Mr.  Reese  explained  that  steam  turbines  are  di- 
vided into  two  classes,  those  that  take  steam  at  boiler  pres- 
sure and  those  that  take  steam  from  the  exhaust  of  some  type 
of  reciprocating  engine.  Due  to  the  increased  cost  of  fuel 
and  labor,  engineers  have  ^urned  their  attention  to  devising 
some  way  by  which  more  of  the  heat  which  the  burning  of  a 
pound  of  coal  generates  can  be  used.  There  are  ways  of  using 
a  part  of  this  latent  heat,  sufli  as  heating  tlie  feed  water  to 
a  fairly  high  temperature  by  the  exhaust  steam,  but  these  are 
not  very  satisfactory  as  not  much  of  the  heat  can  be  recovered. 
For  this  reason  engineers  have  tried  to  devise  some  form  of 
engine  which  will  use  this  latent  heat  in  the  exhaust  steam, 
and  of  all  the  devices  up  to  the  present  time  the  exhaust  steam 
turbine  has  proved  to  be  the  most  svieeessful. 

Mr.  Reese  gave  a  brief  liistory  of  the  exhaust  steam  turbine 
and  presented  data  indicating  the  saving  realized  from  its  use. 
He  said  that  an  idea  of  the  cost  of  these  turbines  may  be 
gained  from  the  cost  equations  given  in  Power  for  December, 
1913.  It  has  been  found  that  where  more  power  has  been 
needed,  that  the  cost  of  installation  of  the  low  pressure  tur- 
bine system  including  the  condenser  to  a  reciprocating  engine 
is  less  than  that  of  an  additional  engine  and  boiler  to  gener- 
ate the  extra  power,  not  counting  the  saving  in  fuel  by  the 
former.  Although  this  turbine  has  not  been  developed  to  any 
extent  in  this  country,  there  seems  to  be  a  great  future  for 
it  in  the  extension  of  existing  power  plants. 

G.  P.  Nachman,  M.E.,  '14,  who  is  in  charge  of  the  Heat- 
ing and  Ventilating  department  for  S.  B.  Austin  Sons  &  Co., 
of  Cleveland,  Ohio,  spoke  on  Heating  and  Ventilating.  Mr. 
Nachman  first  discussed  the  heating  and  ventilating  of  school- 
houses  and  enumerated  the  several  methods  of  heating  a  build- 
ing: namely,  hot  water  either  gravity  or  forced  method,  direct 
steam,  either  vacuum  or  return  pipes,  gas  heaters,  or  the 
blower  system. 

Mr.  Nachman  said  that  it  is  advisable  to  heat  large  houses 
by  the  blower  system.  Therefore  a  one-unit  system  has  been 
devised  which  not  only  heats  the  house  but  also  ventilates  it. 
A  device  is  on  the  market  consisting  of  a  small  motor  which 
can  be  put  out  of  a  window  and  will  draw  air  in  the  room  over 
a  radiator.  The  blower  system  is  also  used  in  mines  and  in 
the  drying  room.  It  was  pointed  out  that  the  blower  system 
has  an  advantage  over  the  steam  system  in  that  the  ordinary 
height  of  a  window  sash  above  the  floor  is  4  ft.;  if  steam  is 
used,  this  space  is  taken  u)!  by  steam  coils,  while  if  the  blower 
system  is  used  this  space  is  clear  and  work  benches,  etc.,  may 
be  placed  there.  The  blower  system  is  usually  considered  to 
be  superior  to  any  other  form  of  heating  or  ventilating. 

LELAND    STANFORD    JR.    UNIVERSITY 

The  Student  Branch  of  Leland  Stanford,  Jr.,  University 
held  a  meeting  on  March  1  at  which  H.  C.  Parker  read  a  paper 
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describiug  the  Sail  Bernaidiiii)  Preeooling  Plant,  operated  by 
the  Santa  Fe  Railroad  for  cooling  oranges  before  shipment. 
The  paeked  oranges  are  cooled  from  a  temperature  of  60  to 
90  deg.  down  to  about  44  deg.  Tliis  is  accomplished  by  pass- 
ing air  refrigerated  to  a  temperature  of  8  to  10  deg.  through 
the  car  packed  with  oranges.  Eight  thousand  cubic  feet  per 
minute  is  the  volume  used  and  the  cooling  is  continued  for 
four  hours.  The  balanced  system  is  used  with  a  ]jressure  of 
%  in.  of  water  applied  to  one  end  of  the  car  and  V2  in-  of 
vacuum  to  the  other  end.  The  flow  is  reversed  every  few  min- 
utes for  uniform  cooling. 

The  cooling  system  comprises  three  350  h.p.  Stirling  boilers 
supplying  steam  to  two  cross  compound  engines,  each  direct 
connected  to  a  300  ton,  17  x  34  in.  duplex,  double  acting  Vil- 
ter  refrigerating  machine.  The  ice  boxes  of  the  cars  are  also 
filled  with  ice  to  maintain  a  low  temperature  during  shipment. 

The  plant  uses  eight  double  inlet  sirocco  fans,  each  about 
10  ft.  ill  diameter.  Each  set  of  four  fans  is  driven  by  an  80 
h.p.  motor.  The  eight  fans  will  handle  260,000  cu.  ft.  of  air 
per  minute.  The  capacity  of  the  plant  is  32  cars  every  four 
hours. 

The  plant  was  erected  bv  the  Santa  Fe  Railroad  in  1910 
at  a  cost  of  $900,000.  Since  its  installation  over  30,000  ears 
of  oranges  have  been  precooled  for  shipment  with  the  result 
that  damage  claims  have  been  practically  eliminated. 

At  the  same  meeting  H.  R.  Hammett  gave  a  paper  on  The 
Uses  and  Properties  of  Aluminum  Alloy's.  The  aluminum 
magnesium  alloys  were  spoken  of  in  particular,  because  of 
their  present  and  future  use  in  the  automobile  industry. 

At  a  meeting  of  the  Branch  on  March  15  an  illustrated 
paper  on  Hydi-aulic  Power  Plant  Engineering  was  presented 
by  J.  W.  Swaren  of  the  Pelton  Water  Wheel  Co.  of  San 
Francisco.  The  history  of  the  development  of  water  wheels 
and  turbines  was  first  considered  and  then  illustrations  of 
modem  jiractiee  were  given.  The  lecture  was  generously 
illustrated  with  slides  showing  representative  examples  of 
modern  installations. 

OHIO    STATE    UNIVERSITY 

A  meeting  of  the  Student  Branch  of  the  Ohio  State  Uni- 
versity was  held  on  February  16.  It  was  decided  to  hold 
weekly  meetings  at  which  one  member  of  each  thesis  group 
should  give  a  short  talk  on  his  thesis  subject,  explaining  the 
object  of  same  and  method  of  attaining  it. 

Steam  Consumption  from  Indicator  Cards  was  discussed 
by  H.  H.  Brooks  with  special  reference  to  more  recent  ways 
of  improving  the  accuracy  of  this  method. 

PENNSYLVANIA  STATE  COLLEGE 

The  Student  Branch  of  the  Pennsylvania  State  College 
held  a  meeting  on  March  10,  at  which  Professor  Canan  gave 
an  illustrated  talk  on  The  Combustion  of  Fuels,  showing  the 
progress  made  in  raising  the  efficiency  of  fuel  utilization. 

Prof.  Frank  A.  Burr.  Mem. Am.Soc.M.E.,  followed  with 
an  interesting  and  thorough  discussion  on  Si^ray  Pond  Sys- 
tems, giving  costs  and  much  valuable  data  on  systcm.s  which 
have  been  installed. 

UNIVERSITY   OF    CALIFORNIA 

The  University  of  California  Student  Branch  held  a  regu- 
lar meeting  on  the  evening  of  March  21,  at  which  K.  Potts, 
'17,  presented  a  paper  on  The  Electric  Drive  on  the  Battle- 
ship California.  He  discussed  the  various  possibilities  of 
the  electric  method  of  ship  propulsion  and  cited  tests  that 
have  been  carried  out  on  the  collier  Jupiter. 

Prof.  J.  N.  LeConte,  Mem.Am.Soc.M.E.  and  Honorary 
Chairman  of  the  Branch,  discussed  the  subject  of  Skin  Fric- 
tion on  Centrifugal  Pump  Runners  and  Runner  Balancing. 
He  referred  to  tests  which  have  been  carried  out  in  the 
laboratory  in  an  endeavor  to  obtain  the  foregoing  and  noted 
how  close  the  theory  involved  agi'eed  with  the  experimental 
results  obtained. 

At  a  meeting  of  the  Branch  on  April  4,  C.  P.  Kenville, 
'17,  gave  a  talk  on  The  Present  Tendencies  in  the  Design  of 
Ship  Hulls  in  which  he  discussed  the  recent  experiments  that 
have  been  carried  out  at  Washington,  D.  C,  relative  to  the 
resistance  of  ships  of  various  designs.    Prof.  H.  B.  Langille. 


Mem  Am.Soc.M.E.  and  Professor  of  Machine  Design  at  the 
University,  spoke  along  the  same  lines,  his  subject  being 
Ship  Resistance  and  Propeller  Design.  He  explained  the 
methods  used  to  calculate  the  resistance  of  ships  and  the 
jiresent  drafting  room  practice  relative  to  propeller  design. 
An  illustrated  lecture  on  Gold  Dredging  and  Dredger  Con- 
struction was  presented  by  H.  G.  Oliver.  Mr.  Oliver  out- 
lined the  methods  of  dredging  in  California  and  showed 
views  of  the  world's  largest  gold  dredger  during  construction 
and  in  operation  in  tlie  field  after  its  completion. 

UNIVERSITY    OF    COLORADO 

At  a  meeting  of  the  Student  Branch  of  the  University  of 
Colorado  on  March  16  the  following  officers  were  elected: 
Harlow  Platts,  president;  Guy  Kurtz,  \-ice-president,  and 
Robert  F.  Hamilton,  secretary  and  treasurer.  Following  this 
Prof.  John  A.  Hunter,  Mem.Am.Soc.M.E.,  and  Professor  of 
Mechanical  Engineering  in  the  University,  spoke  on  the  ad- 
vantages of  an  organization  such  as  the  A.S.M.E.  Student 
Branch  to  the  school  and  also  to  the  members  of  the  organi- 
zation. 

At  a  meeting  of  the  Branch  on  March  30  Thomas  Cleary 
of  the  Westinghouse  Electric  &  Manufacturing  Co.  spoke  on 
the  Westinghouse  Under-Feed  Stoker.  After  explaining  the 
operation  and  use  of  the  three  kinds  of  mechanical  stokers, 
the  over-fed,  the  under-fed,  and  the  chain  grate,  Mr.  Cleary 
took  up  the  Westinghouse  stoker  in  detail,  and  pointed  out 
(hat  with  the  mer-liaiiical  stoker  less  lalior  and  less  fuel  are  re- 
quired, and  the  boiler  capacity  is  increased,  this  increase  in 
cajiacity  being  limited  only  by  the  amount  of  fuel  fed  in. 

UNIVERSITY    OF    ILLINOIS 

At  a  meeting  of  the  University  of  Illinois  Student 
Branch  on  March  23  Miss  S.  Harbarger  of  the  English  de- 
partment of  the  University  addressed  the  members  on 
Rhetoric  and  the  Engineer.  Miss  Harbarger  asserted  that 
rhetoric  is  important  to  the  engineer  because  it  is  a  means 
of  recreation,  of  efficiency  and  of  preparedness.  Rhetorical 
work  gives  confidence  in  one's  ability  to  create  a  desirable 
impression  on  others  and  is  therefore  a  necessary  tool  for  the 
engineer.  The  speaker  jiointed  out  that  the  attitude  of  the 
engineering  student  toward  rhetoric  is  likely  to  be  his  atti- 
tude toward  his  profession  and  therefore  should  be  a  health- 
ful one. 

UNIVERSITY    OF    KANSAS 

The  University  of  Kansas  Student  Branch  held  its  seventh 
annual  meeting  on  March  9.  Professional  sessions  were  held 
both  in  the  morning  and  afternoon,  and  at  seven  o'clock  in 
the  evening  a  banquet  was  served  at  Marvdn  Hall. 

tJNIVEKSITY  OF  KENTUCKY 

The  members  of  the  Student  Branch  of  the  University  of 
Kentucky  returned  from  an  instructive  inspection  trip  through 
Chicago,  in  time  to  start  thesis  work  on  April  4.  The  regular 
program  of  the  Branch  was  suspended  and  talks  by  eminent 
engineers  substituted. 

On  April  5,  a  comprehensive  lecture  was  given  by  J.  N. 
Breckenridge  on  the  Manufacture  of  National  Pipe  by  the  Na- 
tional Tube  Company.  His  lecture  was  illustrated  by  moving 
pictures  showing  the  whole  process  of  manufacture  from  the 
raw  material  to  the  finished  pipe. 

Willis  H.  Carrier,  Mem.Am.Soc.M.E.,  and  President  of 
the  Carrier  Engineering  Corp.  of  New  York  City,  visited  the 
Branch  on  April  10  and  presented  an  illustrated  lecture  re- 
garding the  great  variety  of  problems  which  the  air  engineer 
has  to  solve. 

An  interesting  talk  on  The  Boiler  of  1916  was  given  by  F.  C. 
Bitgood  of  the  Babcock  &  Wilcox  Co.  This  is  a  boiler  of  the 
water-tube  type  can-ying  350  lb.  of  steam  at  a  superheat  of 
250  deg.  Mr.  Bitgood  stated  that  the  present  tendency  of 
boiler  manufacture  was  for  high  pressure  with  just  enough 
superheat  to  prevent  initial  condensation,  and  that  the  boiler 
for  1917  will  have  a  pressure  of  500  lb.  steam  at  a  superheat 
of  100  deg.  He  also  said  that  a  boiler  with  a  steam  pressure 
of  1000  lb.  is  the  ultimate  desire  of  his  Company  and  that  it 
will  probably  be  realized  in  the  1918  boiler. 
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UNIVERSITY    OF    MICHIGAN 

At  a  joint  meeting  of  the  Student  Branch  of  the  A.S.M.E. 
and  of  the  A.I.E.E.  was  held  on  March  31.  at  which  6.  W. 
Lunn  of  the  Commonwealth  Edison  Co.,  Chicago,  gave  an 
interesting  lecture  on  Central  Stations.  Mr.  Lunn  sketched 
briefly  their  history  and  took  as  an  example  of  the  latest 
developments  the  three  plants  of  the  Edison  Co.  at  Chicago, 
which  he  described  at  length.  The  site,  buildings,  prime 
movers,  boilers,  electric  machinery,  auxiliary  apparatus, 
tests,  and  safety  provisions  were  dealt  with,  and  the  welfare 
work  of  the  company  outlined.  The  lecture  was  illustrated 
bv  slides. 


UNIVERSITY    OF   MINNESOTA 

The  Student  Branch  of  the  University  of  Minnesota  held 
a  meeting  on  March  25,  at  which  Mr.  .John  Corser.  '16,  gave 
an  interesting  talk  on  Alaska.  Mr.  Corser  was  employed  by 
the  Cop])er  River  and  Northwestern  Railroad  Company  dur- 
ing the  construction  of  their  two  hundred  miles  of  railroad 
from  Cordova,  on  the  sea  coast,  to  Kennicott,  which  is 
located  in  the  rich  mining  and  timber  lands  of  Alaska.  He 
spent  Syo  years  in  this  region  and  is  familiar  with  the  com- 
mercial conditions  there. 

Mr.  Corser  said  that  the  Copper  River  and  Northwestern 
Railroad  is  the  first  railroad  ever  built  in  Ala.ska  that  has 
been  a  success,  and  in  spite  of  the  many  difficulties  and  un- 
expected problems  encountered,  it  paid  for  itself  during  con- 
struction. This  can  be  explained  by  the  fact  that  the  pas- 
senger fare  was  20  cents  per  mile  and  the  freiglit  rates  ac- 
cordingly high. 

Unex]iected  problems  were  encountered  in  the  rock  cuts 
along  the  banks  of  the  Copper  River  and  in  the  large  dirt 
cuts.  The  strata  formation  along  the  Copper  River  is  such 
that  the  layers  of  rock  form  an  angle  slojiing  toward  the 
river  and  when  a  cut  was  made  through  the  rock  the  lower 
part  of  the  cut  would  gradually  slide  aAvay  and  that  above 
would  come  down  upon  the  roadbed.  In  some  cuts,  it  was 
found  necessary  to  remove  four  times  as  much  rock  as  had 
been  intended.  In  the  dirt  cuts,  the  ground  was  frozen  to 
a  depth  of  from  18  in.  to  2  ft.,  and  after  making  a  cut  the 
sun  would  thaw  out  the  ground  at  the  top  of  the  bank  and 
it  would  slide  down  in  the  form  of  a  large  mass  of  mud. 
This  made  it  necessary  to  widen  all  the  cuts  to  a  greater 
width  than  had  been  anticipated. 

During  the  winter  months  the  road  is  closed  a  great  part 
of  the  time,  and  when  it  is  open  there  is  no  scheduled  run- 
ning time  as  the  snow  often  makes  it  impossible  for  the 
trains  to  make  any  progress.  Snow  sheds  and  rotary  snow-- 
jilows  have  improved  the  winter  conditions  considerably  dur- 
ing the  last  two  or  three  years. 

Each  spring  the  Kennicott  end  of  the  railroad  is  closed 
due  to  washouts  and  one  of  the  bridges  across  the  Copper 
River  near  Kennicott  has  been  washed  out  every  spring. 
The  greatest  flood  occurred  in  the  spring  of  1913  when  large 
sections  of  the  road  were  washed  away. 

The  speaker,  in  closing,  compared  Alaska  with  the  United 
States  as  to  size  and  climate.  Although  Alaska  is  onlv  one- 
fifth  as  large  as  the  United  States,  it  has  a  population  of 
nearly  10,000  white  people  and  about  five  or  six  times  as 
many  natives,  mostly  Indians.  The  climate  varies  along  the 
southern  coast;  the  summers  are  similar  to  those  of  our 
western  coast,  but  cooler,  due  to  the  warm  water  currents 
of  the  Pacific  Ocean :  the  winters  are  cold,  the  temperature 
falling  as  low  as  60  deg.  below  zero.  Further  inland,  the 
climate  is  extremelv  cold  and  the  summers  are  verv  short. 


UNIVERSITY  OF  MISSOURI 

A  meeting  of  the  Student  Branch  of  the  University  of 
Missouri  was  held  on  April  6.  at  which  tlie  following  new 
officers  were  installed:  F.  P.  Hutchison,  president;  Louis 
Seutter,  corresponding  secretary';  R.  B.  Warren,  secretary' 
and  treasurer;  and  a  governing  board  consisting  of  J.  W. 
Haney.  Mem.Am.Soc.M.E..  R.  M.  Lotz  aii.l  F.  N.  Wcsteott. 

E.  .J.  McCourtland,  Dean  of  the  Engineering  School  of  the 
University,  gave  an  illustrated  lecture  entitled  Sanitary  En- 
gineering,  dealing  with   community   and   personal   sanitation. 


UNIVERSITY    OF   NEBRASKA 

The  Student  Branch  of  the  University  of  Nebraska  held  a 
meeting  on  March  15,  at  which  0.  R.  Martin,  Professor  of 
Business  Accounting  of  the  University  of  Nebraska,  pre- 
sented a  detailed  definition  and  description  of  a  corporation 
and  of  a  partnership,  explaining  the  distinction  between  the 
I  wo.  He  said  that  a  corporation  is  considered  i-s  an  indi- 
vidual inasmuch  as  it  is  responsible  for  its  actions,  as  a  whole 
body,  but  the  members,  sejiarately,  are  not  responsible.  In 
a  partnership,  however,  each  individual  is  responsible  for  the 
firm.  When  Professor  Martin  had  concluded  his  remarks  on 
this  subject,  he  gave  a  brief  outline  of  the  different  kinds  of 
stocks. 

On  April  4,  Prof.  G.  E.  Barber,  who  is  the  head  of  the 
Department  of  Roman  History  and  Literature,  gave  a  talk 
(in  Engineering  in  Ancient  Rome.  The  speaker  gave  an  out- 
line of  the  materials  used  in  Ancient  Rome — natural  stones, 
both  chiseled  and  rough;  concrete,  brick,  and  stucco  work. 
He  said  that  the  Roman  roads  were  from  two  to  three  feet 
thick  and  consisted  of  natural  stone  cemented  and  pounded 
together.  Interesting  lantern  slides  of  the  old  temples,  the- 
aters, walls  and  public  buildings  followed  the  talk,  showing 
in  considerable  detail  the  Roman  methods  of  building. 


VIRGINIA    POLYTECHNIC    INSTITUTE 

On  April  8,  a  meeting  of  the  Virginia  Polytechnic  Institute 
Student  Branch  was  held  at  which  a  paper  on  Injectors  by  H. 
M.  Harris  and  F.  C.  Holton  was  presented.  The  principles  of 
the  various  types  of  injectors  were  discussed  and  the  talk  was 
illustrated  by  blackboard  sketches. 

H.  A.  Coddington,  Engineer  of  Tests  of  the  Norfolk  and 
Western  Railway  presented  a  paper  at  a  meeting  held  on 
April  12  on  Superheated  Steam  and  Superheaters  as  Applied 
to  Locomotives.  The  lecture  was  supplemented  by  lantern 
slides,  showing  the  method  of  construction  and  installation  of 
superheater  units  on  modern  locomotives. 

A  meeting  of  the  Branch  was  held  on  April  15  at  which  two 
papers  were  presented.  The  first  was  on  the  subject  of  Feed 
AVater  Heaters  by  A.  T.  M.  Rust  and  A.  J.  Bopp,  who  dis- 
cussed the  several  types  of  heaters  now  on  the  market  and 
illustrated  their  talk  with  black-board  sketches.  The  second 
paper  was  presented  by  G.  F.  Minor  and  H.  L.  Dodson  en- 
titled Centrifugal  Pumps.  Black-board  sketches  were  used  to 
illustrate  this  paper,  and  the  subject  was  treated  from  its  his- 
torical side  as  well  as  from  a  mechanical  standpoint. 


WORCESTER    POLYTECHNIC    INSTITUTE 

At  a  meeting  of  the  Worcester  Polytechnic  Institute  Stu- 
dent Branch.  James  F.  Howe.  '90.  Mem.Am.Soc.M.E.,  of  the 
American  Steel  and  Wire  Rope  Company,  addressed  the  mem- 
bers on  Wire  Rope  and  Its  Relation  to  Engineering.  The 
speaker  first  called  attention  to  the  disadvantages  possessed 
by  chains,  namely,  their  bulk  and  low  tensile  strength,  and 
explained  that  a  rope  of  one-quarter  the  cross  sectional  metal 
area  of  the  chain  would  be  of  equal  strength.  Cold  working 
of  the  metal  after  heat  treatment  was  given  as  one  reason  for 
the  great  reliability  of  wire  rope  material.  Mr.  Howe  stated 
that  flexibility,  durability,  and  efficiency  are  the  three  desirable 
qualities  which  the  manufacturers  strive  for,  and  each  particu- 
lar use  to  which  the  rope  is  put  requires  individual  considera- 
tion and  design.  This  is  necessary  because  of  the  fact  that  tlie 
maximum  flexibility,  durability  and  efficiency  cannot  be  found 
in  any  one  case,  hut  one  or  more  of  these  qualities  must  suffer 
at  the  expense  of  another.  Numerous  slides  were  shown 
which  illustrated  the  various  uses  of  wire  rope  as  well  as 
the  many  shapes,  styles  and  sizes  of  rope  and  fastenings. 


YALE    UNIVERSITY' 

The  Yale  University  Student  Branch  held  a  meeting  on 
•January  21,  at  which  F.  L.  Low  addressed  the  students  on  the 
Panama-Pacific  Exposition.  Mr.  Low  spoke  mainly  of  the 
lighting  effects  of  the  exposition  and  showed  slides  which 
were  loaned  by  the  National  Electric  Light  Association. 


EMPLOYMENT  BULLETIN 


The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  and  is  pleased  to  receive  requests  both 
for  positions  and  for  men.  Copy  for  the  Bulletin  must  be  in  hand  before  the  18th  of  the  month. 
The  7iotices  now  appear  in  the  Employment  Bulletin  in  a  form  which  indicates  the  classification. 


POSITIONS  AVAILABLE 

The  Society  acts  only  as  a  "clearing  house"  in  these  matters  and 
is  not  responsible  where  firms  do  not  atiswer.  Stamps  should  fte 
enclosed  for  Jorxcarding  applications.  Those  not  members  of  the 
Society  a/re  required  to  file  a  letter  of  reference  or  introduction  from 
a  member  before  applications  toill  be  forwarded. 

7  Professor  of  Electrical  Engineering  of  high  grade 
technical  capacity,  \agor,  personality,  experience  in  practice 
and  teaching  ability.  A  man  of  high  standing  among  engi- 
neers and  recognized  as  an  authority.    Location  Middle  West. 

40  Designer;  good  opportunity  for  high  grade  designer 
with  chiefly  drawing  office  experience  on  heavy  machine  tools 
and  similar  machinery.    Location,  Pennsylvania. 

44  Designers  experienced  in  automobile  work.  Location 
New  York. 

164  Draftsman,  thorough  technical  training  with  at  least 
5  to  6  years  practical  experience  as  draftsman  and  designer 
of  heavy  high  speed  machinery,  as  steam  turbines,  centrifugal 
pumps  and  herringbone  gears.  Must  be  neat,  quick  and  accu- 
rate, and  possess  such  characteristics  as  would  justify  promo- 
tion to  chief  or  assistant  chief  engineer  in  one  to  two  years 
time.  Salary  to  begin  moderate  until  ability  is  proven.  Loca- 
tion Maryland. 

167  Recent  Graduates  in  mechanical  engineering  from 
schools  of  recognized  standing,  desired  for  testing  work  in 
large  steam  operated  electric  power  plants.  Applicants  with 
experience  in  testing  work  will  be  given  preference.  State 
particulars  of  education,  experience  and  salary  desired.  Lo- 
cation New  York. 

180  Inspector,  for  interchangeable  parts  on  fine  balances. 
Young  man  with  tool  making  experience  preferred.  Eastern 
location. 

185  Tool  Designer  who  is  resourceful  and  can  follow 
work  through  to  completion.  Technical  man  with  practical 
shop  experience.     Location  Connecticut. 

187  Draftsman  with  blast  furnace  and  rolling  mill  expe- 
rience.   Location  Pennsylvania. 

188  Draftsjian  with  at  least  ten  years  drafting  office  ex- 
perience, competent  to  take  charge  of  a  number  of  men  and 
capable  of  doing  his  own  calculating.    Location  Pennsylvania. 

192  Superintendent  to  take  charge  of  foundry  and  scrap 
reclaiming  department,  handling  all  kinds  of  non-ferrous 
metals,  employing  250  men;  must  be  good  executive  with  busi- 
ness ability  and  sound  knowledge  of  metallurgy  of  non-fer- 
rous metals;  give  full  details  of  experience  and  qualifications. 
Location  Western  Pennsylvania. 

193  Tool  Designer  accustomed  to  heavy  machine  tool  work, 
for  manufacturers  of  milling  machines  and  their  equii^ment. 
Location,  lUinois. 

197  Chief  Inspector  for  large  valve  and  gage  manufac- 
turing concern ;  plant  employs  about  1500  men  and  women ; 
requires  man  of  wide  experience  of  at  least  ten  yeai's,  in  inter- 
changeable manufacturing  field.    Location,  New  England. 

198  Chief  Inspector,  up-to-date,  well  versed  in  drill  press 
practice  in  fine  interchangeable  work,  with  at  least  10  years 
experience. 

201  Val\'e  and  Fitting  Designer  and  checker  with  large 
firm;  good  future  to  man  with  experience  who  is  willing  to 
hustle  and  work  hard.  Others  need  not  apply.  State  expe- 
rience in  full,  salary  expected  and  references.  AU  correspond- 
ence will  be  strictly  confidential. 


202  Inspector  of  Material  and  Supplies  to  work  under 
the  supervision  of  the  head  of  bureau  of  tests  of  New  York 
concern  manufacturing  paper  products,  to  accumulate  data 
which  wiU  form  basis  for  research  work  leading  to  standardi- 
zation of  grades  of  paper  and  other  materials  used  in  manu- 
facturing processes.  One  or  two  years  exiserience  in  paper 
industry  would  be  especially  helpful. 

203  Assistant  to  Superintendent  of  Employment; 
young  university  graduate  to  develop  a  systematic  plan  for 
engaging,  training  and  recording  progress  of  employees;  one 
who  has  made  a  study  of  psychology  or  at  least  with  clear 
conception  of  the  requirements  of  such  a  position.  Location 
New  York. 

205  Sai.es  Engineers.  It  is  desired  that  applicants  be 
young  men  between  the  ages  of  25  and  30  years,  graduates  of 
some  approved  engineeiing  college,  preferably  M.E.  degree 
and  of  good  appearance;  would  be  expected  to  undergo  a 
period  of  probation  and  training  in  the  various  offices  of  com- 
pany before  being  given  more  responsible  and  higher  positions 
in  sales  work.  If  a  call  cannot  be  made,  application  may  be 
made  by  letter  in  the  applicant's  o-ttm  hand  writing,  stating  age, 
education,  previous  business  training  if  any,  salary  desired,  etc. 
Location,  New  York. 

212  Sales  Engineers  for  the  following  teri-itories:  Cen- 
tral Pennsylvania,  New  Jersey,  New  England,  Tennessee, 
North  Carolina,  Minnesota,  North  and  South  Dakota;  must 
show  excellent  past  record  and  be  familiar  with  boiler  plant 
practice;  must  be  men  of  good  personality.    Apply  by  letter. 

213  Designer — experienced  in  design  of  machine  tools; 
resourceful  and  capable  of  doing  original  work.  Salary  de- 
pendent upon  man. 

214  Superintendent  of  Shop,  to  have  charge  of  shop  cov- 
ering repair  work,  erection  of  machinery,  general  repairs  on 
buildings  and  furnaces,  millwrighting,  etc.,  employing  about 
150  men.    Name  confidential.    Location,  Eastern  States. 

216  Drafting  Room  Superintendent.  Good  position  open 
in  large  flour  milling  machinery  factory.  Preferred  qualifica- 
tions; technical,  mechanical  education,  executive  capacity,  ex- 
perience in  mechanical  transmission  machinery  layouts,  the  pro- 
ducing of  flour  and  cereal  milling  machinery  and  machinery  in- 
stallation plans.  Permanent  position  for  right  man.  Give  full 
particulars  of  experience,  also  salary  expected. 

217  Engineer  to  take  charge  of  manufacturing  operations 
of  work  in  machining  in  iron  and  brass,  copper,  smithing,  etc., 
necessitating  working  closely  to  dimensions.  Prefer  technically 
trained  man.  Essential  qualifications  are  knowledge  of  the 
trade,  shop  organization,  cost  keeping,  etc.,  with  personality  to 
control  men.    Salary  about  $2500.    Location,  New  York. 

218  Engineer  to  take  charge  of  drafting  room ;  output  con- 
sists of  coal  handling  apparatus,  hoisting  engines,  special 
heavy  machinery  and  tools,  locomotive  and  overhead  cranes. 
Salary  $150  per  month,  with  good  prospects  of  a  permanent 
position  and  advancement  to  right  man ;  technical  graduate  pre- 
ferred. Give  age,  reference,  and  state  where  last  employed. 
All  rephes  wiU  be  held  strictly  confidential. 

219  Recent  graduate  with  some  experience  in  making 
boiler  tests,  to  train  into  work  of  inspection  of  boiler  plants 
and  steam  engine  installations  in  connection  with  refrigerating 
and  ice  making  machinery.  Location  East.  Apply  by  letter. 
Name  confidential. 

220  Instructor  in  Mechanical  Engineering.  Salary 
$1000  to  $1200.    Location  Middle  West. 
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222  Executive  Superiktendext  for  elevator  repair  and 
supply  company.    Location  New  Jersey. 

224  Engineer  experienced  in  testing  and  installation  of 
steam  turbines  and  turbine  driven  apparatus.  Must  be  capable 
of  intelligently  nmning  and  witnessing  tests  on  apparatus, 
both  in  buying  and  selling  and  handling  general  engineering 
details.     In  application  give  experience,  salary  expected,  etc. 

230  Works  Manager  wanted  at  once;  thoroughly  trained 
and  experienced  mechanical  engineer  as  manager  of  large  shop 
having  many  departments  (principally  machine)  and  making 
a  complicated  product  of  small  parts.  Only  applications  from 
those  who  have  had  successful  experience  in  handling  such  a 
proposition  will  be  considered.  Give  full  particulars  including 
age,  nationality,  where  and  in  what  lines  experience  was 
gained  and  approximate  salary  expected.  Name  strictly  con- 
fidential.   Apply  by  letter. 

231  Detail  Draftsjian  on  structural  and  mechanical 
work.  State  experience  and  salary  expected.  Location  Kan- 
sas. 

232  AGf;XTS  to  handle  sales  of  products  in  own  territory, 
for  firm  specializing  in  manufacture  of  crushers,  adapted  for 
road  building,  contracting,  mining,  rock  crushing,  for  pulver- 
izers, gravel  plants,  block  and  tile  plants. 

237  Engineer  experienced  in  time  study  work  on  machine 
operations.  Salary  depends  on  man.  Location  New  Jersey. 
Apply  by  letter. 

238  Mechanical  Engineer  to  take  charge  of  research  de- 
partment in  the  development  and  manufacture  of  underfeed 
mechanical  stokers.  Must  have  had  experience  in  designing, 
construction  and  operation.  Good  opportunity  for  the  right 
man  with  old  established  corporation.  State  age,  experience, 
when  at  liberty,  salary  expected,  etc.     Apply  by  letter. 

240  Assistant  to  general  power  plant  engineer;  work 
would  cover  power  design,  construction,  testing,  etc.,  in  large 
industrial  plant.    Salary  $900.    Location,  New  Jereey. 

243  Efficiency  Engineer;  American  under  30,  technical 
graduate  preferred  with  practical  experience.  Will  for  several 
years  act  as  understudy  for  ultimate  position  of  efficiency  engi- 
neer. Salary  to  start  $100  per  month.  Send  postal  card  with 
name  and  address  for  further  particulars. 

244  Mechanical  and  Electrical  Engineer  to  handle  the 
various  engineering  problems  of  power  generation,  distribu- 
tion and  installation  of  new  equipment,  maintenance,  etc.,  ex- 
clusive of  operation  of  plant ;  preference  given  to  man  not 
over  forty,  but  ability  and  experience  in  industrial  plant  work 
must  be  unquestioned.    Name  confidential. 

24.5  Manager  of  Advertising  Department  for  concern  in 
Middle  West,  manufacturing  line  of  boiler  specialties. 

246  Superintendent  of  factory  engaged  in  the  manufac- 
ture of  oil  and  gasoline  engines.  Must  be  familiar  with  mod- 
ern methods  of  manufacture,  active,  tactful,  a  close  student  of 
human  nature  and  a  natural  leader.  Exceptional  manufactur- 
ing men  even  though  not  actively  engaged  in  gas  engine  work 
are  encouraged  to  reply.  Position  offers  a  splendid  opportu- 
nity for  one  who  can  qualify.  Give  complete  experience.  Name 
confidential.    Apply  by  letter. 

248  Designer  for  special  machinery  and  labor-saving 
devices  capable  of  following  work  through  shop  to  completion. 
Location.  New  York  State. 

250  Manager  for  firm  in  India  manufacturing  clay  prod- 
ucts, as  drainage  pipes,  tile  floors,  bricks  and  wall  tile.  Cor- 
respondence will  be  handled  through  New  York  firm. 

252  Production  Superintendent,  as  assistant  superin- 
tendent in  charge  of  production,  in  a  high  class  engine  and 
machinery  building  plant;  preferably  a  man  who  has  had 
experience  in  planning  and  carrying  on  production  according 
to  sales  and  stock  requirements.  State  qualifications  and 
salary  expected.  Applications  will  be  treated  in  strict  confi- 
dence. 

253  Graduate  Technical  Me<'hanical  Engineer,  as  as- 
sistant to  factory  executive;  young,  energetic  man.  State  age, 
education,  past  positions,  if  any,  and  salary  expected  at  start. 


255  Draftsman,  American  or  English,  familiar  with  tool 
design.     Location,  Philadelphia. 

256  Technically  Trained  Mechanical  Engineer  who 
has  had  several  years'  experience  in  shop  methods  and  costs, 
wanted,  to  increase  the  applications  of  a  new  metal  working 
process.  Exceptional  opportunity  for  riglit  man.  State  sal- 
ary, experience  and  references. 

258  Works  Manager  for  company  manufacturing  heavy 
chemicals;  position  is  one  of  responsibility  and  demands 
high  order  of  executive  ability;  one  educated  as  a  chemical 
engineer  or  chemist  who  has  demonstrated  executive  ability. 
Location  Western  Pennsylvania. 

259  Special  Agent  for  South  Aiierican  Markets  for 
construction  materials  and  machinery.  Examination  in  May 
(date  not  yet  assigned)  to  be  held  under  the  direction  of  the 
Department  of  Commerce.  Application  to  take  the  examina- 
tion should  be  made  direct  to  the  Bureau  of  Foreign  and 
Domestic  Commerce,  Washington,  D.  C,  and  should  set  forth 
applicant's  education  and  experience  in  the  subject  of  the 
investigation. 

MEN  AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  puiUshed  notices. 
Notices  are  not  repeated  in  consecutive  issues  of  the  Bulletin. 

Membei's  smdinfj  in  notices  for  the  Men  .XvOfilable  section  are  par- 
ticularly requested  in  the  future  to  indicate  the  classification  under 
which  they  desire  their  notices  to  appear. 

E-161  Engineer  on  large  steam  turbine,  power  plant  in- 
stallation, operation  and  effleiencj'  investigations;  10  years  ex- 
perience in  charge. 

E-162  Sales  Engineer  among  building  trades,  preferably 
in  New  York.  Acquainted  with  leading  architects  and  engi- 
neers throughout  East  and  Middle  West.  Six  years  successful 
experience  as  engineer  and  salesman  for  prominent  New  York 
manufacturing  concern  and  at  present  holding  responsible 
position. 

E-163  Assistant  to  President.  Manager  or  Superin- 
tendent :  Member,  39,  M.  E.  18  years  experience  in  design 
and  manufacture  of  steam  and  hydraulic  machinery;  twelve 
years  in  design,  construction  and  operation  of  large  industrial 
plants  successively  as  assistant  superintendent,  superintend- 
ent and  general  superintendent;  expert  in  organizing,  cost, 
statistical  and  jiroduction  work.  Present  position  general 
sujierintendent  of  large  manufacturing  plant;  salary  $6000 
per  year. 

E-164  Mechanical  Engineer  at  present  chief  draftsman 
of  large  manufacturing  concern,  desires  change.  20  years  ex- 
perience general  engineering,  automatic  labor  saving  machin- 
ery, resourceful,  hustler;  looking  for  opportunity  to  advance. 
Salary  $3000  to  start. 

E-165  Expert  on  power  jalant  work  and  equipment  with 
valuable  patents  in  that  line;  strong  personality,  excellent  ex- 
ecutive and  salesman  desires  to  invest  several  thousand  dollars 
in  established  engineering  enterprise  or  to  form  partnership 
with  consulting  engineer.  Advertiser  is  also  ready  to  act  as 
consulting  engineer  to  engineering  concerns. 

E-166  Mechanical  Engineer  with  manufacturing  plant, 
central  station  or  consulting  engineer;  member,  34,  married, 
technical  education,  experienced  in  design,  erection  and  effi- 
cient operation  of  power  plants,  as  principal  assistant  to  con- 
sulting engineer;  specialized  in  up-to-date  boiler  room  man- 
agement and  efficiency  use  of  exhaust  steam.  Eastern  states 
preferred. 

E-167  Columbia  Graduate  in  mechanical  engineering, 
with  drafting  room,  power  plant  and  shop  experience,  seeks 
position  offering  opportunity  for  advancement.  At  present 
employed  as  assistant  foreman  inspector  in  large  arms  plant. 

E-168  Vacation  Position,  June-September,  desired  by  in- 
structor in  mechanical  drawing  in  large  eastern  university; 
six  years  jiractical  experience  in  estimating  and  designing 
machinery. 

E-169  Metallurgical  and  Mechanical  Engineer;  mem- 
ber, age  34,  maiTied,  specialist  in  the  design  and  construction 
of  mining,  crushing,  milling,  smelting  and  acid  plants.     Ex- 
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pert  on  oil-flotation  concentration,  fine  grinding,  blast  fur- 
nace and  reverberatory  furnace  smelting.  Thirteen  years  with 
mining,  milling  and  smelting  companies  and  manufacturers, 
wishes  responsible  executive  or  engineering  position  in  which 
broad  engineeiing  experience  together  with  ability  to  handle 
men  will  be  required.  Now  in  South  America,  but  will  go  any 
place.  Wire  "  The  Journal "  for  letter  giving  complete  ex- 
perience and  references. 

E-170  Manager,  Superintendent  or  Sales  Engineer. 
Member,  graduate  M.  E.,  Lehigh  University,  several  years  in 
management  of  mechanical  and  purchasing  departments  of 
railroad,  coal  mining,  and  industrial  corporations;  extensive 
experience  as  sales  engineer  in  railroad  equipment.  Organizer 
and  executive,  qualified  to  fill  position  of  manager  of  an  in- 
dustrial plant  or  coal  mining  company,  or  superintendent  of 
motive  power  of  a  railroad.  Can  successfully  represent  manu- 
facturers of  machinery,  power  plant  equipment,  iron  and  steel. 

E-171  Machine  Shop  Superintendent  or  Master  Me- 
chanic with  wide  range  of  experience  in  large  steel  plants, 
thirty-two;  technical  graduate,  desires  to  make  change  of 
position  with  future;  best  of  recommendations;  interview  is 
preferred. 

E-172  Sales  Engineer,  age  33,  technical  graduate,  mem- 
ber, seven  years  sales  experience  machinery  and  steel.  At 
present  employed.  Wishes  better  opportunity  for  advance- 
ment with  high  class  firm. 

E-173  Assistant  Works  Manager,  mechanical  engineer  or 
similar  capacity,  automobile  industry  preferred.  Junior  mem- 
ber, age  31,  married,  technical  graduate,  experienced  in  power 
plants,  testing  and  investigations,  general  miU  engineering. 

E-174  Technical  Graduate,  experienced  in  general  power 
station  design,  also  engineering  and  construction,  administra- 
tive and  sales  departments  of  manufacturing  corporations,  de- 
sires connection  with  manufacturing  company  with  eventual 
investment  of  capital;  member,  age  37,  married,  eleven  years 
practical  experience  in  U.  S.  and  abroad. 

E-175  Chief  Engineer,  Power  Engineer  or  Plant  En- 
gineer, graduate  mechanical  and  electrical  engineer,  age  33; 
13  years  extensive  experience  in  designing,  constructing,  erect- 
ing and  testing  power  plants,  sub-stations,  etc.,  desires  to  lo- 
late  with  large  firm  where  conscientious  ability  will  be  appre- 
ciated. Salary  $2500.  At  present  holding  responsible  posi- 
tion.   Location  Eastern  States. 

E-176  Student  Member,  will  graduate  this  June,  desires 
a  position  with  an  engineering  firm  promising  an  opportunity 
for  advancement. 

E-177  Student  Member,  five  years  experience  as  a  ma- 
chinist before  entering  university,  desires  a  position  with  con- 
sulting engineers,  or  in  efficiency  work  with  manufacturing 
firm.    Will  graduate  in  June. 

E-178  Plant  Engineer,  member,  Cornell  graduate  with 
eleven  years  experience  in  design,  construction,  maintenance 
and  operation  of  industrial  and  power  equipment  for  three 
of  the  largest  concerns  in  this  country,  desires  to  make  a 
change.  An  efficient  executive  who  obtains  results.  Salary 
$3600. 

E-179  Student  Member,  graduating  from  course  in  me- 
chanical engineering  at  Worcester  Polj^eehnic  Institute  in 
June,  wishes  position  with  manufacturer  of  automobiles,  or 
manufacturer  of  marine  or  automobile  motors.  No  drafting. 
References  if  desired. 

E-180  Mechanical  Engineer  or  Master  Mechanic,  age 
31,  graduate  M.  I.  T.,  five  and  one-half  years  experience  in 
design,  construction  and  maintenance  of  power  plants  for  tex- 
tile mills;  experienced  as  master  mechanic  of  textile  mills; 
can  handle  men  and  get  results.  At  present  employed ;  desires 
advancement. 

E-181  Superintendent,  technical  graduate,  broad  experi- 
ence in  general  manufacturing  in  lines  usually  associated  with 
an  estabUshment  whose  output  is  of  specialties  and  general  en- 
gineering products.  Tactful,  resourceful  and  energetic.  At 
present  employed.  Desires  executive  position  which  would  be 
an  advancement. 


E-182  Sales  Engineer  or  Manager;  gi-aduate  engineer 
with  sound  jjractical  experience  and  thoroughly  acquainted 
with  the  best  business  practice. 

E-183  Sales  Engineer,  Manager  or  Manufacturers' 
Representative.  Worcester  Polytecluiic  Institute  graduate 
in  mechanical  engineering,  age  36.  Thirteen  years  broad  prac- 
tical experience  selling  and  managing  sales  or  pumping  ma- 
chinery, air  compressors  and  internal  combustion  engines  with 
their  auxiliary  equipment,  in  New  York  City.  Good  business 
record  with  leading  concerns  in  these  lines  and  is  now  avail- 
able. 

E-184  Sales  Engineer,  Manager  or  Superintendent 
with  technical  education  and  16  years  splendid  engineering  ex- 
perience. Six  years  as  draftsman,  estimator  and  chief  drafts- 
man, five  years  chief  mechanical  engineer  large  shops  manufac- 
turing sjiecial  machinery,  and  last  five  years  sales-engineer 
large  power  plant  contractors.    Available  on  short  notice. 

E-185  Experimental  Engineer  or  Assistant  to  Execu- 
tive. Junior  Member,  Stevens  1911  Graduate,  age  28  years, 
varied  experience  in  power  plant,  field  and  office.  Last  three 
years  in  successful  executive  and  experimental  work.  Pos- 
sesses initiative,  good  personality,  unusual  mathematical  abil- 
ity. At  present  employed  in  Pennsylvania.  Desires  to  locate 
with  concern  where  ability  and  energy  wiU  win  advancement. 

E-186  Assistant  to  Engineer  or  Instructor  in  Me- 
chanical Engineering,  would  like  permanent  position  as  test 
engineer,  assistant  to  consulting  or  mechanical  engineer  or  in- 
structor in  mechanical  engineering.  Junior  Member,  college 
graduate,  age  25,  practical  experience  in  drafting,  testing  and 
design  in  steam,  hydraulic,  electrical  and  gas  engineering; 
also  experience  on  appraisal  work  and  teaching. 

E-187  Sales  Engineer,  M.  I.  T.  graduate,  age  29,  Asso- 
ciate Member,  with  three  years  shop  and  designing  and  five 
years  sales  engineering  experience  on  pumping  machinery  and 
power  plant  equipment,  desires  position  as  sales  engineer  in 
New  England  with  headquarters  in  Boston.  Capable  sales- 
man with  ability  to  develop  business,  also  careful  engineer. 
Would  consider  a  New  England  agency. 

E-188  Engine  Specialist  in  stationary  gasolene,  kerosene 
and  high  speed  engine  design.  Age  27,  seven  years  experience 
in  design,  lay-out,  jigs  and  tools,  foundry  equipment  and  gen- 
eral shop  superintendence. 

E-189  Efficiency  Engineer.  Cornell,  M.E.,  age  33, 
understands  human  nature,  capable  of  handling  men  diplo- 
matically and  to  advantage.  Experience  gained  in  over  twenty 
different  organizations  of  a  very  large  concern,  desires  posi- 
tion where  traveling  is  not  required,  or  will  consider  jiosition 
as  head  of  employment  department. 

E-190  Factory  Manager,  Works  Office  Manager  or 
Assistant  to  executive  of  large  organization.  Member,  age 
34,  experienced  in  the  manufacture  and  design  of  water  tube 
boilers  and  general  plate  work.    At  present  employed. 

E-191  Publicity  Advertising  Manager  or  similar  posi- 
tion of  responsibility  desired  bj'  Associate  Member  with  over 
seven  years  experience  in  technical  publicity  work  (advertis- 
ing, catalogs,  editorial,  engineering  papers  and  articles).  Ex- 
perience mainly  in  power  plant  and  general  machinery  fields. 
Graduate  M.E.,  age  34,  married.    At  present  employed. 

E-192  Mechanical  Engineer,  teaching  or  commercial 
position;  technical  graduate,  age  33,  four  years  practical  ex- 
perience as  designer  and  as  experimental  engineer;  five  years 
experience  in  teaching  mechanical  engineering  subjects  includ- 
ing a  large  amount  of  experimental  work.  At  present  em- 
ployed.   Can  furnish  best  reasons  for  desiring  to  change. 

E-193  Efficiency,  Plant  or  Sales  Engineer:  Associate 
member,  graduate  mechanical  engineer,  32,  married.  Prac- 
tical shop  man  with  American  and  British  experience ;  design 
and  construction  of  buildings,  also  structural  and  mechanical 
equipment  of  hydro-electric  plants,  sugar  factories,  conve.ving 
and  elevating  machinery,  foundry  and  machine  shops. 

E-194  Engineer  on  Oil  Engines,  desires  position  as  ex- 
ecutive, chief  engineer,  manufacturing  superintendent,  engi- 
neer of  tests,  or  assistant  with  a  concern  producing  or  intend- 
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ing  to  take  up  the  manufaeture  of  oil  engines.  Member,  Uni- 
versity training  with  extensive  experience  in  the  design  and 
construction  of  marine  and  stationary  four  and  two-cycle 
Diesel  engines;  has  held  position  with  a  leading  German  firm 
as  co-worker  in  the  development  of  the  marine  commercial 
type. 

E-195  Works  Engineer  or  Assistant  Superintendent; 
Member,  graduate  in  mechanical  engineering,  age  35,  married ; 
drafting  room,  erecting,  installing,  testing  and  industrial  plant 
design  experience,  and  some  sales  experience;  two  and  one- 
half  veais  in  executive  capacity — operating  plant  costinc 
$300,000.     Immediately  available." 

E-196  Manager  or  Superintendent  of  office  building  or 
apartment  house  or  head  of  service  and  maintenance  depart- 
ment of  manufacturing  concern  or  industrial  plant.  Associate 
Member,  technical  graduate,  age  30.  At  present  mechanical 
assistant  to  manager  of  large  office  building.  Previous  indus- 
trial plant  experience. 

E-197  Materials  Testing  Laboratory  Engineer;  wishes 
to  install  and  operate  laboratory  for  manufacturing  or  ex- 
perimental plant  and  to  push  commercially  some  specialty  with 
a  future.  Experience  includes  five  years  as  machinist ;  tech- 
nical graduate;  executive  and  production  work  in  U.  S.,  Ger- 
many and  England;  charge  of  materials  testing  laboratory  for 
one  of  leading  universities  in  this  country  and  for  the  U.  S. 
Government;  thorough  teaching  experience  in  mechanics  and 
the  strength  of  materials.     American,  unmarried,  age  39. 

E-198  Factory  Manager  or  General  Superintendent. 
Location  must  be  with  a  live  progressive  growing  concern, 
or  with  a  concern  that  recognizes  need  of  im]3rovement  and 
requires  a  man  who  has  years  of  experience  with  large  manu- 
facturing companies  and  is  capable  of  dictating  policies  that 
will  bring  satisfactory  results.  Leaving  responsible  position 
for  larger  field.     Open  for  engagement  May  or  .June. 

E-199  Production  Engineer  and  Automobile  Designer; 
Member,  desires  position  as  purchasing  or  shop  engineer;  six- 
teen years  esjDerience  in  IT.  S.  A.  and  in  France ;  can  offer 
exceptional  references. 


E-200  Student  Member,  practical  experience  in  machine 
shop  one  year,  desires  opportunity  with  some  manufacturing 
concerns.  Graduate  in  mechanical  engineering  in  June,  can 
furnish  excellent  references. 

E-20I  Student  Member;  M.I.T.,  1917;  desires  position 
during  Summer  from  middle  of  June  until  September. 

E-202  Student  Member,  will  graduate  in  June  in  the 
Mechanical  Engineering  course,  Bucknell  University;  three 
\cars  practical  experience  in  general  repair  shops,  desires  a 
position  with  chances  for  advancement.  Age  24;  can  give 
references  and  recommendations. 

E-203  Student  Member,  expecting  to  graduate  in  June, 
desires  a  position.  One  year  electrical  work  before  entering 
college;  nine  years  experience  working  at  driving  and  over- 
hauling automobiles  during  vacations. 

E-204  Student  Member  will  graduate  in  June  in  mechan- 
ical and  electrical  engineering,  desires  employment  in  the 
South  in  utility,  oil  or  phosphate  work.  Will  go  to  Central 
or  South  America. 

E-205  Student  Member,  technical  graduate,  one  year's 
experience  in  costs,  stores  and  efficiency,  wishes  to  make  a 
change  at  once. 

E-206  Superintendent  or  Assistant  Superintendent  of 
a  large  concern  employing  approximately  1500  men  and  girls 
and  engaged  in  the  manufacture  of  war  munitions  as  a  side 
line,  wishes  to  connect  with  some  large  concern  in  a  similar 
capacity.  Twenty  yeai-s  exi^erience  in  interchangeable  work. 
Prefer  a  connnercial  iirojiosition  to  munition  work.  Technical 
education.    Present  salai-y  $3000. 

E-207  Assistant  Manager  or  Chief  Engineer.  Fifteen 
years  experience  in  design  and  manufacture  of  pumping  and 
hydraulic  machinery.  For  many  years  connected  with  large 
concern  as  head  of  the  engineering  department;  thoroughly 
familiar  with  production  methods,  shop  organization,  routing 
of  material,  and  accounting  system.  Connection  with  smaller 
concern  preferred,  specially  centrifugal  volute  and  turbine 
pumps. 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the 
Society  and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS   BY   THE   SOCIETY 

Affidavit  of  Samuel  S.  Wter.  consulting  engineer,  on  Present 
SiiLAiioN  OF  THE  KANSAS  NATURAL  GAS  COMPANY.  iD  the  Dis- 
trict Court  of  the  United  States.  No.  136-N.  John  M.  Landon  and 
R.  S.  Litchfield  vs.  The  Public  Utilities  Commission  of  the  State  of 
Kansas.    Gift  of  S.  S.  Wyer. 

Air  in  Compression  and  Expansion,  Chart.  C.  K.  Bennett.  1916.  Gift 
of  author.     Price  $1.00. 

AMF.iiiCAN  Society  of  Mechanical  Engineers.  Journal  vol.  37.  (2 
vol.)     New  York,  1915. 

Krake  Performance  of  Modern  Steam  Railroad  Passenger  Trains; 
a  discussion  of  the  Pennsylvania  Railroad  Brake  Tests,  1913,  S.  W. 
Dudley.     Pittsburgh,  19V,.     Gift  of  A.  S.  M.  E. 

Caisson  as  a  new  element  in  concrete  dam  construction  a  propos- 
al made  in  connection  with  the  Columbia  River  Power  Pro- 
ject, O.  G.  Aichel.     yew  York-London,  1916.     Gift  of  author. 

Electric  .Automobile  Charging  Stations  in  New  York  City  and 
ViciNiTYj  with  route  maps,  1916.  Xew  York,  1916.  Gift  of  New 
York  Electric  Vehicle  .Association. 

Electrical  Railways,  H.  M.  Hobart,  being  the  "James  Forrest" 
lecture,  1910,  delivered  at  Institution  of  Civil  Engineers,  London, 
191!/.     Gift  of  James  Forrest. 

Engineering  Thehjiodynamics.    By  J.  .A.  Moyer  and  J.  P.  Calderwood. 
-Vcic  York,  nun.     Gift  of  J.  Wiley  &  Sons.     Price  .$2.00. 
This   is  written   to   fill  the  need   for  a   brief  and   concise   text   hook 

to  be  used  in  technical  schools.     The  authors  consider  the  other  text 

books  in  use  to  have  too  much  duplication  of  subject  matter. 

W.  P.  C. 

EXI'EIiI.\IENTS    ON     THE     UAIE    OF    HEAT    TRANSFER    FROM     A     HOT    GaS    TO 


A  COOLER  Metallic  Surface.     New  York,  Babcock  rf  Wilcox  Com- 
pany, 1916.    Gift  of  Babcock  &  Wilcox  Company. 

General  Society  of  Mechanics  and  Tradesmen  op  the  City  of  New 
YOBE.  Annual  Report,  1915.  Neiv  York,  1916.  Historical  Sketch 
and  Government,  1785-1914.  Gift  of  General  Society  of  Mechanics 
and  Tradesmen. 

New  York  City,  Board  of  Water  Supply.  Contract  120,  information 
for  bidders,  forms  of  proposal,  contract,  etc.  for  construction  of 
two  superstructures  for  the  Hudson  and  Croton  Lake  Drainage 
chambers  in  the  towns  of  Fishkill.  Dutchess  county,  and  York- 
town,  Westchester  county,  N.  Y.  line.  Gift  of  Board  of  Water 
Supply. 

Speery  Gyro  Stabilizer  for  Ships.     Gift  of  Sperry  Gyroscope  Co. 
Springfield,  Mass.  Water  Commissioners,  42.     Annual  Report,  1915. 

Springfield,  1916.     Gift  of  SpringBeld  Water  Commissioners. 
FREDERICK   W.   Taylor,   Revolutionist,  Frank   B.   Copley.      Privately 

printed,  1916.     Gift  of  Frederick  W.  Taylor  Co-operators. 
U.  S.  Lighthouse  Service,  Dept.  of  Commerce.    General  information, 

1915.     Washington,  1916.     Gift  of  U.  S.  Department  of  Commerce. 
Use  and  Abuse  of  Coal  Specifications.     New   York,  1916.     Gift  of 

Fuel  Engineering  Company. 
WEB  OF  Steel.     Cyrus  Townsend  Brady.  Father  and  Son.     .Vec-   York. 

Fleming  H.  Revell  Company,  1916.     Gift  of  Publisher. 

GIFT    OF    WASHINGTON    SOCIETY    OF    ENGINEERS 

Estrada  db  Ferro  Central  do  Brazil.  Noticia  sobre  a  Duplicacao  6n 
Llnha  na  Serra  do  Mar.     Rio  de  Janeiro,  191i. 

.WENiDA  Central.  8  de  Marco  de  190.'!.  15  de  Noverabro  de  1906. 
(Portfolio  of  views.  I 
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MensaGbm  opferecida  ao  exmo  snh.  Dr.  Andrg  Gustavo  Paulo  de 
Frontln.     Sept.  1912. 

Sessao  Magna  do  Conselho  Dikectoe  no  dia  24  db  Dezembro  db 
1914,  34°  Annversario  da  Fundacao  do  Club  db  Engenharia. 
Kio  de  Janeiro,  1915. 

Sessao  Solemnb  Commbmoeativa  ao  32°  Annivbksaeio  da  Fundacao 
do  Club  db  Engenharia  em  24  de  Dezembro  de  1912.  Rio  de 
Janeiro,  191S. 

EXCHANGES 

Institution  or  Gas  Engineers.     Transactions,  1915.     London,  1916. 

Master  Car  Builders'  Association.  Proceedings,  vol.  48,  pt.  1-2 ; 
vol.  49,  pt.   1-2.      Chicago,  191i-1915. 

National  association  op  Cotton  Mancfactueees.  Transactions  no. 
99.     Boston,  1916. 

TRADE    CATALOGUES 

Bristol   Co.      fVaterbury,    Conn.      Bulletin    230.      Bristol's   recording 

pressure  gauges.     Sept.  1915. 
Chain  Belt  Co.     Mawa4tkee,  Wis.     General  Catalog  no.  56.     1915. 
COMSTOCK,  L.  K.,  &  Co.    New  York,  N.  Y.    The  E  O  E  formula. 
Flanneet   Bolt   Co.     Pittsburgh,  Pa.      Staybolts.     March  1916. 

Igeksoll-Rand  Co.  New  York,  N.  Y.  Form  3036.  Turbo  Blowers. 
March  W16.     9023.     "  Imperial  "  tie  tamping  outfits.     March  1916. 

I.vternaiioxal  Motoe  Co.  New  York,  N.  Y.  Motor  trucking  above  the 
clouds. 

KiNGSFORD  Foundry  &  Machine  Works.     Oswego,  N.  Y.    Bulletin  17. 

Boiler  of  merit. 
Leschen.  A.,  &.  Sons   Rope  Co.     St.  Louis,  Mo.     Leschcn's  Hercules. 

April  191(1. 
Nelson  Valvb  Co.     PhiladelpMa,  Pa.     Extra  heavy  steel  gate  valves. 
Texas  Company.    New  York,  N.  Y.     Lubrication.     March  1916. 
L'nder-Feed  Stoker  Co.     Chicago,  ni.     Publicity  Magazine.     March, 

April  1916. 
Cniveusai.  Motor  Co.     Oshkosh,  Wis.     Bulletin  no.  20.     De  Luxe.     4 

K.  W.  Generator  set. 
Walworth  Mfg.   Co.     Boston,  Mass.     Walworth   Log.     March,  April 

1916. 

ADDITIONS  BY  THE   UNITED  ENGINtEER- 
ING  SOCIETY 

Abstracts  of  Current  Decisions  on  Mines  and  Mining,  reported 
from  May-September,  1915.  U.  S.  Bureau  of  Mines.  Bulletin 
113.     Washington,  1916. 

AERO  Engines,  G.  A.  Burls,     ed.  3.     London,  1916. 

Altitudes  in  the  Dominion  of  Canada,  James  White.  ed.  2. 
Ottawa,  1915. 

AMERICAN   Electric   Railway   association.      Studies  in   the   cost   of 

urban  transportation  service,  F.  W.  Doolittle.     New  York,  1916. 
Ahdlethan  Tinfield,  Report  on.    New  South  Wales.    Dept.  of  Mines. 

Mineral  Resources,  no.  20.     Sydney,  1915. 
Automobile  Repairing  Made  Easy,  v.  W.  Pag4.     New  York,  1916. 
Die  Brauneise.veezlageestaiien  Oberschlesiens,  Friedrich  Raefler. 

Sammlung    Berg    u,    Hiittenmiinnischer    Abhandlungen,    pt.    155. 

Kattowitz. 

Cartridge  Manufacture,  D.  T.  Hamilton.     New  York,  1916. 

Central  Station  Management,  H.  C.  Gushing,  Jr.,  and  Newton  Har- 
rison.    New  York,  1916. 

Clauses  and  Precedents  in  Eleoihicitv,  Gas  and  Water  Legisla- 
tion.    Compiled  by  Jacques  Abady.     London,  1915. 

Coloe  and  Its  Application,  M.  Luckiesh.     New  York,  1915. 

Coloe  Standards  and  Color  Nomenclature,  R.  Ridgway.  Washing- 
ton, 1911. 

Composition  and  Porosity  of  the  Intake  Beds  of  the  Great  Aus- 
tralian Artesian  Basin.     Sydney,  1915. 

Compeessibilitt  of  Natural  Gas  at  High  Pressuees.  T7.  S.  Bureau 
of  Mines,  Technical  Paper  131.     Washington,  1916. 

Data  of  Geochemistry,     ed.  3.     r.   S.   Geological   Survey.     Bulletin 

661.      Washington,  1916. 
Developers    and    Development.      New    York,   1912.      Gift    of   Arthur 

Worischek. 

Diemaking  and  Die  Design.  F.  D.  Jones.     New  York,  1915. 
Discovery  of  Phosphate  of  Lime  in  the  Rocky  Mountains.  F.  D. 

.\dams  and  W.  J.  Dick.     Ottawa,  1915. 
Early  Days  on  thb  Yukon,  William  Ogilvie.     Ottawa,  WIS.     Gift  of 

Mrs.  Wm.  Ogilvie. 


Economic  Methods  of  Utilizing  Western  Lignites.  U.  S.  Bureau 
of  Mines.     Bulletin   89.      Washington,  1915. 

Economies  in  Brickyard  Consteuciion  and  Operation,  BIUs  Love- 
joy.     Indianapolis,  1913. 

II.  Eigenschaften  und  Eigndng  der  veeschiedenbn  Systbmb  blxe- 
tbischer  Traktion.  B.  AUgemelner  Vergleich  der  Eigenschaften 
und  Eignung  der  verschiedenen  Systeme.     Zurich,  1915. 

EINIOES  tjEER  DEN  Wert  VON  Radchgasunteesuchungen,   H.  Wlnkel- 
mann.     Sammlung  Berg  u.  Hiittenmannischer  Abhandlungen,  pt.  156. 
Kattowitz. 

ELECTRIC  Railway  Engineering,  C.  F.  Harding  and  D.  D.  Ewing. 
ed.  2.     New  York,  1916. 

Electbical  Ignition  of  Peieol  Engines,  J.  W.  Warr.     London,  1910. 

electrical  Measurements  and  Meter  Testing,  D.  P.  Morton.  Chi- 
cago, 1915. 

Elementary  Manual  of  Radiotelegraphy  and  Radiotelephony  foe 

Students  and  Operators,  J.  A.  Fleming,     ed.  3.     New  York,  1916. 
Elementi  di  Scienza  Veea.  Giovanni  Danieli.     New  York,  1916.     Gift 

of  author. 
Das  Erdol,  C.  Engler  and  H.  v  Hofer.     Leipzig,  1916.     IV  Band. 
Erfahrungen      bei      dee     Heestellung     von      Eisenbetonsaulen. 

Deutscher  Ausschuss  fiir  Eisenbeton,  pt.  34.     Berlin,  ISIS. 
Essentials  of  Electrical  Engineering,  John  F.  Wilson.     New  York, 

191S. 
Furnace    Efficiency,    combustion    and   flue    gases,    J.    C.    Peebles. 

Chicago,  1911,. 

Gas  Woeks  Dieectory  and  Statistics,  1915-16.     London,  1915. 
Geologic  Atlas  of  the  United  States.     Folio  196 — Philipsburg,  Mon- 
tana ;  195 — Belleville-Breese,   Illinois;   197 — Columbus,  Ohio;   198 

— Castle  Rock,  Colorado.     Washington,  1916. 
Gold  Regions  of  South  Easieen  Africa,  Thomas  Baines.     London, 

1877. 
Graphic  Studies  of  Ultimate  Analyses  of  Coals,  U.  S.  Bureau  ot 

Mines.     Technical  Paper  93.     Washington,  1915. 
Ground  Water  in  the  Wateebuey  .\bea,  Connecticut,  U.  S.  Geolog-. 

ical  Survey.     Water  Supply  Paper  397.     Washington,  1916. 
High  Explosive   Shell  Mancfactuee,   D.  T.   Hamilton.     New  York, 

1916. 
Histoeical  Inquiry  into  the  Production  and  Consumption  of  thb 

Precious  Metals,  William  Jacob,     vols.  1-2.     London,  ISSl. 
History  and  Econo-mics  op  Transport,  A.  W.  Kirkaldy  and  Alfred  D. 

Evans.     London-New  York. 
How  a  Miner  Can  .Woid  Some  Danqeeous  Diseases,  U.  S.  Bureau  of 

Mines.     Miners'  Circular  20.     Washington,  1916. 
How  to  Conduct  a  Radio  Club.  E.  E.  Bucher.     New  York,  1916.     Gift 

of  Wireless  .\ge. 
How  TO  Pass  U.   S.  Government  Wieeless  License  Examinations. 

lis  actual  questions  answered,  E.  E.  Bucher.     ed.  2.     .Veic  York, 

1915.     Gift  of  Wireless  Age. 
Interior  Ballisticl',  Jas.  M.  Ingalls.     ed.  3.    New  York,  1912. 
International  Engineering  Congress.     Panama  Canal,  vols.  1-2,  Mu- 
nicipal Engineering,  vol.  3.     San  Francisco,  1915. 
International  Military  Digest.     Annual  for  1915.     New  York,  1916. 
irrigation   Practice   and   Engineering.     'V'ol.    Ill — Irrigation   struc- 
tures and  distribution  system.    New  York,  1916. 
Jahebuch  dee  Elektrotechnik.     Dritter  jahrgang,  1914.     MOnchen, 

1915. 
Leatheb,  peom  the  raw   material  to  the  finished  product,   K.  J. 

Adcock.     London. 
Manual  of  Federal  Trade  Commission,  R.  S.  Harvey  and  E.  W.  Brad- 
ford.    Washington,  D.  C,  1916. 
Manufacture  of  Gasoline  and  Benzene  toluene  from  Petroleum 

AND  Other   Hydrocarbons.      (U.    S.  Bureau   of  Mines.     Bulletin 

114.)      Washington,  1916. 
Mechanical  Equipment  of  Federal  Buildings  under  the  Control 

OF  the   Treasury   Department,   N.   S.  Thompson,     ed.   3.     New 

York,  1915. 
Mechanics'   Institute.     Mechanics-Mercantile  Library.     Books  added 

during  1915.     San  Francisco,  1916.     Gift  of  Institute. 
Metal  Mine  Accidents  in  the  United  States   Dueino  1914,  U.   S. 

Bureau  ot  Mines.     Technical  Paper  129.      Washirigton,  1916. 
Moody's  Manual  op  Raileoads  and  Coepobation  Secueiiies.     1916. 

vol.  1,  Railroad  Section.  New  York,  1916. 
Mueet-Sandees.         Enzyklopadisches       English-Deutschbs       und 

Deutsch-Englisches  WOetebbuch.     Berlin.     4  vols. 
National  Association  of  Railway  Commissioners.     Proceedings  of 

27th  .\nnual  Convention,  1915.     New   York,  1915. 
National   District    Heating   Association.      Proceedings    of   Annual 

Convention.     6th-7th,  1914-15.     1911,-15.     Gift  of  Association. 
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Naval  Ordnance.  A  text  book  prepared  £or  the  use  of  the  Midship- 
men of  the  United  States  Naval  Academy,  R.  I.  Curtin  and  T.  L. 
Johnson.     Annapolis,  J915. 

Nuw  York  State  Museum.  67th  Annual  Report,  1913.  Albany,  1915. 
Gift  of  New  York  State  Library. 

New  Zealand.  Geological  Survey  Branch.  Sth  Annual  Report. 
WeUingtoa,  1915. 

Nova  Scotia.  Dbpahtmbnt  of  Mine.s.  Annual  Report,  1915.  Halifax, 
1916. 

Oil  Fuel  Equipment  for  Locomotives  and  Principles  of  Applica- 
tion, A.  H.  Gibbings.     London,  1315. 

Overhead  Transmission  Lines  and  Distributing  Circuits,  Their 
Design  and  Construction,  F.  Kappcr  ;  translated  by  P.  R.  Fried- 
laender.     New  York,  1915. 

The  Plumber  and  Sanitary  Engineer  (now  Engineering  Record). 
vols.  1-3.     New  York,  isnso. 

Pole  and  Tower  Lines  for  Electric  Power  Transmission,  R.  d. 
Coombs.     New  York,  1916. 

Practical  Exporting,  B.  Olney  Hough.     New  York,  1915. 

Practical  Forging  and  Art  Smithing,  Thos.  F.  Googerty.  Milwau- 
kee, 1915. 

Pbobebelastung  von  Decken.  Deutscher  Ausschuss  fiir  Eisenbeton.  pt. 
32.     Berlin,  1915. 

Rifles  and  ammunition  and  Rifle  Shooting,  H.  Ommundsen  and 
E.  H.  Robinson.     London-New  York,  1915. 

Schwellung  und  schwindung  von  zement  und  zementmOrteln  in 
WASSER  UND  LUPT.  Deutscher  Ausschuss  fiir  Eisenbeton,  pt.  35. 
Berlin,  1915. 

Scientific  Management.  A  history  and  criticism,  H.  B.  Drury.  New 
York,  1915. 

Service  op  Coast  .\rtilleky,  F.  T.  Hines  and  F.  W.  Ward.  New 
York,  1910. 

Shrapnel  Shell  Manufacture,  D.  T.  Hamilton,  1915. 

Some  Engineering  Problems  of  the  Panama  Canal  in  Theie  Rela- 
tion to  Geology  and  Topography.  U.  S.  Bureau  of  Mines,  Bul- 
letin 86.     Washington,  1915. 

Specifications  for  High  Explosive  Shells  and  Fuses.  Abstract  of 
the  OfiBcial  British,  French  and  Russian  Government  specifica- 
tions.    New  York,  1915. 

Steam  Engine  Theory  and  Practice,  Wm.  Ripper,  ed.  7.  New  York, 
13U. 

Steel  Ships,  Thomas  Walton,     ed.  4.     London,  1908. 

Stratigraphy  of  the  Pennsylvania  Series   in  Missouri.     Missouri 

Bureau  of  Geology  and  Mines,     vol.  XIII.  2d  ser.     Jefferson  City, 

1915. 

Surface   Water   Supply   op  the   United   States.    1913.      Part   IX — 

Colorado   River  Basin.     U.   S.   Geological   Survey.     Water   Supply 

Paper  359.     Washington,  1916.    Purchase. 
1914.      Part   V — Hudson    Bay    and    Upper    Mississippi    River 

Basins.      U.    S.    Geological    Survey.      Water    Supply    Paper    3S5. 

Washington,  1915. 

SuEVBYORs'  Institution.     List  of  Members.     1916.     London,  1916. 

Testing  of  Machine  Tools,  G.  W.  Hurley.     London,  1915. 

THEORY  and  Calculation  op  Electric  Currents,  J.  L.  LaCour  and 
O.  S.  Bragstad.     New  York,  1911. 

Theory  of  Machines,  R.  F.  McKay.     London,  1915. 

Tonindustrie  Kalender  1916.  pts.  1-3.    Berlin,  1916. 

ToRRENS  Registration  System  in  New  York,  J.  J.  Hopper.  1916. 
Gift  of  Bureau  of  Municipal  Research. 

Toerens  System  op  Land  Title  Registration  and  Its  Application 
in  Other  Countries  and  Especially  in  the  State  op  New 
YOEK,  a  sketch,  John  J.  Hopper.     Gift  of  author. 

"  Twice  as  Hot  "  Natural  Gas  Service  for  Baltimore,  S.  S.  Wyer. 
Gift  of  author. 

User  das  Anheizbn  und  Anblasen  von  HochOfen,  Oskar  Simmers- 
bach.  Sammlung  Berg  u.  Hiittenmannischer  Abhandlungen,  pt. 
154.     Kattowitz. 

United  States  Catalogue.  Supplement.  Cumulative  Book  Index, 
1915.     White  Plains,  1916. 

U.  S.  Coast  and  Geodetic  Survey.  Results  of  observations  made  at 
the  United  States  Coast  and  Geodetic  Survey  Magnetic  Observa- 
tory near  Honolulu,  Hawaii,  1913  and  1914.     Washington,  1916. 

United  States  Securities  Government  Finance  Economic  and  Fi- 
nancial Conditions,  1915.  New  York,  1915.  Gift  of  National 
City  Bank. 

The  Universe  and  the  Atom,  Marion  Erwin.     New  York,  1916. 

Versuchb  mit  allsbitig  aufliegenden.  quadratischen  und  rechi- 
eckigen  eisenbetonplatten.  Deutscher  -\usschuss  fiir  Eisen- 
beton, pt.  30.     Berlin,  1915. 


VEESUCHB   ZU.M    VERGLEICH    DER    wURFELFESTIGKEIT    DES    BETONS    ZU    DEE 

i.M    bauwerk    erzielten    festigkeit.      Deutscher   Ausschuss    fiir 
Eisenbeton,  pt.  36. 

Water  Power  Reconnaissance  in  South  Central  Alaska,  u.  S. 
Geological  Survey.     Water  Supply  Paper  372.     Washington,  1915. 

Water  Works  Directory  and  Statistics.     1915-16.     London,  1915. 

Western  Union  Telegraph  Company.  Annual  Report,  1915.  New 
York,  1916.     Gift  of  Company. 

Der  Zusammenhang  zwischen  Schlagwetteekatastrophen  und 
Erdbeben,  Georg  von  dem  Borue.  Sammlung  Berg  u.  HUtten- 
milnnischer  .\bhandlungen,  pt.   153.     Kattowitz. 

GIFT   OF    SELBY   HAAR 

Allis-Chalmers  Manufacturing  Company.  Centrifugal  pumps  and  cen- 
trifugal units.     1915. 

Bolivia.     Catalogo  Eazonado  Panama  Paciflco.     San  Francisco,  1915. 

Bolivian  Commission,  Panama  P.Tcific  International  Exposition.  Brief 
Description  of  Bolivia  and  its  resources.     1915. 

Boyce,  J.  C.     Railway  Communication  in  Victoria,  Australia.     1915. 

Buck,   D.   M.     Keystone   Copper   Bearing   Steel,   A   discussion   on   cor- 
rosion. 
Recent  progress  in  corrosion  resistance. 

Canadian  Pacific  Railway.  Some  Important  Engineering  Features. 
1915. 

Carnegie   Institution   of   Washington.      Scope   and   organization.     1915. 

Ford  Motor  Company's  work  with  profit  sharing.  An  investigation  by 
the  Detroit  Evening  News.  iyi-J. 

Mack  Trucks  in  War  Maneuvers.  An  account  of  the  performance  of 
"  Mack  "  armored  trucks  at  the  encampment  at  Plattsburg,  N.  Y.. 
of  the  United  States  Army  School  of  Instruction. 

Netherlands  East-Indian  San  Francisco  Committee,  Department  of 
Agriculture,  Industry  and  Commerce.  No.  X,  Transport  and  ship- 
ping facilities.     191li. 

New  York  Air  Brake  Company.     Historical  sketch.     1S76-1915. 

Panama  Canal.     Official  Handbook.     1915. 

Pelton  Water  Wheel  Company.  Exhibition — Panama  Pacific  Interna- 
tional Exposition.  1915. 

Reed,  Frank.  Catalogue  and  description  of  exhibits  of  the  Mines  De- 
partment of  New  Zealand.     Wellington,  191^. 

Scientific  Road  Construction.  Bull.  no.  5,  Standard  Oil  Company. 
California. 

Semet-Solvay  By-product  Coke  Oven.     Description.     1915. 

Specimens  of  applications  of  Belleville  Boilers  on  board  of  sea-going 
ships. 

Story  of  the  deForest  .iudion  .\mplifier. 

Sweden.  Official  Catalogue.  Panama  Pacific  International  Exposition. 
San  Francisco,  1915. 

United  States  Steel  Corporation  and  Subsidiary  Companies.  Descrip- 
tion of  exhibits.  1915.  Panama  Pacific  International  Exposition. 
San  Francisco. 

Weber  Subterranean  Pumps.     Suburban  type,  description. 

Westinghouse  Distributing  Transformers.  Circular  1502,  April.  1909, 
Supply  Dept. 

TRADE    CATALOGUES 

-Vlexanuer  Milbvex  Co.  Baltimore,  Md.  The  Wells  light  and  heat- 
ing burner. 

American  Blower  Comp.4ny.  Detroit,  Michigan.  Sirocco  Service, 
vol.  5,  no.  6. 

Boston  Gear  Works.  Norfolk  Downs  (Quincy).  Mass.  Catalog  E  9. 
Boston   Gears.     lOin. 

Diamond  Power  Specialty  Company.     Detroit,  Michigan.     Mechanical 

Soot  Blowers. 
EiMEE   &  Amend.     New   York   City.      Illustrated   wholesale   catalogue 

with   prices    of   chemical   and   physical   apparatus.      1903.      Gift   of 

."Vrthur  Worischek. 
Farrel   Foundry  &  Machine   Company,     .insonia.  Conn.     Bulletin — 

Coil  Clutches:  Data  Sheet  for  Coil  Friction  Clutches.     Bulletins; 

General   Rubber  Machinery:   Rolling  Mil!  Machinery;   Rubber  Mill 

Machinery  :   Shears ;    Sugar   Cane  Crushing  Machinery. 
Plannery  Bolt  Company.     Fittsiurgh,  Pa.     Staybolts.     Fei.  1916. 
Intercontinental   Telephone   &   Telegraph   Co.     New   York.   N.    Y. 

"  Musso  System"    (Estratti  di  relazioni  e  attestati  sul  "  Sistema 

Musso").     11  Telefono  Sistema  Musso. 

MoNae  &  Haelin  Mfg.  Co.  New  York,  N.  Y.  General  Catalogue.  I9n;. 
Brass,  iron  and  steel  goods. 

Milburn  Company,  .Alexander.  Baltimore,  Md.  The  Milburn  Light. 
Feb.  1916. 
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MoxT,  J.  L.,  Ikon  Works.  .Veic  Yurk  Citu.  Ciitalogue  "A"  Plumb- 
ing. 190S.  and  supplement  no.  4.  Heaters  for  Water  Supply. 
1912.  Plumbing  fixtures  for  schools,  factories,  etc.  1912.  Light- 
weight  solid  Imperial  Porcelain  baths.  Pontiac. 

PCINAM  &  POMONA.  1915.  Modern  Plumbing,  no.  5,  ed.  7  ;  no.  8, 
1st  ed.     Mott's  Lombard  Syphon  Jet  Water  Closet.     Mott's  Silen- 


tum  Quiet  Action  Closets.  Mott's  Vitreous  China  Lavatories. 
Quiet  Action  Closets  "  Silentis "  and  "  Silentum."  Sanitary 
Drinking  Fountains.  Special  -ipartmcDt  Mouse  Plumbing  Fix- 
tures. 


SrppLEE    B1DDI.E    Hardware    Co. 
Dec.   ISlo. 


Philadelphia,    Pa.      Monel    metal. 
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The  Journal. 


ENGINEERING  SURVEY 

A  Review  of  Engineei'ing  Publications  in  All  Languages.     AH  the  leading  periodicals  of  the 
engineering  world,  embracing  over  1000  different  publications,  are  received  at  the  Library. 
These  are  systematically  examined  for  review  each  month  in  the  Survey. 


SUBJECTS  OF  ABSTRACTS 

Aruaxged  in  the  Okdee  of  Ti[Eir  .\ppeauance  in  the  Survey. 


Experimental   Fan    in    the   Laeoraioky. 

Flow  of  Air  through  Nozzles, 

Heat  Treatment  and  Physical  Proper- 
ties OF  Steel. 

Thickness  and  Tensile  Strength  of 
Steel  Plates. 

Markings  of  Sawings  on  Metal  Bars. 

Powdered  Coal  in  Open-Hearth  Fur- 
nace. 

Open-Hearth  Furnace  Without  Regen- 
eration. 

Powdered  Chal  Burners. 


Powdered  Coal  Drying. 

Surface  Combustion   Furnace.   Tests 
Hot-Blast  Mains,  Losses. 
Lead-Joints,  Leakage. 
V.ALVES  IX  Water  Works. 
Solid-Wedge  Valves. 
Double-Disc  Valves. 
Kline  Rotary  Valve 
Fredericksox   Two-Cycle   Engine. 
Brown-Boveri   Gas  Turbine. 
Detroit  Gas  Turbine. 


Liqcid-Fuel  Engine   Exhaust. 

Lubrication  Tests,  Plotting. 

Spring  Suspension,  automobile. 

Chisels. 

Dynamometer  for  Tractors. 

Freight  Brake.  Empty  and  Load. 

Steam  Turbine  Blade  Fastening. 

Lovekin  Blade  Fastening. 

Blade  Fastening  on  V.   S.  S.  "  Nevada.' 

Oil  Cooler  on  U.  S.  S.  "  Nevada." 


Notices  from  German  publications  have  reached  the  Library 
to  the  effect  that  the  German  Government  has,  for  military  rea- 
sons, prohibited  the  exportation  of  certain  classes  of  technical 
literature. 

THIS  month's  articles 

Data  on  the  use  of  experimental  fans  in  a  mining  laboratory, 
together  with  the  results  of  some  tests  on  the  determination  of 
the  coefficient  of  the  vena  contractu,  are  presented  in  an  article 
abstracted  from  the  Transactions  of  the  Institution  of  mining 
Engineers.  An  abstract  of  Thomas  B.  Morley's  paper  on  the 
flow  of  air  through  nozzles,  read  before  the  Institution  of 
Mechanical  Engineers,  is  given  in  this  issue.  The  abstract  of 
the  very  interesting  discussion  which  followed  the  reading  of 
this  paper  will  be  given  in  an  early  issue  of  The  Journal. 

Prom  the  German  paper  Ferrum  is  abstracted  a  paper  on 
tests  concerning  the  influence  of  heat  treatment  on  certain 
physical  properties  of  steam.  While  the  tests  have  failed  to 
obtain  any  strikingly  new  results,  they  are  valuable  in  con- 
firming certain  theories  not  sufficiently  proved  previously.  An 
interesting  series  of  tests  on  the  influence  of  thickness  on  the 
tensile  strength  of  steel  plates  have  been  made  by  G.  B.  Water- 
house.  Particular  attention  is  called  to  the  results  obtained 
with  Bessemer  steel  plates. 

An  installation  using  powdered  coal  in  the  open  hearth  fur- 
nace is  described  on  the  basis  of  a  paper  read  by  C.  .J.  Gadd 
before  The  Franklin  Institute  of  Philadelphia.  It  describes  an 
open  hearth  furnace  from  which  the  regenerative  principle  has 
been  entirely  eliminated,  while  it  does  not  yet  appear  that  the 
apparatus  has  been  sufficiently  developed.  The  present  in- 
stallation, both  because  of  its  size  and  ingenuity  of  design, 
certainly  merits  attention. 

E.  Schramm  and  J.  R.  Cain  present  data  of  some  tests  made 
on  a  surface  combustion  furnace,  giving  the  highest  tempera- 
tures reached  and  a  curve  showing  the  ideal  conditions  of  per- 
fect combustion  without  any  excess  of  oxygen.  Of  practical 
interest  are  the  facts  shown  by  the  test  that  first,  a  temperature 
of  about  3000  deg.  fahr.  was  reached  in  a  little  over  half  an 
hour  with  a  gas  consumption  of  3  cu.  ft.  per  minute,  and  sec- 
ond, that  the  rate  of  cooling  of  the  furnace  is  very  slow. 

In  a  series  of  tests  on  hot  blast  mains  at  the  plant  of  the 
Betlilehem  Steel  Company,  R.  .J.  Wysor  determined  the  aver- 


age tliermal  loss  due  to  cooling  water  from  each  hot  blast  valve, 
and  arrived  at  certain  conclusions  of  general  interest  with  re- 
spect to  loss  of  heat  in  hot  blast  mains.  Among  other  things, 
he  believes  that  insufficient  insulation  in  the  hot  blast  main 
is  a  cause  of  serious  temperature  and  heat  losses. 

The  question  of  leakage  from  lead  joints  in  cast  iron  water 
pipes  in  city  mains  is  discussed  on  the  basis  of  some  tests  by 
Arthur  H.  Smith.  In  these  tests  a  leakage  of  1.58  gal.  per  day 
per  linear  foot  of  lead  joint  has  been  found,  and  the  author 
believes  that  as  long  as  pipe  lines  are  built  in  the  present  man- 
ner leakage  must  be  reckoned  with,  and  further,  that  if  leakage 
of  new  work  can  be  limited  to  one  gallon  per  day  per  foot  of 
joint  under  100  lb.  pressure,  the  performance  can  be  called 
good  and  acceptable. 

Two  articles  of  a  somewhat  controversial  nature  on  valves 
for  use  in  water  works  are  abstracted  from  The  Journal  of  the 
New  England  Water  Works  Association.  One  champions  the 
use  of  the  solid  wedge  type  because  of  the  experience  had  with 
it  by  the  Boston  Water  Department.  Another  presents  reasons 
in  favor  of  the  double  disc  type  of  valve. 

In  the  section  internal  combustion  engineering,  besides  a 
description  of  a  new  rotary  valve  and  a  two  stroke  cycle  aero- 
nautical engine,  attention  is  called  to  two  abstracts  on  gas 
turbines.  One  of  these  is  the  Detroit  gas  turbine,  of  which, 
however,  no  mention  of  any  tests  can  be  found. 

The  composition  of  the  exhaust  from  liquid  fuel  engines  is 
discussed  in  a  paper  by  Robert  W.  Penning  before  the  Insti- 
tution of  Mechanical  Engineers.  The  author  introduces  the  use 
of  exhaust  gas  charts,  which  may  prove  of  advantage  in  engine 
testing. 

Prof.  G.  B.  Upton  presents  a  system  for  plotting  and  cross- 
fairing  results  in  lubrication  testing. 

The  discussion  of  the  metal  used  for  chisels  and  standardiza- 
tion of  their  shapes  forms  the  subject  of  a  paper  before  the 
Institution  of  Mechanical  Engineers. 

A  dynamometer  for  determining  the  horse  power  of  tractors 
is  described  and  a  chart  reproduced. 

The  empty  and  load  train  brake  is  described,  and  some  data 
on  the  comparative  efficiency  of  this  type  of  equipment  are 
given  from  a  paper  before  the  St.  Louis  Railwaj'  Club. 

Vickers-Ferranti,  Brown-Boveri  and  Lovekin  metliods  of 
turbine  blade  fastenings  ai'e  compared. 
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Air  Engineering 

The  Value  of  the  Expekimental  Fax  in  the  Mining  Labo- 
ratory, David  E.  Thomas 

The  object  of  the  paper  is  to  call  attention  to  the  value  of 
the  experimental  fan  installation  in  a  mining  laboratory,  and 
in  general  to  indicate  the  nature  of  the  work  which  can  be 
successfully  carried  out  in  mining  schools  and  the  possible 
economic  value  of  this  work  in  mining  engineering. 

In  setting  up  a  mine  fan  for  purely  experimental  work  it 
is  obvious  that  a  reproduction  of  the  conditions  of  the  actual 
mine  is  practically  impossible,  but  the  construction  of  lengthy 
ducts  may  be  obviated  by  using  an  orifice  in  a  thin  plate  to 
represent  the  resistances  of  the  mine. 

The  installation  described  (Gamble  Institute,  St.  Helens 
Mining  School)  consists  of  a  Keith  single  inlet  type  fan  with 
a  runner  12^/2  in.  in  diameter  driven  by  a  continuous-current 
220  volt  motor  on  the  same  shaft,  with  a  regulator  giving  a 
speed  variation  from  870  to  1600  r.p.m.  The  article  fully  de- 
scribes the  particulars  of  the  installation  and  methods  of 
obtaining  the  various  quantities  such  as  quantity  of  air  pass- 
ing, maximum  static  water  gage,  etc.,  and  indicates  some  of 
the  results  obtained  with  the  experimental  fan.  The  data 
presented  in  the  paper  show  the  value  of  the  experimental 
fan.  Among  other  things,  the  determination  of  the  coefficient 
of  the  vena  contracta  shows  the  importance  of  the  Murgue  and 
Rateau  formulae,  particularly  in  their  application  to  fuiding 
the  value  of  the  area  of  a  regulator  in  the  mine. 

The  value  of  the  coefficient  of  the  vena  contracta  is  much 
higher  than  the  generally  accepted  value  0.65.  It  may  be  pos- 
sible that  this  value  is  a  little  higher  than  would  be  obtained 
in  the  ordinary  mine,  owing  to  the  comparatively  high  velocity 
of  the  air  in  the  fan  duet  of  the  experimental  fan ;  still,  there 
is  no  evidence  in  the  experiments  on  this  fan  which  confirm 
such  a  conclusion,  and  the  writer  is  of  the  opinion  that  the 
value  of  the  coefficient  would  be  more  correctly  expressed  by 
the  value  0.70.  The  general  acceptance  of  this  value  would, 
besides  simplifying  calculations,  result  in  a  closer  agreement 
between  the  formulae  of  Murgue  and  Rateau.  The  discrepancy 
already  noted  between  the  theoretical  deductions  and  the  prac- 
tical results  recorded  in  the  experiments  on  the  water  gage 
obtained  with  varying  inlets,  the  fan  speed  remaining  con- 
stant, is  worthy  of  closer  investigation.  {Transactions  of  the 
Institxition  of  Mining  Engineers,  vol.  50,  part  3,  February 
1916,  p.  482,  18  pp.,  3  figs,    d.) 

The  Flow  op  Air  Through  Nozzles,  Captain  Thomas  B. 

Morley 

The  paper  describes  experiments  the  primary  object  of 
which  was  to  compare  various  forms  of  nozzles  with  regard  to 
their  effectiveness  for  the  production  of  jets  of  air  having  as 
high  a  mean  velocity  as  possible.  These  data  made  possible  a 
comparison  of  the  discharge  and  the  velocify  attained  with 
those  calculated  from  the  ordinary  theory  in  which  reversible 
adiabatie  exjjansion  is  assumed.  This  investigation  was  fur- 
ther extended  to  cover  the  nature  of  the  impact  produced 
by  a  jet  upon  a  flat  plate,  and  its  relationship  to  the  reaction 
of  the  jet.  The  article  describes  in  detail  the  nozzles  tested. 
There  were  six  of  them.  The  features  the  influence  of  which 
was  investigated  were  the  entrance  curves,  the  rate  of  diver- 
gence after  the  throat,  and  the  length.  The  following  measure- 
ments are  described  in  detail :  Measurement  of  discharge  and 
discharge  coefficient,  measurement  of  velocity,  the  impact  ap- 
paratus, reaction  apparatus,  the  calculation  of  velocity,  and 
accuracy  of  impact  reaction  and  velocity  results. 


It  has  been  found  that  nozzles  with  a  larger  inlet  curve  give 
a  higher  velocity.  Nozzles  with  a  rapid  taper  are  much  less 
efi'ective  than  those  in  which  the  taper  is  gradual.  In  the  case 
of  some  of  the  nozzles  good  results  were  obtained  with  a  length 
of  1.2  and  0.6  in.  respectively,  but  experiments  show  that  the 
best  results  are  obtained  when  the  nozzles  are  even  shorter 
than  these  lengths;  also  the  comparative  efficiency  of  the 
nozzles  over  a  very  considerable  range  of  pressure  seems  to  be 
independent  of  the  pressure.  Considering  the  absolute  values 
of  the  velocities  obtained  with  the  best  nozzle  forms,  it  has 
been  found  that  those  based  upon  the  reactions  are  practically 
equal  to  the  theoretical  values,  while  the  impact  experiments 
lead  to  figures  some  12  per  cent  higher.  The  efficiency  of  the 
best  nozzle  forms  is  practically  unity.  The  author  comes  to 
the  following  conclusions  as  to  the  flow  of  air  through  nozzles 
and  orifices. 

In  the  flow  of  air  through  an  orifice,  it  is  evident  that  a 
vena  contracta  exists,  the  size  of  which  dejjends  upon  the  pres- 
sure of  the  air  supply,  so  that  the  discharge  coefficient  is  vari- 
able, increasing  as  the  pressure  increases. 

A  convergent  nozzle  with  a  rounded  inlet  may  have  a  dis- 
charge coefficient  of  0.98  if  it  is  short;  and,  so  long  as  there 
is  no  sharp  change  of  curvature,  alterations  in  the  form  of 
the  entrance  curve  have  very  little  effect  upon  the  coefficient. 
The  addition  of  a  divergent  part  after  the  throat  slightly  re- 
duces the  coefficient  unless  the  taper  is  very  gradual. 

The  efficiency  of  nozzles  and  orifices,  as  measured  by  the 
mean  velocity  of  the  jet  produced,  is  very  high  indeed,  becom- 
ing practically  unity  if  they  are  of  the  proper  form.  For 
pressures  up  to  50  lb.  per  square  inch,  orifices  and  convergent 
nozzles  are  practically  equally  good.  It  may  be  remarked  that 
Rosenhain  found  that  in  the  ease  of  steam  up  to  80  lb.  per 
square  inch  an  orifice  was  better  than  a  nozzle. 

While  the  addition  of  a  short  and  very  gradually  divergent 
part  to  a  nozzle  may  slightly  improve  its  efficiency,  it  appears 
that  in  general,  and  within  the  pressure  limits  of  the  experi- 
ments, a  divergent  part  added  to  an  air-nozzle  is  not  an  ad- 
vantage, and  if  such  a  part  has  more  than  a  gradual  taper,  it 
reduces  the  efficiency  of  the  nozzle  very  seriously. 

The  effect  of  extra  length  is  not  so  deleterious  as  that  of  a 
rapid  rate  of  divergence.  In  the  case  of  divergent  nozzles,  an 
entrance  curve  of  about  0.5  in.  radius  gives  an  appreciably 
higher  efficiency  than  one  of  0.1  in.  radius. 

As  regards  the  impact  and  reaction  of  jets  the  author 
believes  that  there  are  two  points  that  call  for  explanation, 
when  the  reactions  of  the  air  jets  with  the  forces  recorded  on 
a  flat  plate  placed  normally  to  the  jets  are  compared,  namely, 
the  variation  of  the  impact  with  the  position  of  the  plate  and 
the  relationship  between  the  true  momentum  per  second  of 
the  jet  and  the  reaction  and  impact  results. 

The  paper  describes  the  methods  of  carrjdng  on  the  tests 
and  to  a  certain  extent  the  theory  of  the  impact  and  reaction 
action  of  the  jets.  The  tests  showed  the  expansion  of  the  air 
is  complete  at  or  extremely  near  to  the  exit  from  the  nozzle 
and  that  while  the  impact  changes  considerably  between  points 
at  distances  varying  from  2  to  14  in.  from  the  nozzle,  the  pres- 
sure between  these  points  remains  nearly  constant.  The  vari- 
ation of  the  impact  is  not  therefore  due  to  changes  of  pressure 
with  corresponding  velocity  changes  in  the  free  jet. 

Further  experiments  carried  out  by  displacing  the  pressure 
tube  from  the  axis  showed  that  the  smallest  perceptible  effect 
on  the  water  gage  was  indicated  at  a  radius  of  0.75  in.  at  1.5 
in.  from  the  nozzle,  and  this  radius  increases  in  accordance 
with  an  approximate^  parabolic  law  up  to  2.5  in.  at  20  in. 
from  the  nozzle.     These  observations,  though  rough,  are  in 
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tolerable  agreement  with  the  conclusions  of  Parenty  and 
others  that  the  jet  is  a  paraboloid  in  form.  Further  experi- 
ments with  a  Pitot  tube  placed  in  the  axis  of  the  jet  at  vari- 
ous distances  from  the  nozzle  have  confirmed  this  conclusion, 
that  the  jet  is  paraboloidal  in  form  and  have  indicated  that 
the  cross-section  of  the  jet  is  about  proportional  to  the  dis- 
tance along  the  axis.  It  is  worthy  of  notice  that  when  the 
Pitot  tube  was  just  at  the  exit  from  the  nozzle  the  pressure 
recorded  by  the  gage  to  which  it  was  connected  was  equal  to  i 
that  in  the  reservoir.  This  confirms  the  conclusion  previously  j 
reached  that  the  efiiciency  of  the  nozzle  is  practically  unity.      j 

The  parabolic  form  of  the  jet  has  a  bearing  upon  an  hy- 
pothesis propounded  by  the  author.  He  believes  that  an 
"  energy  system "  of  circulating  air  is  set  up  round  about 
the  jet,  the  external  air  flowing  in  nearly  normally  to  the  jet 
until  it  comes  near  the  boundary  of  the  jet,  when  it  is  rapidly 
accelerated,  and,  flowing  along  with  the  jet,  is  deflected  with 
it  at  the  impact  plate.  The  remainder  of  the  path  of  the  cir- 
culating air  is  completed  in  the  atmosphere.  The  "energy 
system  "  derives  the  energy  required  to  initiate  it  during  the 
establishment  of  the  jet  when  the  flow  is  first  started,  but  once 
set  up  it  makes  a  very  small  energy  demand  upon  the  jet. 
Hence  the  induced  air  derives  but  little  of  its  momentum  at 
the  expense  of  the  original  jet  with  the  result  that  the  mo- 
mentum of  the  total  air  deflected  by  the  impact  plate  is  aug- 
mented. 

While  a  complete  mathematical  expression  for  the  system 
of  stream  lines  set  up  together  with  the  effect  of  frictional 
losses  and  the  consequent  effect  of  the  impact  plate  seems  to 
be  impossible,  the  author  gives  an  expression  for  the  total 
added  momentum  per  second  at  any  point  neglecting  friction, 
as  follows: 


before  the  beginning  of  the  test,  a  number  of  test  pieces  were 
subjected  to  microscopic  investigations  with  respect  to  segre- 
gation of  sulphur,  phosphorous  and  carbon,  and  it  was  found 
that  the  material  was  entirely  free  from  segregation  phenom- 
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Where  x  rejiresents  the  distance  measured  along  the  axis 
outwards  from  the  nozzle  and  k  a  coefiicient.  M'  increases  as 
X  increases  but  its  rate  of  increase,  while  remaining  positive, 
decreases.  On  the  above  hypothesis  the  observed  impact 
should  approach  the  value  M  of  the  true  impact  of  the  original 
jet  (the  momentum  jier  second  of  the  jet  as  it  leaves  the 
nozzle)  as  x  decreases.  As  there  seems  to  be  no  reason  why 
the  reaction  of  the  jet  should  not  represent  the  true  value  of 
M,  this  means  that  as  the  plate  opproaches  the  nozzle,  the  im- 
pact should  approach  the  value  of  the  reaction.  Among  other 
things,  the  writer  calls  attention  to  the  fact  that  in  view  of 
the  high  efficiency  with  which  the  expansion  of  air  in  nozzles 
may  be  carried  out,  and  the  advantages  in  many  circumstances 
of  the  turbine  over  the  reciprocating  motor,  there  appears  to 
be  a  field  in  which,  where  power  is  transmitted  by  compressed 
air,  the  reciprocating  motor  might  with  advantage  be  replaced 
by  an  air  turbine.  { Journal  of  the  Institution  of  Mechmiical 
Engineers,  Nos.  2,  3,  February  and  March  1916,  pp.  51  and  93, 
70  pp.,  32  figs.    etA.) 

Engineering  Materials 

IxFLUExcE  or  Heat  Treatment  ox  Certain  Physical  Prop- 
erties OP  Steel,  A.  Pomp 

The  article  presents  data  on  tests,  the  purpose  of  which  have 
been  to  establish  the  influence  of  heat  treatment  on  the  various 
physical  properties  of  iron  having  a  low  content  of  carbon. 
These  investigations  covered,  first,  material  heated  and  slowly 
cooled;  second,  heated  and  immersed  rapidly  in  cold  water; 
and  third,  overheated  and  regenerated  material. 

In  order  to  test  the  homogeneity  of  the  material  as  it  was 


The  article  reports  data  previously  obtained  in  the  same 
connection  by  Heyn,  and  describes  in  detail  the  methods  of 
testing  used  in  the  present  instance.  In  the  series  of  tests 
with  heated  and  slowly  cooled  material,  the  heat  treatment  was 
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Fig.  1    A,  Relation  between  Tenacity  and  Heat  Treat- 
ment; B,  Relation  between  Tenacity  and  Tem- 
perature OF  Heating 

(Ortlinates:   specific  tenacity  under  shock   in  mkg/qcm  :  Imkg/qcm  = 

46  58  tt.-lb.  per  sq.  in. ;  .ibscissae :  temperature  oi  heating 

in    deg.    cent.  ;    in    B,    Std.    =    hours) 

carried  out  in  the  following  manner:  Eight  test  bars  were 
placed  in  a  cold  muffle  and  heated  to  the  desired  temperature, 
which  took,  in  accordance  with  the  temperature  desired,  from 
15  to  45  minutes.  The  final  temperature  was  then  maintained 
constant  for  a  period  of  8  hours.  At  the  end  of  the  first  hour 
two  test  pieces  were  taken  out  from  the  furnace  and  slowly 
cooled  in  infusorial  earth.  At  the  end  of  the  second  hour,  two 
more  pieces  were  taken  out,  likewise  at  the  end  of  the  sixth  and 
eighth  hours,  and  all  cooled  in  infusorial  earth  down  to  room 
temperature.    The  complete  cooling  took  up  to  twelve  hours. 

The  data  obtained  in  the  notch-shock  tests  are  presented  in 
the  original  article  in  the  form  of  tables  and  graphical  curves. 
Only  the  latter  are  here  reproduced.     Fig.  lA  shows  that  the 
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tenacity  uiRler  slioek  varies  quite  widely  as  a  result  of  beat 
treatment.  Tliese  variations  become  particularly  noticeable 
during  the  tirst  two  hours  of  heating,  as  one  can  see  from  the 
sharp  fall  of  the  curve  between  "  zero  "  and  "  two  "  hours. 
The  minimum  variation  is  produced  by  heating  at  1000  deg. 
cent.,  while  the  fall  of  tenacity  is  very  sliarp  for  1200  and 
1300  deg.  cent. 

At  first  glance  it  might  appear  as  if  after  a  certain  period 
of  heating,  say  one  to  two  hours,  there  is  established  some 
sort  of  a  state  of  equilibrium  which  would  explain  the  nearly 
horizontal  course  of  some  of  the  curves.  This  assumption  is, 
however,  contradicted  by  the  way  the  curves  for  900,  7000  and 
1100  deg.  cent,  run,  since  with  an  increase  in  duration  of  heat- 
ing there  appears  to  be  a  coutmuation  of  the  fall  of  tenacity. 
As  a  rule  the  heat  treatment  produces  either  an  increase  or  a 
decrease  of  tenacity  under  shock.  An  increase  may  be  ex- 
pected at  all  temperatures  under  1000  and  a  decrease  at  those 
above  1000  deg.  cent. 

When  heat  treatment  produces  an  increase  in  tenacity  under 
shock,  the  maximum  value  of  the  latter,  characteristic  for  the 
given  temperature,  is  reached  after  one.  or  at  most,  after  two 
hours  of  heating.  In  the  case  of  heating  at  temperatures  above 
1000  deg.,  there  is  a  continuous  decrease  of  tenacity  beginning 
with  the  start  of  heating  and  increasing  with  the  duration  of 
heating,  and  this  decrease  of  tenacity  occurs  more  rapidly  the 
higher  the  temperature  of  heating  is.  A  separate  series  of 
tests  were  carried  out  in  this  connection  running  the  duration 
of  heating  up  to  30  hours,  and  these  tests  fully  confirm  the 
above  conclusion. 

Fig.  B  shows  the  relation  between  tenacity  under  shock  and 
the  temperature  of  heating.  The  fully  drawn  lines  correspond 
to  a  duration  of  heating  of  one  hour,  the  broken  lines  to  that 
of  two  hours,  the  dash  lines  to  a  duration  of  six  hours,  and 
those  broken  in  by  two  points  to  a  duration  of  eight  hours.  If 
one  considers  the  four  curves  as  a  whole,  one  can  see  that  the 
lines  lise  slightly  from  zero  to  300  deg.  cent.,  then  from  300 
to  500  deg.  there  is  a  slight  decrease  of  tenacity  under  shock. 
From  the  minimum  reached  at  500  deg.  cent.,  there  is  a  strong 
rise  of  the  bundle  of  curves  until  at  temperatures  varying  from 
600  to  800  deg.,  a  maximum  of  tenacity  is  reached,  after  which 
there  is  a  rapid  faU  beginning  at  800  to  900  deg.  cent.,  and  a 
new  minimum  is  reached  at  about  1200  deg.  cent.  These  data 
do  not  materially  differ  from  those  previously  obtained  by 
Heyn. 

As  regards  the  variation  in  the  dimension  of  the  granular 
structure,  it  was  found  that  when  iron  with  a  low  content  of 
<!ai'bon  is  heated  at  temperatures  from  zero  to  1100  deg.  cent., 
the  increase  in  the  duration  of  heating  produces  a  slight  growth 
in  the  ferrite  crystals.  At  temperatures  above  1100  deg.  cent., 
the  crystals  materially  increase  with  increase  of  temperature 
and  duration  of  heating.  At  the  same  time,  the  formerly  uni- 
form ferrite  polygons  change  at  temperatures  above  1100  deg. 
cent,  into  structural  forms  with  rough  edges  and  irregular 
sui'faees.  (Einfluss  der  Warmebehandlung  auf  die  Kerhzahig- 
keit,  Korngrosse  und  Hdrte  von  kohlenstoffarmem  Flusseisen, 
A.  Pomp,  Ferrum,  vol.  13,  No.  4,  p.  49,  January,  1916,  article 
not  finished,    e.) 

iNFLtjENCE  OF  THICKNESS  ON  Tensile  Tests,  G.  B.  Water- 

house 

Data  of  an  investigation  showing  how  variations  in  thickness 
affect  the  static  properties  of  open-hearth  and  Bessemer  plate. 
The  work  described  was  carried  out  in  connection  with  some 
comprehensive  tests  on  steel  plates,  and  throws  some  light  on 
the  influence  of  thickness  on  the  results  of  tensile  tests,  besides 


giving  comparative  results  on  basic  open-hearth  and  acid 
Bessemer  steel.  A  brief  review  of  previous  literature  on  this 
subject  is  given. 

The  work  done  by  the  writer  was  on  the  material  known  as 
sheet  bar,  8  in.  wide  and  of  various  thicknesses.  The  results 
are  given  in  tables  and  figures. 

The  results  on  the  open-hearth  steel  agree  in  general  with 
previous  conclusions.  The  ultimate  stress  decreases  as  the 
thickness  increases  up  to  about  0.6  in.,  but  after  that  it  is 
practically  uniform  and  does  not  show  the  steady  decrease  that 
might  be  expected  from  Webster's  table.  The  curve  for  the 
elastic  limit  descends  at  about  the  same  rate  of  speed  as  the 
ultimate  stress,  as  the  thickness  increases,  but  when  about  0.6 
in.  is  reached,  instead  of  remaining  constant,  it  steadily  de- 
scends as  the  thickness  rises.  The  elongation  remains  practi- 
caUy  constant  for  all  the  thicknesses  tested,  but  the  reduction 
of  area  after  remaining  comparatively  uniform  until  about 
0.6  in.  is  reached,  then  descends  somewhat  rapidly  as  the  thick- 
ness increases. 

The  results  on  the  ordinary  Bessemer  steel  are  quite  diiler- 
ent.  The  ultimate  stress  decreases  somewhat  as  the  thickness 
increases,  but  the  decrease  is  vei-y  slight.  This  is  also  true  of 
the  elastic  limit,  but  here  the  influence  of  the  tliiekness  is  a 
little  more  marked.  The  reduction  of  area  is  practically  con- 
stant until  a  thickness  of  about  0.55  in.  is  reached,  and  then 
sinks  as  the  thickness  increases. 

These  results  on  the  Bessemer  steel  are  confirmed  by  tests 
made  on  steel  slightly  higher  in  carbon. 

On  the  whole  it  has  been  found  that  acid  Bessemer  steel  is 
noticeably  "  stififer "  than  basic  open-hearth.  Further,  this 
comparison  brings  out  clearly  the  comparatively  small  effect 
of  the  increase  in  thickness  on  the  tenacity  of  the  Bessemer 
steel.  Some  other  factor  evidently  has  a  greater  influence  on 
this  property  than  the  change  in  gage,  and  this  factor  may 
probably  be  the  residual  phosphorus  of  the  Bessemer  steel. 
(The  Iron  Age,  vol.  97,  no.  15,  p.  896,  April  13,  1916,  3  pp., 
3  figs,    e.) 

Peculiar  Appearance  of  Sosie  Sawn  Bars 

An  article  showing  micro-photographs  of  a  sample  of  sawn 
steel  bars. 

Three  illustrations  are  given,  one  showing  wavy  lines  ap- 
pearing as  slight  irregular  ridges  in  the  surface.  The  bar  in 
question  was  3%  in.  in  diameter,  and  the  sample  was  cut  by  a 
power  hacksaw  with  reciprocating  blade.  The  peculiar  mark- 
ings appear  on  both  sides  of  the  sample  and  are  so  located 
that  all  centers  appear  to  be  on  a  common  plane. 

The  editor  sent  it  to  several  metallurgists  and  chemists 
and,  in  addition  to  the  editorial  proper,  reproduces  their  an- 
swers. The  consensus  of  opinion  is  that  these  markings 
had  nothing  to  do  with  either  the  composition  or  heat  treat- 
ment of  the  steel,  but  were  produced  by  the  forces  acting  on 
the  metal  during  the  process  of  power  sawing. 

A  power  driven  hacksaw  when  in  operation  is  subjected  to 
several  forces.  One  is  a  force  bearing  down,  while  the  other 
principal  one  is  a  horizontal  or  pulUug  force  in  the  direction 
of  the  blade  travel.  These  two  forces  tend  to  set  up  vibra- 
tions in  the  saw  blade.  There  is  also  some  lateral  motion  of 
the  machine  itself  introducing  a  third  component  in  the 
vibration  while  the  teeth  are  constantly  wearing  thinner 
through  abrasion.  The  combined  efforts  of  these  forces 
would  tend  to  keep  the  cutting  blade  bent  into  a  series  of 
cornigations  resulting  in  the  oval  markings  on  the  specimen 
under  consideration. 

Geo.  0.  Loeffler  states  that  he  sawed  a  piece  of  shrapnel 
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l)iU'  (in  a  sniiill  iiiadiiiK'  wliic-li  .^iive  a  siniiolli  cul:  and  tlio 
Wiivas  showed  (jnik'  t-lcnrly  and  nnilnrndy.  lie  also"  noticed 
l.liat  the  aiTiiK  iniersoelcd  at  Ihc  to]i  and  hottoni  of  tiic  bar 
or  at  r'ight  an^'h's  to  I  he  l)lad(i.  lie  then  gave  the  bar-  a,  halt 
turn  and  made  anotlier  cut  and  fonnd  the  same  condition. 
{The  Blast  Furnace  and  Steel  Plant,  Apr'il  1010,  p.  157,  3 
|)]).,  5  figs,     dt.) 

Fuel  and  Firing 

PowiiKKKi)  Coal  in  the  Opion-Heartit  Furnace 

A  report  of  a  pajier  read  by  C.  J.  fUnld,  (liiei'  h'ngineer 
(d'  the  American  Iron  &  Steel  Mannfaelni-ing  ('ompany,  on 
April  (i,  before  The  Franklin  Institute  of  I'hiladelijhia. 


4. 


Hy  reason  of  their  high  radiating  capa(aty,  the  influitc  nnni- 
hcr  of  niinnte  in<'andescenl  |i;iT'lirIes  in  the  powdered  coal 
(•oinniiiiiicale  llie  heal  by  I'ailiaticni,  and  not  by  corivec- 
liiin,  thus  eliminating  the  necessity  of  bringing  the  sur- 
rounding air  to  the  temjierature  of  the  coal  particles; 

All  the  heat  in  the  waste  gases  is  conserved  and  used  in  the 
production  of  steam. 

The  extra  fuel  consumed,  due  to  the  use  of  cold  air,  is  offset 

'file  elimination  of  all  hiss  in  llic  gas  iirod\icer  jirocess; 
The  elimination  of  all  loss  due  lo  fi'ciiucnl,  revi'rsals; 
Tlie  elinunation  of  all  loss  in  wasle  heat  laken  up  ))y  llie  re- 
generative chambers ; 


Vo/ume  ^^^iSl 

Blast  Pipe     I    \ 


Fig.  2     A,  Ot'EN-HEARTU  Fii;s'a<:k  IFkatiou  \:\  l'ii\viii%},'i',ii  Ccim. 


The  author  i-ecounted  briefly  the  experiments  with  din'ercnt 
forms  of  burnei's  applied  to  open-hearth  furnaces  and  showeil 
the  cross  section  of  an  open-hearth  furnace  fired  at  one  end 
and  operated  without  generators  (Fig.  2A).  With  this  furnace 
is  connected  an  interesting  arrangement  of  waste-heat  apiia- 
ratus,  involving  two  steam  boilers  and  an  economizer,  both 
arranged  so  that  they  can  be  by-passed  when  necessary  for  re- 
pairs, so  as  not  to  shut  down  the  furnace  plant.  Other  appli- 
cations of  powdered  coal  burning  in  iron  metallurgy  were 
shown.  The  installation  represents  a  somewhat  i-adical  de- 
parture from  the  old  time  theories  of  open-hearlh  furnace 
practice.  The  burners  are  arranged  at  only  one  end  of  the 
furnace  and  the  path  of  the  flame  is  always  in  one  direction. 
The  theory  underlying  this  metliod  of  applying  powdered  coal 
ill  the  open-hearth  furnace  is  given  by  the  author  as  follows: 

1.  The  fuel  is  bui-ned  above  the  bath,  and  all  the  heat  con- 

tained in  the  coal  is  instantly  developed  in  the  furnace; 

2.  As  the  jiath  of  the  flame  is  in  one  direction  all  jiarts  of 

the   I'liniace  are  maintained  at  tlie  same  teinjieraturi!; 


1.   The  eliiniiiatioii  of  the  expensive  maintenance  cost  of  jiro- 

diicer  plant  and  regenerative  chambers; 
.").   The  greatly  reduced  first  cost  of  installation. 

'file  article  describes  in  detail  the  methods  of  distributing 
and  storing  powdered  coal  and  tlie  methods  of  jn-eparation  of 
the  fuel.  In  the  latter  connection  the  author  calls  attention  to 
the  fact  that  it  is  easier  to  dry  coal  to  one  half  per  cent  moist- 
ure or  less  than  it  is  to  maintain  it  in  this  state.  He  explains 
it  as  follows: 

The  moisture  driven  off  from  the  coal  in  the  process  of  dry- 
ing saturates  the  hot  air  contained  in  llie  dryer  cylinder.  In 
this  highly  saturated  condition  the  air  follows  the  dried  coal 
through  the  dust-proof  conveying  system  d)  the  enclosed  stcn-- 
age  bin.  As  the  coal  and  air  cool,  moisture  is  precipitated  and 
the  volume  of  the  air  diminished  with  the  result  that  more 
warm  saturated  air  is  drawn  from  the  dryer.  The  precipita- 
tion of  moisture  resulting  from  the  cooling  process  of  the  coal 
and  air  may  bc^  almost  entirely  overcome  l.)y  placing  ventilat- 
ing shafts  on  tlie  storage  bin  and  the  high  points  of  the  con- 
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veying  syslcm  i-nnucctcd  with  the  dutside  iiir.  However,  in 
the  i)r()ci'ss  ol'  diyinn'  llimiifjli  tlie  mt'diuiu  of  lioiit  a  siiiiill 
quniilitv  vi'  tlic  expelled  iiKiisturc  will  find  its  way  baek  in  I  lie 
eoal  after  eooling,  and  for  this  reason  it  is  fjjood  praeliee  to 
gage  the  dryer  so  that  the  resultant  product  leaving  the  dryer 
will  eontain  less  than  one  half  per  cent  of  moisture. 

One  of  the  most  interesting  parts  of  the  jiajier  is  that  eon- 
eerned  with  the  burners.  Fig.  B  shows  a  low  pressure  pow- 
dered eoal  burner  with  its  feeding  apparatus.  An  endless 
flight  conveyor  chain  is  used  for  feeding  a  stream  of  powdered 
i-oal  in  a  continuous  shower  across  the  air  blast  ports.  The 
excess  fuel  is  automatically  returned  to  the  liopper  by  the 
endless  flight  conveyor  chain.  The  air  blast  inlet  nozzle  con- 
nected with  one  side  of  the  feeder  case  is  reduced,  the  outlet 
side  being  flared,  beyond  which  is  a  venturi  tube  used  to  in- 
duce higher  velocity  of  the  mixture  leaving  the  feeder,  thereby 
causing  a  slight  vacuum  or  pull  throughout  the  ease.  The 
cone  extension  on  the  hood  of  the  burner  enters  the  flared  end 
of  the  coal  delivery  pipe,  breaking  the  solid  shaft  of  eoal  and 
air  and  deflecting  it  around  the  inner  periphery  of  the  burner 
\n\if.     The  mixture  takes  the  form  of  a   hollow  ring,  in  the 


othei-s.  These  adjustments  are  the  control  of  the  coal  feed, 
the  control  of  the  coal  blast,  the  (■(hiIimI  of  the  volume  blast 
and  the  control  of  the  furnace  drall  where  iinTliariically  oper- 
ated by  low  ))ressure  foedere  and  burners  ajc  employed.  (The 
Iron  Aye,  vol.  97,  no.  15,  p.  890,  April  13,  191(i,  (i  jjp.,  9  flgs. 
<IA.) 

A  Test  op  a  Surface  Combustion  Furnace,  E.  Schramm  and 
J.  K.  Cain 

Description  of  some  tests  made  on  a  surface  combustion 
furnace  to  determine  its  performance  and  best  conditions  of 
operation. 

The  article  fully  describes  and  illustrates  the  methods  of 
testing.  The  furnace  was  operated  without  a  charge.  A  cover 
was  placed  so  as  to  almost  close  the  top  of  the  muffle,  thus 
reproducing  normal  operating  conditions  and  avoiding  loss  by 
radiation  from  the  incandescent  bed.  In  a  preliminary  mn  it 
was  established  that  at  high  temperatures  the  furnace  reaches 
steady  conditions  after  about  half  an  hour  run.  The  same 
tests  have  shown  that  a  temperature  of  about  l(i50  deg.  cent. 
(.3000  deg.  fahr.),  was  reached  in  a  little  over  half  an  hour 
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I'enter  of  wiiich  an  auxiliary  blast  is  discharged  giving  a  thor- 
ough atomization  of  the  I'ucl  pari  ides  as  they  enter  the  fur- 
nace. 

Sectional  elevations  of  mechanically  operated  high  pressure 
])owdered  coal  feeding  ap])ai'atus  are  likewise  given.  Feeders 
and  burnere  of  the  high  jiressure  type  produce  a  long  flame 
through  progressive  combustion  and  can  only  be  used  where 
the  form  of  the  furnace  and  the  character  of  the  work  demand 
that  an  elongated  cutting  flame  be  developed  in  close  prox- 
imity to  the  work  done.  This  method  of  apjilication  is  adapted 
to  open-hearth  furnace  jtractice.  In  the  type  of  feeders  and 
burners  described,  the  results  obtained  are  equally  good 
whether  the  powdered  coal  is  injected  into  the  furnace  from 
the  burners  at  a  velocity  of  1.500  ft.  per  minute,  or  of  25,000 
ft.  per  minute. 

The  author  puts  the  personal  equation  forward  as  the  im- 
portant factor  in  the  operating  part  of  the  ap]iaratus  as  de- 
veloped thus  far.  In  fact,  he  says  that  it  is  necessary  to 
depend  too  greatly  upon  this  uncertain  element.  In  the  dry- 
ing iirocess  the  operator  may  at  any  moment  upset  the  com- 
plete equilibrium  of  a  plant  either  by  overheating  the  coal  or 
by  not  drying  it  enough.  In  the  furnace  operation  three  or 
four  separate  adjustments  are  required  depending  on  the 
burner  used,  each  adjustment   bearing  a   fixed   relation  to  the 


and  maintained  for  ten  minutes  with  a  gas  consumption  of  3 
cu.  ft.  per  minute.  It  has  been  further  found  that  the  rate  of 
cooling  of  the  furnace  is  very  slow  because  of  the  heat  storage 
of  the  incandescent  bed  and  the  efficient  insulation  of  the  walls, 
a  jiroperty  wliich  makes  this  tyiie  of  furnace  convenient  for 
certain  laboratory  oj^erations. 

A  curve  is  plotted  with  the  ratio  of  air  to  gas  in  the  mixture 
against  the  percentage  of  oxygen  in  the  flue  gases.  This  curve, 
together  with  the  flue-gas  analyses  given  in  the  article,  estab- 
lished that  a  ratio  of  air  to  gas  of  5.5  gives  most  nearly  the 
ideal  conditions  of  perfect  combustion  without  any  excess  of 
oxygen,  and  this  ratio  gives  also  the  highest  temperature  for 
any  given  gas  consumption.  From  comparison  of  data  of  gas 
consumption  for  mixtures  in  the  ratios  5.5  and  6.5  it  has  been 
found  that  a  20  per  cent  excess  of  air  causes  a  lowering  of 
furnace  temperature  of  about  100  deg.  cent.   (180  deg.  fahr.) 

The  highest  furnace  temperature  reached  during  the  tests 
described  was  1675  deg.  cent.  (3045  deg.  fahr.),  but  the  tem- 
perature of  the  porous  mass  must  have  been  considerably 
higher.  It  should,  however,  be  pointed  out  that  the  refrac- 
tories ordinarily  obtainable  will  not  permit  the  operation  of 
a  furnace  above,  or  indeed,  for  any  length  of  time,  as  high,  as 
1()50  deg.  cent.  {The  Journal  of  Industrinl  and  E)i(jhieerin<i 
Chemistry,  v(d.  8,  no.  4,  p.  361,  Ai)ril,  191(),  5  jjp.,  6  flgs.     e.) 
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Heating: 

TjOss  01''  Hkat  i\    Hot-Blast  Mains,   R.  J.   Wysoi- 

111  iiiakincj  efficiency  tests  on  the  liot  blast  stove  at  the  Beth- 
Ichehu  Steel  Coni|>any's  plant,  the  autlior  fonnd  a  marked 
difference  in  teiuperalure  as  indicated  by  a  pyrometer  in- 
serted near  a  stove  on  blast  and  the  regidar  recording  instru- 
ments situated  near  the  bustle  ])ipe.  Hence  a  si^ecial  hole 
was  provided  at  the  junction  of  the  hot-blast  main  and  the 
bustle  pi]3e  and  portable  pyrometers  with  bare  fire  ends  were 
used,  both  at  this  jxiint  and  in  the  stove  necks.  Similar  experi- 
mental work  has  been  also  done  by  H.  A.  Brassert,  superin- 
tendent of  blast  furnaces,  South  Works,  Illinois  Steel  Co., 
who  found  temperature  drops  of  the  same  order  of  magni- 
tude. 

In  the  couree  of  this  investigation,  the  author  determined 
the  average  thermal  loss  due  to  cooling  water  from  each  hot- 
blast  valve  with  an  average  blast  temperature  of  1360  deg. 
fahr.  and  a  volume  of  about  33,000  cu.  ft.  free  air  jier  minute 
under  standard  conditions,  to  be  approximately  10,000  K.t.u. 
per  minute.  The  general  conclusions  arrived  at  by  the  author 
are  as  follows : 

First. — Between  the  stoves  and  tlie  l)last  furnace  there  is 
a  very  marked  drop  in  the  temperature  of  the  hot-blast,  whicli 
is  not  only  serious  as  to  temperature,  but  signifies  also  a  ther- 
mal loss.  It  is  affected  by  many  variables,  such  as  size  and 
length  of  hot-blast  mains  and  connections,  thickness  of  fire 
brick  linings,  volume  and  initial  temperature  of  air  passing 
per  unit  of  time,  tem])erature  and  wind  velocity  of  the  out- 
side air,  extent  of  water  cooling,  etc.  It  is  jirobable  that,  at 
a  great  many  furnace  plants  in  the  country,  these  losses  are 
of  sufficient  magnitude  to  justify  an  attempt  at  their  reduc- 
tion. The  present  tendency  is  toward  higher  blast  heats  on 
furnaces  carrying  large  jiercentages  of  Mesabi  ores  in  their 
mixtures;  and  high  heats  have  always  been  desirable  in  smelt- 
ing hard,  coarse  ores,  such  as  the  magnetites  so  generally 
used  in  the  east.  In  the  manufacture  of  spiegel  and  feiTo- 
manganese,  the  maintenance  of  high  blast  temperatures  is  of 
particular  im])ortance.  This  is  jiarticularly  important  in  all 
plants  where  economy  in  the  use  of  blast  furnace  gas  must  be 
practiced,  owing  to  large  consum]ition  in  gas  engines  or 
under  boilers. 

Second. — Insufficient  insulation  in  the  hot-blast  main  is  the 
cause  of  serious  temjierature  and  heat  losses.  It  seems  logical 
and  practicable  to  )irevent  a  large  percentage  of  these  losses 
by  means  of  one  of  the  methods  of  insulation  suggested  in 
this  paper.  With  such  insulation,  other  operating  conditions 
being  normal,  we  would  expect  higher  available  blast  heats 
with  resulting  fuel  economy,  or  a  smaller  quantity  of  fuel 
gas  necessary  for  heating  the  stoves.  It  is  believed  that  blast- 
furnace managers  and  superintendents  generally  will  be  in- 
terested in  a  study  of  better  insulation  of  the  hot-blast  main 
and  stoves.  (The  Iron  Trade  Revirut,  vol.  58,  no.  8,  p.  435, 
February  24,  lOlfi,  4  pp.,  4  figs,     e.) 

Hydraulics 

Lkakagk  FROjt   Lkaii  .Ioints  in   (.'ast-Iron   Water  Pipks, 
Arthur  H.   Smith 

Discussion  of  the  leakage  from  water  pipes  in  city  mains 
and  their  connections. 

The  leakage  losses  from  a  water  works  system  may  be  due 
to  the  following  three  causes:  (a)  Leaking  of  underground 
mains;  (&)  broken  or  abandoned  service  pipes;  (c)  defective 
plumbing  fixtures.  It  is  of  interest  to  note  that  the  amount  of 


leakage  due  to  all  causes  combined  is  usually  surprisingly 
high.  The  general  experience  of  water  works  men  who  have 
studied  this  particular  phase  of  leakage  seems  to  be  that  from 
30  to  40  per  cent  of  the  total  supply  wliich  enters  the  system 
is  unaccounted  for,  that  is,  only  60  to  70  per  cent  is  delivered 
for  legitimate  purposes,  the  rest  being  lost  as  leakage. 

A  test  for  leakage  ha.s  been  conducted  on  a  small  new  public 
water  works  system  at  Medway,  Mass.  There  the  sources  of 
supply  are  driven  wells  from  which  water  is  pumped  through 
the  distribution  system  to  a  stand  pipe  30  ft  in  diameter  by 
80  ft.  high  whose  capacity  per  foot  in  height  is  thus  5288  gal. 
The  distribution  system  is  made  up  of  east  iron  pipes  6  in. 
t(]  12  in.  in  diameter,  class  E,  New  England  Water  Works 
Association  specifications.  The  lead  in  the  6  in.  sockets  is  2 
in.  deep  and  in  the  8  in.,  10  in.,  and  12  in.  sockets,  2V2  i"-  deep. 

At  the  time  of  the  test  the  system  bad  been  entirely  com- 
pleted with  the  exception  of  service  connections,  none  of  which 
had  been  put  in.  With  the  stand  pipe  filled  and  with  pumps 
slopped,  the  observation  for  leakage  was  made  for  a  24  hr. 
period  by  simply  noting  the  rate  of  lowering  of  the  water 
level.  A  careful  inspection  of  the  entire  route  of  the  pipes 
revealed  no  evidence  of  much  leakage  and  it  is  believed  that 
jiractically  all  was  at  lead  joints. 

The  total  loss  in  24  hours  was  found  to  be  22,400  gal.,  which 
with  proper  corrections  showed  a  net  loss  in  the  underground 
mains  of  20,800  gal.  or  1.58  gal.  per  day  per  linear  foot  of 
lead  joint.  The  possible  errors  in  determination  ought  not  to 
exceed  5  j)er  cent.  These  results  are  fairly  representative  for 
the  size  of  pipe  and  class  of  work. 

So  long  as  pipe  lines  are  built  in  the  present  manner,  leak- 
age must  be  reckoned  with.  In  the  endeavor  to  reduce  it  to  a 
minimum,  two  general  lines  of  action  are  possible:  first,  the 
substitution  of  some  more  satisfactory  material  than  lead, 
and  second,  an  improvement  in  the  design  and  construction 
of  the  lead  joint.  The  author  believes  that  if  leakage  on  new 
work  can  be  limited  to  one  gallon  per  day  per  foot  of  joint 
under  100  lb.  pressure,  the  performance  can  be  called  good 
and  acceptable.  (Journal  of  the  Xeic  England  Water  Works 
.Issociation,  vol.  30,  no.  1,  p.  1,  March  1916,  19  pp.     pe.) 

VALVES  FOR  USE  IN  WATER  WORKS 

Reasons  for  Adopting  the  Solid-Wedge  Type  op  Valve  in 
THE  Boston  Water  Department,  George  H.  Finneran 

Discussion  of  the  solid-wedge  type  of  valve  for  use  in  water 
works. 

The  Boston  Water  Department  manufactures  its  own  gates, 
hydrants,  bronze  fittings,  etc.  In  determining  what  type  of 
valve  to  ado])t  it  decided  in  favor  of  the  solid-wedge  type  as 
compared  with  the  loose  double  disc,  because  67  years  of  ex- 
licrience  has  developed  no  convincing  reasons  why  the  solid 
wedge  type  should  be  discontinued. 

In  considering  the  merits  of  the  respective  types,  the  engi- 
neers of  the  Water  Department  were  impressed  by  the  fact 
that  there  is  practically  but  one  seat  to  a  \al\e  in  operation 
and  that  is  the  seat  opposite  to  the  side  on  which  the  pressure 
acts ;  hence  the  superfluousness  of  the  second  disc  in  the  double 
seating  plug  of  the  exi)ansion  type.  Further  the  engineers 
took  into  consideration  the  uncertainty  of  the  double-disc  type 
of  valve  in  overcoming  rust  and  other  solid  matter  that  is 
generally  encountered  between  the  seats  of  valves  infrequently 
operated,  as  against  the  ability  to  dislodge  with  the  solid-wedge 
an  amount  of  such  uuitter  sufficient  to  allow  of  tight  closing 
valve  by  manipulating,  that  is,  raising  and  lowering  the  wedge 
and  crushing  and  washing  out  the  obstructing  material.  The 
horizontal  movement  of  the  expanding  disc  is  more  apt  to 
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ilii\u  l.lic  iiuiUer  againsl  (Ir'  !5<'als  wilh  such  forci'  as  to  adhere 
aiifl  prevent  tight  chjsiiig-. 

As  a  point  against  double-disc  valves,  also,  the  opportunity 
was  considered  for  rust  or  otiier  matter  to  accumulate  between 
the  discs  and  adhere  to  tlie  various  knuckles,  hinges,  wedges, 
trunnions,  etc.,  of  the  operating  mechanism,  clogging  them 
and  interfering  with  their  action.  In  waters  of  heavy  lime 
content  or  those  with  corrosive  constituent,  the  effect  would 
tend  practically  to  put  the  valve  out  of  commission.  Gener- 
ally ill  a  large  city  where  a  gate  is  frequently  operated  by 
unskilled  and  indifferent  men,  a  plain  rugged  type  of  valve  is 
almost  a  necessity. 

Reasons  for  Using  the  Double-Disc  Type  of  Valve, 
J.  M.  Diven 

This  paper  presents  reasons  in  favor  of  the  double-disc  type 
of  valve  although  the  author  states  that  he  had  no  recent  ex- 
perience with  solid-wedge  valves  but  has  used  the  double  or 
parallel  disc  type  of  valve. 

He  gives  a  brief  history  of  valves,  starting  from  the  solid 
wedge  type  imported  from  England  in  the  early  days  of  water 
works  construction.  The  next  was  the  Peet  valve,  a  taper  seat 
type,  of  the  wedge  principle.  Various  devices  have  been  con- 
trived for  expanding  the  discs  to  their  seats,  but  the  writer 
Ijclioves  that  while  tlie  discs  are  free  to  ad.j\ist  themselves  to 
llieir  seats  there  should  be  as  little  lost  motiim  as  possible  be- 
tween the  discs  and  seats  so  that  wiieu  ()|)enited,  the  discs  arc 
in  practical  contact  with  (he  seats,  thus  shearing  off  an  ac- 
cunnilation  of  rust,  sediment,  or  foreign  substance. 

An  objection  to  the  solid-wedge  type  is  tlie  fact  that  the 
gates  always  seat  in  tlie  same  place  and  when  foreign  sub- 
stance is  trapped  between  the  gate  and  the  seats,  the  seats 
would  become  so  damaged  that  the  gate  would  leak.  In 
parallel-seated  or  double-disc  valves,  the  gates  do  not  seat 
twice  in  exactly  the  same  place.  Therefore,  should  solid  mat- 
ter be  caught  between  the  gate  and  the  seats,  the  marring  will 
not  cause  serious  damage  as  the  dent  in  the  disc  will  not  come 
opposite  the  corresponding  one  in  the  seat  and  the  compensat- 
ing feature  of  the  parallel  seat  valve  permitting  a  certain 
amount  of  give,  takes  care  of  some  irregularities  in  the  con- 
tact parts.  {Journal  of  the  New  England  Water  Works  As- 
sociation, vol.  30,  no.  1,  pp.  101  and  106,  March  lOlfi,  18  pp. 
and  1  fig.     dcp-) 

Internal  Combustion  Engineering 

Kline  Rotary  Valve 

Descriiition  of  a  new  rotary  \alve  construction  patented  by 
H.  J.  Kline. 

By  using  an  automatic  auxiliary  exhaust  valve  in  conjunc- 
tion with  the  main  or  rotary  valve,  the  former,  controlled  by 
the  piston,  may  be  so  designed  that  it  will  carry  away  a  large 
part  of  the  heat  of  the  exhaust.  At  light  loads  when  the  throttle 
is  only  slightly  open,  the  exhaust  pressures  within  the  cylinder 
are  such  that  the  automatic  valve  is  supposed  to  barely  lift, 
hut  at  lull  loads  where  the  exhaust  pressure  is  very  high,  the 
valve  should  be  forced  wide  open  to  carry  away  at  the  lower 
end  of  the  cylinder,  the  larger  part  of  the  exhaust  gases  and 
consequently  the  major  portion  of  the  heat. 

A  further  problem  is  created  by  the  necessity  of  securing 
a  proper  fit  of  the  valve  and  to  maintain  a  gas-tight  joint 
after  some  wear  has  occurred.  The  Kline  valve  rotates  toward 
the  cylinder  so  that  when  pressure  is  applied  by  way  of  the 
))orts  leading  to  the  combustion  chamber  the  valve  will  be 
placed  against  the  opposite  side  of  the  casing. 

The  packing  is  used  only  as  a  safeguard.    The  jiacking  rings 


do  not  revol\e  with  the  valve  but  creep  slowly  around,  due  to 
the  cylinder  pressure  forcing  them  against  the  sides  of  the 
grooves  in  the  valve.  It  is  claimed  that  this  creejiing  action 
will  slowly  w-ear  the  ends  of  the  packing  strip  so  that  it  will 
gradually  settle  as  the  valve  wears  and  will  still  continue  to 
keep  this  point  sufficiently  tight.  {The  Automobile,  vol.  34, 
no.  11,  p.  500,  March  16,  1916,  1  p.,  d.) 

The  Frederickson  Engine 

Descrijition  of  a  two-stroke  cj'cle  aeronautical  engine.  By 
means  of  an  oscillating'  base  valve  operated  by  the  connecting 
rod  the  engine  practically  does  away  with  crank  case  com- 
pression.    The  operating  principle  is  as  follows: 

Gas  from  the  carburetor  or  mixer  enters  the  crank  case. 
At  the  inner  dead  center  of  the  piston,  the  valve  between  the 
crank  case  and  inner  half  of  the  cylinder  is  opened;  duruig 
the  outward  stroke  of  the  piston'  gas  from  the  crank  case  is 
drawn  through  this  valve  into  the  inner  half  of  the  cylinder 
and  at  the  outer  dead  center  the  valve  is  closed.  This  valve  is 
operated  entirely  by  the  side  motion  of  the  connecting  rod. 
There  are  no  gears,  eccentrics,  chains  or  cams. 

During  the  inward  stroke  of  the  piston  the  gas  in  the  inner 
half  of  the  cylinder  is  compressed  until  the  piston  nears  the 
end  of  its  stroke,  when  the  compressed  gas  is  released  into 
the  combustion  chamber,  forcing  out  the  burnt  gas  from  the 
previous  explosion  through  an  exhaust  valve  or  port,  the  open- 
ing and  closing  of  which  is  so  arranged  that  while  practically 
all  tl,ie  burned  gas  is  expelled,  all  of  the  uiiburncd  is  retained. 
The  i)islon  on  its  outward  stroke  compresses  this  gas  in  the 
combustion  chamber,  at  the  same  time  drawing  another  charge 
of  gas  from  the  crank  case  into  the  inner  half  of  the  cylinder, 
which  in  this  case  foi-ms  the  primary  or  low  compression 
chamber.  Near  the  outer  dead  center,  the  gas  in  the  combus- 
tion is  ignited,  forcing  the  piston  toward  the  center. 

No  data  as  to  tests  or  performances  of  this  engnie,  or  speed 
and  power  output  are  given.  The  article  is  illustrated  by  two 
section  diagrams  and  a  view  of  the  engine  as  installed  on  an 
aeroplane.  {Aerial  Age  Weekly,  vol.  3,  no.  4,  p.  120,  April 
19,  1916,  2  pp.,  3  figs,  d.) 

A  Gas  Turbine 

Some  information  concerning  the  work  done  at  the  plant  of 
the  Brown-Boveri  Co.  in  Baden.  According  to  the  article 
recent  correspondence  indicates  that  their  work  on  the  gas 
turbine  has  finally  been  brought  to  a  state  of  practical  working 
efficiency.  The  turbine  is  designed  and  operated  on  the  im- 
imlse  principle.  {The  Gas  Engine,  vol.  18,  no.  4,  p.  191.  April. 
1916,  1  p.    gd.) 

The  Detroit  Gas  Turbine 

Some  data  concerning  a  gas  turbine  said  to  be  built  in  De- 
troit, Mich.  According  to  the  article  it  consists  of  a  gas 
compressor  with  eight  compressing  cylinders  for  supplying 
the  compressed  gas  to  the  firing  chambers.  Each  cylinder  su])- 
plies  complete  charge  at  each  revolution  in  all  eight  impulses 
at  each  turn  of  the  driving  shaft.  Since  the  speed  of  this 
driving  shaft  will  ordinarily  be  3000  r.p.m..  this  will  mean 
approximately  24.000  explosions  per  minute  upon  a  23  in. 
rotor;  each  explosion  or  impulse  directs  its  energy  upon  7.75 
sq.  in.  of  rotor  surface  at  a  constant  pressure  of  about  115 
lb.  per  sq.  in.  No  precise  data  of  the  construction  or  of  tests 
are  given  in  the  article.  It  is  only  stated  that  the  200  h.p. 
turbine  will  weigh  345  lb.  complete  and  that  at  present  time 
it  is  proposed  to  furnish  only  three  models,  of  100,  200  and 
300  h.p.  units.  {The  Gas  Engine,  vol.  18,  no.  4,  p.  193,  April, 
1916,  2  pp.    2  figs,    d.) 
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'I'lic  cdilui-  lias  .scciiicii  a  ciitaloyui.'  nT  the  c-m-piu-atiun  haii- 
illliig  tliese  turbines  and  tliis  catalogue  describes  the  operation 
oL'  llie  turbine  in  the  following  manner  (Fig.  3). 

As  tlie  eompressor  piston  moves  downward  the  gas  is  drawn 
into  tlie  compressor  cylinder  and  as  it  starts  to  move  upward 
the  gas  is  passed  into  the  firing  chamber  of  the  follower  valve. 
This  action  is  controlled  by  the  ports  and  passages. 

As  the  compressor  piston  moves  downward,  the  follower 
valve  moves  upward  until  the  intake  jjort  comes  opposite  the 
cylinder  port.  The  follower  valve  has  moved  upward  to  its 
highest  position  while  the  compressor  piston  is  moving  to  its 
lowest  point  of  travel.  As  the  compressor  piston  commences 
its  upward  movement  the  follower  valve  is  moved  down  until 
the  top  edge  of  the  gas  transfer  port  is  in  the  same  plane  with 
the  cylinder  port. 

When  the  compressor  piston  has  reached  its  highest  point  of 
travel  the  follower  valve  moves  upward,  carrying  the  com- 
pressed charge  of  gas  in  the  firing  chamber  at  a  pressure  of 
about  90  pounds  per  square  inch. 

As  the  follower  valve  moves  upwanl,  the  gas  transfer  port 
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Fig.  3     Detroit  Gas  Turbine 

and  cylinder  port  are  closed  to  each  other  and  at  a  pre- 
determined distance  of  the  impulse  port  below  the  passage 
port  the  ignition  of  the  charge  of  gas  takes  place  by  directing 
an  electrical  spark  through  the  spark  transfer  port.  At  the 
moment  of  complete  combustion  and  when  the  exploding  gas 
has  reached  its  point  of  greatest  expansion,  the  impulse  port 
is  opened  instantly  directly  opposite  the  passage  port  and  the 
charge  is  directed  through  the  channel  and  nozzles  onto  the 
first  row  of  moving  blades. 

As  the  gas  is  driven  at  high  pressure  upon  the  first  row  of 
moving  blades,  their  form  is  such  that  they  absorb  and  trans- 
mit a  large  percentage  of  the  power  to  the  rotor,  while  the  gas 
is  deflected  to  another  set  of  stationary  blades  which  in  tui-n 
directs  the  still  expanding  gases  upon  the  spcimd  row  of 
moving  blades,  also  attaeiied  to  the  rotor  and  iiioviii'^  in  the 
same  direction  as  the  first. 

The  catalogue  gives  the  following  principal  dimensions  for 
a  100  h.p.  turbine :  Diameter  of  rotor,  22  in. ;  weight  com- 
plete, 286  lb.;  speed  of  rotor  limited  to  12,000  r.p.m. ;  per- 
missible speed  of  driving  shaft,  4000  r.ji.m.;  mean  effective 
pressure  of  exjiloding  gas  on  rotor  vanes.  115  lb.  per  sq.  in. 

The  catalogue  of  the  company  does  nut  make  any  mention 
of  any  tests  of  the  turbine  and  does  imt  slate  whether  any 
have  been  so  far  practically  used. 


Till-;   ( 'oMiMisri'iox   iiF  ■iiii-.   IvxiiAis'i'    i  i;i)M    Lii.u  iti-Kiicii    i'lx- 
(iiM'iS,  Kiiliert  W.  I'enning 

The  iKiper  has  a  two-fold  object:  /ic.st,  to  describe  a  method 
of  constructing  exhaust-gas  charts  for  suitable  fuels  loitliiiul 
the  use  of  an  engine  and  to  set  forth  the  results  of  numerous 
experiments  relating  thereto;  and  second,  to  increase  the  evi- 
dence as  to  the  composition  of  exhaust  ga-ses,  especially  with 
reference  to  the  combustible  products  obtained  when  using 
strong  mixtures.  In  the  course  of  the  investigation  several 
exhaust-gas  charts  liave  been  prepared. 

The  author  gives  the  name  exliaust-gaS  chart  to  the  set  of 
curves  obtained  by  plotting  on  a  strength-of-mixture  base  the 
percentages  of  carbon  dioxide  (CO,),  cabon  monoxide  (CO), 
and  oxygen  (0..)  in  the  exhaust  gases,  the  strength  of  the  mix- 
ture being  expressed  as  the  ratio  of  air  to  fuel  by  weight.  The 
author  did  not  use  an  actual  engine  in  the  majority  of  his 
experiments  which  consisted  mainly  in  the  preparation  of 
mixtures  of  air  and  vaporized  fuel  in  known  proportions,  the 
explosion  of  some  of  the  mixture  in  a  small  explosion  vessel, 
and  the  complete  analysis  of  the  resulting  products  of  the 
combustion.  Exhaust  samples  were,  however,  also  taken  from 
an  engine  fitted  with  Dr.  Watson's  apparatus  for  measuring 
air  and  fuel,  and  these  samples  were  analyzed.     Comparisons 
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Fi(i.  4    Hexane  "Exhaust-Gas  Chart"  Explosion-Vessel 

Tests 

were  then  made  between  the  composition  of  the  products  of 
combustion  resulting  from  explosions  in  a  small  explosion 
vessel  and  in  an  actual  engine. 

The  fuels  used  were  hexane  (CrH„),  benzene  (C„H,,),  gaso- 
line and  commercial  benzol.  The  article  fully  describes  the 
methods  of  preparation  of  air-fuel  mixture,  explosion  of  mix- 
ture, and  analysis  of  products  of  combustion,  as  well  as  gives 
a  general  discussion  of  results.  A  sample  of  an  exhaust-gas 
chart  from  explosion  vessel  tests  on  hexane  is  given  in  Fig. 
4.  The  conclusions  from  the  experiments  above  referred  to 
arc  expressed  by  the  author  as  follows: 

a  With  volatile  fuels  there  is  but  little  difference  in  the  com- 
position of  the  products  of  combustion  resulting  from 
air-fuel  mixtures  in  a  small  explosion -x'essel  or  in  an 
engine  cylinder,  in  spite  of  the  conditions  being  so  dis- 
similar. Tn  fact,  the  agreement  between  the  CO  .  0,  and 
CO  values  in  engine  and  explosion -vessel  tests  is  so  close 
that  an  exhaust-gas  chart  prepared  from  explosion-vessel 
tests  can  be  used  to  estimate  the  strength  of  mixture  sup- 
plied to  an  engine. 
')  A  very  small  quantity,  if  any,  of  unsaluraled  or  saturated 
hydrocarbons  is  present  in  engine-exhaust  gases.  Taking 
a  particular  instance,  methane  is  almost  entirely  absent. 
(■  The  hydrogen  constituent  in  exhausts  from  strong  mixtures 
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i.s  an  impui'tiuit  itwn,  and  incivascs  in  valne  rapidly  with 
increase  in  mixture  strength. 
d  The  ratio  of  air  to  fuel  in  the  original  mixture  can  be  cal- 
culated with  a  considerable  degree  of  accuracy  from  the 
composition  of  the  exhaust  gases. 
e  The  reliability  of  Dr.  Watson's  method  and  apparatus  for 
measuring  tlie  air  and  fuel  supplied  to  an  engine  is  once 
more  demonstrated. 
Exhaust-gas  charts  such  as  described   in  this  paper  may 
prove  useful  in  engine  testing  both  for  estimating  the  mixture 
strength  and  for  determining  the  waste  of  heat  due  to  incom- 
l)lete  combustion.    Likewise  they  may  prove  useful  for  setting 
carburetors  and  thus  promoting  fuel  economy.     (The  Institu- 
tion of  Mechanieal  Engineers,  Advance  Paper  C,  read  March 
17.  1916,  .38  pi).,  9  figs.    eA.) 

Lubrication 

A   System   for   Plotting  and   Cross-Fairing   Besults   in 
Lubrication  Testing,  Professor  G.  B.  Upton 

Description  of  a  method  of  plotting  the  results  of  lubrica- 
tion testing  which  makes  possible  cross  cheeking  of  values  for 
liolli  relative  and  absolute  accnracv.     The  tests  were  made  witii 
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Tiie  much  mun:  inii)oj-taut  curve  is  .LV/''6'  which  is  the 
hicus  of  "  equilibrium  temperatures,"  or  temperatures  at 
which  a  balance  is  reached  between  the  gain  and  loss  of  heat 
due  on  the  one  side  to  the  bearing  getting  hotter,  and  on  the 
other  side  to  decrease  of  friction  as  the  temperature  rises. 
For  the  curve  ANFC  the  temperature  intercept  at  zero  fric- 
tion must  be  the  room  temperature.  The  locus  of  equilibrium 
temperatures  is  independent  of  the  curves  of  friction  vs.  tem- 
perature at  various  constant  loads  such  as  MNO,  Fig.  A.  It 
is  superimposed  upon  those  cur\-es. 

To  find  the  curve  of  equilibrium  temperatures,  two  series  of 
constant  load  runs  were  made,  the  first  series  with  loads  in- 
creasing from  one  run  to  the  next  and  the  second  series  with 
load  decreasing.  Equilibrium  is  reached  when  the  ratio  of 
friction  times  speed  to  difference  of  temperature  between  bear- 
ing and  room  becomes  constant.  The  dotted  curve  DQFF'E, 
Fig.  A,  is  the  locus  of  minima  of  the  constant  load  curve. 

The  real  criterion  of  safety  of  the  bearing  comes  from  the 
relations  of  the  constant  load  curves,  the  locus  of  equilibrium 
temperatures  and  the  locus  of  minima  of  constant  load  curves. 
If  a  constant  load  curve  cuts  the  locus  of  equilibrium  temper- 
atures wiiile  the  constant  load  curve  is  descending,  the  bear- 
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Fig.  5    Plots  of  Lubrication  Tests 


hard   bronze  bearings   in   a   Thiirst.)n    luliricati(in    testing  ma- 
chine. 

The  main  plot  is  shown  in  Fig.  5A.  Tlie  kind  and  supply 
of  lubricant  and  speed  of  shaft  were  keiif  constant  tliroughout 
a  series  of  tests,  among  whicli  t!ie  only  impressed  variable  was 
the  load  on  the  bearing.  For  eac-h  load  there  is  plolted  a  cur\e 
sucli  as  MNO.  The  curves  in  the  figure  are  lalicled  with  their 
appj-opriate  bearing  loads  in  pmuids. 

One  variety  of  cross  plotting  and  fairing  of  tiie  curves  is 
|M)ssilile  by  taking  the  values  of  the  intercepts  of  the  variou 
load  lines  on  a  \ertical  line  of  constant  temperature  such  as 
AB  or  A'B'.  The  resultant  curve  of  friction  vs.  load  at  con- 
stant temperature  has  a  small  positive  intercept  of  friction  for 
zero  load,  then  increases  about  in  proportion  to  load  until 
the  seizing  load  for  the  bearing  is  approached,  and  the  curve 
turns  abruptly  upward.  Another  cross  plot  comes  from  divid- 
ing each  friction  value  by  the  corresponding  load,  that  is. 
obtaining  the  coefficient  of  friction  and  plotting  that  against 
load  as  in  curves  AA  and  BB  in  Fig.  B,  .4.4  being  for  constant 
temperature  of  60  deg.  fahr.  and  BB  for  100  deg.  fahr.  in  the 
bearing  metal. 


ing  will  come  to  equilibrium  and  be  entirely  safe  as  it  will 
have  no  tendency  to  get  hotter.  If  the  room  temperature  be 
raised  and  the  new  equilibrium  temperature  curve  is  different, 
the  safe  loads  for  the  bearing  are  greatly  changed. 

In  chart  B,  the  bearing  temperature  constants  are,  60  deg. 
fahr.  for  curve  AA,  100  deg.  fahr.  for  eui-ve  BB.  Bearing 
warming  to  equilibrium,  room  temperature  constant  to  60  deg. 
fahr.,  curve  CC,  100  deg.  fahr,  cur\'e  DD. 

The  effect  of  the  environment  on  the  coelTicient  of  friction 
of  a  plain  bearing  has  genei-ally  received  less  attention  than 
it  should.  Tlie  curves  CC  and  DB  of  Fig.  B  have  as  their  only 
cause  of  difference  the  change  of  room  temperature  from  60 
deg.  to  100  deg.  fahr.  The  higher  room  temperature  gives  a 
lower  coefficient  of  friction  at  the  expense  of  load  carrying 
capacity.  The  author  points  out  that  a  study  of  the  curves 
of  Fig.  B  and  comparison  with  Fig.  A  wiU  show  the  unreason- 
ableness of  quoting  coefficients  of  friction  in  lubrication  or 
bearing  tests  without  the  most  complete  statement  of  all  the 
conditions  under  which  the  test  was  made.  {The  Sibley  Jour- 
nal of  Engineering,  vol.  30,  no.  6,  p.  194,  March  1916,  3  pp., 
2  figs,     et.) 
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Machine  Parts 

Special  Si'ding  Siisi'kn.skix  von  'I'rih'ks  and  Ar'j'o.Moiui.ios. 
Al.   (.'.  Kruriip 

The  article  presenls  dala  t'nmi  an  cxcciilioiial  installntiuii 
wliere  by  larger  ilexibility  and  range  of  action  of  the  spriu"- 
suspension,  an  increased  load  capacity  has  been  gained.  A 
construction  of  this  jiarticular  spring  (rear  suspension)  is 
shown  in  Fig.  6  (in  the  original  article  another  figure  is  given 
showing  the  front  suspension). 

The  rear  eml  of  eacli  leaf  spring  sn]i|iorls  tlic  tranic  ot  tlic 
vehicle  thi'ongb  the  intcirniediation  of  a  large  snpplciiinilary 
helical  spring  of  the  railroad  truck  spring  variety.  The  nui\e- 
nients  of  the  leaf  spring  as  well  as  of  the  coil  spring  are 
guided  by  means  of  a  15-in.  lever,  with  bar  and  shackle  con- 
nection, an<l  these  levers  on  opposite  sides  of  the  vehicle  are 
tied  together  with  a  cross-bar  and,  therefore,  the  eross-bar 
forms  the  pivotal  axis  for  the  turning  moxement  of  the  two 
))arallel  levers.  The  arrangement  is  such  that  one-sided  shocks 
can  be  compensated  by  the  choice  of  the  spring  dimensions, 
and  the  cross-bars  almost  equalize  the  forces  acting  upon  the 
two  helical  springs  of  a  pair  whether  they  are  at  the  ends 
of  a  eross-bar  or  closer  together.  The  supjilementary  lielical 
springs  add  to  the  flexibility  of  the  suspension.  With  the 
range  of  action  in  one  of  these  coil  springs  of  6  in.,  the  addi- 
tional  range  of  action   produced  by  the   axle  is  about  3  in. 


fig.  7  shows  the  most  inii)in'hinl  foi'ins  of  chisels  used  in 
I  he  locomotive  shops.  They  are  made  to  st(jck  oi-dcrs  in  tlie 
snntliy  and  forwarded  to  the  heat  Ircatment  room  wlieiv  llu" 
harilcning  and  t('mi)ering  is  carried  out  on  batches  of  MIty. 
Since  the  chemical  <'ipm]iosition  is  m<irc  or  less  constant,  the 
chief  \ariaut  which  causes  the  temperatures  to  be  varied 
slightly,  is  the  section.  The  chisels  are  cai-efuUy  heated  in 
the  gas  furnace  to  a  temperature  of  from  7^0  to  740  (leg.  cent. 
(i:U(i  to  130-1  (leg.  fahr.)  according  to  section,  and  then 
(luenclied  to  a  depth  of  %  in.  to  V2  ii'-  I'roni  the  pmnt,  in 
water,  after  which  the  whole  chisel  is  immci'sed  and  cooled 
off  in  a  tank  containing  linseed  oil.  This  is  followed  by  tem- 
()ering  in  an  oil  bath.  {The  I iistilidinii  ,if  Mfihitiiiiiil  Rngi- 
npcrs,  A(l\anc('  Paper  T)  read  on    February  18,  lilUi,  dp.) 

Measuring  Apparatus 

DVNAJIOAIKTEJ!     I''0l;     UKTIOrUlI  NIN(i     Holt.SKPOVVRB    OF    TrACTOBS 

To  determine  the  hoi'sepower  delivered  at  the  drawbar  of 
a  tractor  it  is  necessary  to  take  into  consideration  three  fac- 
tors, namely,  pull,  distance  and  time.  The  ordinary  com- 
mercial dynamometer  records  only  the  element  of  pull, 
which  makes  it  difficult  to  obtain  a  net  result  in  terms  of 
horseiiower  owing  to  the  liability  of  error  in  measuring  the 
distance  and  elapsed  time.  Another  difficulty  with  record- 
ing   spring   dynamometers   is   that    the   recording   mechanism 
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if  the  action  is  at  the  middle  of  the  leaf  spring,  but  the  sliglit 
angularity  of  the  whole  spring  movement,  especially  in  front, 
modifiies  this  relation  only  a  trifle. 

If  plain  leaf  springs  of  a  flexibility  corresponding  to  that 
of  the  suspension  described  were  used,  the  results,  as  far  as 
undesirable  large  movements  are  concerned,  would  be  accept- 
able. One  factor  to  which  the  writer  calls  particular  attention 
is  that  the  arrangement  by  which  the  guide  levers  enter  be- 
tween the  two  sprmg  elements  on  one  side  in  such  a  manner 
that  the  comjiression  of  both  leaf  and  coil  springs  on  one  side 
causes  only  tlie  compression  of  the  coil  spi'ing  on  the  other 
side  but  not  that  of  the  leaf  spring;  on  the  contrary,  it  tends 
to  extend  the  latter.  (Results  from  a  Special  Spring  Sus- 
pension Developed  for  Brewery  Trucks  and  Applicable  to 
Automobiles,  Marius  C.  Krarup,  The  Automobile,  vol.  'M.  no. 
11,  p.  49:i,  March  l(i,  1916,  5  pp.,  3  figs,     dc.) 

Machine  Shop 

("hisei.s,  Henry  Fowler 

Discussion  of  the  metal  used  for  cliisels  and  standardization 
of  their  shapes. 

In  the  Chief  Mechanical  Engineers  department  of  the  Mid- 
land Railway  (England),  after  considerable  experiment,  it 
was  decided  to  order  chisel  steel  to  the  following  specifications: 
"carbon,  0.75  to  0.85  per  cent,  the  otlici-  constituents  behig 
normal"  (manganese,  0.30,  silicon,  0.10,  siilphui-,  0.025,  phos- 
photdiis,  0.025  i>er  cent). 


must  be  mounted  directly  on  tli(>  dynamometer.  The  dyna- 
mometer is  then  subjected  to  very  severe  usage  wliich  inter- 
feres with  the  accuracy  of  the  recording  meclianism  and 
sometimes  ]3uts  it  out  of  commission  entirely. 

To  overcome  these  difficulties,  the  Hyatt  Roller  Bearing 
('().  has  developed  a  special  recording  dynamometer  for  trac- 
tion engine  testing.  It  consists  primarily  of  an  hydraulic 
pressure  unit  which  is  hitched  between  the  tractor  and  the 
load  being  pulled,  and  a  recording  jjressure  gage  connected 
to  the  hydrostatic  unit  by  means  of  a  flexible  tuhe.  The  dial 
of  the  recording  gage  is  driven  by  a  gear  reduction  connected 
by  means  of  a  siieedometer  shaft  to  a  trailer  wheel  which 
runs  on  the  ground.  To  obtain  the  elapsed  time  an  accurate 
clock  is  provided  having  a  recording  arm  which  checks  the 
time  intervals  on  the  margin  of  the  pressure  gage  chart. 
Hence  the  three  factors  for  obtaining  the  delivered  horse- 
power are  all  automatically  recorded  on  one  chart  so  that  it 
is  unnecessary  to  take  any  measurements  as  to  the  distance 
or  observations  as  to  the  elapsed  time. 

The  article  contains  an  illustration  showing  the  dynamom- 
eter set  up  for  testing  a  tractor  jpIow.  The  illustration  in 
Fig.  8  shows  the  chart  aliout  one-third  completed.  The 
broad  wavy  line  on  the  chart  represents  the  di'awbar  pull 
which  is  recorded  by  the  pressure  gage  arm  nearest  the  cen- 
ter of  the  dial.  The  narrow  jagged  line  on  the  margin  of 
the  chart  represents  the  time  which  is  recorded  by  the  clock 
aim   OH    till'    r-iglit    side   of   the   dial.      The   capacity   of   draw- 
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l);ir  pull  was  2500  lb.,  aiui  the  diiil  geared  to  revolve  once  for 
1000  ft.  of  travel.  The  average  drawbar  pull  of  the  chart 
shown   is   1130    11).,  the   total    distance   traveled    1600   ft.   and 

1  he  clai)sed .  time  12  minutes.  The  net  drawbar  horsepower 
delivered  is,  therefore,  4.()  li.]).  (How  Many  Pounds  Will  the 
'i'ractor  Pull?  (hif^  Power,  vol.  13,  no.  10,  p.  50,  April  19]fi, 

2  pp.,  2  figs,     d.) 

Railway  Engineering 

The  Empty  and  Load  Fiikihiit  Brake,  Walter  V.   Turner 

The  author  points  out  tliat  in  America  vast  exjsenditures 
liave  beeu  made  for  grad(^  and  curve  reduction,  heavier  motive 
power,  heavier  rails,  better  road-beds,  etc.,  all  with  the  idea 
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Vu..  7  Chisels:  A,  Heavy  LSkass  Work;  B,  Heavy  Iron 
and  Steel  Castings;  C,  Cylinder  Repairs  (Right 
Hand)  ;  D,  Side  Tool  (Right  Hand)  ;  E,  Square  Nose; 
F,  Diamond  Point  for  Jagging  ;  G,  Long  Cross  Cut  ; 
H,  Round  Nose;  I,  Gouge  Tool;  J,  Metal  Tool 

of  increasing  the  volume  of  traffic  and  of  reducing  operating 
expenses  by  running  more  trains  composed  of  a  greater  num- 
ber of  heavier  cars.  But  that  end  is  not  yet  atrained,  be- 
cause of  the  frequent  damage  to  long  trains  even  in  level  dis- 
tricts due  to  slack  action,  which  is  in  turn  due  to  the  fact 
that  the  retardation  is  not  uniform  between  the  empty  and 
the  loaded  cars  of  the  train.  The  same  conditions  tend  to 
restrict  lengths  of  trains  in  hilly  districts,  as  safety  in  de- 
scending grades  is  the  limiting  condition  of  traffic. 

The  secret  of  the  elimination  of  slack  action  lies  in  uniform 
retardation  on  all  cars,  empty  oi-  lij.-ided,  in   the  train.     Gtlier 


lliings  being  ('(lual,  the  retardation  set  up  is  proportional  to 
the  braking  ratio,  and  the  problem  is  by  no  means  solved  by 
increasing  the  hraking  i-alio  on  the  empty  i-ai',  s;iii-e  doing 
so  increases  the  hraking  ratio  above  l."")  per  ceni  when  the 
car  is  loaded. 

The  i)a])er  presents  an  interesting  discussion  nt'  the  matter 
of  elastic  impact  between  two  cars.  The  empty  and  load 
brake  as  designed  for  freight  service,  has  two  di.-:tinct  brak- 
ing forces  due  to  the  operation  of  one  or  of  two  brake  cylin- 
ders during  brake  applications.  The  full  sei-vice  braking 
force  obtained  with  the  one  cylinder  is  60  jier  cent  of  the 
empty  weight  of  the  ear  and  is  used  with  the  empty  or  par- 
tially loaded  car,  but  when  the  car  is  loaded  beyond  a  cer- 
tain point  the  second  brake  cylinder  is  cut  into  action  to 
assist  the  first.  Starting  with  60  per  cent  braking  ratio  for 
the  empty  ear,  the  braking  ratio  for  the  fully  loaded  car 
drops  to  15  per  cent  when  the  loaded  weight  is  four  times 
the  empty  weight  of  the  car,  as  in  the  case  of  the  new  180,000 
11).  cai)aeity  hopper  cars  for  the  Pennsylvania  R.  R.,  weigh- 
ing 60,000  lb.  empty. 

The    lower   braking   ratio   for  freight   service   is   especially 
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desirable  also  frnm  iniother  ]ioint  of  view  besides  the  one  of 
having  empty  and  loaded  cars  braked  uniformly  wlicn  t he- 
same  cylinder  i)ressure  obtains  on  each.  The  greater  sat'cly, 
control  eajiacity  and  economy  jjossible  by  the  use  of  I  lie 
em|)t,v  and  load  brake  equipment  is  illustrated  by  the  fact 
that  when  i\w.  same  l)rake  pipe  reduction  was  made  with  ;i 
90-car  train  having  30  empty  and  load  brake  equipments  on 
the  head  end  and  also  with  i\  90-car  train  of  single  capacity 
brake  e(|uipment,  both  on  a  tangent  of  IVa  per  cent  grade 
and  at  a  speed  of  about  21  miles  per  hour,  the  train  with  the 
empty  and  load  equipment  on  the  first  30  cars  v/as  stalled, 
whereas  the  sjieed  of  the  other  train  was  only  reduced  to 
about  eight  miles  i)er  hour. 

The  results  demonstrated  the  advantages  of  the  empty  and 
load  equipment,  compared  to  the  single  capacity  brake  equip- 
ment in  permitting  the  handling  of  a  similar  tonnage  with 
greater  economy,  safety  and  reserve  capacity  or  for  increas- 
ing the  capacitj'  of  the  road  by  increasing  the  amount  of  ton- 
nage which  can  be  handled  down  the  grade  with  the  same 
degree  of  safety  and  economy  heretofore  possible. 

The  average  brake  pipe  reduction  required  to  control  the 
90-car  train  with  30  empty  and  load  brake  cars  on  the  head 
end  was  only  half  as  great  as  with  the  90-car  train  of  all 
single  capacity  brakes.  The  single  capacity  brake  train 
could  not  be  recharged  as  promptly  or  as  uniformly  as  the 
other,  because  100  ])er  cent  heavier  brake  pipe  reductions  liad 
til   lie  nuide.      In   consequence  of  tliis  the  speed  of  the  single 
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capacity  brake  train  down  the  grade  was  more  uneven  and  the 
brake  pipe  pressure  restored  at  the  rear  end  during  the  suc- 
cessive recharging  periods  while  descending  the  grade  steadily 
decreased. 

The  average  speed  on  the  grade  was  about  IG^  miles  per 
hour  for  the  train  without  empty  and  load  brakes  and  about 
19  miles  per  hour  for  the  train  having  30  empty  and  load 
equipments.  This,  considered  in  connection  with  the  lower 
average  brake  pipe  reductions  made,  when  handling  the 
empty  and  load  brake  train,  shows  that  a  higher  speed,  and 
therefore  g'reater  capacity  of  load,  can  be  secured  and  at  the 
same  time  a  greater  factor  of  safety  in  operation  nfforded  by 
the  use  of  the  empty  and  load  brake  equipment.  Further- 
more the  speed  of  the  train  without  empty  and  load  brakes 
varied  between  a  minimum  of  8  miles  per  hour  and  a  maxi- 
mum of  21  miles  per  hour,  indicating  (also  when  consid- 
ered in  connection  with  the  brake  pipe  reductions  required 
and  the  impossibility  of  fully  recharging  between  reduc- 
tions) that  the  brakes  on  this  train  were  being  taxed  to  their 
ultimate  capacity.  The  speed  of  the  train  having  30  empty 
and  load  equipments  varied  between  a  minimum  of  15  miles 
per  hour  and  a  maximum  of  24  miles  per  hour,  an  overall 
variation  of  only  9  miles  per  hour  instead  of  13  miles  per 
hour  with  the  other  train. 

Just  preceding  the  final  application  at  the  foot  of  tlie 
grade  with  the  train  having  aU  single  capacity  brakes,  the 
brake  pipe  pressure  was  only  78  lb.  instead  of  91  lb.,  as  it 
was  to  start  with.  With  the  similar  train  having  30  empty 
and  load  equipments  on  the  head  end,  the  brake  pipe  pres- 
sure preceding  each  successive  application  was  maintained  at 
93  lb.,  no  difference  being  noticed  between  the  recharged 
pressure  previous  to  the  first  application  and  that  just  Ijefore 
the  stop  at  the  foot  of  the  grade. 

With  both  the  90  and  100-car  trains  having  empty  and 
load  equipments,  there  was  an  average  reserve  braking  force 
available  at  all  times  during  the  descent  of  the  grade,  such 
that  at  any  time  the  forces  being  employed  might  have  been 
increased  from  35  to  55  per  cent,  as  occasion  demanded.  On 
the  other  hand,  the  train  without  empty  and  load  equipment 
was  being  taxed  to  its  capacity  throughout  the  descent  of  the 
grade. 

The  following  comparison  of  brake  valve  manipulation 
illustrates  the  additional  capacity  and  economy  of  the  empty 
and  load  brake  equipment  from  the  standpoint  of  brake 
manipulation  alone: 

Applica-         Full 

No.  Cars  (all  Kind  of      tion  and  Release  Running 

loaded)  in  Train         Eqpt.         Lap  Pos.  Position  Position 

90 90  KD         63  See.         65  Sec.  32  Sec. 

NoE.  &L.         (39%)         (41%)  (20%) 

90 60  KD         44  Sec.         37  Sec.  71  Sec. 

30E.  &L.         (29%)         (24%)  (47%) 
(     )  =  Percentage  of  total  time  of  descent. 

The  longer  time  spent  in  application  and  lap  position  with 
the  train  not  having  empty  and  load  equipment,  indicates 
the  longer  time  the  brakes  had  to  be  held  applied  in  order 
to  get  the  train  under  control. 

The  longer  time  in  release  position  shows  the  increased 
difficulty  of  recharging  the  train  not  having  empty  and  load 
brakes,  due  to  the  greater  depletion  of  the  system  by  the 
severe  reductions  made.  This  also  necessarily  involves  more 
unavoidable  overcharging  at  the  head  end  of  such  a  train. 

The  fact  that  more  than  twice  as  long  a  time  was  spent 
in  limning  position  with  the  empty  and  load  train  than  was 


possible  with  the  other  train  shows  the  increased  braking  re- 
serve in  the  greater  time  available  in  which  to  fully  and 
uniformly  recharge  the  entire  system. 

From  the  foregoing  it  follows  that  the  train  with  empty 
and  load  equipments  was  much  more  economical  in  the  use 
of  compressed  air.  (Proceedings,  St.  Louis  Railway  Club, 
vol.  20,  no.  10,  p.  221,  February  11,  1916,  60  pp.,  16  figs. 
deA.) 

Steam  Engineering; 

Steam  Turbine  Blade  Fastenings,  Jas.  A.  Capstaff 

Data  of  tests  of  the  comparative  strength  of  Vickers-Fer- 
ranti,  Brown-Boveri,  and  Lovekin  methods  of  turbine  blade 
fastening. 

The  various  types  of  blades  tested  are  shown  in  Fig.  0.     In 
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Vickers-Fereanti,  Lovekin,  and  Brow^n-Boveri  Tur- 
bine Blade  Fastenings 


all  cases  the  blades  were  of  mild  steel  of  the  same  dimensions 
and  the  caulking  strips  were  of  brass.  The  same  distance 
pieces  and  holder  stops  were  used.  The  holders  were  similar, 
the  only  difference  being  the  method  of  securing  the  blades. 

In  the  Vickers-Ferranti  test,  a  load  of  10,700  lb.  was  re- 
quired to  pull  the  blade  out  of  the  holder.  In  the  Lovekin  and 
Brown-Boveri  tests,  loads  of  17,300  and  11,100  lb.,  respec- 
tively, were  required  to  produce  the  same  result,  which  shows 
that  the  Lovekin  blade  fastening  is  61.5  per  cent  stronger 
than  the  Ferranti  method,  and  56  per  cent  stronger  than  the 
Brown-Boveri  method. 

The  writer  also  made  up  a  test  piece  of  the  Lovekin  method 
applied  to  a  250-B  standard  Parsons  blade  which  withstood  a 
load  of  1900  lb.,  thus  proving  that  the  Lovekin  method  is  52 
per  cent  stronger  than  the  Parsons. 

Brass    expands    more    than    steel    or    iron ;    therefore,    any 
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method  of  blading,  where  brass  is  used,  that  has  the  distance  3.  Alignment  chart  tor  design  of  flat  circular  plate  sup- 
pieces  caulked  tightly  into  gi-ooves  or  projections  in  the  ad-  ported  at  edge  with  total  load  uniformly  distributed  on  a  eon- 
joining  blades,  must  form  a  continuous  ring  of  brass  within  centric,  circular  area. 

the  groove  on  the  steel  rotor  or  the  iron  casing.    If,  however,  4.  Alignment  chart  for  design  of  flat  rectangular  plates  uni- 

the  groove  is  completely  filled  and  heat  applied,  the  brass  ring  formly  loaded  and  either  supported  or  fixed  at  the  edges, 

must  expand,  and  inasmuch  as  there  is  no  room  left  between  5.  Alignment  chart   for   design   of  flat  rectangular  plates 

the  blades  and  distance  pieces  for  expansion,  the  compression  uniformly  loaded,  fixed  along  shorter  edges,  supported  along 

of  the  metal  must  necessai'ily  force  the  blading  outward  and  longer  edges. 

thereby  reduce  the  clearance  between  the  blade  tips  and  the  Capacity  of  Faxs  with  Tapering  Plaxe  Blades.     The 

rotor  casing.     This  is  likel}-  to  cause  blade  stripping,  or,  at  Horseless  Age,  vol.  37,  no.  7,  April  1,  1916. 

least,  rubbing.  Data  on  Weight  and  Cost  of  Metal  in  Bridge  Struc- 

The  Lovekin  method  avoids  this  trouble,  as  the  space  left  tures. 

between  the  blades  and  distance  pieces  is  ample  for  the  in-  Fig.  1.     Weight  of  Double-Track,  Through,  Pin-connected, 

creased  expansion.    It  further  permits  of  a  uniform  spacing  Petittruss  Spans  of  Carbon  Steel  and  Nickel  Steel. 

and  absolute  radial  aUnement  of  blades  around  the  entire  cir-  Fig.  2.    Weights  of  Double-Track,  Through,  Pin-connected, 

cumference  and  avoids  large  gaps  or  openings  between  the  Cantilever  Bridges  of  Carbon  Steel  and  Nickel  Steel, 

final  blades.     (Journal  of  the  American  Society  of  Naval  En-  Figs.  3  and  4.    Comparative  Costs  of  Double-track,  Through, 

gineers,  vol.  28,  no.  1,  p.  55,  Februarj'  1916,  6  pp.,  12  figs.  Riveted,  Pratt-truss  Spans  of  Carbon  Steel  and  Mixed  Nickel 

edc.)  and  Carbon  Steels. 

^^    „     ^     ^^             ^                     , ,                              .  Figs.  5  and  6.    Comparative  costs  of  Double-track,  Through, 

U.   S.   S.   Nevada  Propelling   JIachixeey   and   Auxiliary  „.               ^  j    ^     i.-,         -r,    z         n  r^    ^       cj.    ,       j  m-     > 

^                    ^ .                 ^          ,  ^    „       ^,   „   .^  Pm-eonnected,  Cantilever  Bridges  of  Carbon  Steel  and  Mixed 

Equipment,  laeutenant  Ormond  L.  Cox,  U.  S.  N.  x--  i    i       j  />.    u       ox    i 

'  Nickel  and  Carbon  Steels. 

Description  and  trials  of  the  U.  S.  S.  Nevada,  a  sister  ship  Fig.   7.     Probable   Weights   of  Very-long-span    Cantilever 

of  the  Oklahoma.     The  article  gives  a  general  description  of  Bridges  of  Carbon  Steel  and  Nickel  Steel, 

the  hull,  batteries,  and  propelling  machinery  with  its  auxiliary  Fig.  8.    Weight  of  Metal  Per  Lineal  Meter  of  Simple-span, 

mechanical  equipment.     Only  some  features  of  its  machinery  Double-track  Bridge, 

are  reported  in  this  abstract.  Fig.  9.    Weight  of  Metal  Per  Lineal  Meter  of  Double-track 

Ail  blades  and  distance  pieces  of  the  turbines  are  of  roUed  Cantilever  Bridge. 

Lrass  dove-taUed  into  grooves  in  the  periphery  of  the  wheels  Fig.  10.     Cost  of  Metal  Per  Lineal  Meter  for  Simple-span, 

and  drums.    Intermediate  blades  are  made  of  the  same  mate-  Double-track  Bridge. 

rial  and  secured  in   the  same  manner  to  the   holders.  '  The  Fig.  11.     Cost  of  Metal  Per  Lineal  Meter  for  Cantilever 

shrouding  is  of  rolled  brass.  Double-track  Bridge. 

The  forced  lubrication  installation  in  each  forward  engine  Fig.  12.     Total  Weight  of  Metal  Per  Lineal  Foot  of  Span 

room  consists  of  two  forced  lubrication  pumps,  one  oil-cooler  for  Double-track.   Simple-span  Bridges  of  Carbon   Steel  and 

circulating  pump,  one  250  gal.   drain   tank,  one  oil-settling  Alloy  Steels  of  Different  Elastic  Limits. 

tank  fitted  wdth  steam  coils,  and  one  1000  gal.  oil-storage  tank  Fig.  13.     Total  Weight  of  Metal  Per  Lineal  Foot  of  Span 

with  necessary  piping  and   fittings.     Cooling  water  for  the  for   Double-track,   Cantilever  Bridges  of   Carbon    Steel   and 

oil-cooler  is  supplied  by  the  oil  cooler  circulating  water  pump  AUoy  Steels  of  Different  Elastic  Limits. 

or  by  a  cross  connection  from  the  water  service.    The  follow-  Fig.  14.     Comparative  Costs  of  Double-track,  Simple-span 
mg  data  are  given  for  one  oil  cooler:  Railway  Bridges  of  Carbon  Steel  and  Mixed  Alloy  and  Car- 
Type Reilly,  vertical,  multicoil  bon  Steels  for  E-80,000  lbs. 

Number  of  passes  of  oil 3  Fig.  15.     Comparative   Costs  of  Double-track,   Cantilever 

Diameter,  inside,  in 40  RaUway  Bridges  of  Carbon  Steel  and  :Mised  AUov  and  Car- 
Length  overall,  ft.  and  in 4-10 

Coils,  number  36  ^           '    .       ^           „  ^     , ,          ,     ^ . 

"      diameter,  outside   in 1  ^^S-  1^.     Comparative  Costs  of  Double-track,  Simple-span 

"      thickness,  inch  0.065  Railway  Bridges  of  Carbon  Steel  and  Mixed  Alloy  and  Cer- 

"      cooling  surface,  sq.  ft 221.4  bon  Steels,  Contrasting  Vanadium  and  Nickel  Steels. 

Diameter,  inlet  and  outlet,  water,  in 03  p-^    -^rj      Comparative   Costs   of  Double-track,   CantUever 

(Journal  of  the  American  Sodety'^f  NaialE^iHeers,'yol.  R^il^^y  Bridges  of  Carbon  Steel  and  Mixed  AUoy  and  Cer- 

28.  no.  1,  p.  20.  February  1916,  35  pp.,  8  figs,    d.)  ^on  Steels,  Contrasting  Vanadium  and  Nickel  Steels. 

The  Polytechnic,  vol.  32,  no.  6,  March  1,  1916. 

CHARTS  Flow  of  Steam  in  Pipes,  W.  L.  Durand,  Power,  vol.  43,  no. 

Cone-Pulley  Speed  Table.     American  Machinist,  vol.  44,  10,  March  7,  1916. 

no.  9,  March  2, 1916,  1/2  p.  Chart:     Curves  by  which  if  any  three  variables  are  known 

Graphical   Determination    of    Particulars   for    Spiral  the  fourth  can  be  found. 

Springs,  Arthur  Hoare,  Marine  Engineering,  vol.  21,  no.  3,  Allis-Chalmers  Centrifugal  Pumps.    Practical  Engineer^ 

March  1916,  2  pp.,  2  figs.  vol.  20,  no.  8,  April  15,  1916. 

Alignment  Charts  for  Design  of  Flat  Plates-1.  Axel  K.  Churts :    Lengths  of  pipe  subtending  angles.  Section  1. 

Pedersen,  American  Machinist,  vol.  44.  no.  9,  March  2.  1916,  Efflciencies  and  savings  of  various   thicknesses   of  85   per 

6%  pp.  '■^'1*'  magnesia  covering — McMillan. 

1.  Alignment  chart  for  design  of  flat  elliptical  plates,  uni-  Lengths  of  pipe  subtending  angles.  Section  3. 
formly  loaded  and  either  supported  or  fixed  at  the  edge.  Diagram  for  calculating  offset  pipe  bends. 

2.  Alignment  chart  for  design  of  flat  elliptical  plates  sup-  Lengths  of  pipe  subtending  angles.  Section  2. 

ported  at  the  edge  and  loaded  with  a  concentrated  load  at  the  Net  savings  at  various  thicknesses  of  85  per  cent  magnesia 

eenter.  covering  for  steam  at  $0.10  and  $0.20  per  1000  lb.— McMillan. 
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INDUSTRIAL  PREPAREDNESS 

Discussion  on  Organizing  for  Industrial  Preparedness  Given  at  the  Spring  Meeting  in 
New  Orleans  by  Engineers  from  all  Sections  of  the  Country 


THE  paper  entitled  Organizing  for  Industrial  Prepared- 
ness, presented  at  the  opening  session  of  the  Spring 
Meeting  held  in  New  Orleans,  April  11  to  14,  by  Spencer 
Miller,  Member  of  the  Council  and  one  of  the  Society's  two 
representatives  on  the  U.  S.  Naval  Consulting  Board,  was 
placed  in  the  hands  of  the 
hands  of  the  membership  in 
advance  of  the  meeting;  and 
for  purposes  of  reference  the 
introduction,  which  was  print- 
ed in  the  inside  cover  of  the 
paper  as  issued  in  pamphlet 
form  and  which  is  really  a 
synopsis  of  the  paper,  is  here 
reproduced.  This  introduction 
will  serve  to  call  to  mind  cir- 
cumstances leading  to  the  pres- 
entation of  the  paper,  as  well 
as  repeat  the  interrogations 
put  for  the  purpose  of  bring- 
ing out  suggestions  along  lines 
of  vital  import  in  the  matter 
of  Industrial  Preparedness. 
The  discussion  follows  this  in- 
troduction. 


INTRODUCTION 


A  REMARKABLE  RESPONSE 

The  discussion  here  published  represents  the  re- 
markable result  of  opening  a  meeting  of  the  Society 
to  a  discussion  of  Industrial  Preparedness. 

The  presentation  of  Mr.  Spencer  Miller's  paper  at 
the  Spring  Meeting  brought  forth  an  unprecedented 
volume  of  discussion,  the  nature  of  which  is  indica- 
tive of  the  spirit  among  the  membership  of  the  re- 
sponse to  the  request  of  President  Wilson  for  our 
cooperation  in  the  patriotic  work  of  Organizing  for 
Industrial  Preparedness. 

Participation  in  this  movement  is  the  finest  oppor- 
tunity the  Society  has  ever  been  accorded  of  directly 
serving  our  country,  and  it  is  a  matter  of  gratifica- 
tion that  our  membership  has  responded  to  this  op- 
portunity universally. 


The  engineer  is  active  nowa- 
days in  army  and  navy  affairs, 

as  witnessed  by  the  appointment  of  the  U.  S.  Naval  Con- 
sulting Board,  the  nomination  of  representatives  for  the  In- 
dustrial Census,  the  movement  for  an  Engineer  Reserve  Corps 
and  the  notable  lectures  on  Military  Engineering  which  are 
being  given  to  the  engineers  of  New  York  and  vicinity. 

In  recognition  of  this  trend  in  the  engineering  profession, 
the  author  raises  the  question  for  discussion  of  how  the  engi- 
neer may  best  serve  his  country  as  a  result  of  the  call  by  the 
Government  for  cooperation  in  organizing  for  preparedness. 
a  movement  which  is  largely  dependent  on  engineering. 

The  tirst  step  in  this  direction  was  the  invitation  from 
Secretary  Daniels  of  the  U.  S.  Navy  to  The  American  Society 
of  Mechanical  Engineers  and  ten  other  organizations,  to  form 
a  Naval  Consulting  Board  to  be  headed  by  Thomas  A.  Edison, 
Hon.Mem.Am.Soc.M.E.  This  board  resolved  itself  into  com- 
mittees, one  of  which,  the  Committee  on  Production,  has  as 
its  Chairman  Howard  E.  Cofiin,  Mem.Am.Soe.M.E.,  who  form- 
ulated a  plan  for  organizing  the  industries  for  preparedness. 
This  led  the  President  of  the  United  States  to  invite  this  So- 
ciety and  four  others  to  nominate  a  representative  in  each 
state  to  assist  the  Naval  Consulting  Board  in  "  collecting 
data  for  use  in  organizing  the  manufacturing  resources  of  the 
country  for  the  public  service  in  the  case  of  emergency."  Its 
immediate  work  will  be  to  make  an  inventory  of  the  facts 
necessary  to  be  known  to  the  army  and  navy  relating  to  the 
resources  of  the  nation  for  the  supply  of  munitions  of  war  in 
the  case  of  an  emergency  or  a  national  calamity. 


The  author  shows  that  with  the  facts  of  this  census  prop- 
erly collated  we  shall  learn  where  we  are  weak  and  where 
strong.  Not  only  will  it  be  known  where  munitions,  which 
include  supplies  of  all  kinds,  can  be  obtained,  but  how  rapidly 
they  can  be  produced;  to  what  extent  America  is  independent 

of  foreign  countries  for  raw 
materials  and  manufactured 
products;  for  what  kinds  of 
munitions  we  have  ample 
manufacturing  facilities,  and 
wherein  we  must  provide 
means  for  making  up  the  defi- 
ciency. 

These  and  other  questions 
are  suggested  by  the  author, 
and  it  is  hoped  that  by  way  of 
discussion  the  membership  will 
present  other  aspects  of  the 
situation  which  will  have  a 
helpful  bearing  on  the  problem 
of  how  the  engineer  may  best 
serve  his  country. 

Among  the  topics  which  sug- 
gest themselves  are  the  follow- 
ing: 

How    can   mechanical    engi- 
neers consolidate  their  efforts 
in  a  way  to  oversee  effectively 
the  manufacture  of  munitions? 
Should  there  be  modification 
of  standards   for   arms   and   ammunition   to   facilitate   their 
manufacture? 

What  part  should  tools,  gages,  jigs  and  machine  tools  play 
in  Industrial  Preparedness? 

What  part  should  the  textile  schools  take  in  the  training  of 
men  for  responsible  positions  in  munitions  manufacture,  and 
in  the  testing  of  materials? 

What  should  be  done  in  the  way  of  storing  materials — 
nitrate  and  tungsten,  for  example — against  a  time  of  need? 

Inasmuch  as  this  paper  is  to  be  presented  at  the  New  Or- 
leans meeting,  there  are  certain  questions  relating  to  southern 
industry  which  may  profitably  be  discussed.  The  resources 
of  the  South  might  supply  the  country  with  many  materials 
needed  during  a  period  of  curtailment  of  commerce  with  other 
nations.  For  example,  products,  and  especially  by-products, 
to  be  derived  in  manufactures  of  wood;  in  the  production  of 
sugar,  cotton  oil  and  molasses;  and  in  the  petroleum  and 
chemical  industries,  especially  with  reference  to  crude  oil, 
gasoline  and  sulphur. 

DISCUSSION 

In  the  main,  the  discussion  resolved  itself  into  two  parts: 
What  constructive  means  we  should  employ  in  this  country 
in  the  solution  of  the  problem  of  Industrial  Preparedness, 
and  what  corrective  steps  we  should  take  to  prevent  any  pos- 
sible  repetition   here   of   the   conditions   encountered   at   the 
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outset  by  some  of  the  nations  now  in  conflict  in  Europe.  As 
constructive  measures,  mauy  valuable  suggestions  were  offered, 
such  as  extending  the  idea  of  the  census  of  industries  now 
being  made  to  embrace  a  "  census  of  men,"  establishing  gov- 
ernment and  civil  organizations  to  control  and  direct  the 
manufacture  and  output  of  munitions,  inaugurating  plans 
whereby  all  manufacturing  concerns  should  become  practised 
in  munitions  manufacture  by  executing  small  orders  for  such 
material  annually,  etc.  Corrective  suggestions  were  made  by 
many  having  personal  experience  in  munitions  manufacture 
for  foreign  governments  at  the  present  time,  and  included 
several  plans  for  minimizing  the  delay  hitherto  inherent  to 
munitions  production  on  account  of  lack  of  materials  speci- 
fied, inability  to  procure  gages,  inadaptability  of  existing 
tools  for  munitions  work,  etc. 

Discussions  advocating  constructive  measures  were  as  a  rule 
general  in  character;  these  are  grouped  as  far  as  possible 
below,  and  precede  those  suggesting  corrective  measures  which 
were  usually  confined  to  particular  instances  and  examples. 


ADVOCATES  UNIVERSAL  PEEPAEEDNESS.   SAYS  WE  NEED  COERE- 
LATION  OP  EDUCATION  AND  VOCATION 

Frank  B.  Gilbreth.  This  problem  of  preparedness  is  not 
one  of  merely  preparing  for  war;  it  is  also  one  of  preparing 
for  efficient  living  at  any  time.  It  is  a  problem  of  obtaining 
a  greater  general  education,  and  a  greater  indiodual  education 
in  the  same  learning  period.  It  is  a  problem  of  national  elimi- 
nation of  unnecessary  waste,  of  adequate  general  and  individual 
effort  toward  utilization  and  conservation  of  our  great  re- 
sources. The  problem  comes  to  us  as  apparently  original  and 
unusually  interesting  to-day  because  of  the  war  spirit  pervad- 
ing the  world,  and  because  of  the  glaring  need  for  efficiency 
in  wai-  times.  The  problem  existed  long  before  the  war  com- 
menced, and  the  results  of  the  study  of  the  problem  will  be 
equally  useful  and  usable  whether  we  engage  in  war  or  not. 
The  experience  of  all  Europe,  the  successes  and  failures  everj'- 
where,  demonstrate  that  preparedness  in  its  broadest  sense 
means  a  general  spirit  of  being  ready,  rather  than  a  particular 
state  of  being  ready  for  uar.  Just  as  in  education  it  is  psycho- 
logically sound  to  develop  general  abilities  to  a  certain  extent 
in  order  that  special  abilities  may  later  reach  their  greatest 
height,  so  in  preparedness  it  is  most  efficient  to  develop  gen- 
eral preparedness  in  order  that  special  preparedness  for  an 
emergency  may  be  most  quickly  and  satisfactorily  developed. 

This  national  preparedness  divides  itself,  then,  into  two 
lines: 

1  Preparedness  of  material  things,  that  is,  surroundings, 
living  conditions,  all  of  the  material  objects  with  which  we  deal. 

2  Preparedness  of  people,  as  individuals,  and  as  constituting 
society. 

We  must  remember  that  in  both  these  lines  of  preparation 
our  problem  here  in  the  United  States  is  an  extremely  compli- 
cated one  in  that  our  form  of  government,  with  all  its  advan- 
tages, lacks  seriously,  in  many  places,  correlation  of  activities 
and  a  permanent  centralized  department  for  the  planning  and 
development  of  definite  lines  of  national  progress.  This  per- 
haps unavoidable  lack,  we  must  supply  through  a  uniform  and 
universal  realization  of  what  preparedness  means  and  what  it 
is  for. 

Much  has  been  said  already  of  a  proper  inventory  of  our 
individual  equipment  and  resources,  and  a  standardization  of 
jigs,  fixtures,  templates  and  equipment  of  our  factories  and 


plants.  1  endorse  the  idea  now  put  forward  that  this  Society 
should  be  proposed  as  a  nucleus  of  a  permanent  body  to  en- 
courage and  lead  the  way  in  such  standardization.  We  must 
remember  that  such  an  inventory  must  include  information  as 
to  our  naval  stations,  founded  upon  measured  data  and  recom- 
mendations of  our  naval  officers,  so  that  we  shall  judge  the 
value  of  the  location  of  our  naval  bases  from  the  standpoint 
of  their  usefulness. 

Let  us  at  once  apply  measurement  and  standardization  to 
all  problems  of  material  preparedness  so  that  each  one  can  do 
his  own  work  witli  all  the  might  that  is  in  him,  knowing  that 
the  finished  products  are  bound  to  be  what  is  required. 

Efficient  preparedness  is  not  preparedness  of  the  regular 
army  and  navy  alone,  or  of  the  men  available  for  military 
service  alone.  Nor  is  it  the  building  of  ships  and  forts  only. 
It  is  preparedness  of  every  man,  woman  and  child  in  the 
country.  Such  preparedness  demands,  first,  beginning  the 
preparation  at  the  earliest  age  available.  Abroad  children  are 
trained  to  spend  much  time  out  of  doors,  and  in  out  of  door 
activity.  Erect  carriage  in  one  country  is  secured  at  an  early 
age  by  having  the  school  child  carry  his  books  in  a  specially 
constructed  bag,  resembling  a  knapsack,  on  his  back.  Endur- 
ance is  secured  by  out  of  door  walks  and  contests.  Powers  of 
observation  are  sharpened  through  the  availability,  cheapness 
and  general  use  of  good  field  glasses  and  other  stereoscopic 
optical  devices.  Thrift  is  installed  through  its  practice  in  the 
homes,  even  to  the  general  custom  of  serving  of  small  portions 
at  the  table  with  the  intention  of  passing  food  many  times 
rather  than  to  encourage  the  smallest  portion  to  remain  over. 
To  take  more  than  one  wants  is  considered  as  a  misdemeanor 
and  an  unpatriotic  act.  As  a  result  they  have,  in  the  adult 
thus  trained,  a  soldier,  if  such  be  necessary,  who  has  strength- 
ened his  most  valuable  qualities  by  a  general  and  not  by  a 
specific  military  training.  In  times  of  peace  they  have  a  citizen 
able  to  enjoy  life  amazingly,  and  to  take  his  full  share  as  a 
producer  in  the  community,  and  one  who  realizes  that  the 
greatest  individual  wealth  and  comfort  come  only  where  there 
is  the  least  waste. 

Women  should  be  prepared  as  well  as  men,  prepared  by  a 
training  in  physical  endurance,  by  manual  training,  educa- 
tion in  household  economics,  in  nursing  and  in  habits  of  con- 
centrating attention  and  following  directions.  It  is  this  general 
training  that  has  made  it  possible  for  women  in  all  countries 
abroad  to  take  up  the  work  of  men  in  aU  lines  of  activity 
where  it  is  necessary. 

It  is  not  enough  that  the  equipments  and  tools  of  the  sudden 
need  be  made  available.  The  methods  of  handling  them  must 
be  taught  in  such  a  manner  that  the  workers  may  gain  not 
only  a  knowledge  of  the  machine  that  makes  the  machines,  but 
an  idea  of  motion  economy  and  of  personal  effectiveness. 

I  could  run  through  my  own  experience  and  illustrate  each 
point  that  I  have  brought  out  here  by  actual  examples  that  I 
have  seen  with  my  own  eyes  in  warring  countries  abroad,  suc- 
cesses based  on  such  training  as  this,  failures  caused  by  a 
lack  of  such  training;  but  the  feeling  of  partisanship  so  strong 
to-day  would  lead  you,  no  matter  where  your  sympathies  lie, 
to  evaluate  the  illustration  as  an  evidence  of  efficiency  or  in- 
efficiency in  some  one  country,  rather  than  as  an  argument  for 
preparedness.  The  important  thing  is  rather  to  re-emphasize 
that  preparedness  means  not  merely  getting  ready  for  war,  but 
getting  ready  for  real  living.  What  should  shock  us  is  not 
what  might  happen  to  us  in  a  war,  but  what  is  happening 
right  now,  while  we  have  general  peace.  National  waste,  lack 
of  general  and  specific  education,  lack  of  easy  means  for  ob- 
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taining  the  fullest  education  in  the  vocation,  for  the  -worker 
in  that  vocation,  lack  of  correlation !  The  "  Spirit  of  1776  " 
is  with  us  now,  (and  so  are  arms  and  ammunition  of  1776). 
We  have  right  here  to-day  the  greatest  opportunities  that  the 
world  has  ever  offered.  Let  us  not  arm  for  a  definite  enemy, 
for  tomorrow  there  may  arise  conditions  that  will  cause  us  to 
revise  our  list  of  probable  friends  and  probable  enemies.  Let 
us  educate  ourselves  for  individual  and  national  efficiency.  If 
we  do  this,  we  will  be  prepared,  and  adequately  prepared,  to 
live  in  peace  and  enjoy  the  durable  satisfactions  of  life. 


CONSIDERS     WORK    IS    TREMENDOUS    AND    GOVERNMENT    SHOULD 
DO  IT.      WANTS  CENSUS  OF   MEN 

E.  H.  Peabody  (written).  The  author  asks  a  question 
which  is  in  all  our  hearts  in  these  pregnant  days,  when  all  our 
old  belief  of  the  certainty  of  honorable  peace  and  security 
from  invasion  has  been  swept  away,  and  we  stand  face  to  face 
with  possibilities  which  well  may  make  us  tremble.  He  asks : 
"  What  may  we  do  to  serve  our  country?  "  But  he  answers 
that  question  with  a  complacency  which  I  believe  to  be  more 
apparent  than  real.  He  expatiates  upon  the  pride  which 
engineers  and  scientists  should  feel  on  having  been  consulted 
by  certain  officials  of  the  Government,  the  eagerness  with  which 
the  call  was  answered;  and  he  goes  on  to  outline  the  work  of 
the  Naval  Consulting  Board,  and  leads  us  to  believe,  ap- 
parently, that  all  or  nearly  all  that  can  and  should  be  done 
is  now  serenely  under  waj'. 

But  the  mistake  this  paper  makes,  whether  intended  by  the 
author  or  not,  is  in  presupposing  that  the  enormous  work  of 
organizing  for  industrial  preparedness  can  be  effectively  pro- 
jected and  completed  with  the  despatch  which  the  circum- 
stances make  imperative,  by  the  engineering  fraternity  of  this 
country  as  represented  by  the  engineering  societies,  working 
in  the  odd  moments  snatched  from  the  task  of  making  a  living, 
without  compensation  and  paying  its  own  expenses. 

It  is  indeed  a  satisfaction  for  us  all  to  know  that  this  im- 
portant movement  of  industrial  preparedness  has  been  initiated 
and  is  being  carried  forward  to  far  better  purpose  than  the 
facilities  available  might  promise.  But  the  mere  preliminary 
step  of  making  an  industrial  inventory  is  a  tremendous  piece 
of  work  in  itself.  Can  it  be  done  by  a  Society  like  ours,  or  by 
representatives  of  similar  societies  ?  May  we  expect  that  even 
the  enthusiastic  army  of  engineer  census-takers  referred  to  by 
the  author — in  the  little  time  available  and  with  comparatively 
speaking  a  limited  backing — may  we  expect  that  these  men 
can  satisfactorily  accomplish  this  important  work?  Have  we 
time  to  do  it  in  this  way?    I  think  not. 

It  is  our  Government  which  must  do  this  work,  and  not  the 
U.  S.  Naval  Consulting  Board,  whatever  may  be  the  enthu- 
siasm, self-sacrifice  and  ability  of  its  members,  and  whatever 
may  he  the  help  which  this  Society's  membership  at  large  can 
give ;  and  I  believe  that  the  steps  that  the  Society  should  take 
are  those  which  will  put  pressure  upon  our  legislators  with 
the  effect  of  making  an  organized  government  measure  of 
this  industrial  census  and  all  the  thousand  other  important 
features  which  must  be  included  in  complete  "  preparedness 
against  war"  (to  quote  Mr.  Garrison).  It  is  a  mistake,  in 
my  opinion,  to  allow  the  impression  to  go  abroad  that  the 
work  which  the  Naval  Consulting  Board  has  begun  and  which 
is  being  promoted  by  the  action  of  the  allied  engineering  so- 
cieties, is  sufficient  and  satisfactory,  and  that  it  will  fulfill  the 
great  needs  of  our  country'.  We  must  go  deeper  to  make  this 
work  effective;  we  must  bend  our  energies  along  the  line  of 


stimulating  public  opinion,  so  that  our  representatives  at 
Washing-ton  will  be  impressed  and  take  the  necessary  steps  to 
make  the  whole  question  of  preparedness  a  Government  policy. 

Besides  the  industrial  census  there  must  be  a  census  of  men, 
and  every  man  of  us  must  be  listed  in  it.  The  Government 
must  find  out  in  what  way  the  experience  and  talents  of  every 
man  of  us  may  best  be  employed  in  time  of  conflict.  Every 
man  must  be  assigned  to  his  job  and  be  getting  ready  for  the 
call — whether  it  be  to  active  service  with  the  colors  or  in 
those  equally  important  fields  of  supplies,  without  which  the 
army  and  navy  become  impotent.  Has  anything  been  done 
along  this  line?  I  haven't  heard  of  it.  The  Plattsburg  move- 
ment seems  to  be  the  only  step  which  has  attracted  public 
notice.  It  is  an  important  and  valuable  feature  of  the  prob- 
lem, but  it  is  a  drop  in  the  bucket. 

The  appointment  of  the  U.  S.  Naval  Consulting  Board  was 
an  inspiration  and  of  incalculable  benefit  to  the  country,  but 
anything  short  of  putting  this  matter  of  preparedness  straight 
up  to  the  legislative  and  executive  heads  of  our  Government  as 
a  National  duty,  is  merely  playing  with  a  problem  which  vitally 
affects  our  very  existence  as  a  nation. 


recalls   HISTORY   OF   PREPAREDNESS.      SAYS   ENGINEERS    SHOULD 
TAKE  CARE  OP  BIG  THINGS 

Charles  Whiting  Baker,  who  presented  the  paper  in 
the  absence  of  the  author,  said :  It  is  interesting,  I  think,  to 
recall  at  this  time  something  of  the  history  of  the  last  half 
century  in  connection  with  the  movement  for  preparedness, 
as  it  has  come  to  be  called.  Those  of  more  advanced  years 
can  recall  that  for  twenty  years  after  the  end  of  the  Civil 
War  the  United  States  did  nothing  in  connection  with  na- 
tional defense.  While  other  nations  were  forging  ahead  in 
their  military  and  naval  forces,  the  United  States  forgot  the 
necessity  for  national  defense  until  the  early  eighties,  when 
there  was  a  sudden  awakening  to  the  wholly  defenseless  con- 
dition of  the  nation,  and  we  began  then  the  work  of  building 
a  navy.  Progi'ess  has  been  made — great  progress,  but  within 
the  last  year  engineers,  especially,  have  awakened  to  a  real- 
ization that,  while  we  have  been  going  ahead  in  a  way,  we 
have  simply  been  following  the  example  of  some  of  the  other 
nations  of  the  world.  Greater  strides  have  been  made  on 
the  other  side,  until  we  find  ourselves  again  in  a  compara- 
tively defenseless  condition.  It  was  the  general  awakening 
to  that  fact  that  led  to  the  movement  for  preparedness— pre- 
paredness so  that  we  may  be  able  to  defend  ourselves. 

A  remarkable  example  of  the  interest  the  engineers  are 
taking  in  this  movement  is  given  in  New  York  City,  where, 
in  response  to  the  call  of  the  engineers  to  attend  lectures  on 
elementary  principles  of  military  engineering,  given  in  the 
Engineering  Societies  Building,  there  was  such  a  crowd  as- 
sembled that  many  hundreds  were  turned  away. 

Regarding  the  industrial  census,  Mr.  Peabody  questions 
the  wisdom  of  the  engineers  undertaking  the  detailed  work 
of  this  census,  and  says  that  the  Government  itself  ought  to 
employ  and  pay  men  to  do  that  work.  I  think  that  is  a  prin- 
ciple that  could  well  be  kept  in  mind,  for  there  are  so  many 
other  important  things  regarding  which  the  advice  of  the 
engineer  is  needed,  that  there  is  no  reason  why  the  able  engi- 
neers of  the  country  should  undertake  the  detail  work  of  the 
census,  which  the  Government  itself,  when  shown,  should 
undertake  by  its  own  paid  agents. 

The  engineer  can  appreciate  the  sources  of  inefficiency. 
He  has  studied  and  made  a  science  of  many  things,  and  the 
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best  service  that  a  Board  of  Engineers  can  do  for  the  coun- 
try will  be  to  lake  care  of  the  big  things,  and  let  the  little 
things  be  done  by  somebody  else. 


SAYS  PREPAREDNESS  IS  INSURANCE.      ADVOCATES  GOVERNMENT 
COJIMISSION   TO   HANDLE   MUNITIONS 

Oberlin  Smith,  This  subject  of  industrial  preparedness 
along  military  lines  is  to  my  mind  a  very  important  one.  A 
year  or  two  ago  I,  in  common  with  a  gi'eat  many  more  peo- 
ple, was  a  very  strong  peace  advocate,  and  am  yet.  Then 
we  were  all  struck  dumb  almost,  so  to  speak,  by  this  most 
terrible  tragedy  of  all  the  world,  and  ideas  of  preparedness 
seem  to  have  been  forced  upon  us. 

Writing  to  some  of  our  Senators  and  Congressmen  the 
other  day,  urging  quicker  action  in  this  preparedness  matter, 
I  said,  "  Let  us  have  peace  at  any  price,  even  if  it  is  a 
hundred  battleshij^s  and  a  million  men."  It  may  seem  foolish 
to  spend  millions,  or  billions,  of  dollars  in  making  guns  and 
shells  and  tools  for  their  production;  but  is  not  this  matter 
of  preparedness  simply  one  of  insurance? 

Military  and  naval  preparedness,  and  the  enormous  ex- 
penditures involved,  should  go  on  with  the  utmost  speed  and 
to  such  an  extent  that  there  will  be  no  danger  of  any  nation 
attacking  us.  That  is  the  only  way  to  get  peace — to  buy  it 
and  pay  for  it. 

And,  together  with  military  and  naval  preparedness  goes 
this  industrial  jjreparedness  in  the  making  all  sorts  of  muni- 
tions and  tools  for  munitions,  and  in  the  furnishing  of  aU 
kinds  of  army  and  navj^  supplies. 

Mr.  Miller  emphasizes  that  machine  tools  for  making  muni- 
tions should  be  standardized.  That  work  has  already  gone 
very  far,  but  while  it  is  going  on,  and  munitions  themselves 
are  pretty  well  standardized  in  any  one  country,  they  are  not 
standardized  as  they  should  be  between  the  countries.  It 
would  be  very  convenient,  of  course,  for  one  country  to  cap- 
ture some  of  the  shells  of  another  and  use  them  in  their  own 
guns — this  may  be  a  misfortune  or  a  good  fortune — but  the 
fact  remains  that  munitions  are  becoming  more  standardized. 

Our  tools  for  munitions  and  other  military  supplies  should 


/n  this  paper  you  have  before  you  in  brief  outline  the 
main  features  of  a  patriotic  national  engineering  en- 
deavor, unique  in  the  world's  history. 

We,  as  engineers  and  chemists,  had  harnessed  the 
resources  of  this  country  for  the  people's  service,  and 
now  at  the  direct  request  of  the  President  of  the  United 
atates  we  are  asked  to  make  a  careful  inventory  of 
these  resources  for  our  defensive  line. 

A  successful  performance  of  this  great  task  to  which 
the  governing  bodies  of  our  technical  societies  have 
pledged  us  cannot  but  bring  the  American  engineer 
enhanced  reputation  and  closer  future  relations  with 
the  national  Government. — Howard  E.  Coffik. 

Is  not  this  matter  of  preparedness  simply  one  of  in- 
surance?— Oberlin  Smith. 


be  standardized  much  more  than  they  have  been,  so  that  if 
ever  the  time  should  come  when  our  Government  must  set 
all  its  industries  to  work,  and  do  it  by  government  consent 
and  under  government  protection  and  supervision,  the  matter 
would  be  easy  for  all  concerned,  and  there  eoulil  he  almost  im- 
mediate production. 

Many  little  machine  shops  all  over  the  country  might  have 
proper  gages  and  standards,  supplied  by  some  central  com- 
mission at  Washington,  as  a  bureau  of  the  Government. 
Then  parts  could  be  made  by  the  thousands  and  assembled  in 
a  few  hours. 

We  can  see  the  wonderfiU  benefit  of  interchangeability  of 
parts  in  some  of  our  arsenals,  automobile  factories,  sewing 
machine  factories,  typewriter  factories,  etc.  By  such  sys- 
tem of  interchangeability,  a  great  many  parts  can  now  be 
made  in  a  few  hours  which  used  to  take  weeks  and  some- 
times months  in  their  production. 

To  my  mind  the  Naval  Consulting  Board  is  a  decided  step 
forward,  and  I  do  not  see  why  the  army  should  not  have  a 
similar  board  and  the  government  personnel  be  brought  to- 
gether into  one  Commission,  as  I  have  mentioned,  to  handle 
all  matters  pertaining  to  munitions  under  the  general  direc- 
tion of  experienced  generals  and  admirals. 

Such  a  Commission  could  see  that  all  the  sujDplies  for  the 
army  and  navy  were  correlated,  classified  and  otherwise  sys- 
tematized. Then  we  would  have  a  true  beginning  of  what 
ought  to  be  done  and  what,  if  we  now  fail,  we  may  some  time 
find  to  our  bitter  disappointment  to  be  one  of  the  things  that 
■'  we  have  left  undone." 

Referring  again  to  the  author's  paper,  one  very  important 
class  of  machine  tools  was  not  mentioned,  namely,  the  presses 
with  which  brass  cartridge-cases  are  made,  u]i  to  a  diameter 
of  6  or  8  in., — usually  not  higher  than  about  6  in.  A  large 
number  of  such  presses  have  been  required  in  this  war,  made 
principally  by  four  or  five  concerns  that  are  equipped  for 
such  work.  Hundreds  of  these  have  already  been  sold,  and 
a  great  many  more  are  wanted.  The  deliveries  for  such  ma- 
chines are  now  four  or  five  months  behind  desired  completion. 

Regarding  ammunition  for  small  arms,  with  the  bullets  and 
powder  in  brass  cases,  less  delay  is  occurring.  Our  Govern- 
ment at  its  arsenals,  and  also  many  private  concerns,  can 
turn  out  millions  per  day,  and  there  are  thousands  of  presses 
already  in  use  for  such  work. 

Referring  again  to  the  larger  cases,  the  most  important 
size  is  known  as  "  three-inch "  or  as  "  75-miUimeter "  in 
France  and  Russia  and  as  "  18-pounder  "  in  England.  More 
of  those  are  used,  probably,  than  any  other  kind,  and  a  great 
many  American  presses  have  been  made  for  them.  They  are 
drawn  in  from  sis  to  nine  operations,  usually  in  presses  giv- 
ing 100  to  200  tons  pressure.  The  blanks  (disks)  are  cut 
from  sheet  brass,  usually  about  %  in.  thick.  They  are  then 
drawn  into  cup-shape  by  successive  operations,  with  anneal- 
ings between.  The  top  edge  is  gradually  squeezed  thinner 
until  it  is  about  1/32  in.  thick. 

The  later  operations  are  usually  performed  with  100  tons 
pressure  until  the  cases  get  to  full  length.  Then  they  require 
from  1000  to  1500  tons  pressure  to  squeeze  the  thick  head, 
which  is  left  full  thickness,  into  the  same  shape  as  is  familiar 
in  small  cartridges.  These  cases  are  nearly  all  being  made  in 
presses  already  standardized.  The  presses  themselves  are 
almost  exactly  the  same  as  have  been  made  for  years  by  the 
different  press  makers  for  all  sorts  of  drawing  work.  Thus 
it  is  possible  to  furnish  the  European  governments  and  pri- 
vate parties  abroad  with  such  machines  as  fast  as  they  can 
be  made.     Some  of  the  press  makers,  after  rushing  their  own 
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shops,  employed  outside  shops  to  help  them  out.  I  know  of 
a  big-  locomotive  works  which  made  numbers  of  these  machines 
for  press  makers  as  outside  work.  An  important  ship-building 
concern  is  also  helping  out  in  the  same  way.  There  has  been 
a  great  demand  for  such  work,  but  this  is  now  slackening. 

These  same  machines  would  be  necessary  if  a  great  many 
munitions  were  needed  for  our  own  Government.  Many  of 
them  doubtless- would  be  found  in  existence  when  needed  and 
could  be  drawn  upon. 

Besides  the  presses  for  making  eases,  mostly  mechanical 
presses,  there  are  some  very  heavy  machines  used  for  per- 
forating the  steel  shrapnel  and  other  shells,  although  a  great 
many  of  these  are  cut  in  turret  lathes  from  solid  bars.  I  do 
not  know  of  any  other  substance  except  brass  being  used  for 
the  cases.  We  read  m  the  papers  that  some  European  Powers 
are  trying  to  make  them  out  of  steel,  because  they  cannot  get 
enough  brass.  The  difficulty  is,  however,  that  when  metal 
%  in.  thick  has  to  be  drawn  to  1/32  in.  or  so,  steel  is  very 
difficult  to  handle.  Aluminum  works  well  in  the  dies,  but 
pi-obably  cannot  be  made  strong  enough. 

Sad  to  say,  millions  of  these  brass  cases  are  being  spread 
over  the  battlefields  of  Europe.  This  makes  one  speculate 
whether  brass  mining  _ will  in  future  be  a  profitable  industry 
for  the  future  peasant-farmers  in  the  war  zones. 

POINTS  OUT  ADVANTAGES  OF  PROPOSED  PRODUCTION  OP  TOOLS  IN 
GOVERNMENT  PACTOEIES 

John  H.  Barr  (written).  The  uniform  standard  which  is 
vital  in  producing  gims  and  ammunition  for  our  military 
forces  requires  a  corresponding  uniformity  in  the  quality  of 
the  gages  and  tools  for  producing  these.  It  is  well  known, 
however,  that  the  methods  and  degrees  of  refinement  in  tool 
making  vary  widely  among  various  factories  regularly  engaged 
in  similar  products. 

The  proposed  agreement  in  the  paper  requires  each  shop  to 
maintain  corrected  drawings  and  to  construct  one  set  of  tools 
for  such  product  as  it  is  expected  it  may  be  called  upon  to  sup- 
ply. It  would  appear  that  the  desired  result  may  be  more  cer- 
tainly attained  by  construction  of  such  gages  and  tools  in  spec- 
ially equijjped  government  tool  factories  controlled  by  a  highly 
expert  staff  and  manned  by  workmen  of  corresponding  skill. 
These  government  tool  factories  can  construct  all  gages  re- 
quired and  most  of  the  important  special  tools.  Drill  jigs 
made  in  these  factories  can  be  used  in  any  shop  having  suitable 
drill  presses.  Some  variations  exist  among  the  machines  of  the 
numerous  civil  shops  in  the  requirements  as  to  drop  forging 
dies,  punch  press  dies  and  milling  fixtures,  but  this  will  not 
seriously  hamper  the  wholesale  manufacture  of  such  tools  by 
the  government  tool  factories.  The  word  manufacture  is  used 
advisedly  in  this  connection,  for  the  large  production  concen- 
trated in  the  government  tool  factories  would  be  on  a  scale  to 
permit  real  manufacturing  methods  in  constructing  standard 
tools. 

The  industrial  inventory  will  afford  the  data  for  determin- 
ing what  particular  makes,  styles  and  sizes  in  machine  tool 
equipment  are  available  in  the  civil  shops,  and  will  accurately 
indicate  the  numbers  of  each  for  which  tools  should  be  pro- 
vided. An  alternative  to  reliance  upon  this  information  solely 
would  be  to  have  each  private  shop  fit  to  its  machine  tools 
specified  die  blocks,  vice-jaws,  etc. ;  shipping  these  to  one  of  the 
government  tool  factories  to  be  finished,  hardened  and  tested. 
Such  finished  tools  as  are  not  required  for  the  peace  practice 
of  the  private  shops  can  be  either  stored  in  government  tool 


\aults  tUl  needed,  or  they  can  be  deposited  with  the  private 
shops. 

There  is  one  other  advantage  to  this  proposed  production  of 
all  the  important  tools  in  government  tool  factories  which  also 
will  tend  to  a  uniform  and  high  standard  of  product.  The 
prosecution  of  this  high-class  tool  manufacture  will  involve 
some  considerable  production  in  the  government  shops  in 
thoroughly  testing  the  eciuipment.  This  will  develop  a  large 
corps  of  mechanics  skilled  not  only  in  the  making  of  these 
tools,  but  very  familiar  with  their  use  and  the  requirements 
to  be  met  by  their  output.  This  corps  of  specialists  would  be 
a  source  from  which  to  draw  inspectors  and  instructors  for 
duty  in  the  private  shops. 

SUGGESTS  bureau  OP  PREPAREDNESS  LIKE  DEPARTMENT  OF  AGRI- 
CULTURE,   ALSO    CARD    INDEX    OF    MEN 

William  Kent  (written).  The  paper  by  Mr.  Miller  is  ex- 
cellent as  far  as  it  goes,  and  it  might  go  a  great  deal  further, 
but  I  understand  that  it  is  presented  chiefly  for  the  purpose 
of  bringing  out  suggestions  from  the  membership  in  regard  to 
the  general  question  of  industrial  preparedness.  With  this 
idea  in  view  I  beg  to  offer  the  following: 

1  Why  not  have  a  General  Industrial  Staff  or  Bureau  as 
a  continuing  body,  out  of  politics,  like  the  Geological  Survey 
and  the  Bureau  of  Mines,  to  plan  a  national  industrial  cam- 
paign, doing  the  same  service  for  the  manufacturing  and 
transportation  industries  of  the  country  that  the  Agricultural 
Department  is  doing  for  the  farmers? 

2  A  "  form  has  been  prepared  for  taking  an  industrial  in- 
ventory." It  relates  chiefly  to  material  resources,  except  that 
it  includes  lists  of  officers  and  directors  of  manufacturing  cor- 
porations and  lists  of  skilled  workmen.  Another  form  should 
be  prepared,  in  order  to  get  information  for  a  card  index  of 
every  engineer  in  the  United  States  who  is  available  for  service 
in  the  Army  or  Navy  or  in  any  department  of  industry  that 
can  in  case  of  need  supply  munitions,  clothing,  motor  cars, 
aeroplanes  or  anything  else  that  may  be  required  by  the  Gov- 
ernment. Should  we  be  threatened  with  war,  the  first  thing 
needed  would  be  men  of  intelligence  and  experience  who  are 


Let  us  at  once  apply  measurement  and  standardiza- 
tion to  all  problems  of  material  preparedness,  so  that 
each  one  of  us  can  do  his  own  work  with  all  the  might 
that  is  in  him,  knoicing  that  the  finished  products  are 
bound  to  be  what  is  required. — Frank  B.  Gilbketh. 

It  is  becoming  perfectli/  clear  that  the  principles 
underli/ing  industrial  and  military  efficiency  are  the 
same. — H.  L.  Gantt. 

We  must  go  deeper  to  make  this  work  {xohich  the 
Naval  Consulting  Board  has  begun)  effective;  we  must 
bend  our  energies  along  the  line  of  stimulating  public 
opinion,  so  that  our  representatives  at  Washington  will 
be  impressed  and  take  the  necessary  steps  to  make  the 
whole  question  of  preparedness  a  Vfovernment  policy. — 
E.  H.  Peabody. 
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capable  of  supplying  the  Army  and  Navy  with  subsistence, 
transportation,  inspection,  and  administration  of  shops,  and 
men  skilled  in  purchasing,  contracting,  industrial  organization 
and  the  like.  Should  we  be  actually  engaged  in  war,  it  might 
become  necessary  for  the  Government  to  "  take  over "  any 
industrial  establishment,  any  railroad,  any  ship,  any  automo- 
bile, any  source  of  supply  of  natural  products,  such  as  coal 
mines  or  oil  wells,  and  to  "  commandeer  "  the  service  of  any 
man  it  might  require  for  the  operation  of  any  of  its  establish- 
ments. For  this  purpose  a  competent  board  for  the  selection 
of  the  right  man  for  each  place  is  of  the  utmost  importance, 
and  this  board  should  be  supplied  with  a  classified  index  of 
available  men. 

The  form  for  the  indexing  of  engineers  should  include  name, 
age,  nationality,  health,  record  of  education  and  experience, 
position  now  held,  salary,  positions  capable  of  filling  if  the 
Government  should  command  his  services,  position  preferred, 
references  as  to  character  and  ability,  reasons,  if  any,  why  he 
should  remain  in  his  present  position,  and  such  other  informa- 
tion as  the  Board  might  require. 

3  In  regard  to  gages,  jigs  and  templates,  I  understand  that 
much  of  the  trouble  that  American  manufacturers  are  having 
in  furnishing  munitions  to  foreign  governments  is  due  to  the 
extreme,  and  in  many  eases  unnecessary,  refinement  of  the  in- 
spection, so  that  it  is  almost  impossible  to  produce,  with  our 
present  tools,  goods  that  will  satisfy  the  inspectors.  Anticipat- 
ing this  difficulty  in  ease  our  Government  should  need  in  a 
hiu'ry  vast  quantities  of  mimitions,  we  should  have  a  Board  of 
Inspection  to  review  the  specifications  for  every  part  of  our 
munitions  and  make  requirements  which  are  reasonable  and 
capable  of  being  met  by  the  available  tools  and  manufacturing 
methods. 


SUGGESTS   LISTING    MEN    WHO.    THOUGH    INELIGIBLE    FOR    FIGHT- 
ING,   COULD   RENDER   TECHNICAL    SERVICE 

Geo.  R.  Henderson  (written).  The  point  brought  out  by 
Mr.  Miller,  that  for  each  man  at  the  front,  three  are  needed 
at  home  to  prepare  munitions  of  war,  is  a  most  interesting 
one,  especially  to  those  who.  through  age  or  physical  disabil- 
ity, are  prevented  from  entering  the  "  trenches  "  or  subma- 
rines; and  it  seems  to  me  that  in  organizing  for  industrial 
preparedness,  the  engineer  who  may  not  be  directly  con- 
nected with  a  manufacturing  plant  should  not  be  overlooked. 
There  are  many  members  acting  in  a  consulting  capacity, 
whose  technical  services  would  probably  be  of  greater  advan- 
tage to  the  Government  than  in  digging  trenches  or  shoulder- 
ing a  rifle,  and  I  believe  that  these  men  should  be  listed,  with 
their  professional  records,  so  that  the  very  best  use  might  be 
made  of  their  services  in  the  Navy  Yards,  Arsenals  or  other 
plants  where  mechanical  skill  is  of  the  highest  importance. 

I  would  suggest  to  the  Society's  representatives  on  the  Naval 
Consulting  Board  that  they  consider  this  feature  as  well  as  that 
of  mobilizing  factories,  with  their  men  and  machines,  so  that 
all  patriotic  citizens  would  have  opportunity  to  serve  their 
coimtry  in  time  of  need  in  a  manner  which  would  insure  the 
gi'eatest  efficiency  of  the  organization  as  a  whole,  and  which 
would  permit  those  who  could  not  stand  the  rigors  of  active 
service,  to  perform  their  quota  of  usefulness. 

also    advocates    listing    men    AVAILABLE    FOR    WAR    WORK 

James  A.  Campbell  (written).  Members  of  the  Society 
employing  collectively  several  thousand  mechanics  could  get 


signed  statements  from  these  men  who  would  be  willing  in 
time  of  war  to  take  positions  in  the  large  shell  factories,  or 
wherever  machinists,  etc.,  were  required.  These  mechanics 
could  be  classed  by  their  superintendents,  so  that  firms  re- 
quiring men  could  see  from  the  Hsts  the  experience  and  class 
of  men  available.  Committees  could  be  formed  for  the  draft- 
ing of  these  men  so  that  there  would  be  no  loss  of  time  in  the 
production  of  munitions. 


HAS  PLAN  FOR  PLACING  SMALL  ANNUAL  ORDERS  FOR  MUNITIONS 
WITH    PRIVATE    FIRMS    AT    ONCE 

F.  0.  HOAGLAND  (written).  The  shortage  of  arms  and 
ammunition  in  this  country,  in  case  of  immediate  need,  is  very 
apparent ;  but  it  is  however  a  fact  that  the  great  efforts  in  this 
line  being  made  by  private  manufacturers  would  make  it 
possible  materially  to  change  this  condition  at  very  reasonable 
cost,  if  proper  steps  were  taken  without  delay. 

The  Springfield  and  Rock  Island  Arsenals  are  in  good  con- 
dition to  turn  out  the  .30  Springfield  Aimy  Rifles,  and  the 
Frankford  Arsenal  the  ammunition  for  them  in  limited  quan- 
tities. AiTangements  are  also  under  way  to  manufacture  the 
.45  calibre  automatic  pistol  and  its  ammunition  at  the  same 
arsenals. 

The  Government  has  at  times  placed  contracts  for  some  ten 
million  rounds  of  this  small  arms  ammunition,  divided  between 
four  or  five  private  concerns  in  this  country,  but  the  quantities 
ordered  have  been  too  small  to  make  it  an  object  to  go  into  the 
manufacture  of  ammunition  very  extensively,  and  no  private 
manufacturer  has  made  the  .30  Spring-field  Army  Rifles,  nor 
has  he  any  special  tools,  fixtures  or  gages  necessary  for  mak- 
ing them.  The  conditions  are  about  the  same  in  regard  to  the 
.45  calibre  automatic  pistol  as  the  concern  which  brought  it 
out  a  few  years  ago  for  the  Army  service  is  the  only  private 
concern  in  this  country  equipped  for  its  manufacture. 

Judging  from  past  experience  and  by  the  length  of  time 
it  is  now  taking  manufacturing  establishments  to  get  ready 
to  fill  orders  for  a  product  but  slightly  different  from  their 
regular  lines,  quick  senice  is  not  to  be  expected  unless  several 
of  these  concerns  are  placed  in  condition  to  meet  the  demand. 
Orders  for  arms  and  atmnunition  of  sufficient  size  to  keep  a 
small  unit  at  work  constantly  should  be  placed  with  manufac- 
turers without  delay,  in  order  to  maintain  the  equipment  in 
good  repair  and  to  have  a  number  of  trained  workmen  to 
form  a  nucleus  for  building  up  an  organization  in  case  of 
need. 

Under  the  best  of  circumstances  it  takes  from  two  to  three 
months  from  the  time  the  order  is  entered  for  the  material  to 
be  prepared  and  the  product  to  come  through  in  fair  quan- 
tities, even  when  having  a  suitable  equipment  and  a  trained 
organization. 

For  example,  an  order  could  be  placed  with  each  of  four 
or  five  private  manufacturers  for,  say,  a  minimum  produc- 
tin  as  follows,  deliveries  to  be  made  monthly: 

2.500  —  .30   Springfield   .\rmy   Rifles  per  month 
100.000  —  .30  Calibre   Cartridges 
.500.000  —  Each   .30  Calibre   Shells 

Bullets,  Priming  Cups  and  Anvils 
5,000  —  Artillery   Brass  Cases   from   3   to   6  in.    calibre   per  month 
and  a"  similar  quantity  and  calibre  of  projectiles,  and  up 
to  12  and  16  in.  diameter. 

Automatic  pistols  and  hea\-y  artillery  guns  could  be 
handled  in  the  same  manner. 

By  loading  a  small  portion  of  the  cartridges  only,  just 
enough  to  check  the  production  of  shells  and  bullets,  a  fair 
supply  of  these  latter  could  be  accumulated  and  carried  in 
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stock  at  a  cost  of  one-half  of  the  loaded  cartridges.  Danger 
of  deterioration  of  the  powder  or  primers  would  thereby  be 
removed.  The  present  European  War  has  brouglit  out  very 
forcibly  the  seriousness  of  the  condition  when  old  ammunition 
failed  to  respond  at  the  crucial  moment. 

Powder  making  has  been  developed  to  such  an  extent  that 
with  a  fair  supply  on  hand  at  all  times  the  loading  could  be 
carried  out  at  the  government  arsenals  at  a  rapid  rate  and 
the  troops  supplied  with  fresh  ammunition.  Experience  has 
proven  that  the  supply  of  shells  and  bullets  generally  controls 
the  output. 

It  takes  about  twelve  months  to  prepare  the  special  equip- 
ment of  fixtures,  tools  and  gages  necessary  for  the  produc- 
tion of,  say  100  military  rifles  per  working  day,  and  about 
half  that  time  to  prepare  for  100,000  cartridges  per  day,  even 
when  a  factory  has  at  the  start  a  fair  organization  for  similar 
work. 

A  good  many  months  additional  might  be  spent  before  man- 
ufactuiing  difficulties  were  overcome  and  a  product  turned  out 
that  would  pass  inspection. 

The  government  arsenals  could  be  of  great  assistance  in 
preparing  the  special  equipment  of  fixtures,  tools  and  gages, 
but  a  few  leaders  and  workmen  in  each  plant  who  are  thor- 
oughly familiar  with  the  requirements,  are  absolutely  neces- 
sary in  order  to  get  quick  and  sure  response. 

It  is  very  important  that  if  anything  is  to  be  done  in  this 
line,  it  is  done  without  delay  before  the  ammunition  and  arms 
manufacturers  break  up  their  engineering  organizations,  as 
they  have  about  completed  this  class  of  work  in  connection 
with  the  contracts  now  on  hand  and  are  about  to  get  down 
to  actual  manufacturing.  Having  had  some  very  costly  ex- 
perience in  getting  together  and  training  an  efScient  corps  of 
engineers,  they  may  not  be  very  anxious  to  go  through  this 
same  experience  again  in  the  near  future. 


is  necessary.  It  will  simplify  the  question  of  such  equipment 
if  each  shop  is  given  only  one  size  of  shell  to  make. 

Third.  The  suggestion  for  a  congress  of  ammunition  manu- 
facturers is  a  good  one,  but  the  dissemination  of  information 
as  to  methods  of  manufacture  could  be  better  served  by  ar- 
ranging that  manufacturers  should  visit  each  other's  plants. 
A  provision  to  this  effect  should  be  incorporated  in  govern- 
ment contracts.  There  is  no  doubt  that  a  very  considerable  fac- 
tor in  the  collective  success  of  Canadian  manufajturers  of 
munitions  has  been  the  freedom  with  which  they  showed  each 
other  their  shops  and  methods. 

Fourth.  As  to  the  basis  of  payment,  while  "  Cost  plus  a 
Fixed  Sum  "  may  be  a  fair  basis  for  minimum  annual  orders, 
it  is  open  to  very  grave  objections  as  a  basis  of  purchasing  in 
quantity  in  time  of  war.  The  difiSculty  of  determining  the 
time  cost  is  very  great.  The  direct  labor  is  not  hard  to  de- 
termine but  the  calculation  and  distribution  of  the  heavier  item 
of  burden  and  especially  of  depreciation  is  such  that  all 
methods  may  be  considered  mere  rough  approximation.  The 
Government  would  need  to  detail  an  expert  cost  accountant 
for  each  plant.  Furthermore,  the  cost  would  probably  vary 
at  least  100  per  cent  and  it  is  a  question  if  the  country  would 
be  satisfied  to  pay  one  shop  $1.00  and  another  shop  $2.00  for 
the  same  work.  The  most  serious  objection,  however,  to  "  Cost 
plus  a  Fixed  Sum  "  is  that  it  would  not  give  adequate  incentive 
for  low  costs  or  large  production.  The  Government  can  fix  as 
low  prices  as  contractors  will  take  but,  having  fixed  such 
prices,  they  should  pay  every  one  the  same  price  and  say  "  go 
to  it."  In  placing  war  taxes,  the  Government  might  prop- 
erly take  a  percentage  of  the  net  profits  of  all  corporations 
as  the  Canadian  Government  is  doing. 

ADVOCATES  GOVERNMENT  OWNERSHIP  OF  DRAWINGS,  GAGES, 
JIGS,   TOOLS,   ETC. 


GIVES  DETAILS  OF  MIKIJICJI  ANNUAL  ORDER   CONTRACTS  PLAN 

H.  V.  Haight  mentioned  the  following  suggestions  as  to  de- 
tails in  letting  "  minimum  annual  order  contracts  "  in  time  of 
peace. 

First.  The  Government  should  be  the  general  contractor 
and  let  only  sub-contracts.  For  example,  if  shrapnel  shells  are 
to  be  purchased,  the  Government  should  order  steel  from  the 
steel  mills,  have  it  shipped  to  the  forge  shops  to  be  forged  and 
to  the  machine  shops  to  be  machined  and  assembled.  Bullets 
should  be  ordered  from  the  lead  works,  copper  bands  from  the 
brass  works,  and  so  on.  In  this  way,  each  man  will  undertake 
the  work  he  best  understands  and  the  small  shops  will  not  be 
afraid  of  the  work,  because  it  will  be  simple  both  mechanically 
and  financially. 

Second.  Shops  should  be  encouraged  to  make  their  own 
equipment  which  might  include  even  machine  tools.  In  this 
way,  the  equipment  could  be  rapidly  increased  in  time  of  war. 
Of  course,  a  set  of  inspection  gages  should  be  furnished  by 
the  Government  but  jigs,  attachments,  cutting  tools  and  work- 
ing gages  will  necessarily  be  special  and  adapted  to  the 
machine  tools  and  methods  of  the  individual  shop.  In  time 
of  war,  it  would  be  practically  impossible  to  get  these  prompt- 
ly from  overworked  tool  shops  or  Government  arsenals.  Shops 
which  are  not  equipped  to  make  tools,  jigs  and  working  gages 
had  better  either  get  equipped  or  keep  out  of  shell  making,  for 
the  manufacture  and  upkeep  of  this  equipment  is  such  a  vital- 
ly important  part  of  shell  manufacture  that  a  good  tool  room 


Frank  0.  Wells  and  Chas.  E.  Smart.  It  seems  to  the 
writers  that  we  do  not  need  big  armies  or  big  navies,  as  the 
present  war  has  already  demonstrated.  What  we  do  need  in 
the  way  of  preparedness  to  preserve  peace  is  that  our  machine 
shops  be  equipped  to  manufacture  munitions  of  war  at  a 
moment's  notice.  For  over  two  years  all  the  machine  shops 
in  the  United  States  have  been  working  for  the  Allies,  for  they 
had  practically  nothing  else  to  do,  yet  even  to-day,  new  designs 
for  jigs  and  fixtures  for  this  work  are  upon  the  drafting 
boards  and  new  gages  and  tools  are  being  made  in  hundreds 
of  shops  all  over  the  country. 

We  believe  that  the  following  points  should  be  well  con- 
sidered : 

1  That  the  government  should  own  all  the  drawings,  books 
of  instructions,  gages,  jigs  and  fixtures,  in  fact  all  the  special 
equipment  necessary  to  produce  munitions  of  war. 

2  Drawings  and  books  of  instructions  worked  out  to  the 
minutest  detail  should  be  in  the  vaults  in  all  the  arsenals  and 
navy  yards,  ready  to  be  distributed  to  the  various  plants  at 
short  notice. 

3  Gages,  jigs  and  special  fixtures  should  also  be  in  vaults 
in  the  arsenals  to  be  given  out  with  the  drawings  and  books  of 
instructions. 

4  The  operations  and  methods  of  handling  the  work  neces- 
sary to  make  munitions  of  war  should  be  standardized  in  order 
that  the  time  of  production,  and  hence  the  cost,  will  be  the 
same  in  all  sections  of  the  country. 

5  The  present  arsenals  should  be  used  more  as  experimental 
stations  from  which  the  private  plants  could  get  their  instruc- 
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tions  and  information.  There  should  be  a  number  of  private 
plants  which  should  be  given  small  yearly  orders  for  parts 
which  they  are  best  adapted  to  produce,  so  as  to  keep  their 
organizations  familiarized  with  the  product. 

It  has  been  shown  that  the  weakest  spot  in  the  present  war 
is  the  lack  of  ammimition.  And  in  speaking  of  ammunition, 
we  are  not  including  small  arms  ammunition,  but  of  the  1-in. 
to  16-in.  calibre  which  is  used  by  both  the  army  and  the  navy. 

Below  are  given  some  statistics  of  the  time  that  it  would 
take  to  get  prepared  and  to  make  ammunition  alone. 

As  a  conservative  estimate,  it  would  require  50  engineers, 
designers  and  draftsmen  at  least  50  weeks  to  prepare  the 
drawings  for  the  17  sizes  of  shells  now  used  by  the  U.  S.  Army 
together  with  drawings  for  gages,  jigs,  fixtures  and  tools.  To 
produce  the  latter  would  probably  require  800  men,  well 
trained  and  in  well  organized  factories,  at  least  5  years,  calcu- 
lating 300  working  days  per  year. 

This  would  equip  100  factories,  each  employing  2,000  men, 
capable  of  producing  a  total  output  of  200,000  rounds  per 
day.  Twice  this  amount  has  been  used  in  a  single  day  in  the 
present  war  by  one  of  the  combatants. 

We  have  not  mentioned  the  question  of  aeroplanes,  rifles, 
battleships  or  a  large  number  of  other  important  parts  of 
equipment  which  must  also  be  provided  for. 

This  all  talks  of  war,  but  what  nation  would  dare  attack  us. 
if  it  knew  how  well  prepared  we  were?  And  we,  as  a  peace 
loving  nation,  would  surely  never  attack  any  other  nation, 
and  so  perpetual  peace  would  always  be  assured. 

RECOMMENDS  A  THIRD  ARM  OF  PREPAREDNESS — TRANSPORTATION 

John  Younger  (written).  The  author  deals  largely,  if  not 
entirely,  with  the  actual  production  of  munitions  of  war.  He 
sees  a  nation  in  arms  as  two  vast  bodies,  one  the  fighting  unit, 
the  other  the  producing  unit.  My  experience  has  shown  me 
the  tremendous  importance  of  a  third  unit,  the  connection  be- 
tween the  two, — the  transportation  unit. 

We  are  exporting  only  a  small  percentage  of  the  supplies 
used  on  the  European  battlefields  and  our  transportation  has 


There  is  an  argument  for  this  sort  of  preparedness 
which  should  appeal  to  every  engineer  whether  he  is  in 
favor  of  military  preparedness  or  not.  It  can  be  made  a 
powerful  lever  for  improving  industrial  efficiency. — 
Feed  E.  Rogers. 

In  war,  as  now  waged,  the  industrial  force  plays  as 
important  a  part  as  the  fighting  force. — Besn-ard  M. 
Fine. 

A  remarkable  example  of  the  interest  the  engineers 
are  taking  in  this  movement  is  given  in  New  York  City, 
where,  in  response  to  the  call  of  the  engineers  to  attend 
lectures  on  elementary  principles  of  military  engineer- 
ing, given  in  the  Engineering  Societies  Building,  there 
was  such  a  crowd  assembled  that  many  hundreds  were 
turned  away. — Charies  Whiting  Baker. 


not  proved  equal  to  the  task.  The  situation  is  like  the  prob- 
lem of  a  city's  water  supply.  Many  miles  away  is  the  big  reser- 
voir: Here  is  the  city;  how  best  shall  we  adequately  connect 
them? 

The  mere  building  of  railways  in  our  immense  territory 
would  cost  us  a  terrible  price,  which  would  render  no  adequate 
return  in  peaceful  times.  Even  if  they  were  built,  their  use 
would  be  of  value  only  in  very  restricted  areas.  Germany, 
France,  and  Russia  had  all  built  strategic  railways  leading  to, 
and  paralleling  their  frontiers,  but  they  did  not  stop  at  this. 
They  also  built  good  roads.  They  knew  that  every  ton  of 
freight  carried  on  the  railroad  is  sometime  or  other  also  carried 
on  a  road,  and  they  took  the  precaution  of  having  the  road  as 
eflScient  as  the  railroad. 

Good  roads  are  no  luxury.  They  are  not  built  for  the 
motorist,  who  takes  a  week  end  spin  for  personal  enjoyment. 
They  should  be  built  to  link  up  the  small  vUlages,  the  com- 
munities and  townships  with  the  railway  and  the  big  city. 
A  good  road  opens  up  new  country  to  the  farmer,  who  can 
carry  his  produce  to  market  at  a  cheaper  rate.  A  poor  farm 
located  on  a  good  road  is  often  a  better  investment  than  a 
good  farm  on  a  poor  road.  A  good  road  is  an  economic  in- 
vestment in  time  of  peace,  and  it  is  a  sign  of  the  times  that 
the  country  is  waking  up  to  the  fact. 

In  war  times  the  roads  are  the  first  and  last  links  in  the 
transportation  scheme.  They  carry  munitions  to  the  railway, 
and  they  distribute  them  from  it.  Each  link  in  the  chain  must 
be  of  adequate  strength.  It  is  useless  having  a  perfect  rail- 
way, if  it  begins  and  ends  in  a  bog.  It  is  useless  having 
stretches  of  perfect  roads  in  New  York  State,  if  they  be  totally 
unrelated -and  unconnected  with  each  other. 

Great  Britain,  France,  Belgium,  Russia  and  Italy  have 
bought  from  us  vast  numbers  of  motor  trucks.  They  have  taken 
making  them  themselves  by  the  thousands,  and  still  the  supply 
is  not  adequate.  Figures  are  not  available,  but  I  would  esti- 
mate that  France  alone,  on  actual  military  service,  is  probably 
using  50,000  motor  trucks.  A  vast  army  of  men  is  kept  exceed- 
ingly busy,  making  and  repairing  her  roads.  Actually  muni- 
tions are  being  put  on  motor  trucks  in  the  industrial  centers 
of  England,  carried  along  the  roads  to  the  desired  port,  thence 
the  truck  travels  by  steamer  and  completes  its  journey  to  the 
base  depot  along  the  roads. 

The  organization  of  our  transport  demands  the  attention  of 
our  engineering  bodies,  just  as  much  as  does  the  mobilization 
of  our  industrial  resources.  The  standardization  of  our  road 
systems,  the  standardization  of  the  controls  on  our  locomotives 
and  motor  trucks,  so  that  men  can  change  from  one  to  another 
with  all  confidence,  the  education  and  discipling  of  numbers  of 
men  to  the  principles  of  transportation  are  aU  matters  that  can 
only  be  handled  by  engineering  executives. 


SUGGEST  SOCIETY  APPOINT  SUBCOMMITTEE  ON  ORDNANCE  MANU- 
PACTURING    TO    ASSIST    WAR    OFFICE 

Bernard  M.  Fine  (written).  The  subject  of  Industrial 
Preparedness,  while  falling  within  the  engineer's  scope,  should 
interest  us,  also,  as  citizens.  As  citizens  we  will  have  to  meet 
the  cost,  and  one  good  way  to  reduce  it  is  to  apply  consoli- 
dated engineering  experience  and  endeavor  to  put  the  design 
and  construction  of  war  material  upon  a  basis  similar  to  what 
is  customary  in  the  commercial  field. 

The  time  to  do  this  is  now,  and  it  is  really  within  the  range 
of  the  Society's  work  to  assist  the  War  Office  in  modifying  its 
standards  for  the  purpose. 
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I  would  suggest  that  the  Society  appoint  a  Sub-committee 
on  Ordnance  Manufacturing  to  work  under  the  jurisdiction 
of  some  of  the  other  research  committees.  The  field  of  this 
committee  should  be  so  broad  that  they  undertake  to  secure 
and  present  papers  not  only  on  modified  standards  but  on 
methods  of  supervision,  jig,  design,  etc.,  and  anything  thai 
will  facilitate  manufacture  in  time  of  need,  and  should  even 
go  so  fai'  as  to  organize  a  volunteer  force  of  trained  engineers 
to  act  as  supervisors  and  inspectors. 

To  store  in  times  of  peace  an  amount  of  material  equal  to 
the  needs  of  war  would  not  be  wise,  but  in  times  of  peace  let 
us  educate  ourselves  to  be  adequate  to  meet  this  need.  In 
war,  as  now  waged,  the  industrial  force  plays  as  important  a 
part  as  the  fighting  force.  The  industrial  force  must  be  offi- 
cered by  men  trained  in  the  peculiarities  of  munitions  manu- 
facture. Tliis  is  the  work  of  engineers  and  the  Society  should 
make  the  organizing  of  these  men  its  business  under  an  Ord- 
nance Section  and  keep  alive  the  work  by  requesting  the  pres- 
entation of  papers  on  the  subject  to  our  meetings. 


PROPOSES  COUNCIL  01'  NATIONAL. DEFENSE  ON  WHICH  ENGINEERS 
SHOULD   BE  REPRESENTED 

Alfred  L.  P.  Dennis'  sent  a  written  memorandum  of  a  plan 
for  the  Council  of  National  Defense  which  he  had  proposed 
and  which  has  formed  the  basis  of  an  amendment  of  one  of 
the  Army  and  Navy  bills  now  before  Congress.  This  pro- 
vides for  the  formation  of  a  Council  for  National  Defense  and 
that  it  shall  consist  of  nine  members,  viz. :  three  Cabinet  offi- 
cers, either  two  or  four  officers  of  the  Army  and  Navy  re- 
spectively, three  experts  in  special  fields,  and  an  additional 
member  as  secretary.  These  last  four  could  be  appointed  from 
the  outside  or  be  detailed  from  various  government  services. 
By  cooperation,  by  steady  investigation,  and  by  careful  study 
of  historical  and  present  conditions  the  materials  for  a  continu- 
ous and  constructive  national  policy  for  the  future  would  be 
increased. 

In  relation  to  this,  he  stated  that  it  would  be  a  pity  if  a 
Council  were  provided  which  should  not  include  representatives 
of  the  engineering  and  railroad  professions  and  which  might 
consist  chiefly  of  the  chairmen  of  various  Congressional  Com- 
mittees and  other  regular  Washington  people.  Of  course,  offi- 
cers of  the  Army  and  Navy  should  be  members  of  such  a  Coun- 
cil. But  the  questions  which  a  properly  organized  Council  of 
Defense  would  have  to  consider  are  so  varied  and  so  vast,  that 
it  would  be  a  mistake  not  to  have  representatives  of  the  engi- 
neers of  such  a  board  to  do  steady,  constructive  work  when 
required. 


ADVOCATES  COOPERATION  BETWEEN  GOVERNMENT  ENGINEERS  AND 
PRIVATE  MANUFACTURERS 

Arthur  G.  McKee.  We  have  manufacturers  in  consider- 
able number  who  are  prepared,  to  a  greater  or  less  extent,  to 
make  shells,  rifles  and  armaments  of  various  kinds,  but  we 
have  no  organization  and  no  nucleus  of  organization,  as  far  as 
I  know,  which  can  coordinate,  systematize  and  regulate  the 
manufacture  of  the  different  items  which  enter  into  the  sched- 
ule of  preparation. 

I  think  that  the  biggest  problem  that  we  have  now  con- 
fronting us  and  that  we  would  have  to  solve  in  the  case  of  the 
great  calamity  of  a  war,  or  a  threatened  war,  would  be  the 


preparation  of  such  an  organization  to  bring  together  and 
schedule  the  different  things  that  make  up  the  requirements 
of  the  circumstances.  It  has  been  mentioned  that  shells  were 
held  up  because  they  did  not  have  the  timing  mechanism, 
wliich  was  in  turn  held  up  for  the  lack  of  a  certain  kind  of 
screw.  These  are  little  things,  but  they  are  most  important 
in  working  up  a  large  quantity  of  material,  and  they  multiply 
as  we  get  into  the  different  kinds  and  sorts  of  equipment. 

For  a  considerable  length  of  time  after  we  seriously  started 
to  prepare  for  a  war,  I  am  afraid  that  the  conditions  would 
be  chaotic.  I  therefore  think  everything  possible  should  be 
done  in  the  way  of  preparing  machine  tools  and  all  other 
equipment  for  making  the  multitude  of  necessary  articles  and 
in  addition  a  civilian  organization  should  be  perfected  and 
every  man  thoroughly  trained  to  do  his  part  in  the  ordering, 
inspecting,  assembling,  testing  and  delivering  in  the  field, 
of  everything  necessary  from  food  to  munitions. 

It  is  a  very  general  belief  among  manufacturers  (whether 
justified  by  the  actual  facts  or  not)  that  specifications  for 
army  and  navy  supplies  are  often  more  drastic  than  the  cir- 
cumstances warrant  and  that  the  inspection  of  these  supplies 
is  unnecessarily  severe.  Cooperation  between  the  government 
engineers  and  the  manufacturers  in  the  preparation  of  these 
specifications  and  in  the  actual  inspection  work  should  result 
in  the  elimination  of  any  possible  cause  for  complaint  in  this 
respect  and  bring  the  Government,  the  manufacturers  and 
their  engineers  into  complete  harmony.  It  would  at  the  same 
time  train  the  civilian  engineers  to  a  much  greater  efficiency 
in  ease  war  should  make  their  services  necessary. 


CONSIDERS    EMPLOYERS    SHOULD   ORGANIZE    INDUSTRIAL    RESERVE, 
AND  GIVES   EXAMPLE    IN    OWN    WORKS 

Harry  E.  Harris.  The  program  for  Industrial  Prepared- 
ness as  it  affects  the  engineering  profession,  and  Industrial 
America  as  a  whole,  is  well  thought  out  and  should  be  sup- 
ported by  every  engineer  and  manufacturer.  However,  there 
is  one  point  which  is  of  vast  importance  and  that  is  the  out- 
lined plan  for  organizing  an  Industrial  Reserve.  The  labor 
conditions  and  troubles  in  foi'eian  countries  now  at  war  have 


^Prof.  History.  Univ.  of  Wis.  Madison,  Wis. 


To  utilize  the  industrial  resources  of  this  country  to 
the  very  best  advantage,  there  must  be  a  complete  unifi- 
cation of  all  who  participate.  This  can  never  be  ac- 
complished by  the  aid  of  a  few  individuals  without  the 
assistance  of  the  Government  of  this  country. — J.  P. 
Brophv. 

It  is  the  duty  of  employers  who  are  patriotically  in- 
clined and  willing  to  give  their  support  to  their  country 
to  reach  their  men  by  individual  talks. — Hahry  E.  Har- 
ris. 

The  present  war  has  demonstrated  the  tremendous  ad- 
vantage gained  by  the  country  that  is  able  to  start  into 
the  fight  with  effective  equipment  in  sufficient  quantity, 
and  with  the  ability  to  provide  at  once  the  supplies 
necessary  to  keep  the  organization  going. — AVm.  B.  Jack- 
son. 
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been  a  serious  hindrance  to  tlie  effectiveness  of  their  offen- 
sive and  defensive  forces. 

It  is  not  only  necessary  to  enlist  the  engineers  and  manu- 
facturers, but  it  is  necessary  also  to  get  the  loyal  support  of 
every  man  who  is  a  skilled  workman  and  who  is  necessary  to 
this  counti-y  as  such.  Let  these  skilled  employees  know  more 
about  the  plans  of  the  Industrial  Preparedness  program,  en- 
list their  sympathies  and  obtaui  their  pledge  of  willingness  to 
be  depended  upon  in  case  of  emergency.  Make  them  feel  that 
in  case  America  is  called  upon  to  defend  herself  their  interests 
and  their  employers'  interests  are  in  a  common  cause,  and  that 
employers  and  men  will  stand  shoulder  to  shoulder  in  such  an 
emergency. 

It  is  the  duty  of  employers  who  are  patriotically  inclined 
and  willing  to  give  their  support  to  their  country  to  reach  their 
men  by  individual  talks,  meeting  them  on  a  common  ground, 
and  obtaining  their  views  and  their  willingness  to  enlist  as 
members  of  the  Industrial  Resene  if  called  upon. 

As  an  example  of  what  may  be  done  along  these  lines,  a 
meeting  of  the  workmen  of  the  company  with  which  the  writer 
is  connected  has  just  been  held,  at  which  abstracts  from  Mr. 
Miller's  paper  were  read  and  a  general  discussion  invited ;  also 
the  writer  gave  an  impromptu  talk.  Men  who,  for  various 
reasons,  had  neglected  to  take  out  their  naturalization  papers 
were  earnestly  advised  to  do  all  they  could  to  get  their  inten- 
tions on  record.  An  association  was  formed  and  the  follow- 
ing resolutions  passed : 

"  We,  the  undersigned,  do  solemnly  and  patriotically  pledge 
ourselves  to  the  defense  of  the  United  States  of  America  in 
ease  of  war  against  any  enemy  whatsoever." 

"  We  have  associated  ourselves  together  as  members  of  the 
Square  Deal  Industrial  Volunteer  Association,  Employees  of 
The  H.  E.  Harris  Engineering  Co.,  and  as  native  and  natural- 
ized citizens  of  the  United  States  of  America,  and  further  vol- 
untarily pledge  ourselves  to  patriotically  serve  in  the  Industrial 
Reserve  of  the  United  States  of  America  as  skilled  workers  of 
The  H.  E.  Harris  Engineering  Co.,  whenever  called  upon  by 
the  Government  to  do  so,  irrespective  of  our  several  religious, 
political  beliefs,  other  associations,  prior  nationalities,  ante- 
cedents or  individual  prejudices." 

"  This  pledge  and  agreement  is  binding  upon  the  Square 
Deal  Industrial  Volunteer  Association  as  a  whole,  but  any 
member  leaving  the  employ  of  The  H.  E.  Harris  Engineering 
Co.,  and  being  released  from  his  membership  in  the  above  as- 
sociation prior  to  the  call  of  the  United  States  Government, 
is  also  automatically  released  from  this  pledge." 

The  men  evinced  a  hearty  interest  and  exhibited  a  large 
share  of  patriotism,  and  demanded  permission  to  sign  at  once, 
with  the  exception  of  one  or  two  unskilled  men  who  were  de- 
sirous of  joining  either  the  Navy  or  the  Army  in  case  of  war. 


of  war.  This  question  of  industrial  preparedness  and  the 
preparation  of  the  industrial  inventorj'  may  be  desirable 
steps,  but  hand  in  hand  with  them  he  would  like  to  see  the 
Society  enter  into  tliis  even  greater  constructive  work. 

COX.SIDEl!S  DEVELOPMEXT  OF  SHIPBUILDING  FACILITIES  AND  MER- 
CHANT  MARINE   IMPORTANT  ELEMENTS 

Henry  A.  Wise  Wood'  wrote  in  advocacy  of  the  develop- 
ment of  the  shipbuilding  facilities  of  the  nation  and  of  the 
merchant  marine  as  important  elements  in  Industrial  Pre- 
paredness. Our  shipping  facilities  should  be  great  enough,  not 
only  to  supply  the  great  navy  which  we  may  need,  but  also  the 
merchant  marine  which  such  a  navy  would  require  in  times  of 
war. 

Our  naval  preparedness  should  include  the  upbuilding  of 
such  a  merchant  marine,  not  only  that  we  may  have  it  for 
use  in  war,  but  that  in  times  of  peace  we  may  gather  into  our 
own  hands  our  own  overseas  carriage  of  goods.  The  fleets  of 
foreign  nations  built  from  the  profits  upon  the  carriage  of 
our  own  goods  will  become  in  times  of  war  our  gi-eatest  menace 
because  it  is  by  means  of  those  fleets  that  the  trained  troops  of 
an  enemy  can  be  delivered  upon  our  shores. 

RECOMMENDS   GOVERNMENT   FACTORY   TO   CONSTRUCT   JIGS,   GAGES, 
TEMPLATES,  FIXTURES,   ETC. 

Harold  V.  Goes.  It  seems  to  me  tliat  one  of  the  vital  ele- 
ments necessary  for  the  projier  carrying  out  of  the  plan  is 
for  the  Government  to  construct  in  its  own  factory  under  its 
own  jurisdiction,  and  in  accordance  with  its  own  standards, 
the  necessary  jigs,  templates,  gages  and  fixtures  that  are  re- 
quired and  that  are  adaptable  to  special  or  standard  machine 
tool  equipment,  and  either  to  rent  them  or  loan  them  or  sell 
them  to  those  manufacturers  who  are  equipped  and  who  sig- 
nify their  intention  to  manufacture  shells,  rifles  and  other 
war  material  of  this  character  for  the  Government. 

I  think  there  is  no  doubt  that  the  British  Government  in  its 
present  crisis  would  have  been  much  further  ahead  with  its 
plans  if  it  had  been  able  to  send  necessary  jigs,  templates, 
gages  and  fixtures  to  those  manufacturers  in  this  country  who 
are  making  munitions  of  war  for  the  British  Government. 
The  jigs,  tools  and  fixtures  which  rifle  manufacturers  in  this 
country  use  were  of  practically  little  use  when  it  came  to  mak- 
ing the  Lee-Enfield;  consequently  it  would  appear  extremely 
desirable  for  us  to  profit  by  this  lack  of  foresight  on  the  part 
of  one  of  the  powers  now  engaged  in  the  present  world 
cataclvsm. 


says   society  should  cooperate  IN  STUDYING  CAUSES  OF  WAR 

D.  Robert  Yaenall  said  he  would  feel  very  son-y  to  have 
the  Society  fail  to  include  in  this  discussion  one  constructive 
thought  which  seemed  to  him  necessary  at  this  time.  If  the 
engineer  does  nothing  else  in  his  professional  work,  he  ana- 
lyzes the  causes  of  trouble,  and  then,  acting  on  this  analysis, 
attempts  to  eliminate  them.  In  this  problem  of  industrial 
preparedness,  commendable  as  it  is  from  the  standpoint  of 
national  defense,  it  seemed  to  him  that  quite  as  important  at 
this  time  would  be  the  study  of  and  the  elimination  of  the 
causes  of  war. 

As  a  member  of  the  Society,  he  would  like  to  see  a  com- 
mittee appointed  to  cooperate  with  other  institutions  which 
are  engaged  in  the  study  of  and  the  elimination  of  the  causes 


the    EUROPEAX    war.       SOME    LESSONS    DRAWN    BY    THOSE    WHO 
KNEW  CONDITIONS  AT  THE  OUTBREAK 

H.  L.  Gantt.  In  considering  the  subject  of  preparedness, 
either  for  peace  or  for  war,  it  is  imperative  that  we  learn  as 
quickly  as  possible  the  lessons  which  are  bemg  made  clear 
to  us  by  the  developments  in  Europe. 

In  order  to  do  this,  we  must  ask  oursehes  why  it  is  that 
Germany  has  shown  so  much  gi-eater  effieiency,  both  from  a 
military  and  an  industrial  standpoint,  than  have  the  Allies. 

It  is  becoming  perfectly  clear  that  the  principles  underhdng 
industrial  and  military  efficiency  are  the  same  and  that,  if  a 
nation  is  to  be  efficient  in  a  militaiw  sense,  it  must  first  be  ef- 
ficient industrially. 


'25  Madison  Ave.,  New  York  City. 
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We  have  talked  efficiency  iu  this  country  for  several  yeais, 
and  many  books  have  been  written  on  the  subject,  but  many  oi' 
us  feel  that  the  actual  results  so  far  have  been  lamentably 
small;  and  that  we  should  be  much  more  nearly  in  the  class 
with  England  than  with  Germany  if  we  were  suddenly  con- 
fronted with  her  problems.  It  would  seem,  therefore,  that  wi; 
should  find  the  fundamental  reasons  why  England  presented 
such  a  strong  contrast  to  Germany,  and  see  if  we  cannot  learn 
something  therefrom. 

It  is  only  a  short  time  since  England  led  the  world  in  the 
arts,  but  recently  Germany  has  demonstrated  her  superiority  to 
both  England  and  France. 

We  must  ask  ourselves  how  this  happened.  It  would  seem 
to  be  something  in  this  wise :  The  financiers  of  England,  feel- 
ing that  wealth  could  purcliase  whatever  was  needed  for 
themselves  and  their  national  life,  have  devoted  their  energies 
for  a  number  of  years  to  securing  the  wealth  which  was  pro- 
duced by  others  rather  than  making  strenuous  efforts  to  pro- 
duce it  themselves.  In  this  attempt  they  have  sent  abroad 
millions  of  dollars  to  develop  industries  in  foreign  lands,  which 
brought  them  great  returns. 

The  leaders  of  Germany,  on  the  other  hand,  not  being  able 
to  exploit  foreign  peoples  to  the  extent  which  was  possible  in 
England,  turned  their  attention  to  developing  their  own  re- 
sources, and  the  ability  of  their  own  people. 

When  the  supreme  test  came,  Germany  was  found  to  be  a 
nation  of  people  who,  in  general,  knew  what  to  do  and  how  to 
do  it ;  wliile  the  industries  of  England  were,  in  too  many  cases, 
controlled  by  people  who  understood  only  their  commercial 
side. 

We,  following  the  footsteps  of  England,  have  regarded 
financial  strength  as  the  most  important  strength;  forgetting 
the  comment  which  the  ancient  philosopher  made  to  the  rich 
man  who  boasted  of  his  possessions,  when  he  said :  "  What 
availeth  all  thy  wealth?  He  that  hath  better  iron  than  thou 
will  come  and  take  away  all  thy  gold."  In  those  days  iron 
meant  weapons.  Today  iron  may  be  taken  as  the  symbol  of 
both  weapons,  and  tools  of  industry,  and  the  statement  is 
just  as  true  today  as  it  was  two  thousand  years  ago,  that  he 
that  hath  the  better  tools  is  more  powerful  than  he  that  hath 
the  wealth. 

The  move,  therefore,  to  get  the  engineers  of  the  country 
working  together  for  preparation  is  a  most  hopeful  sign,  for 
in  the  strenuous  times  in  which  we  are  living  wealth  may  be  of 
little  more  value  to  us  than  it  would  have  been  to  Great  Britain, 
but  for  the  twenty  miles  of  water  which  separated  her  from  the 
Continent  of  Europe. 

On  the  other  hand,  the  power  to  do  things  cannot  be  taken 
away  from  us.  The  greater  that  power,  the  more  important 
will  its  possessor  become,  as  we  realize  the  real  meaning  of  the 
titanic  contest  which  is  now  going  on  in  the  world. 

The  man  who  knows  what  to  do  and  how  to  do  it  is  pre- 
eminently the  engineer.  The  new  world,  therefore,  which  is 
being  ushered  in  by  the  great  struggle  now  taking  place  is 
one  in  which  the  engineer  is  destined  to  be  the  supreme  power, 
for  it  is  becoming  increasingly  clear  that,  in  future,  the  man 
who  owns  things  v/ill  not  be  as  important  a  factor  in  the  world 
as  the  man  joho  can  do  things. 


CITES    PRESENT    WAR    TO    SHOW    GOVERNMENT    MUST    COOPERATE 

WITH   MANUFACTURERS 

Wm.  B.  Jackson.     There  is  a  tendency  for  many  who  have 
not  given  the  matter  considerable  consideration  to  feel  that 


the  Government  of  the  United  States  should  place  itself  iu  a 
position  to  own  its  own  manufacturing  establishments  capable 
of  fulfilling'all  of  the  requirements  of  preparedness. 

The  sooner  such  an  idea  is  rooted  out  the  better,  since  at 
best  the  Government  itself  can  own  and  operate  only  what 
might  be  considered  sample  establishments  for  the  production 
of  the  materials  and  supplies  which  would  be  necessary  in 
case  of  a  serious  attack  upon  this  country.  Were  the  United 
States  to  be  attacked  by  a  formidable  foe,  it  would  require  the 
most  intense  activity  of  any  reasonable  development  that  the 
Government  might  have  in  the  line  of  the  manufacture  of  muni- 
tions and  supplies  together  with  the  most  intensive  activity  of 
every  private  manufacturing  establishment  that  could  be 
pressed  into  the  service.  The  present  war  has  demonstrated 
the  tremendous  advantage  gained  by  the  country  that  is  able 
to  start  into  the  fight  with  effective  equipment  in  sufficient 
quantity  and  with  the  ability  to  provide  at  once  the  supplies 
necessary  to  keep  the  organization  going. 

Manufacturing  establishments  do  not  feel  safe  in  making 
broadly  conceived  and  comprehensive  plans  for  assisting  the 
Government  in  case  of  trouble,  owing  to  the  possibility  that  the 
Government  itself  may  enter  their  fields  of  activity  and  take 
away  from  them  the  business  which  might  with  propriety  come 
to  their  hands  during  the  periods  of  peace.  It  would  appear 
that  this  move  on  the  part  of  the  Government  to  work  up  a 
thorough  census  of  the  industrial  possibilities  of  our  country 
should  lead  to  the  development  of  a  plan  whereby  our  manu- 
facturing establishments  may  be  brought  into  hearty  coopera- 
tion with  the  Government  with  profit  to  both  the  manufactur- 
ing establishments  of  the  country  and  the  Government. 


ATTRIBUTES    SLOWNESS    IN    PREPARATION    IN    PRESENT    WAR    TO 
LACK   OF    DRAWINGS,    GAGES,   TOOLS,    ETC. 

Fred  E.  Rogers  (written).  A  very  large  munitions  plant 
would  be  required  to  run  steadily  for  a  year  to  turn  out  the 
shells  fired  by  the  Allies'  guns  in  one  day  on  the  western  bat- 
tle-front. To  provide  the  millions  of  shells  they  have  used 
has  required  the  united  efforts  of  thousands  of  manufacturing 
plants.  But  these  plants  had  to  be  provided  with  drawings, 
tools,  gages,  jigs  and  fixtures  and  plans  of  operation  before 
they  could  begin  to  produce.  It  has  been  due  to  their  lack  that 
Great  Britain  has  been  so  slow  in  getting  ready. 

Take,  for  example,  the  manufacture  of  military  rifles.  This  is 
a  complex  process  requiring  special  skill  and  experience,  and 
with  the  exception  of  our  government  arsenals  there  was,  at 
the  outbreak  of  the  present  war,  perhaps  not  one  plant  in  the 
United  States  properly  equipped  and  manned  for  manufactur- 
ing military  arms  that  would  pass  the  rigid  test  prescribed  by 
government  inspectors.  There  are  about  800  principal  ma- 
chine operations  involved  in  making  the  parts  of  the  simplest 
military  arm,  including  the  wood  stock  and  hand  guard.  Many 
of  these  operations  require  special  machinery  and  practically 
all  the  parts  must  be  held  in  jigs  or  fixtures  while  machin- 
ing. When  we  consider  the  fact  that  to  provide  equipment 
for  an  army  of  one  million  men,  from  two  million  to  three 
million  rifles  are  required,  the  size  of  the  task  of  equippirg  an 
army  of  a  million  with  shoulder  guns  alone  becomes  apparent. 
What  the  condition  of  this  country  would  be  in  a  sudden 
emergency,  we  can  only  guess.  Judging  from  the  experience 
of  some  of  our  ill-advised  manufacturers  who  undertook  to 
make  shells,  it  would  be  one  of  great  confusion  and  enormous 
waste. 

An  idea  of  what  it  means  to  prepare  for  the  manufacture 
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of  lilies  may  be  had  from  the  fact  that  Uieie  are  55  operations 
on  the  receiver'  of  a  Spanish  Mauser  rifle  and  several  hun- 
dred jig-s  are  required  for  each  unit  of  a  plant  producing  200 
rifles  daily,  and  the  same  applies  to  the  gages.  Data  concern- 
ing their  production  must  be  prepared  by  experts  but  con- 
siderable experience  is  always  required  before  satisfactory  re- 
sults can  be  obtained.  That  such  elaborate  plans  pay  is  known 
from  the  fact  that  a  rifle  complete  with  strap,  bayonet  and 
scabbard  can  be  jjroduced  with  less  than  twenty  man-hours 
labor. 

Comprehensive  plans  should  be  prepared  for  the  manufac- 
ture of  shrapnel,  high-explosive  shells,  cartridge  eases,  rifles, 
field  guns  and  all  the  varied  equipment  of  war.  Every  step  of 
the  operations  should  be  laid  down,  specifying  in  each  instance 
the  tool  and  the  machine  on  which  the  work  should  be  done 
and  the  limits  of  accuracy  required,  including  an  estimate  of 
the  possible  production.  It  will  be  a  great  undertaking,  but 
how  much  better  it  will  be  to  spend  a  few  million  dollars  work- 
ing out  plans  to  provide  means  for  industrial  mobilization  and 
rapid  production  than  to  run  the  risk  of  a  complete  smash-up 
in  time  of  stress. 

It  is  true  that  all  plans,  tools,  jigs,  fixtures  and  methods  of 
operation  will  become  obsolete  when  improvemqnts  in  the 
means  of  production  and  arms  ai'e  developed,  as  they  certainly 
will  be,  but  is  it  not  better  to  face  this  certainty  and  be  ready 
to  reeonstract  the  means  of  production  and  keep  them  up-to- 
date  rather  than  to  spend  several  hundred  million  dollars  in 
the  manufacture  of  those  munitions  which  themselves  become 
obsolete  and  practically  worthless  in  a  few  years. 

There  is  an  argument  for  this  sort  of  preparedness  which 
should  appeal  to  every  engineer  whether  he  is  in  favor  of  mili- 
tary preparedness  or  not.  It  can  be  made  a  powerful  lever  for 
improving  industrial  efficiency.  It  is  unfortunately  true  that 
many  of  our  manufacturing  plants  are  working  far  below  their 
possible  efliciency.  They  employ  penny-wise  and  pound-fool- 
ish methods  of  production;  their  men  are  not  trained  to  un- 
derstand the  basic  principles  of  interchangeable  manufactur- 


'  See  Uaeftinery,  April  1916,  page  655,  in  whicli  every  machining 
operation  is  specified  and  the  types  of  machines  and  tools ;  the  produc- 
tion per  hour  is  given  and  the  number  of  machines  that  each  man 
operates,  etc. 


Engineers  might  render  their  best  possible  service  at 
this  time  by  suggesting  such  improvements  in  organiza- 
tion as  would  result  in  getting  more  for  the  money  and 
effort  expended  than  is  at  present  received. — Fred  J. 
Miller. 

The  best  service  that  a  Board  of  Engineers  can  do 
for  this  country  will  be  to  take  care  of  the  big  things, 
and  let  the  little  things  be  done  by  somebody  else. — 
Charles  Whiting  Baker. 

Why   not    have    a    General   Industrial   Staff 
doing    the    same    service    for    the    manufacturing    and 
transportation  industries  of  the  country  that  the  Agri- 
cultural Department   is   doing   for   the  farmers? — Wil- 
liam Kent. 


ing.  Gaging  systems  are  inadequate  and  incomplete;  data  on 
the  life  of  gages  are  wanting  as  well  as  the  number  required 
for  any  given  unit  of  production.  There  is,  too,  a  lack  of  the 
cooperative  spirit  so  absolutely  necessary  to  success  in  any 
great  trade  or  military  emergency.  Those  emergencies  will 
surely  come  to  the  United  States,  though,  we  trust,  in  the  trade 
sense  only.  It  will  be  only  when  we  have  cooperation  in  the 
true  industrial  sense  that  we  can  face  with  confidence  great 
national  emergencies. 


DISCUSSES  MILITARY  EIPLE  MANUFACTURE  IN  LIGHT  OF  REQUIRE- 
MENTS  IN   PRESENT  W.VR 

K.  A.  JuTHE  (written).  There  are  many  dift'erent  sides 
to  the  question  of  preparedness,  and  one  of  them  is  that  of 
military  rifle  manufacture. 

The  present  industrial  activity  in  small  arms  or  military 
rifles  and  ammunition  has  brought  out  several  factors  that 
seem  to  warrant  a  general  discussion.  When  hurry-up  orders 
for  rifles  began  to  come  to  this  country  over  a  year  ago,  the 
manufacturing  interests  were  totally  unprepared  to  take  care 
of  them,  and  they,  and  particularly  their  engineers  in  charge, 
were  confronted  with  the  imique  and  at  the  same  time  serious 
situation  of  being  unable  to  secure  both  the  number  of  skilled 
men  for  the  preliminary  work  and  the  necessary  material  of 
the  high  standard  required  by  the  different  governments. 
From  the  statement  that  orders  for  from  1,000  to  5,000  com- 
plete rifles  per  day  were  placed  with  different  manufacturers, 
the  magnitude  of  the  problems  which  arose  can  hardly  be 
comprehended,  but  the  following  considerations  will  show  in 
which  particulars  we  were  worse  off  at  the  outset  than  any 
superintendent  or  engineer  in  charge  of  such  work  had  ever 
thought  possible. 

The  gage  problem  was  one  of  the  greatest  magnitude,  as  it 
was  found  that  it  would  take  at  least  300  first-class  gage 
makers  six  months  to  furnish  the  first  working  set,  inspector's 
set  and  the  master  set  necessary  for  guns  in  quantities;  and 
when  1,000  complete  rifles  per  day  is  figured  on,  it  means  that 
the  working  sets  must  be  increased  from  one  to  ten  and  the  in- 
spectors' sets  from  one  to  five,  keeping  the  master  set  simply 
for  reference.  It  was  shown  conclusively  that  among  the  total 
of  practically  2,500  to  3,000  first-class  gage  makers  in  the 
country  there  was  no  adequate  means  of  tackling  several  dif- 
ferent propositions  at  the  same  time. 

In  regard  to  tool  making,  it  was  found  that  the  jigs,  fixtures 
and  small  tools  required  would  take  a  small  army  of  tool- 
makers.  It  would  take  at  least  1,000  toolmakers  one  year  to 
furnish  tools  of  this  kind  for  the  output  of  1,000  rifles  per 
day.  Therefore,  should-  our  government  require,  say,  5,000,- 
000  rifles,  or  1,000,000  rifles  per  year,  our  tool  plants  would  be 
taxed  to  the  utmost. 

The  suggestion  put  forth  in  Mr.  Miller's  paper  for  a  cen- 
tral plant  wherein  tools  and  gages  could  be  manufactured  and 
sent  out  to  different  plants  is  one  to  which  engineers  should 
give  careful  consideration.  No  manufacturing  can  be  started 
until  gages  have  first  been  made.  The  manufacture  of  the 
gages  should,  however,  be  carried  out  in  one  plant  laid  out  for 
that  particular  purpose  and  under  the  supervision  of  one 
head,  as  it  would  be  necessarj-  that  all  gages  bear  the  same  rela- 
tive characteristics. 

The  proposition  of  toolmaking  under  central  supervision, 
however,  both  as  regards  small  tools,  jigs  and  flstures,  is  an 
entirely  different  one.  Jigs  and  fixtures  are  largely  made  by 
individual  concerns  to  suit  their  own  particular  machine  tools 
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for  rapid  interchangeable  production.  As  practically  no  two 
tool  manufacturing  plants  have  the  same  facilities,  it  is  prac- 
tically impossible  to  standardize  tools  for  making  the  jigs  and 
fixtures,  and  the  latter  would  be  of  no  value  unless  they  were 
interchangeable  under  the  majority  of  conditions  existing. 

Approximately  five  distinct  and  separate  rifles  are  now  be- 
ing manufactured  in  this  country.  It  would  seem  as  though 
the  engineers  of  the  United  States  Government  could  design 
a  gun,  in  the  manufacture  of  which  a  great  deal  of  the  ma- 
chinery and  tools  now  in  use  could  be  used  with  equal  facility ; 
at  the  present  writing  the  rifle  adopted  by  the  United  States 
Government  is  so  different  in  sizes  of  parts  as  to  make  this 
impossible. 

There  seems  to  be  a  necessity  for  a  standardization  of  parts, 
or,  at  least,  for  some  method  whereby  tools  could  be  made  up 
and  jigs  and  fixtures  made  suitable  to  fit  the  conditions  exist- 
ing-at  each  of  the  large  manufacturing  plants  now  engaged  in 
similar  work.  These  could  be  kept  in  stock,  and  as  soon  as  oc- 
casion required  they  could  be  handed  over  and  manufacturing 
could  proceed  with  practically  no  stop,  excepting  the  necessary 
adjustments  and  preliminary  inspections. 

This  is  only  a  rough  outline  of  what  the  writer  has  in  view 
insofar  as  the  situation  for  actual  manufacturing  is  con- 
cerned. There  is  ,however,  another  point  pertaining  to  getting 
the  raw  material  into  shape  for  an  actual  manufacturing 
proposition.  The  materials  specified  by  each  government  vary 
largely  in  analysis  and  physical  requirements.  In  some  cases 
such  requirements  are  more  than  a  ballistic  test  has  shown 
necessai-y  as  a  factor  of  safety.  It  is  easy  by  heat  treatment 
to  get  steel  of  a  certain  analysis  to  meet  the  required  physical 
specification,  but  manufacturers  have  a  specification  of  theii- 
own  wliich  reads  that  all  steel  furnished  must  possess  ma- 
chining qualities  within  certain  limits.  At  the  present  writ- 
ing, the  steel  mills  are  doing  splendid  work  in  furnishing  steel 
to  requirements,  but  when  an  overcrowded  condition,  careless 
handling  or  unknown  quantities  creep  in  amongst  the  billets 
we  are  confronted  with  what  we  term  a  "  dirty  steel,"  and 
although  all  requirements  as  to  physical  qualities  can  be  met, 
drilling  and  rifling  a  barrel  becomes  a  serious  and  heart- 
breaking problem,  as  it  is  impossible  to  perform  these  opera- 
tions satisfactorily  if  any  dirt  or  a  slag  deposit  is  encountered 
in  the  center  of  the  steel. 

The  following  factors  have  already  been  thoroughly  demon- 
strated as  entering  into  the  making  of  a  standard  high  ex- 
plosive rifle : 

1  Analysis  of  steel  necessary. 

2  Manufacture  of  such  steel  with  minimum  waste 

3  Forging  or  rolling  of  rifles  without  harmful  effects  to 
the  steel. 

4  Heat  treatment  of  rifle  barrels  to  give  the  high  physical 
properties  required  with  a  high  degree  of  machining  qualities. 
The  small  parts  of  the  rifle  can  be  readily  taken  care  of  as  far 
as  hardening  and  heat  treatment  are  concerned. 

Also  the  following  matters  need  very  careful  consideration, 
especially  as  they  are  not  at  present  in  a  very  satisfactory  con- 
dition : 

1  Design  and  standardization  of  parts 

2  Design  and  manufacture  of  gages 

3  Design  and  manufacture  of  interchangeable  tools,  jigs  and 
fixtures 

4  Supply  of  a  proper  quality  of  kihi  dried  lumber  for 
stocks. 


POINTS  TO  WASTE  OF  LESS  COMMON   METALS  IN    WAR  AND  CITES 
REMEDY    IN    BILL    OF    MATERIAL 

Percy  E.  Barbour  '  contributed  an  interesting  account  of  the 
prodigious  waste  of  the  less  common  and  semi-rare  metals  in 
the  war.  Cartridge  brass  for  use  in  making  cartridge  cases 
must  necessarily  be  composed  of  the  best  brands  of  copper  and 
zinc  because  the  drawing  of  cartridge  cases  is  the  severest 
test  to  which  such  metal  can  be  put.  But  specifying  high- 
grade  copper,  zinc  or  brass  for  everything  required  in  military 
work  is  wholly  uncalled  for. 

For  example,  in  the  manufacture  of  shells  the  British  have 
been  using  a  brass  plug  for  closing  the  opening  in  the  nose 
of  the  fuse  temporarily  between  the  time  when  the  shell  is 
completed  ready  for  shipment,  and  the  time  of  its  fusing  prior 
to  the  action  in  which  it  is  required. 

The  4y2-in.  high-explosive  shell  manufactured  in  Canada 
has  a  brass  plug  which  weighs  10%  oz.,  is  very  carefully  ma- 
chined and  threaded  and  screws  into  the  nose  of  the  projec- 
tile easily  by  baud,  but  has  a  square  recess  in  the  top  for  the 
insertion  of  a  square-end  wrench  in  case  it  cannot  be  un- 
screwed by  hand.  When  the  shells  are  fused  in  the  battle 
area,  these  plugs  are  taken  out  and  thrown  away  and  are  a 
total  loss.  If  1,000,000  shells  are  fired  in  one  engagement  in 
one  day,  some  idea  can  be  formed  of  the  prodigious  waste  of 
war,  so  far  as  this  item  of  copper  and  zinc  is  concerned.  The 
same  shell  also  has  a  copper  rotating  band  near  its  base  and 
has  a  time  detonating  fuse  of  brass  in  its  nose,  both  of  which 
are  converted  into  hundreds  of  pieces  on  the  explosion  of 
the  shell. 

There  is  no  valid  reason  for  making  these  temporary  plugs 
of  the  most  expensive  material  available,  and  evidently  this 
has  dawned  upon  those  at  the  head  of  the  munitions  manu- 
facturing department  in  England,  because  wood  plugs  are  now 
being  used  in  place  of  the  more  expensive  metals.  Recently 
a  manufacturer  of  war  material  was  approached  for  a  bid  on 
a  large  number  of  these  nose  plugs.  His  figure,  scaled  down 
to  the  minimum,  was  more  than  a  million  dollars.  This  price 
being  unsatisfactory  to  the  representative  of  the  foreign  pur- 
chaser, the  bidder  made  an  alternative  figure,  which  was  less 
than  1/400  of  the  first,  if  he  were  allowed  to  make  the  plugs 
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The  biggest  jiroblem  that  we  have  now  confronting 
us  and  that  we  would  have  to  solve  in  the  case  of  the 
ijreat  calamity  of  a  war,  or  a  threatened  war,  would 
be  the  preparation  of  an  organization  to  bring  together 
and  schedule  the  different  things  that  make  up  the  re- 
quirements of  the  circumstances. — Arthub  G.  McKee. 

/(  IS  becoming  increasingly  clear  that,  in  future,  the 
man  who  owns  things  will  not  be  as  important  a  factor  as 
the  man  who  can  do  things. — H.  L.  Gantt. 

Your  action  is  a  patriotic  one,  and  a  needed  step  in 
the  right  direction,  for  it  will  show  us  some  of  our 
weaknesses  and  give  us  a  better  idea  how  to  remedy 
mir  defects. — MA.ion  W.  Goff  Capf-es. 
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out  of  wood.  The  turning  of  these  plugs  from  wood  and  the 
cutting  of  a  satisfactory  thread  on  them  is  said  to  be  one  of 
the  most  difficult  manufacturing  details,  but  they  are  now  be- 
ing turned  out  and  used  and  so  far  as  is  known  with  per- 
fectly satisfactory  results. 

We  have  it  from  an  authoritative  source,  that  one  reason 
why  the  Russian  supply  of  ammunition  was  so  slow  in  com- 
ing forward  early  in  the  war  was  because,  prior  to  the  exigen- 
cies of  the  recent  campaigns,  the  Russian  specifications  re- 
quh-ed  that  all  of  their  projectiles  be  nickel-plated  and  neither 
the  time  nor  the  nickel  was  available  for  fulfilling  these  re- 
quirements on  the  vast  number  of  shells  that  were  being  ex- 
pended on  the  battle  front.  Nickel-plating  the  pi'ojectile  of 
course  reduces  the  wind  resistance,  but  it  is  probable  that 
grinding  and  polishing,  which  can  be  done  so  cheaply  by 
American  methods,  would  accomplish  the  same  result. 

As  an  effective  means  of  reducing  these  wastes  of  valuable 
materials,  which,  while  they  are  often  minor  items,  yet  in  the 
aggregate  are  very  large,  the  writer  suggests,  quoting  from  an 
editorial  in  the  Engineering  and  Mining  Journal. 

The  army  general  staff  should  determine  the  number  of  men 
to  be  put  into  the  field  in  the  woi-st  possible  contingency.  It 
should  draw  up  a  complete  biU  of  material  for  the  supply  of 
such  an  army,  which,  with  the  specifications,  should  then  be 
referred  to  the  U.  S.  Naval  Consulting  Board,  representing 
the  engineering  societies,  and  by  it  shorJd  be  cut  up  and  dis- 
tributed among  the  engineering  societies — the  metallurgical 
parts  to  the  metallurgical  engineers,  the  mechanical  parts  to 
the  mechanical  engineers,  the  chemical  parts  to  the  chemists, 
and  so  on.  Those  bodies  would  then  subdivide  things  among 
their  specialists.  They  would  scrutinize  the  specifications,  find- 
ing out  whether  certain  things  likely  to  be  troublesome  or 
costly  were  prescribed  by  reason  of  necessity  or  by  reason  of 
tradition;  they  would  suggest  substitutes  and  improvements. 
Having  determined  what  was  really  needed,  they  would  formu- 
late plans  for  the  supply  of  it,  making  a  survey  of  the  indus- 
tries, listing  industrial  plants,  etc.,  and  recommending  steps 
for  the  filling  of  gaps. 


ILLUSTRATES     NECESSITY     FOR     STANDARD     MACHINE     TOOLS     AS 
SHOVPN  BY  VTAR.      ENUNCIATES  PRINCIPLES 

L.  P.  Alford  (written).  Mr.  Miller,  in  his  excellent  outline 
of  the  need  of  organizing  for  industrial  preparedness,  points 
out  that  consideration  should  be  given  to  machine  tools  from 
several  aspects  of  their  design  and  supply.  The  importance  of 
these  machines  in  time  of  war  is  strikingly  proved  by  com- 
paring the  machine-tool  exports  from  the  United  States  for 
the  calendar  year  1915  with  the  record  of  the  best  previous 
year  in  our  history.  In  roimd  figures,  $42,000,000  worth  of 
machine  tools  were  shipped  during  1915,  while  the  highest  pre- 
ceding yearly  record  was  about  $16,000,000  worth. 

But  little  is  known  in  this  country  of  the  methods  that  Ger- 
many has  employed  to  build  and  maintain  the  machine  tools 
necessary  to  produce  her  munitions  of  war.  On  the  other  hand, 
there  is  considerable  information  available  in  regard  to  the 
methods  employed  by  Great  Britain  and  France.  Thus  it  is 
from  the  experiences  of  these  latter  named  countries  that  we 
can  formulate  the  principles  of  action  to  govern  the  design, 
purchase,  production,  and  distribution  of  machine  tools  which 
must  be  carried  out  in  preparing  for  a  national  emergency 
of  war. 

The  machine  tools  shipped  abroad  during  the  past  20 
months  analyze  into  three  general  classes.  First,  simple,  plain 
machines  that  were  either  standard  with  certain  manufacturers 
before  the  outbreak  of  war,  or  have  been  designed  and  built 
under  the  stress  of  the  tremendous  foreign  demand.     Second, 


regular  machine  tools  of  a  more  highly  organized  grade,  par- 
ticularly automatic  machines  that  were  the  standard  product 
of  some  manufacturers  prior  to  the  outbreak  of  war.  Third, 
special  machine  tools  developed  for  some  operation  or  series 
of  operations  in  the  manufacture  of  some  particular  detaU  of 
munitions,  and  grouping  into:  (o)  lathes  for  the  outside  turn- 
ing of  shells;  (&)  lathes  for  boring  shells;  (c)  lathes  for  wav- 
ing, grooving  and  undercutting  shells.  The  first  class  com- 
prises by  far  the  greater  volume  of  the  exports,  and  simple 
lathes  are  the  predominating  machines.  In  like  manner, 
lathes  predominate  in  the  third  class. 

The  methods  adopted  by  Great  Britain,  France  and  Russia 
in  buying  these  machine  tools  need  brief  consideration.  The 
early  orders  were  placed  by  European  machine-tool  agents  who 
had  handled  American  machine  tools  for  years  and  whose 
knowledge  of  the  business  gave  them  the  first  entrance  into 
the  field.  These  dealers'  contracts  were  followed  by  others 
given  by  special  agents  or  government  commissions  who  came 
over  to  this  country  during  the  first  year  of  the  war.  These 
orders  brought  about  a  condition  of  scarcity  of  machine  tools 
in  the  United  States,  and  at  the  same  time  filled  all  the  regu- 
lar machine-tool  building  plants  with  such  a  volume  of  busi- 
ness that  deliveries  in  many  cases  have  been  seriously  delayed. 
The  third  class  of  buying  has  been  by  government  commis- 
sions in  shops  making  high  grade  machinery  other  than  ma- 
chine tools,  as  printing  presses  and  woodworking  machinery, 
and  in  general  have  been  for  machines  of  the  third  class  pre- 
viously mentioned.  Their  buying  has  been  most  ably  man- 
aged, and  the  results  of  their  work  has  been  more  uniformly 
successful  and  satisfactory  than  that  of  any  of  the  private 
buyers. 

The  private  buying,  that  is,  the  buying  done  by  machine-tool 
dealers,  can  be  roughly  divided  into  three  periods.  During  the 
first  period  simple  lathes  and  turret  machines  were  bought  al- 
most exclusively.  The  demand  during  the  second  period  was 
for  grinders,  drilling  machines,  and  millers.  The  demand  dur- 
ing the  third  period  was  for  planers,  shapers  and  toolroom 
machinery. 

After  learning  from  the  hard  school  of  experience,  it  is  now 
realized  that  toolroom  machinery  should  have  been  bought 
during  the  first  period.  The  reason  is  obvious,  for  such  ma- 
chines are  needed  to  produce  the  jigs,  fixtui-es  and  gages  which 
are  the  necessary  accompaniment  of  machine  tools  for  dupli- 
cate production. 

In  case  of  war  with  a  first-class  power,  the  United  States 
would  unquestionably  need  to  add  an  enormous  number  of 
machine  tools  to  the  present  equipment  of  her  machine  shops. 
Based  on  the  record  of  the  years  immediately  preceding  the 
outbreak  of  the  European  war,  the  normal  surplus  of  machine- 
tool  production  of  the  United  States,  as  represented  by  the 
amount  shipped  abroad,  has  a  value  of  about  $15,000,000. 
This  supply  would  naturally  be  kept  at  home,  but  in  addition 
thereto  we  would  have  to  draw  from  the  industrial  nations 
of  Europe,  provided  we  were  not  involved  in  a  European  war. 
This  buying  would  have  to  be  done  by  some  organization  not 
now  in  existence,  for  the  reason  that  there  are  only  a  few 
agencies  in  this  country  that  market  European  machine  tools 
here. 

Thus,  the  European  buying  for  the  United  States  would 
have  to  be  placed  in  the  hands  of  experienced  men,  perhaps 
civilians  representing  both  builders  and  users.  The  present 
British  Ministry  of  Munitions  with  its  sub-committees  might 
well  foiin  a  model  for  the  American  organization  charged  with 
the  duty  of  buying  machinery  abroad.  There  are  facts  that 
tend  to  prove  that  the  work  done  by  the  British  Commission 
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has  been  most  efficiently  handled,  and  has  brought  excellent  re- 
sults.    This  is  an  experience  well  worth  careful  weighing. 

As  already  stated,  but  little  is  known  of  the  conditions  that 
have  surrounded  the  machine-tool  industry  in  Germany  dur- 
ing the  war.  However,  at  the  outbreak  of  war  edicts  of  the 
Ministry  of  War  placed  a  prohibition  upon  the  exportation  of 
machine  tools  as  one  of  the  items  in  a  list  of  articles  that  might 
be  of  value  to  the  enemy.  As  the  war  progressed,  the  Min- 
isti-y  formed  two  committees,  one  the  War  Raw  Materials 
Committee,  and  the  other  the  Industrial  Committee.  These 
Committees  have  controlled  the  machine-tool  building  industry 
as  well  as  other  German  industries.  They  have  directed  what 
machines  should  be  built  and  where  they  should  be  built,  have 
handled  the  supplies  of  raw  materials  for  machinery  building, 
and  have  arranged  for  the  distribution  of  the  new  machines 
as  well  as  other  machines  that  could  be  released  from  their 
regular  employment. 

It  is  reported  that  France  mobilized  the  machine  tools  of 
the  Republic  as  one  of  the  early  war  measures.  The  pur- 
pose was  to  bring  together  the  machine-tool  equipment  into 
units  of  such  a  size  that  manufacturing  could  be  carried  for- 
ward expeditiously  and  efficiently. 

Thus  from  the  experience  of  Great  Britain,  Germany  and 
France,  the  necessity  of  controlling  the  supply  and  distribu- 
tion of  machine  tools  is  evident  in  ease  of  war  between  first- 
class  powers. 

No  exact  estimate  can  be  given  of  the  number  of  machine 
tools  that  might  be  immediately  available  in  Germany  in  case 
there  should  be  an  emergency  demand  from  the  United  States. 
A  careful  estimate  for  Great  Britain,  however,  is  that  under 
normal  conditions  there  are  some  1,200  to  1,500  lathes  in  the 
stocks  of  dealers  and  builders  at  any  normal  time.  In  any 
event,  it  is  fair  to  assume  that  the  stock  of  machine  tools 
in  the  possession  of  dealers  and  builders  in  Europe  would  not 
be  very  great,  and,  in  fact,  would  be  a  very  small  factor  in 
the  number  that  we  would  be  liable  to  need.  Accepting  this 
situation  as  a  starting  point,  a  decision  can  be  made  as  to 
whether  the  nited  States  should  buy  standard  machines  regu- 
larly manufactured  abroad,  or  order  special  machines  par- 
ticularly adapted  to  our  own  needs. 

Mr.  Miller  has  pointed  out  the  necessity  of  standardizing 
machine  tools.  If  they  are  to  be  standardized  for  our  own 
makers  and  needs,  it  follows  that  the  machines  brought  from 
Europe  should  be  uniform  with  those  produced  here.  Without 
question,  machine  tools  should  be  standardized,  and  the  mo- 
tive of  industrial  preparedness  should  be  sufficient  to  inau- 
gurate the  study  and  work  of  standardization  at  once. 

From  the  experience  of  the  allied  nations  in  purchasing  ma- 
chine tools  during  the  past  20  months,  it  seems  justifiable  to 
lay  principles  for  the  standardization  and  procurement  of  ma- 
chine tools  in  organizing  for  American  industrial  preparedness. 
The  first  of  these  are : 

1  Organize  at  once,  in  skeleton  form,  an  industrial  com- 
mittee to  control  the  standardization,  design  and  preparation 
of  machine  tools  for  the  production  of  American  munitions. 

2  Through  joint  action  of  this  committee,  The  American 
Society  of  Mechanical  Engineers,  and  the  National  Machine- 
Tool  Builders'  Association,  standardize  the  details  of  regular 
machine  tools  and  design  whatever  additional  special  machine 
tools  may  be  necessary  for  the  rapid  and  economical  produc- 
tion of  American  munitions. 

3  Immediately  on  the  outbreak  of  war,  prohibit  the  ex- 
portation of  any  machine  tools  from  the  United  States. 

4  Immediately  on  the  outbreak  of  war  prohibit  the  importa- 


tion of  any  machine  tools  into  the  United  States  except  under 
license  and  control  of  the  committee  mentioned  under  1. 

5  Order  all  machines  abroad  through  this  conamittee  or  its 
representatives  in  the  capitals  of  Europe,  and  entrust  these 
men  with  the  responsibility  of  securing  the  desired  deliveries 
and  quality. 

6  Order  no  machine  tools  abroad  except  to  standardized 
American  designs,  either  for  the  complete  machine  or  the 
essential  details  as  the  committee  may  determine. 

The  subject  of  standardization  of  machine  tools  was  thor- 
oughly talked  over  at  a  convention  of  the  National  Machine- 
Tool  Builders'  Association  a  few  years  ago.  However,  as  that 
body  is  a  business  rather  than  a  technical  organization,  no  ef- 
forts have  been  made  to  bring  about  uniformity.  The  sugges- 
tion has  been  offered  that  this  work  of  standardization  should 
be  done  jointly  by  The  American  Society  of  Mechanical  Engi- 
neers, the  Industrial  Committee  outlined  in  this  paper,  and  the 
National  Machine-Tool  Builders'  Association.  I  believe,  how- 
ever, our  Society  should  initiate  and  prosecute  the  work. 

Subsequent  to  the  presentation,  Mr.  Alford  presented  a  mo- 
tion, which  was  duly  seconded  and  carried  unanimously,  that 
the  Council  be  requested  to  consider  the  advisability  of  ap- 
pointing a  Standardizing  Committee  for  Machine  Tools,  in 
view  of  the  necessity  for  standardizing  our  industrial  re- 
sources for  war. 


FROM   PERSONAL  ESPEEIEKCE  IN   CANADA  SHOWS   NECESSITY  FOR 
MODEL   MUNITIONS   PLANTS 

Chester  B.  Hamilton,  Jr.  (written).  The  writer  is  too 
busy  right  now  producing  munitions  to  go  into  this  matter  as 
it  deserves,  besides  being  rather  too  close  to  the  subject  to  get 
a  proper  perspective.  There  are,  however,  several  matters 
which  might  be  added  for  consideration  from  the  experience 
of  one  who  has  been  through  this  strenuous  war  time  organ- 
izing. 

1  During  the  period  immediately  following  a  declaration  of 
war  there  would  likely  be  a  considerable  interruption  to  busi- 
ness with  consequent  disorganization.  Following  this  the 
shops  that  got  started  to  work  on  war  materials  first  would 
promptly  gather  to  them  the  best  men  from  their  neighbors. 
This  would  leave  some  plants  in  a  very  bad  condition.  The 
writer  has  noted  this  especially  in  the  case  of  leading  hands 
and  sub-foremen,  some  shops  being  practically  stripped. 
Means  should  be  provided  to  compensate  for  or  offset  this. 

2  Somewhat  similar  to  the  above  is  the  necessity  for  pro- 
viding understudies  for  the  more  important  men  in  the  plant. 
This  is  generally  appreciated,  but  its  need  is  felt  a  hundred- 
fold in  war  time. 

3  A  skeleton  of  an  inspection  organization  would  be  pro- 
vided in  advance  by  a  wise  government,  thus  eliminating  in- 
numerable troubles  that  arise  when  a  lot  of  slightly  informed 
and  hastily  got  together  inspectors  are  given  power. 

4  One  or  more  small  model  plants  should  be  maintained  for 
each  of  the  principal  classes  of  munitions  and  should  be 
worked  actively  under  an  approximation  to  war  conditions. 
The  size  should  be  the  minimum  economical  unit  for  the  ma- 
chinery involved.  One  of  the  greatest  hindrances  to  Canadian 
munition  manufacturers  in  getting  started  was  the  lack  of  an 
efficient  and  up-to-date  sample  plant.  We  had  no  idea  at  just 
what  speed  the  different  operations  could  or  should  be  per- 
formed until  we  found  out  bv  months  of  work. 


450 


INDUSTRIAL  PREPAREDNESS 


The  Journal 
Am.Soc.M.E. 


5  In  placing  "  Minimum  Annual  Orders  "  or  other  form  of 
government  subsidy  for  preparedness,  attention  should  be  paid 
to  the  necessity  for  room  for  plant  extension.  A  certain  pro- 
portion of  the  subsidized  firms  will  fail  to  make  good  when 
put  to  the  supreme  test.  Others  will  do  exceptionally  well.  It 
is  absolutely  necessary  that  those  succeeding  promptly,  due  to 
superior  organization  or  brains,  should  enlarge  and  extend, 
again  and  again,  until  they  have  taken  up  and  carried  the  load 
of  their  weaker  fellows. 

6  Following-  on  the  above  two  other  points  must  be  con- 
sidered : 

a  rinaneial  assistance  for  plant  extension  should  be  promptly 
furnished  to  those  shops  which  have  made  good  in  produc- 
tion and  efficiency. 

b  There  should  be  some  central  control  over  employment  to 
prevent  one  shop  unnecessarily  stealing  operatives  from 
another,  as  its  necessities  increase,  instead  of  training  its 
OTvn. 

7  Payment  for  munitions  should  be  made  partly  in  the  form 
of  government  bonds.  If  some  of  these  weie  in  small  denomi- 
nations, employees  would  likely  invest  in  them.  Pei'haps  I  am 
astray  in  this  last  suggestion.  I  can  only  speak  of  those  I 
know.     Our  best  are  Scotch. 

8  As  to  a  profit  limitation,  and  payment  on  a  "  cost  plus  " 
system,  why  not  consider  something  akin  to  the  ordinary 
premium  or  bonus  systems  of  wage  payment,  by  which  a  con- 
tracting firm  would  get  a  greater  percentage  return,  or  greater 
profit  per  unit  of  product,  in  proportion  as  the  cost  per  unit 
was  reduced  by  efficient  production. 


GIVES  EXAMPLE  OP  RAPID  ORGANIZING  FOR  MUNITIONS  BUSINESS 
IN  PLANT  IN  SOUTH 

Harrington  Emerson.  I  would  like  to  tell  you  of  an  ex- 
perience that  one  of  my  friends  had  with  a  munitions  plant  he 
organized  just  a  year  ago.  This  plant  was  in  the  South,  not 
in  the  North.  There  were  no  buildings;  no  machines;  no 
employers.    My  friend  told  his  assistant  that  they  would  sub- 


Should  we  be  actually  engaged  in  war,  it  might  be- 
come necessary  for  the  Government  .  .  .  to  "  com- 
mandeer "  the  service  of  any  man  it  might  require  for 
Ihe  operation  of  any  of  its  establishments. — William 
Kent. 

There  is  abundant  opportunity  to  find  in  America  the 
raw  material  {to  produce  efficient  workmen)  if  we  go 
about  it  in  the  right  way. — Hakbington  Emerson. 

In  case  our  Government  should  need  in  a  hurry  vast 
quantities  of  munitions,  we  should  have  a  Board  of  In- 
spection to  reviexD  the  specifications  for  every  part  of 
our  munitions  and  make  requirements  which  are  rea- 
sonable and  capable  of  being  me*  by  the  available  tools 
and  manufacturing  methods. — William  Kent. 


divide  the  work;  that  he  himself  would  look  after  the  equip- 
ment, getting  the  buildings  up  and  securing  all  the  necessary 
machinery,  much  of  which  had  to  be  designed,  and  that  it 
would  be  the  assistant's  duty  to  have  the  men  ready  to  go  to 
work  when  the  time  came. 

The  assistant  sulked  at  first,  as  he  had  no  desire  to  be  side- 
tracked in  that  way,  put  on  the  job  of  employing  men  when 
he  had  expected  to  do  executive  work;  but  the  head  of  the 
concern  said  to  him :  "  You  seem  to  miss  the  whole  point.  You 
don't  know  that  you  have  the  biggest  job  that  was  ever  offered 
to  any  man  in  connection  with  this  work;  you  don't  seem  to 
know  that  you  have  got  to  examine  and  list  for  this  plant 
over  20,000  men  in  order  that  we  may  pick  from  them  2,000 
of  the  kind  that  we  need.  What  I  expect  of  you  is  that  when 
I  call  for  the  men  you  will  have  them  ready." 

That  woke  the  young  man  up  to  the  importance  of  the 
undertaking  assigned  to  him.  He  went  out  into  the  coun- 
try, north  into  Pennsylvania,  to  Harrisburg,  Reading,  Lebanon, 
Hagerstown,  and  south  into  North  Carolina  and  as  far  as 
Georgia;  and  he  collected  the  names  of  a  great  number  of 
farm  boys,  boys  who  knew  how  to  handle  tools,  to  mend  har- 
ness, repair  farm  machinery,  sharpen  a  ploughshare,  do  car- 
penter work  about  the  house,  boys  that  were  versatile  if  as 
yet  crude  mechanics.  These  boys  were  investigated  as  to  their 
ancestry  for  two  generations  back,  and  owing  to  the  war  dif- 
ficulties they  applied  the  principle  of  selection  to  a  greater 
degi'ee  than  I  have  ever  seen  it  applied  before  anywhere, 
except,  perhaps,  for  admission  to  West  Point  and  to  An- 
napoUs. 

These  boys  were  there  when  tbey  were  wanted  and  were 
brought  into  the  plant  when  needed — some  1,600  in  all.  The 
foremen  had  been  told  in  advance  what  they  were  to  do  and 
they  were"  prepared  for  the  recruits.  They  gave  to  each  one, 
two  or  three  days  of  special  instruction,  each  foreman,  having 
been  obliged  first,  to  demonstrate  his  own  ability  to  run  each 
machine  in  his  department  and  to  turn  out  satisfactory  work, 
the  plant  having  been  run  by  the  foremeri  on  a  small  scale  for 
a  few  weeks  before  the  recruits  came  in. 

The  boys  were  put  on  the  jobs,  and  in  less  than  a  week  they 
were  "  making  the  foremen  hustle,"  as  one  of  the  foremen  told 
me,  and  the  manager  told  me  that  in  all  his  experience  of 
many  years  as  the  executive  head  of  one  of  the  largest  plants 
in  the  United  States,  he  had  never  brought  together  so  good, 
so  able,  so  efBcient  a  set  of  workmen  as  he  had  in  that  plant 
within  thi'ee  months.  This  shows  there  is  abundant  oppor- 
timity  to  find  in  America  the  raw  material  if  we  go  about  it 
in  the  right  way. 

ALSO   DRAWS   LESSONS    FROM    CANADA   REGARDING    MUNITIONS 
MANUFACTURE 

Ralph  E.  Flanders.  During  the  early  part  of  the 
European  war  my  firm  was  quite  familiar  with  conditions  in 
Canada,  There  were  a  number  of  points  in  connection  with 
our  experience  which  would  be  useful  on  our  side  of  the 
boundary. 

One  of  the  great  difficulties  was  in  getting  gages.  Mr. 
Wells  treats  of  this  subject  in  a  written  discussion,  so  I  will 
say  nothing  about  it,  except  to  indicate  that  the  difficulty  was 
extremely  serious,  accoimting  in  some  cases  for  delays  of 
many  months.  The  rapidity  of  wear  of  gages  in  constant  use 
was  also  much  more  severe  than  had  been  expected. 

The  second  difficulty  was  the  lack  of  coordination  in  the  fur- 
nishing of  materials  and  supplies.     Conditions  were  the  same 
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as  if  in  a  maiiiU'attuiing  establishment  one  department 
should  get  ahead  of  another.  The  makers  of  shell  bodies,  for 
instance,  were  sometimes  months  ahead  of  the  makers  of  fuses; 
also  fuses  were  held  up  for  a  small  screw.  It  will  be  neces- 
sary to  pay  particular  attention,  possibly  by  means  of  a  spe- 
cial committee,  to  this  matter  of  coordinating  the  production 
of  the  separate  parts. 

An  exceedingly  favorable  thing  in  the  Canadian  manufac- 
ture of  munitions  was  the  hearty  coordination  of  all  the  firms 
engaged.  There  were  no  secrets  in  their  shops.  It  was  a  re- 
quirement of  the  Shell  Commission  that  every  one  who  desired 
to  engage  in  the  manufacture  of  munitions  should  be  privi- 
leged to  see  what  every  one  else  was  doing.  While  the  whole 
country  was  ignorant  and  unprepared  at  the  start,  in  a  re- 
markably short  time  the  necessary  information  was  spread  to 
every  comer  of  the  Dominion. 

Conditions  are  quite  different  in  our  country  where  muni- 
tion manufacture  is  kept  more  or  less  secret  in  private  plants. 
This  is  even  the  ease  at  the  present  time  at  the  Frankford 
Arsenal,  unless  conditions  have  changed  recently.  This  is  a 
bad  condition.  It  is  not  necessary  that  the  arsenals  should  be 
thrown  open  to  every  one,  but  it  is  advisable  that  every  one 
who  may  be  called  upon  to  manufacture  munitions  should  have 
free  access  to  the  government  arsenals. 

Canadian  experience  would  indicate  the  impracticability  of 
standardizing  methods,  at  least,  so  far  as  the  making  of  shells 
is  concerned.  The  demand  is  so  tremendous  that  the  problem 
cannot  be  approached  from  the  ideal  standpoint.  Every 
imaginable  kind  of  tool  has  to  be  used.  For  instance,  the 
finishing  of  the  inside  of  a  shell  may  be  done  on  the  engine 
lathe,  the  hand  tuiTet  lathe,  the  automatic  lathe,  the  drill  press 
or  on  special  machines  made  for  the  purpose.  It  would  be 
folly  to  confine  the  doing  of  this  work  to  any  one  machine  and 
leave  the  resources  of  the  other  machines  untouched.  I  am 
inclined  to  think  we  should  go  slowly  in  the  matter  of  stand- 
ardizuig  too  closely  the  processes  of  shell  making,  or  we  will 
greatly  cut  down  our  rate  of  production. 

Another  interesting  point  is  the  possibility  of  improvement 
in  design.  There  are  two  sides  to  this  subject.  The  machine 
shop  man  who  undertakes  munition  work  meets  a  large  num- 
ber of  apparently  foolish  restrictions.  After  he  understands 
the  problem  better  he  finds  that  many  of  these  restrictions  are 
not  foolish,  but  are  necessitated  by  the  unusual  requirements 
of  the  case.  There  are  some  directions,  however,  in  which  it 
is  possible  for  the  ordnance -designer  to  come  more  into  line 
witli  the  manufacturer.  As  an  example  there  may  be  men- 
tioned the  question  as  to  when  the  shell  should  be  heat-treated. 
The  classical  method  followed  on  the  English  shell  and  by  our 
own  Government  is  to  treat  it  in  the  blank  immediately  after 
forging.  Under  pressure  from  the  manufacturers  it  has  been 
found  possible,  so  far  as  the  English  shell  is  concerned,  to 
leave  the  heat-treating  until  the  final  finishing  operation  on  the 
outside,  thus  greatly  increasing  the  output  of  shells  with  a 
given  equipment.  This  would  be  worth  while  looking  into  for 
our  own  work. 

Mr.  Miller  speaks  of  the  possibility  of  paying  for  muni- 
tions on  the  basis  of  cost  plus  a  fixed  percentage  of  profits. 
This  is  exceedingly  important.  There  must  be  no  excessive 
war  profits  to  American  manufacturers  on  our  own  govern- 
ment work.  There  are  rumors  of  excessive  profits  even  in 
well-governed  Canada,  and  conditions  would  be  certainly  as 
bad  in  this  country  unless  the  Government  firmly  controls  the 
situation  from  the  start.  Something  in  the  line  of  a  standard 
method  of  accounting  should  be  worked  out  defining  the  method 
of  figuring  depreciation  and  other  items  of  the  overhead,  but 


leaving  the  details  of  the  calculations  to  follow  the  regular 
accounting  systems  of  the  manufacturer.  These  requirements 
could  be  made  quite  simple  and  could  be  easily  taken  care  of. 
If  I  may  be  permitted,  I  would  like  to  speak  a  word  on  the 
general  problem  from  a  viewpoint  which  strikes  me  as  very 
important.  We  are  proud  of  our  democratic  form  of  govern- 
ment, and  believe  in  it  thoroughly,  but  we  nevertheless  see  its 
disadvantages  when  compared  with  a  highly  centralized  gov- 
ernment, particularly  when  carrying  on  a  war.  It  is  some- 
times discouraging  to  read  reports  of  congressional  investiga- 
tions, recriminations  and  changes  of  policy  with  relation  to 
army  and  navy  matters.  The  question  arises  whether  we  have 
not  here  a  splendid  opportunity  arising  from  the  fact  that  the 
various  engineering  societies  are  continuous  organizations,  not 
subject  to  periodical  overturns.  If  we  can  get  into  a  position 
of  close  sympathy  and  cooperation  with  the  continuous  organi- 
zations of  the  array  and  navy,  it  may  be  possible  to  formulate 
and  develop  lines  of  policy  that  will  be  permanent,  consistent, 
systematic  and  thorough,  even  though  administrations  and  par- 
ties come  and  go.  Then  this  industrial  preparedness  will  be- 
come a  normal,  continuous  thing,  little  affected  by  the  un- 
fortunate cataclysms  that  go  with  our  democratic  fonn  of 
government,  using  "  democratic  "  in  the  larger  rather  than  in 
the  party  sense. 


DISCUSSES   PRODUCTION  OF   FUELS,   ACIDS,   ETC.   ENUMERATES 
RESOURCES  OF  SOUTH 

C.  S.  Williamson,  Jr.  Mr.  Miller  says  that  "  an  interest- 
ing and  profitable  inquiry  might  be  directed  towards  securing 
fuel  other  than  gasoline  .  .  .  ,"  and  that  the  resources  of 
tlie  South  "  might  supply  the  country  with  many  materials 
needed  during  a  period  of  curtailment  of  commerce  with  other 
nations." 

The  production  of  grain  alcohol  from  saw-dust  and  waste- 
wood  is  beyond  the  experimental  state.  Grain  alcohol  has 
been  and  is  being  produced  on  the  commercial  scale  eco- 
nomically, possibly  as  cheaply,  if  not  more  cheaply,  than 
from  molasses  or  giarn.  Two  things  are  necessary  for  more 
extensive  utilization  of  alcohol,  hence  more  extensive  manu- 


Wlien  we  consider  the  fact  that  to  provide  equip- 
ment for  an  army  of  one  million  men,  from  two  mil- 
lion to  three  million  rifles  are  required,  the  size  of  the 
task  of  equipping  an  army  of  a  million  with  shoulder 
guns  alone  is  apparent. — Fbed  E.  Rogers. 

One  of  the  greatest  hindrances  to  Canadian  munition 
manufacturers  in  getting  started  was  the  lack  of  an 
efficient  and  up-to-date  sample  plant..  We  {in  Canada) 
had  no  idea  at  just  what  speed  the  different  operations 
could  or  should  be  performed  until  we  found  out  by 
months  of  work. — Chester  B.   Hamilton,  Jr. 

It  is  from  the  experience  of  Oreat  Britain  and  France 
that  we  can  formulate  the  principles  of  action  to  gov- 
ern the  design,  purchase,  production  and  distribution 
of  machine  tools  in  preparation  for  a  national  emergency 
of  war. — L.  P.  Ai.ford. 
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facture  (1)  its  successful  use  in  motors,  (it  has  a  heat  value 
two  thirds  that  of  gasoline) ;  (2)  tax-free  legislation  which  will 
permit  its  sale  for  specific  uses  in  manufacture  in  the  un- 
denatured  condition. 

Alcohol  plays  an  important  part  in  the  manufacture  of  ex- 
plosives and  also  medicines.  Because  of  the  lack  of  a  tax- 
free  alcohol,  however,  a  great  many  of  our  medicines  cannot 
be  manufactured  on  an  economic  scale,  to  say  nothing  of  many 
other  manufacturing  processes  involving  the'  use  of  a  pure 
alcohol. 

We  are  producing  explosives  to-day  for  the  fighting  coun- 
tries, but  in  doing  so,  we  are  employing  nitrate  of  soda  (as  a 
source  of  nitric  acid),  wholly  imported  from  another  coun- 
try. If  we  were  thrown  upon  our  own  resources,  we  would 
have  a  reserve  of  25  per  cent  of  the  required  amount  of 
nitrate  of  soda  available  for  the  manufacture  of  explosives 
in  the  States.  We  import  1/5  of  the  production  from  the 
Chilean  mines.  We  use  75  per  cent  of  this  amount  in  the 
manufacture  of  nitric  acid  and  explosives,  the  other  25  per 
cent  being  left  for  the  fertilizer  and  other  industries.  We 
do  not,  at  present,  make  nitric  acid  in  this  country  (with  the 
exception  of  a  few  small  units  in  industries  devoted  to  other 
processes  and  a  small  experimental  plant  at  Nitrole,  S.  C.) 
except  from  Chilean  nitrates,  anduot  an  explosive  can  be  made 
here  without  the  use  of  nitric  acid. 

Nitrogen  in  an  available  form  is  necessary  food  for  both 
animals  and  plants,  which  adds  to  the  importance  of  having 
a  source  of  manufacture  non-dependent  on  Chilean  nitrates. 

Synthetic  nitric  acid,  on  a  commercial  scale,  had  its  birth 
on  American  soil,  but  because  of  withdrawal  of  financial 
support,  the  life  of  Bradley  and  Lovejoy's  plant  at  Niagara 
was  short.  Had  they  had  governmental  support,  we  would 
be  producing  nitric  acid  from  the  atmosphere  todaj',  instead 
of  being  lookers-on  at  Norway  and  Sweden,  Germany,  and 
others  who  are  doing  so,  and  dependent  upon  our  importa- 
tions of  Chilean  nitrates.  At  the  outbreak  of  the  European 
war,  Germany  had  within  her  borders  660,000  tons  of  nitrate 
of  soda;  during  1914,  up  to  August  1,  she  imported  800,000 
tons  from  Chili,  and  she  captured  at  Antwerp  possibly  200,- 
000  tons  more.  Yet  in  spite  of  these  quantities  which  were 
used  up  during  the  first  few  months  of  the  war,  she  has  ex- 
pended since  then  in  development  of  her  nitrogen  industry 
practically  $100,000,000.  Nitric  acid  is  the  means  to  every 
explosive,  to  every  dyestuff  (coal  tar  dyestuffs),  and  to  a 
great  many  other  materials,  and  available  nitrogen  is  the 
means  to  the  life  of  every  animal  being. 

As  to  the  resources  of  the  South:  regarding  the  fuels,  we 
have  oil,  gas,  lignite,  coal,  sources  of  alcohol,  untouched  beds 
of  peat;  regarding  explosive  materials,  we  have  cotton,  wood 
pulp,  can  and  do  produce  coal-tar  products,  and  materials 
for  glycerine;  as  regards  munitions,  we  have  iron  and  steel, 
manganese,  aluminum,  copper,  zinc,  and  lead;  we  also  have 
cement  materials,  timbers,  building  stones,  etc.,  for  housing 
plants;  regarding  dj'estuHs,  we  have  the  coal  out  of  which  to 
make  the  raws  and  intennediates.  we  have  the  petroleun  out 
of  which  to  produce  intermediates;  as  regards  textiles,  we 
are  already  spinning  3/5  of  the  cotton  spun  in  the  United 
States;  as  regards  forest  products,  we  have  in  Louisiana  alone 
the  largest  standing  body  of  long  leaf  yellow  pine  in  the 
States,  and  are  unsurpassed  only  by  the  Pacific  states  and 
Idaho  in  quantity  of  timber.  I  mention  yellow  pine,  espe- 
cially, because  of  the  naval  stores  industry  and  of  the  demon- 
stration beyond  a  question  of  the  practicability  of  manufactur- 
ing paper  and  paper  pulp  from  it ;  two  plants  have  for  some 
time  been  successfuly  operating  on  yellow  pine,  one  at  Moss 


Point,  Miss.,  and  one  at  Orange,  Texas.  Another  forest  prod- 
ucts development  is  the  tanning  industry,  which  concerns  the 
supplying  of  shoes  for  an  army.  In  the  eastern  pai-t  of 
Tennessee,  this  industry  has  found  considerable  development 
within  the  past  year  and  a  half.  We  have  large  quantities  of 
hard  woods  and  tanning  woods  in  the  South. 

As  regards  water  power,  in  the  State  of  Alabama  alone, 
there  is  listed  1,000,000  horsepower  capable  of  development, 
20,000  of  which  have  been  developed.  Other  water  powers  of 
the  South  are  yet  unmentioned. 

For  every  dyestufi  and  explosive,  heavy  chemicals  are  re- 
quired. For  the  manufacture  of  heavy  chemicals,  we  must 
have  sulphuric  acid;  for  sulphuric  acid  we  must  have  nitric 
acid  (except  by  the  contact  process).  For  the  manufacture 
of  nitric  acid,  unless  we  resort  to  Chilean  nitrates,  cheap  elec- 
tric power  is  necessary. 

The  development  of  the  resources  of  the  South,  and  sec- 
tions additional  to  the  one  in  which  such  marvelous  develop- 
ment has  taken  place,  viz.,  that  along  the  coast  from  New 
England  to  Virginia,  is  one  of  the  points  high  in  importance 
and  one  we  should  take  note  of  in  our  discussions  and  cam- 
paigns for  preparedness. 


SUGGESTS    CENSUS   OP   THINGS    "WHICH    STAND    IN   THE   WAY 
OF  INDUSTRIAL  PKEPAEEDNESS 

Adolph  L.  De  Leeuw.  I  thoroughly  believe  in  the  recom- 
mendation of  taking  a  census  of  all  our  resources,  which  may 
lead  to  ultimate  industrial  preparedness.  I  would  like  to  call 
attention  to  the  desirability  of  also  making  a  census  of  those 
facts  and  conditions  that  may  stand  in  the  way  of  industrial 
preparedness.  One  of  these  facts  was  mentioned  by  Professor 
Williamson. 

There  is  a  condition  in  regard  to  the  manufacture  of  alco- 
hol which  makes  it  inadvisable  for  a  great  many  people  t» 
take  up  its  manufacture,  who  otherwise  might  do  so.  In  case 
of  war,  we  would  not  be  in  a  position  to  manufacture  alcohol 
in  the  quantities  in  which  we  might,  if  that  one  obstacle  had 
been  removed. 

I  have  been  personally  able  to  observe  some  of  the  condi- 
tions imposed  by  the  Government  in  making  munitions  for 
guns,  which  probably  are  entirely  satisfactory,  if  there  is  no 
particular  hurry  and  if  all  that  is  wanted  is  just  a  beauti- 
fully made  piece  of  mechanism,  but  these  conditions  should  not 
exist  if  guns  are  wanted  that  wUl  shoot  tolerably  rapid  and 
close  and  which  can  be  manufactured  in  a  minimum  of  time. 
I  refer  here  especially  to  the  matter  of  limitations.  In  this 
case  I  do  not  believe  the  government  specifications  or  limita- 
tions are  any  worse  than  can  be  found  in  almost  any  indus- 
trial establishment,  but  it  has  also  been  our  experience  that  in 
any  shop  there  are  limitations  which  are  entirely  too  fine;  they 
have  simply  crept  in,  and  stay  untU  somebody  wakes  up  and 
discovers  them. 

As  an  illustration :  A  number  of  years  ago,  I  was  in  a  shop 
where  they  made  for  the  Government  some  twelve-inch  mortars 
of  which  both  the  barrel  for  the  outside  diameter  and  the 
jacket  for  the  bore  had  allowances  of  three  thousandths.  Of 
course,  if  the  jackets  were  three  thousandths  too  large  and 
the  barrel  three  thousandths  too  small,  the  shrink  would  have 
been  materially  affected.  Therefore,  there  was  nothing  foolish 
in  this  particular  case.  However,  it  happened  at  one  time, 
that  one  of  the  barrels  was  a  shade  over  three  thousandths  too 
small  and  was  rejected.  This  annoyance  might  have  been 
avoided  if  dimension  with  limitation  had  been  given  on  one  of 
the  two  pieces  and  the  other  piece  had  contained  a  notation 
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giving  the  difference  between  bore  and  outside  diameter.  In 
this  case  it  was  merely  an  annoyance  to  the  manufacturer  and 
perhaps  a  little  loss  of  money,  but  in  case  we  badly  needed  a 
gun,  it  would  have  been  a  different  kind  of  annoyance.  This 
is  only  a  single  illustration  indicating  what  might  be  done  in 
the  matter  of  allowances  and  limitations.  This  not  only  would 
hold  good  for  guns,  but  also  for  ammunition  and  all  other 
materials  to  be  used. 

The  census  of  all  those  conditions  which  might  be  avoided 
should  not  merely  treat  of  things  that  the  Government  has 
done  which  we  would  like  to  have  changed,  but  also  of  things 
which  ordinary  private  citizens  have  done.  If  the  Government 
should  ever  send  out  jigs  and  fixtures  to  be  used  in  various 
shops,  they  would  be  up  against  the  impossibility  of  taking  a 
jig  or  a  fixture  from  one  machine  and  putting  it  into  another, 
as  well  as  taking  it  from  one  shop  and  placing  it  into  another. 
Of  course,  I  realize  full  well  that  it  would  not  be  possible  in 
the  course  of  a  few  years,  to  have  all  planers  or  shapers  and 
all  spindles  the  same  size,  but  something  ought  to  be  done  to 
prevent  the  annoyance  of  too  much  variation,  the  variation 
being  simply  the  expression  of  the  desire  of  some  manufac- 
turer to  push  his  product  at  the  expense  of  his  neighbor.  If 
there  is  any  particular  reason  why  his  particular  size  is  supe- 
rior to  his  neighbor's,  well  and  good,  and  there  is  no  reason 
why  this  size  should  not  be  accepted  by  his  neighbor  also,  but 
if  there  is  not,  the  census  I  have  mentioned  should  take  into  ac- 
count the  delay  and  annoyance  that  might  be  caused  by  hav- 
ing too  great  a  variation  of  designs  and  sizes  in  machines. 
Again,  this  does  not  only  apply  to  machines,  but  to  every- 
thing. I  would,  therefore,  recommend  that  in  addition  to  the 
census  of  factories,  materials,  machines,  men,  executives,  etc., 
there  should  also  be  taken  a  census  or  list  tabulating  the  con- 
ditions which  prevent  the  speedy  and  easy  manufacture  of 
those  materials  and  products  which  we  want. 


SAYS    INDUSTRIAL    CENSUS    WILL    SHOTS'    WEAKNESS    AND    BRING 
ABOUT   DESIRABLE   CHANGES 

Major  W.  Gofp  Caples.'  We  should  know  accurately 
what  we  can  rely  upon  in  war  and  should  make  good,  in  ad- 
vance, any  deficiencies  which  the  proposed  industrial  census 
may  show.  The  nation  will  need  the  cooperation  of  every 
one,  from  the  manufacturer,  the  engineer  and  the  chemist, 
clear  through  to  the  laborers  in  the  mills,  because  wars  now 
are  fought  not  by  armies  but  by  nations. 

I  am  glad  to  see  the  interest  taken  in  preparedness.  My 
last  detail  was  two  years  and  a  half  in  the  organization  and 
equipment  of  engineer  troops.  Unless  our  orders  were  large, 
manufacturers  were  not  enthusiastic  about  our  business,  be- 
cause we  required  special  articles.  We  must  have  special  ar- 
ticles, because  a  soldier  has  to  carry  on  his  back  what  he 
needs  for  several  days,  and  is  limited  to  50  pounds,  and  be- 
cause we  must  keep  down  our  wagon  transportation  to  nar- 
row limits,  lest  the  Army  be  immobilized  by  too  much  trans- 
portation. An  extra  ounce  or  so  in  the  weight  of  a  given 
article  makes  little  difference  in  commercial  practice,  but  is 
of  great  importance  in  military  practice.  Foreign  manu- 
facturers were  anxious  for  our  business  and  offered  us,  fre- 
quently, more  suitable  articles  than  we  could  obtain  from 
American  manufacturers.  We  refused  all  such  offers,  on  the 
principle  that  a  nation  should  produce  everything  it  uses  in 
war,  and  accepted  the  best  that  our  manufacturers  would 
give  us,  even  though  this  "  best "  might  not  be  exactly  what 
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we  required.  The  awakened  interest  of  the  manufacturers  will 
help  gi-eatly,  for  when  the  manufacturer  and  the  officer  get 
together  in  this  spirit  and  understand  one  another's  needs 
and  limitations,  both  can  better  serve  the  nation. 

Your  census  will  show  what  we  have  and,  I  hope,  bring 
about  such  changes  that  we  shall  be  prepared  to  supply  as 
large  an  army  as  our  country  can  support  in  war.  Your 
action  is  a  patriotic  one  and  a  needed  step  in  the  right  direc- 
tion, for  it  will  show  us  some  of  our  weaknesses  and  give  us 
a  better  idea  how  to  remedy  our  defects. 

THINKS    SERVICE    OF    ENGINEERS    SHOULD    BE    TOWARDS    GETTING 
VALUE   FOR   MOl^EY 

Fred  J.  Miller  (written).  Engineers  have  always  paid  far 
more  attention  to  efficient  organization  than  have  any  others, 
and  it  seems  to  me  that  they  might  render  their  best  possible 
service  at  this  time  by  suggesting  such  improvements  in  or- 
ganization as  would  result  in  getting  more  for  the  money  and 
effort  expended  than  is  at  present  secured. 

From  an  English  statistical  authority  I  take  the  figures 
below  showing  the  army  budgets  of  various  countries  for  the 
year  1913-1914. 

Japan    $48,500,000.00 

Italy 82,000,000.00 

Great  Britain 137.000,000.00 

V.   S.   A 140.0110,000.00 

France   17s.oii(),(i(i(i.00 

Germany   2'.rj,iiirii,i)(i0.00 

Russia    327,000,000.00 

We  thus  see  that  only  three  nations  spent  more  money  in  the 
period  named  than  we  spent.  The  figures  include  the  Federal 
Budget  only,  with  nothing  included  for  the  State  troops. 

Yet  we  are  told  by  people  who  should  know  that  our  army 
is  a  negligible  factor  and  that  even  for  such  a  job  as  pursuing 
a  few  bandits  over  the  Mexican  border  its  showing  is  "  pitiful." 

If  that  is  so  and  if  substantially  the  same  is  true  of  our 
navy,  as  we  are  told  that  it  is,  then  is  it  not  time  for  us  to 
try  to  discover  what  the  $146,000,000  does  buy  and  whether 
or  not  some  results  worth  while  can  be  secured  by  an  expendi- 
ture of  money  exceeding  that  of  Great  Britain,  and  exceeded  by 
only  the  three  great  military  nations,  France,  Germany  and 
Russia? 

Preparation  for  war  is  largely  an  engineering  work  and  the 
nation  which  does  most  in  making  this  work  of  preparation 
efficient,  that  is,  in  getting  the  largest  possible  results  for  each 
dollar  expended,  will  have  gone  a  long  way  in  the  work  of 
Preparedness  and  will  get  the  best  support  from  its  people 
upon  whom  the  burden  of  taxation  falls. 


SAYS   GOVERNMENT   NEEDS   MANUFACTURING  DEPARTMENT   WITH 
CABINET  OFFICER  AS   SECRETARY 

Elmer  H.  Nepf.  This  paper  by  Mr.  Spencer  MiUer  is  ex- 
tremely interesting  and  timely.  It  is,  however,  as  he  well  in- 
dicates, simply  an  outline  of  the  general  subject  of  "  Pre- 
paredness." He  mentions  under  the  head  of  "  Munitions  of 
War,"  a  wide  range  of  topics,  the  complete  discussion  of 
which  would  cover  the  whole  range  of  "preparedness"  and  fill 
several  volumes.  New  York  City  has  perhaps  been  the  great 
storm  centre  for  placing  orders  for  war  equipment  of  every 
description.  When  the  foreign  governments  involved  in  this 
war  began  to  flood  this  country  with  orders,  it  was  simply  a 
question  of  getting  them  placed  with  the  utmost  expedition. 
The  result  has  been  some  confusion  with  regard  to  deliveries 
as  herein  indicated.     The  work  of  taking  inventory  of  shop 
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facilities  lor  possible  use  by  our  owu  Government  can  cer- 
tainly do  no  harm.  It  is  apparent,  however,  that  the  ex- 
perience gained  in  filling  these  foreign  orders  has  placed  the 
shops  of  the  United  States  in  a  very  good  position  to  take  up 
similar  work  for  our  own  Government.  Our  greatest  weak- 
nesses ai'e  not  in  the  direction  of  machine  shop  preparation, 
but  in  our  facilities  for  producing  the  necessary  chemical  sup- 
plies for  the  manufacture  of  explosives. 

I  wish  my  contribution  for  this  subject  to  be  the  sugges- 
tion that  the  United  States  Government  needs  a  manufacturing 
department  lieaded  by  a  secretary  who  should  be  a  Cabinet 
OfSeer.  I  do  not  in  this  suggestion  have  in  mind  the  Govern- 
ment taking  up  the  manufacture  of  everything  it  needs.  It 
is  already  manufacturing  on  a  large  scale,  and  the  depart- 
ment which  I  recommend  would  take  charge  of  the  manu- 
facturing plants  which  the  Government  now  owns.  As  you  well 
know,  the  British  Government  found  after  the  war  had  pro- 
gressed a  few  months,  and  things  had  become  hopelessly 
tangled,  that  it  needed  a  munitions  department.  They  placed 
in  charge  of  this  department  a  civilian.  Probably  you  have 
noticed  in  the  public  press  that  the  Navy  is  very  short  of  of- 
ficers. If  you  visit  one  of  our  Navy  Yards  you  will  find  evei-y 
department  in  charge  of  a  Naval  Officer  overseeing  in  many 
cases,  if  not  in  most  eases,  construction  operations  with  which 
he  has  no  training  or  familiarity.  The  proper  place  for  the 
Naval  OfiScers  in  my  opinion  is  on  board  ships  where  we  are 
continually  being  told  there  is  a  shortage  of  officers.  Like- 
wise in  every  arsenal  you  will  find  army  officers  in  charge, 
men  who  are  not  familiar  with  the  work  of  manufacturing, 
and  have  no  experience  in  that  direction  except  what  they 
have  picked  up  while  on  these  temporary  details.  Colonels, 
majors,  captains,  are  here  a  few  months,  and  then  on  to  the 
next  position  to  which  they  may  be  sent.  There  is  no  possi- 
bility, so  far  as  I  can  see,  that  there  would  be  efficient  ad- 
ministration under  that  sort  of  management.  It  is  no  reflec- 
tion on  the  army  and  navy  officers  that  this  should  be  a  fact. 
They  are  simply  the  victims  of  a  system  of  procedure  over  which 
they  have  no  control.  With  a  Secretary  for  Manufacture  and 
civilian  experts  of  the  quality  that  private  firms  would  em- 
ploy for  similar  work,  placed  in  charge  of  the  great  manufac- 
turing department  wliich  the  Government  owns,  a  long  step 


The  experience  of  alt  Europe,  the  successes  and  fail- 
ures everywhere,  demonstrate  that  preparedness  in  its 
broadest  sense  means  a  general  spirit  of  being  ready, 
rather  than  a  particuler  state  of  being  ready  for  war. — 
Frank  B.  Gilbeeth. 

When  the  supreme  test  came,  Germany  was  found  to 
be  a  nation  of  people  who,  in  general,  knew  what  to  do 
and  how  to  do  it;  while  the  industries  of  England  were 
in  too  many  cases  controlled  by  people  who  understood 
only  their  commercial  side. — H.  L.  Gantt. 

What  should  shocJc  us  is  not  what  might  happen  to  us 
in  a  war  but  what  is  happening  right  now  while  there 
is  general  peace.  National  waste,  lack  of  general  spe- 
cific education,  lack  of  easy  means  for  obtaining  the  full- 
est education  in  the  vocation  for  the  worker  in  that 
vocation,  lack  of  correlation! — Frank  B.  Gii.breth. 


towards  efficiency,  economy,  and  preparedness  would  have 
been  taken. 

In  harmony  with  the  preceding  suggestion,  I  think  Mr. 
Fred  J.  Miller's  discussion  of  this  paper  has  touched  upon  a 
vital  point  of  the  whole  question.  That  question  relates  to 
the  efficiency  of  the  organization  of  the  army  and  navy,  as  at 
present  administered,  — the  question  of  the  returns  for 
the  dollars  that  are  being  spent.  It  would  seem  from 
the  iigures  quoted  by  Mr.  Miller,  that  tliese  returns  are  ex- 
ceedingly small.  If  this  Society  or  its  committees  could  inves- 
tigate and  point  out  methods  of  improvement,  they  would  have 
given  the  country  help  of  the  greatest  importance. 

With  regard  to  the  suggestion  of  a  committee  to  standard- 
ize machine  tools  for  munitions  manufacture,  I  do  not  see 
the  necessity  for  such  a  committee.  It  is  a  fact  that  the 
operations  for  producing  the  parts  of  a  military  rifle  are 
nearly  all  performed  on  standard  machine  tools.  The  only 
thing  special  about  them  are  the  fixtures  and  tools  to  go  on  the 
machines.  For  instance,  the  jjarts  made  from  bar  stock  can 
be  made  in  standard  screw  machines.  The  drilling  is  done 
in  standard  grinding  machines.  The  rifle  barrels  are  drilled 
and  rifled  in  machines  which  have  been  standard  in  this 
country  for  years.  The  punch  presses  used  are  standard 
machines.  Similar  comments  would  apply  in  the  main  to  the 
production  of  shells  and  time  fuses.  It  is  therefore,  only  a 
question  of  the  best  tool  equipment  for  the  machines.  In  this 
field  competition  will  take  care  of  that,  because  the  buyer, 
whether  for  a  jjrivate  plant  or  for  the  Government  will  con- 
sider the  methods  suggested  by  different  manufacturers  of 
machinery,  wiU  look  into  the  system  of  tooling  operations 
proposed,  and  in  that  way  make  the  best  selection. 

Finally  I  cannot  too  strongly  urge  the  desirability  of  the 
United  States  Government  putting  in  operation  at  the  earliest 
possible  moment  its  plants  at  Springfield  and  Rock  Island, 
for  the  production  of  military  rifles.  It  is  an  easy  matter  to 
obtain  men  to  defend  the  country,  but  it  is  a  difficult  matter 
to  provide  rifles  and  the  ammunition  that  go  with  them  in  the 
quantities  that  would  be  needed  in  case  of  war,  without  great 
delav. 


SAYS     MEANING    OF    INDUSTRIAL    PREPAREDNESS    IS    NOT    OFTEN 
GRASPED.     MUST  BE  UNIVERSAL 

J.  H.  Brophy  '  contributed  a  written  discussion  stating:  I 
am  under  the  impression  that  it  will  take  years  of  pounding 
away  at  the  facts  to  enlighten  people  on  this  great  undertaking 
of  Industrial  Preparedness. 

When  using  the  word  "  Industrial  "  it  is  possible  in  many 
instances  we  fail  to  grasp  its  real  meaning. 

Industrial  Preparedness  is  an  extremely  vital  question,  and 
the  meaning  of  the  word  Industrial  is  so  deep  and  reaches  so 
far  that  it  requires  a  vast  amount  of  labor  to  impress  those 
in  a  country  of  such  magnitude  as  ours  what  it  actually  means. 
To  be  Industrial  in  the  extreme  means  a  genuine  commingling 
of  all  lines  of  business  and  labor  of  aU  descriptions.  It  might 
easily  be  said  that  this  country  has  at  times  been  awake  to 
the  meaning  of  this  word  Industrial  because  we  have  up  to 
the  present  time  in  all  sections  of  the  world  been  considered 
real  leaders  in  a  vast  number  of  enterprises.  To  improve 
upon  what  has  happened  in  the  past,  when  considering  the 
future,  means  a  genuine  amalgamation  of  all  with  whom  we 
deal.  This  means  that  the  leading  business  men  should  have 
one  thought  and   that,  never  to  allow   the  business  of  this 
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eouutry  to  go  backwards,  always  having  in  mind  going  ahead, 
even  on  a  stronger  basis  than  it  has  ever  been  before. 

The  word  Preparedness  has  been  used  quite  extensively  of 
late  in  this  country,  and  it  also  has  great  depth  of  meaning. 
I  have  in  mind  that  the  big  thing  in  the  way  of  prepared- 
ness in  any  undertaking  means  the  best  use  of  your  thinking 
powers  to  plan  in  advance  and  follow  the  path  of  being  ever 
ready  to  meet  your  adversary  from  a  business  or  your 
country's  standpoint. 

Competition  from  all  sections  of  the  world,  after  this 
wai'  cfeases  will  be  somewhat  severe,  although  a  vast  number 
of  bright  business  men  are  under  the  impression  that  we  con- 
trol the  world  from  a  manufacturing  standpoint.  Perhaps 
we  do  in  a  certain  sense  of  the  w"ord,  but  that  which  is  oe- 
curing  abroad  means,  from  an  Industrial  standpoint,  the 
men  in  business  should,  if  possible,  have  those  in  their  em- 
ploy thoroughly  satisfied,  getting  men  as  close  as  consistent  to 
work  along  as  an  organized  body.  It  means  a  homogeneous 
mass  of  brain  power,  all  thinking  in  one  direction,  as  nearly 
as  possible,  constantly  having  in  mind  self-protection. 

The  word  Industrial,  from  the  writer's  standpoint,  cannot 
be  considered  of  benefit  to  this  great  nation  if  it  is  not  genu- 
inely universal.  An  educational  campaign  seems  absolutely 
necessary,  and  the  newspapers  are  the  best  channels  through 
which  to  reach  the  people  of  this  nation,  teaching  them  to 
cling  and  work  together,  and  this  must  be  done  with  a  great 
pride  for  our  country. 

It  is  a  ditBcult  problenj  and  will  need  a  vast  amount  of 
time  to  get  those  interested  in  business,  as  well  as  the  working 
men,  thinking  in  the  same  direction,  and  if  they  do  not,  the 
matter  of  Industrial  Preparedness  is  liable  to  be  forgotten 
because  it  will  not  reach  an  actual  working  condition.  To  util- 
ize the  industrial  resources  of  this  country  to  the  very  best  ad- 
vantage, there  must  be  a  complete  miification  of  all  who 
participate.  This  can  never  be  accomplished  by  the  aid  of  a 
few  individuals  without  the  assistance  of  the  Government  of 
this  country. 

POINTS  OUT  WEAKNESSES  IN  SOUTH.       SUGGESTS  TRADE  SCHOOLS 
FOR  WOMEN  LIKE  AGRICULTURAL  SCHOOLS 

Commander  H.  T.  Wright  '  said  that  the  discussion  of  the 
paper  had  been  mainly  upon  the  question  of  getting  mate- 
rials and  he  doubted  very  much  if  the  visitors  from  the  North 
realized  that  in  the  South  it  is  rather  a  question  of  securing 
men  educated  in  the  trades  who  are  able  to  step  into  the  shops 
and  perform  the  work  necessary  to  the  preparation  of  war 
materials. 

The  South  has  been  very  lax  in  its  training  of  men  for 
trades.  In  one  city  in  the  South,  there  is  a  fund  of  one  mil- 
lion dollars  for  the  establishment  of  a  trades  school,  but  al- 
though that  fund  is  available,  the  school  has  not  yet  been 
started.  In  that  city  intelligent  boys  and  young  men,  18  to 
22  years  of  age,  had  come  to  him  to  work  as  laborers.  They 
told  him  that  they  had  attempted  to  learn  a  trade,  but  there 
was  no  such  thing  in  that  city  as  an  apprenticeship  system. 
There  is  nothing  in  the  South  that  parallels  such  splendid  ap- 
prenticeship systems  of  the  North  as  those  of  the  Westing- 
house  Companies,  the  Western  Electric  Company  and  the  Fore 
River  Shipbuilding  and  Engine  Company.  The  South  can- 
not mobilize  an  army  of  workmen  unless  it  first  educates  them. 

It  will  take  a  long  time  to  build  up  that  force  of  working 
men  who  must  be  the  backbone  of  any  industrial  preparedness 
no  matter  how  many  raw  materials  are  available  or  how  many 


machine  sliops  are  lying  idle.  Industrial  preparedness  can- 
not be  obtained  without  the  men  to  manufacture  the  raw  ma- 
terials and  to  operate  the  shops. 

In  time  of  war  many  of  the  best  men  have  to  go  to  the 
front,  with  the  result  that  women  must  be  employed  in  the 
industrial  trades.  Very  few  in  the  South  know  about  the 
Avomen  of  the  North  who  are  willing  to  be  employees  in  the 
manufacture  of  war  material,  textiles,  etc.  The  South  has 
been  and  always  will  be  slow  to  approve  and  start  the  mobili- 
zation of  the  women  of  America  in  the  industrial  trades.  But 
why  not  at  least  have,  as  an  addition  to  the  agricultural 
schools,  trades  schools  for  girls,  to  give  them  a  fundamental 
knowledge  of  the  trades  in  order  that  they  will  be  ready? 

Another  thing  in  which  the  South  is  very  weak  is  function- 
alization,  but  it  is  hoped  that  this  will  be  accomplished  in  the 
trades  schools  that  are  going  to  be  established  in  the  country. 

Bearing  on  the  question  of  the  education  of  the  mechanic 
and  touching  closely  the  question  of  the  mobilization  of  the 
American  women  in  industrial  preparedness  is  the  question  of 
cooperation.  The  following  quotation  from  Frederick  W. 
Taylor,  Past  President  of  The  American  Society  of  Mechani- 
cal Engineers  and  the  highest  exponent  of  cooperation,  gives 
perhaps  the  briefest  and  the  most  concise  statement  of  coop- 
eration :  "  The  time  has  come  when  all  great  things  will  be 
accomplished  by  the  cooperation  of  many  individuals,  each 
performing  the  function  for  which  he  is  best  suited,  each  su- 
preme in  his  particular  function,  yet  retaining  his  individual- 
ity, while  collaborating  with  his  fellows  toward  the  produc- 
tion of  the  complete  and  perfect  whole." 

Commander  AVright  spoke  briefly  in  regard  to  materials  and 
said  that  while  it  is  true  that  the  Government  specifications 
must  not  be  too  severe  and  that  they  must  be  reasonable,  it 
is  also  necessary  to  get  as  much  as  possible  out  of  the  mate- 
rial. The  question  of  tolerances  had  been  brought  up  and  a 
speaker  said  that  all  that  was  needed  was  the  proper  corre- 
lation of  parts.  Commander  Wright  said  that  he. did  not  know 
whether  the  speaker  realized  that  the  Navy  retubes  every  one 
of  its  big  guns  and  that  each  is  retubed  when  it  is  taken  off  a 
ship  after  it  has  been  fired  200  or  300  times.  When  the  mate- 
rials are  to  be  used  over  and  over  again,  merely  replacing  de- 
fective parts,  mechanical  tolerances  have  to  be  watched  closely. 


'  U.   S.  Naval  Station,   New  Orleans,  La. 


It  would  require  SO  engineers^  designers  and  drafts- 
men at  least  50  weeks  to  prepare  the  drawings  for  the 
17  sizes  of  shells  now  used  by  the  U.  S.  Army,  together 
with  drawings  for  gages,  jigs,  fixtures  and  tools.  To 
produce  the  latter  would  probably  require  800  men, 
well  trained  and  in  well  organized  factories,  at  least  5 
years.  This  would  equip  100  factories,  each  employing 
2,000  men,  capable  of  producing  a  total  of  S00,000 
rounds  per  day. — Feank  O.  Wells  and  Chas.  K.  Smabt. 


/(  would  take  1,000  toolmakers  one  year  to  furnish 
tools  .  .  .  for  an  output  of  1,000  rifles  per  day. 
Therefore  should  our  Government  require,  say,  SftOOfiOO 
rifles,  or  1,000,000  rifles  per  year,  our  tool  plants  would 
be  taxed  to  the  utmost. — K.  A.  Jot'He. 


CURRENT  TOPICS 


The  Engineer,  April  28,  1916,  describes  a  new  type  of 
Humphrey  pump  working  on  a  two-stroke  cycle,  the  novelty 
of  the  construction  being  that  a  solid  mass  is  placed,  as  it 
were,  between  the  exploding  gaseous  mixture  and  the  water 
surface.  All  the  useful  work  is  done  on  the  up-stroke  during 
the  expansion  of  the  gases.  On  the  down  stroke,  the  work  is 
spent  against  friction  and  in  compressing  the  fresh  charge. 
A  feature  of  the  design  lies  in  the  fact  that  no  side-thrust  is 
generated  at  any  point  by  the  piston  against  the  cylinder  walls 
as  in  an  ordinary  crank  pump.  The  movement  is  purely 
reciprocating  and  there  is  an  entire  absence  of  rotating  parts 
except  for  the  exhaust  valve  bell-crank  lever. 


One  of  the  most  notable  achievements  in  gas  engineering  is 
the  successful  construction  of  a  subaqueous  tunnel  connecting 
Astoria,  L.  I.,  with  the  borough  of  The  Bronx,  New  York  City. 
The  tunnel  lies  beneath  the  waters  of  the  East  River  at  an 
average  depth  of  225  ft.  below  mean  sea  level.  It  is  19  ft. 
wide,  18  ft.  high  and  4662  ft.  long.  It  accommodates  two 
72-in.  gas  mains,  with  abundant  space  for  other  utilities.  The 
route  of  the  tunnel  lays  through  a  long  stretch  of  disintegrated 
rock  where  the  water  pressures  ran  up  to  95  lb.  per  sq.  in., 
thus  making  it  impossible  to  use  compressed  air  to  exclude 
water. 


The  Hudson  Motor  Car  Company  has  recently  carried  out 
some  interesting-  exj)eriments  on  the  determination  of  the  rigid- 
ity of  crankshafts,  for  which  an  ingenious  rig  was  used.  The 
shaft  was  supported  vertically  so  as  to  eliminate  the  possi- 
bility of  bend  due  to  overhang.  In  order  to  eliminate  any 
chance  of  torsional  strain  due  to  an  auxiliary  driving  mechan- 
ism, the  fly-wheel  with  its  face  provided  with  teeth  was  con- 
verted into  a  turbine,  several  air  nozzles  being  arranged  to 
revolve  it  without  actual  mechanical  connection. — The  Auto- 
mobile, May  18,  1916. 


An  interesting  paper  on  theory  and  practice  in  the  filtra- 
tion of  water  was  presented  before  the  Institution  of  Mechan- 
ical Engineers  on  April  14,  1916.  The  author  establishes  the 
following  conclusions:  (1)  the  practice  of  mechanical  filtra- 
tion is  based  on  the  theory  that  the  filtering  film  is  essential; 
(2)  the  speed  of  the  filters  is  always  high  so  that  the  length 
of  time  during  which  the  water  is  under  treatment  is  not 
considered  of  importance;  (3)  when  cleaning,  the  filter  mate- 
rials are  violently  agitated  throughout  their  mass;  and  (4) 
the  bacteriological  purification  of  water  is  dejiendent  on  a 
single  operation  carried  out  with  extreme  rapidity,  and  the 
sole  means  for  preventing  the  passage  of  pathogenic  organisms 
through  the  filter  consists  of  an  artificial  gelatinous  film. 


Three  principal  (anhydrous)  oxides  of  iron  have  long  been 
familiar  in  chemical  literature:  ferric  oxide,  Fe^O,,  occurring 
in  nature  as  the  mineral  hematite;  ferroso-ferric  oxide,  FejO,, 
occurring  as  magnetite;  and  ferrous  oxide,  FeO,  which  is  not 
known  to  occur  in  nature.  A  less  common  mineral  form  is 
martite,  which  has  a  somewhat  variable  composition  immedi- 
ately between  Fe.Oj  and  Fe^Oj.  It  is  commonly  described  as 
"  hematite  pseudomorph  after  magnetite,"  as  it  usually  lies 
nearer  hematite  than  magnetite  in  composition,  but  has  the 
external  octahedral  form  of  magnetite.  In  addition  to  these 
natural  oxides,  many  other  oxides  have  been  prepared  and 
described  by  various  investigators. — The  Oxides  of  Iron,  Jour. 
Am.  Chem.  Soc,  April,  1916. 


Sheet  steel  or  iron  containing  copper  shows  greatly  in- 
creased corrosion  resistance  when  exposed  to  atmospheric  con- 
ditions. The  most  effective  amount  of  copper  to  be  used  for 
this  purpose  is  approximately  0.25  per  cent.  Smaller  amounts 
of  copper  down  to  as  little  as  0.04  per  cent  have  a  considerable 
influence  in  lessening  corrosion. 

Phosphorus  added  to  open-hearth  steel  slightly  lowers  the 
corrosion  rate.  Silicon,  while  probably  without  effect  in  the 
amounts  normally  present  in  open-hearth  and  bessemer  steel, 
accelerates  corrosion  when  added  in  amounts  from  0.10  to 
0.30  per  cent.  The  addition  of  small  amounts  of  aluminum 
probably  has  little  influence  on  corrosion.  The  addition  of 
sulphur  to  steel  greatly  increases  the  corrosion  rate.  The  ad- 
dition of  cold  steel  to  molten  steel  does  not  lower  the  corrosion 
rate,  but  if  it  has  any  influence  at  all,  it  is  to  increase  the 
corrosion. — Jour.  Ind.  £'  Enq.  Chem..  Vol.  8.  No.  3. 


The  chemistry  of  water  softening  is  fairly  complete,  but 
there  are  still  a  number  of  undetermined  points  about  which 
more  information  is  desirable.  Such,  for  instance,  are  the 
questions  of  foaming  and  of  after-deposits. 

The  foaming  in  a  steam  boiler  is  more  active  if  the  water 
contains  comparatively  large  amounts  of  soluble  salts  or 
organic  matter.  It  wiU  increase  as  the  concentration  of  the 
water  increases. — S.  A.  Greeley,  in  Jour.  Am.  Water  Works 
Assn.,  Vol.  3,  No.  1. 


The  subject  of  power  plant  losses  at  high  altitudes  is  dis- 
cussed by  A.  Vincent  Clarke  in  the  Compressed  Air  Maga- 
zine for  May,  1916.  Oil  engines  working  at  high  altitudes 
cannot  develop  the  same  power  as  at  sea  level  owing  to  the 
smaller  weight  of  oxygen  contained  in  the  cylinder.  At  an 
elevation  of  10,000  cu.  ft.,  the  pressure  of  the  atmosphere  is 
about  10.3  lb.  per  sq.  in. ;  hence  at  the  commencement  of  com- 
pression the  engine  cylinder  will  be  full  of  air  at  a  pressure 
of  10.3  lb.,  whereas  at  sea  level  the  same  volume  of  air  would 
be  present  at  a  pressure  of  14.7  lb.  As  the  amount  of  oxygen 
would  be  in  the  same  proportion  in  both  cases,  the  power  ob- 
tainable would  be  in  the  ratio  of  14.7  to  10.3,  giving  a  loss 
of  about  29  per  cent  because  of  the  high  altitude. 

With  internal  combustion  engines  when  the  initial  pressure 
is  reduced  the  compression  pressure  will  be  lower. 

Diesel  engines  at  high  altitudes  require  a  larger  compressor 
for  the  air  used  for  the  injection  of  fuel  than  is  necessary  at 
sea  level,  as  it  is  essential  for  their  satisfactory  operation  to 
have  the  same  volume  and  pressure  of  air  as  at  sea  level. 


456 


REPORT  UPON  EFFICIENCY  TESTS  OF  A  30,000  KW.   CROSS 

COMPOUND  STEAM  TURBINE 

BY  H.  G.  STOTT,  NEW  YORK  and  W.  S.  FINLAY,  JR.,  NEW  YORK 
Member  of  the  Societv  Non-Member 


THE  determining  factors  in  the  selection  of  power  gener- 
ating equipment,  either  for  an  original  installation  or 
replacement  purposes,  present  about  as  many  variables  as 
there  are  installations.  Engineering  experience  has  prac- 
tically standardized  the  electrical  end.  The  steam  engine  on 
the  other  hand,  does  not  seem  to  have  been  capable  of  such 
standardization,  as  engineers  are  not  agreed  as  to  the  most 
desirable  superheat,  pressure,  etc.,  which  must  be  considered 
both  from  the  standpoint  of  reliability  and  boiler  and  engine 
economy.     This  thought  is  more  than  ever  pertinent  at  this 


onstrated,  could  be  best  provided  for  by  units  of  30,000  kw. 
maximum  continuous  capacity  each.  At  that  time  there  was 
assurance  that  machines  of  this  capacity  could  be  constructed 
and  furthermore,  by  the  employment  of  the  two-speed  com- 
pound principle,  as  described  more  fully  hereinafter,  no  haz- 
ards were  involved,  nor  in  fact  would  there  be  any  departure 
from  well  tried  principles  of  construction.  Ample  steam  sup- 
ply was  available  by  reason  of  development  in  the  matter  of 
relative  boiler  capacity  coincident  with  the  increase  in  effi- 
ciency of  prime  movers  since  the  original  construction  of  the 


Fig.  1    30,000  Kw.  Ceoss-Compound  Steam  Tukbine 


time,  as  it  appears  that  we  are  on  the  eve  of  the  employment 
of  higher  pressures  and  perhaps  even  new  systems  of  power 
generation. 

Further,  the  capacity  of  the  machine  to  be  selected  and  the 
relation  of  point  of  best  steam  consumption  to  maximum  con- 
tinuous load  and  provision  for  heavy  overloads  for  limited 
periods  are  all  dependent  on  load  factors,  diversity  factors, 
etc.,  which  present  a  new  problem  for  every  installation. 

Without  detailing  at  length  the  considerations  which  led 
to  the  selection  of  three  30,000  kw.  units  for  the  74th  Street 
Station  of  the  Interborough  Rapid  Transit  Company,  a  brief 
summation  of  the  main  questions  involved  will  possibly  be 
of  interest  and  serve  to  classify  the  installation   properly. 

The  prospective  daily  plant  load,  as  was  subsequently  dem- 


Presented  at  the  May,  1916.  meeting  of  the  New  York  local  sectiou 
of  The  American  Society  of  Mechanical  Enaineers. 


plant  in  1902.  Economic  considerations  warranted  the  with- 
drawal of  the  horizontal-vertical  double  cross-compound  en- 
gine-generator sets  installed  at  that  time,  and  their  replace- 
ment by  more  efiScient  and  larger  units. 

The  generally  accepted  essential  requirements  of  a  railroad 
plant  were  the  next  considerations,  viz. :  reliability,  efficiency 
and  cost. 

In  the  development  of  turbine  design,  at  the  time  the  in- 
stallation was  being  considered,  possibly  the  simplest  type  of 
machine  in  many  ways  was  the  single-shaft,  single-rotating 
element  turbine  as  a  natural  outgrowth  of  the  generally  ac- 
cepted type  developed  in  smaller  capacities.  Certain  struc- 
tural features,  however,  inherent  with  the  larger  capacity 
tended  to  favor  the  division  of  the  unit  into  two  elements. 

In  a  steam  turbine,  maximum  centrifugal  stresses  are  en- 
countered   at    the    exhaust    end,    where    the    greatest    steam 
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Fig.  2    Casing,  Low-Pressure  Turbine 

volume  requires  the  greatest  blade  area.  In  the  high-pressure 
blading  which  uses  steam  of  small  specific  volume,  the  best 
velocity  ratio  conducive  to  high  economy  cannot  be  met  by 


aloue,  and  that  at  a  fairly  high  efficiency,  the  low-pressure  ele- 
ment being  available  for  service  simply  by  the  use  of  a  by- 
pass. The  use  of  the  high-pressure  end  alone  in  the  case  of 
a  bad  breakdown  on  the  low-pressure  end  was  to  be  obtained 
by  removing  the  low-pressure  rotor  and  closing  the  shaft  open- 
ings with  special  covers. 

An  extremely  important  consideration,  favoring  the  di- 
vided unit  in  this  particular  case,  was  the  matter  of  the  weight 
of  the  parts  to  be  handled  by  the  crane  which,  in  the  ease  of 
the  single  unit,  involved  provision  for  additional  crane  ca- 
pacity bej'ond  that  then  available  at  the  plant.  To  take  care 
of  such  additional  requirements  would  have  necessitated  the 
installation  not  only  of  a  new  crane,  but  reinforcements  of 
the  steel  work  of  a  most  elaborate  nature  and  far  in  excess 
of  that  required  for  use  in  connection  with  the  double  unit. 

In  the  matter  of  efficiency  the  double  unit  offered  still  more 
desirable  possibilities,  prominent  among  which  was  the  rela- 
tive flatness  of  its  water  rate  characteristic.  Without  enter- 
ing into  the  matter  of  cost  in  this  particular  case,  it  may  be 
said  that  the  advantage  was  again  with  the  double  unit. 

As  a  result  of  such  considerations  as  the  foregoing,  the 
double-unit  turbines  were  selected,  together  with  condensing 
equipment  designed  to  perform  at  a  relatively  high  rate  of 


Fig.  3    Interior,  Lower  Half  of  Low-Pressdre  Turbine 


the  rotative  speed  as  determined  by  the  exhaust  end.  To 
avoid  a  compromise,  the  conditions  are  more  readily  satisfied 
by  carrying  out  the  expansion  in  two  separate  elements,  and 
avoiding  congestion  due  to  the  high  specific  volume  of  the 
steam  at  one  inch  absolute  exhaust  pressure  by  the  use  of  the 
lower  speed,  longer  blades  and  the  double-flow  principle. 

Reliability  also  seemed  better  served  in  the  double  element 
machine  by  the  shorter  shaft,  and  reduction  of  danger  from 
temperature  strains.  Furthermore,  there  was  the  possibility, 
in   an   emergency,  of  operating  either  element   of  the  unit 


efficiency,  and  including  the  necessary  auxiliary  apparatus,  all 
of  which  is  described  in  the  following : 

One  of  the  complete  units  is  shown  in  Fig.  1,  the  high- 
pressure  element  with  its  governing  apparatus  being  in  the 
foreground.  This  element  is  practically  a  typical  single- 
cylinder  reaction  turbine,  containing  38  rows  of  blades.  The 
low-pressure  element  in  the  background  of  Fig.  1  is  a  turbine 
of  the  double-flow  type.  The  casing  is  possibly  unusual  in  its 
size  and  details  of  reinforcement.  The  complete  casing  of  a 
low-pressure  element  is  shown  in  Fig.  2,  and  the  interior  of 
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the  lower  half  in  Fig.  3.  Fig.  4  shows  a  detail  of  the  lower 
casing  with  the  rings  removed  which  gives  a  very  clear  idea 
of  the  reinforcing.  No  blading  is  mounted  directly  in  the 
casing  but  through  the  intermediary  of  rings  secured  to  it, 
as  shown  in  Figs.  3  and  10.  The  central  portion  of  the  low- 
pressure  rotor  (Fig.  5)  consists  of  a  drum  to  which  are  bolted 
two  oast  steel  shaft  ends.  These  shaft  ends  have  discs  mounte<l 
upon  them,  carrying  the  last  rows  of  blades. 

Each  turbine  was  erected  upon  a  foundation  of  steel  frame- 
work set  in  concrete,  the  steel  structure  alone  being  amply  suf- 
ficient for  support,  the  concrete  being  added  to  eliminate  vibra- 
tion. 

Inasmuch  as  the  high-pressure  rotor  was  inherently  of  small 
diameter,  it  was  possible  to  design  it  to  operate  at  the  maxi- 
mum speed  possible  for  25  cycle  service,  i.  e.,  1500  r.p.m.  The 
low-pressure  turbine  was  designed  for  the  next  lower  syn- 
chronous speed,  namely,  750  r.p.m.,  utilizing  a  four-pole  gen- 
erator. 

The  surface  condensers  which  occupy  most  of  the  open 
space  beneath  the  foundation  framework  consist  each  of  two 
shells  containing  25,000  sq.  ft.  of  condensing  surface  apiece. 
The  condenser  shells  are  connected  directly  to  the  turbine 
outlets  without  an  intermediate  expansion  joint.     The  weight 


Fig.  4    Detail  Showing  Beauing,    Low-Peessdre  Casing 

turbine-driven  tri-rotor  circulating  pumps  of  37,500  gal.  per 
min.  capacity  each  were  installed  in  duplicate,  the  reliability 
consideration   being  augmented  by  one   of   efficiency  in   the 


Fig.  5    Rotor,  Low-Pressuee  Tuebine 


of  the  condensers  is  carried  by  means  of  lugs,  cast  as  a  part 
of  the  shell,  resting  upon  a  number  of  spring  jacks,  which 
are  adjusted  to  carry  the  load  without  appreciable  strain 
upon  the  turbine  exhaust  nozzles.  Practically  no  restraint 
has  been  put  upon  longitudinal  expansion  of  the  low-pressure 
turbine  by  the  circulating  water  jDijiing,  which  is  fitted  with 
rubber  expansion  joints.  There  is  one  expansion  joint  of 
copper  in  the  steam  equalizing  pipe  between  the  shells. 

The  condenser  auxiliaries  were  selected  and  installed  with 
the   prime   factor   of   reliability   continually   in   mind.      The 


matter  of  the  relative  requirements  for  winter  and  summer 
use;  during  the  winter  months  with  cold  water  one  pump  is 
sufficient,  but  during  the  summer  months  high  water  temper- 
atures necessitating  two  units  in  service. 

The  hot  well  pumps  were  also  installed  in  duplicate.  A 
single  rotary  dry  vacuum  piunp  was  provided  for  each  unit, 
with  sufficient  capacity  to  handle  the  dry  air  from  two  units, 
cross  connections  being  provided  for  the  purpose. 

The  turbines  are  equipped  with  water-sealed  glands.  The 
gland  water  system   has  a   small   centrifugal   turbine-driven 
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TABLE  1     SWINGING  LOADS  DURING  TESTS  AS  RECORDED  BY  GRAPHIC  CHART 
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Average 

From  Graphic  Load  Chart 

Avg.  of  Diff. 

Bet.  Min. 

Test 

DtlRATION 

Kw.  Load 

Minimum 

Ma;amum 

Difference 

Per  Cent 

and  Max, 

Per  Cent 

Max.  Single 

Per  Cent 

Lengtil  of 

No. 

OF  Test, 

by 

Load 

Load 

in  Kw.  of 

of  Avg. 

Load  Dur- 

of Avg. 

Load  Swing 

of  Avg. 

Swing 

Time 

Hb. 

Watthour 

During 

During 

Max.  and 

Load 

ing  Each 

Load 

During 

Load 

F 

of 

Meter 

Teat 

Teat 

Min.  Loads 

D 

2^    Min. 

B 

Teat 

P 

in 

Teat 

A 

B 

C 

C—B^D 

A 

Period 

During  Test 

E 

A 

F 

A 

Sec. 

1 

3 

16342 

10100 

20800 

10700 

65.5 

6080 

37.2 

8700 

53.3 

21 

12.00-  3.00 

2 

3 

16447 

9800 

20300 

10500 

63.8 

6200 

37.7 

8200 

49.8 

40 

12.00-  3.00 

3 

3 

18158 

12800 

23000 

10200 

56.2 

5680 

31.3 

7800 

43.0 

34 

1.00-  4.00 

4 

3 

18273 

10400 

23100 

12700 

69.5 

5860 

58.6 

10600 

58.0 

41 

12.00-  3.00 

5 

3 

18317 

11600 

22000 

10400 

56.8 

6360 

34.7 

9400 

51  3 

24 

12.00-  3.00 

6 

3 

20472 

15600 

22600 

7000 

34.2 

3810 

18.6 

6500 

31.8 

42 

2.00-  5.00 

7 

3 

21925 

14900 

26100 

11200 

51.1 

3740 

17.1 

6650 

30.3 

26 

8.00-11.00 

8 

3 

22150 

16500 

27400 

10900 

49.2 

4200 

19.0 

6500 

29.4 

24 

8.00-11.00 

9 

3 

22432 

16900 

25400 

8500 

37.9 

4580 

20.4 

7400 

33.0 

33 

8.00-11.00 

10 

3 

24137 

18700 

27800 

9100 

37.7 

3700 

15  3 

6900 

28.6 

36 

8.00-11.00 

11 

3 

24200 

20500 

27600 

7100 

29  3 

3160 

13.1 

4300 

17.8 

15 

8.00-11.00 

12 

3 

25170 

19700 

27400 

7700 

30.6 

3260 

13.0 

5500 

21.9 

12 

10.30-  1.30 

13 

3 

26153 

20200 

28900 

8700 

33.3 

3080 

11.8 

5400 

20.6 

12 

8.00-11.00 

15 

3 

28378 

21000 

32700 

11700 

41.2 

3700 

13.0 

5400 

19.0 

1 

3.30-  6.30 

16 

3 

28517 

23200 

29700 

6500 

22.8 

2200 

7.7 

4000 

14.0 

11 

3.30-  6.30 

17 

3 

30232 

24400 

32000 

7600 

25.1 

3040 

10.1 

4500 

14.9 

12 

3.30-  6.30 

18 

3 

30397 

24600 

32800 

8200 

27.0 

2780 

9.1 

5600 

18.4 

2 

3.30-  6.30 

19 

3 

31986 

29400 

35200 

5800 

18.1 

2450 

7.7 

3700 

11.6 

9 

4.00-  7.00 

20 

3 

32348 

32900 

28300 

4600 

14.2 

2490 

7.7 

3100 

9.6 

5 

4.00-  7.00 

Test  19-22  inel.— no  chart  taken. 


TABLE 

2    SUMMARY  OF  RESULTS 

TURBINE  TESTS 

Exh.  Pres. 

Abs.  Steam 

Steam 

Ab3. Steam 

Abs.  Steam 

Abs.  Steam 

Referred  to 
30-In.  Bar, 

762  M  M. 

58.1  Deg. 

Rank- 

Ther- 

Pressitbb 

Tempera- 

Pressure 

PRESStraE 

Pressure 

Exhaust 

Load 

Wateri 

Ctclb 
Effi- 

mal" 

at 

ture  at 

Superheat 

Primary 

Exhaust 

Inlet 

Vacuum 

Aver- 

Water per  Hr. 

Rate 

Effi- 

Throttle 

Throttle 

Inlet 

H.P. 

LP. 

age 

Fahr.,  14.5 

ciency 

Deo.  Cent. 

o 

Lb. 

Kg. 

Lb. 

Kg. 

Lb. 

Kg. 

Lb. 

Kg. 

Lb. 

Kg. 

!<: 

per 

per 

Deg. 

Deg. 

Deg. 

Deg. 

per 

per 

per 

per 

per 

per 

In. 

MM. 

In. 

MM. 

Kw. 

Lb. 

Kg 

per 

per 

Per 

Per 

1 

Sq. 

Sq. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Sq. 

Sq. 

Sq. 

Sq. 

Sq. 

Sq. 

Hg. 

Hg. 

Hg. 

Hg. 

Kw.- 

Kw.- 

Cent. 

Cent. 

In. 

Cm. 

In. 

Cm. 

In. 

Cm. 

In. 

Cm. 

Hr 

Hr. 

1 

224.3 

15.78 

493.2 

256.2 

101.6 

56.5 

148 

10.41 

10.6 

.745 

10.2 

.717 

28.411 

721.63 

1.589 

40.37 

16,342 

192,350 

87,250 

11.770 

5.339 

72,540 

23.72 

2 

223.3 

15.7 

488.8 

252.7 

95.8 

53.2 

144 

10.12 

11.8 

.83 

10.0 

.703 

28.52 

724.41 

1.48 

37.59 

16,447 

194.431 

88,194 

11.822 

5.362 

72.222 

23.62 

3 

224.1 

15.77 

485.7 

2.52.1 

94.2 

52.3 

166 

11.68 

11.0 

.773 

28.539 

724.9 

1.461 

37.1 

18.158 

212,029 

96,176 

11.677 

5.297 

73.118 

23.91 

4 

223.3 

15.7 

489.6 

254.2 

98.4 

54.7 

159 

11.18 

11.8 

.83 

11.5 

.809 

28.471 

723.15 

1.529 

38.85 

18,273 

212,330 

96,313 

11.620 

5.271 

73.476 

24.02 

5 

222.6 

15.65 

496.5 

258.05 

105.7 

58.7 

163 

11.46 

11.8 

.83 

10.8 

.759 

28.588 

726.15 

1.412 

35.85 

18.317 

213,976 

97,059 

11.682 

5.299 

73.086 

23.90 

6 

220.4 

15.5 

510.9 

266.1 

121.0 

67.3 

175 

12.31 

12.7 

.893 

12.0 

.844 

28.586 

726.08 

1.414 

35.92 

20,472 

234,930 

106,564 

11.476 

5.206 

74.400 

24.33 

7 

219.8 

15.46 

519.3 

270.7 

129.5 

72.0 

182 

12.8 

12.8 

.9 

12.5 

.879 

28.683 

728.55 

1.317 

33.45 

21,925 

250.407 

113,585 

11.421 

5.181 

74.757 

24.46 

8 

221.8 

15.6 

518.8 

270.5 

128.0 

71.1 

185 

13.01 

13.5 

.949 

12.8 

.9 

28.791 

731,3 

1.209 

30.7 

22,150 

253,388 

114,937 

11.439 

5.  189 

74 .  630 

24.41 

9 

221.1 

15.54 

501.5 

260.8 

111.2 

61.8 

187 

13.15 

13.0 

.914 

28.744 

730.1 

1.256 

31.9 

22,432 

256,716 

116,446 

11.444 

5.191 

74.606 

24.41 

10 

221.3 

15.56 

513.9 

267.7 

123.5 

68.6 

194 

13.64 

14.2 

.998 

14.1 

.992 

28.902 

734.1 

1.098 

27.9 

24,137 

274.971 

124,727 

11.392 

5.167 

74.947 

24.52 

11 

220.3 

15.49 

512.9 

267.2 

123.0 

68.4 

196 

13.78 

13.7 

.963 

13  6 

.956 

28.882 

733.6 

1.118 

28.4 

24,200 

275,593 

125.009 

11.388 

5.166 

74.973 

24.52 

12 

220.3 

15.49 

496.8 

258.2 

106.8 

59.4 

197 

13.85 

14.6 

1.027 

14.1 

.992 

28.896 

734.0 

1.104 

28.0 

25,170 

285,184 

129,359 

11.330 

5.139 

75.357 

24,63 

13 

217.9 

15.32 

524.3 

273.5 

135.2 

75.2 

211 

14.84 

14.5 

1.019 

14.7 

1.033 

28.761 

730.53 

1.239 

31.47 

26,153 

295,373 

133,981 

11.294 

5.123 

75.597 

24.72 

14 

224.0 

15.76 

500.0 

260. 

108.5 

60.3 

215 

15.12 

15.0 

1.055 

28.862 

733.1 

1.138 

28.9 

26,740 

301.035 

136,549 

11.258 

5.107 

75.840 

24.81 

15 

221.6 

15.58 

510.0 

265.5 

119.5 

66.4 

210 

14.77 

16.5 

1.16 

15.9 

1.118 

28.862 

733.1 

1.138 

28.9 

28,378 

323,353 

146,673 

11.395 

5.169 

74.928 

24.51 

16 

220.0 

15.47 

515.5 

268.6 

125.6 

69.8 

211 

14.84 

16.6 

1.167 

16.2 

1.138 

28.812 

731.82 

1.188 

31.18 

28,517 

325,072 

147,453 

11.399 

5.171 

74.901 

24.49 

17 

220.3 

15.49 

513.0 

267.2 

123.0 

68.4 

210 

14.77 

16.5 

1.16 

16.8 

1.181 

28.78 

731.01 

1.22 

30.99 

30.232 

344,787 

156,395 

11.405 

5.173 

74.862 

24.48 

18 

217.2 

15  28 

518.0 

270.0 

129.1 

71.8 

206 

14.48 

17.3 

1.216 

17.2 

1.208 

28.801 

731.55 

1.199 

30.40 

30,397 

348,018 

157,861 

11.449 

5.193 

74.574    24.39 

19 

217.1 

15.27 

515.4 

268.6 

126.6 

70.3 

212 

14.9 

IS. 5 

1.301 

18.5 

1.301 

28.623 

727.03 

1.377 

34.97 

31,986 

364,280 

165,237 

11.389 

5.166 

74.968    24.52 

20 

218.2 

15.33 

519.5 

270.8 

130.4 

72.5 

209 

14.7 

17.6 

1.237 

18.2 

1.28 

28.75 

730.25 

1.25 

31.75 

32,348 

366,572 

166,277 

11.332 

5.140 

75.343    24.64 

21 

216.3 

15.21 

513.3 

267.4 

124.9 

69.4 

209 

14.7 

18.1 

1.272 

18.9 

1.328 

28.765 

730.63 

1.235 

31.37 

32,490 

370,335 

167,984 

11.398 

5.1701 

74.908    24.52 

22 

222.8 

15.66 

518.0 

270.2 

127.0 

70.5 

182 

12.78 

13.9 

.976 

13.0 

.913 

28.55 

724.70 

1.45 

36.83 

21,610 

246,661 

111,850 

11.414 

5.179 

74.733!   24.42 

23 

224.0 

15.76 

508.0 

264.5 

116.5 

64.5 

186 

13.05 

14.2 

.998 

13.3 

.934 

28.53 

724.67 

1.47 

37.23 

21,800 

250,134 

113.600 

11.474 

5.207 

74.412,  24.35 

24 

222.9 

15.67 

512.0 

266.7 

121.0 

67.3 

194 

13.66 

14.8 

1.042 

13.9 

.976 

28.92 

734.57 

1.08 

27.43 

23,890 

272,335 

123,600 

11.400 

5.170 

74.824    24.48 

35 

223.1 

15.67 

515.4 

268.9 

124.3 

69.0 

213 

14.98 

16.2 

1.139    15.1 

1.062 

28.85 

732.8 

1 

1.15 

33.15  26,505     298,810 

135,600 

11.274 

5.114 

75.660,  34.79 

"a»  corrected  to  215  lb.  per  aq.  in.  or  15.1  Kg.  per  aq  cm.  Abs.  Press.;  120  deg.  fahr.  (66.6  deg  cent,),  super  heat;  29  in.  Hg,  (738.6  mm.) 
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pump  for  each  unit,  the  piping  for  all  of  which  is  cross  con- 
nected through  a  common  header.  The  water  used  for  the 
turbine  oil  coolers  returns  the  heat  which  is  thus  regained 
by  way  of  the  feed  water  heaters. 

The  exhaust  from  the  auxiliaries  has  been  carried  into  the 


by  the  use  of  thermometers  set  in  each  column  casing  and 
additional  corrections  were  made  for  specific  gravity,  menis- 
cus and  barometer  reading.     The  barometer  used  on  the  test 
was  calibrated  by  reference  to  the  U.  S.  Weather  Bureau. 
The  condensate  was  weighed  in  tanks  mounted  upon  two 
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Fig.  10    Ring  Section  of  Low-Pressuee  Blades 


pressure.      The 
system,    as    the 


feed  water  heaters  which  operate  at  low 
shortage  or  excess  of  heat  in  this  heater 
ease  may  be,  is  compensated  for  or 
utilized  by  means  of  heat  balance  valves 
operating-  between  the  auxiliary  exhaust 
lines  and  the  receivers  between  the  tur- 
bine elements. 

Tor  test  purfjoses  one  unit  was  selected 
as  representative  of  the  installation. 
Tests  were  made  upon  this  unit  by  the 
use  of  standard  methods,  special  pro- 
visions being  taken  to  secure  accuracy, 
some  of  which  are  detailed  below: 

High  steam  jiressures  were  observed 
by  the  use  of  gages,  in  duplicate  where 
of  importance,  such  gages  being  cali- 
brated before  and  after  each  test.  Tem- 
peratures were  observed  by  carefully 
calibrated  thermometers,  immersed  in 
iron  pipe  wells,  filled  with  mercury  or 
oil,  depending  upon  conditions.  Wells 
were  of  ample  depth  and  correction  was 
made  for  immersion.  Low  pressures 
were  observed  by  the  use  of  mercury 
manometers.       Vacuum     readings     were  'oo 

made  by  the  use  of  mercury  columns  pro- 
vided with  a  vernier  reading  to  1/100  of 
an  inch.     The  mercury  in  these  columns 
was  regularly  cleaned  and  its  specific  gravity  determined  before 
and  after  test  series  and  corrections  made  accordingly.    Tem- 
perature corrections  on  mercury  columns  were  provided  for 


Fig.  11    Watthour  Meter  Charts 

carefully  calibrated  platform  scales.  Platform  scales  were 
also  used  to  measure  drips  and  leakage.  The  unit  was  iso- 
lated so  far  as  water  and  steam  outlets  were  concerned.  The 
large  atmospheric  relief  valve  necessarily  remaining  con- 
nected to  the  exhaust  system  was  water  sealed,  the  seal  being 
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Fig.  12    Pressure  Correction  Chart 


kept  under  continual  observation  by  means  of  a  window  in 
the  valve  cover  and  interior  illumination  by  electric  light. 
The  unit  output  was  obtained  by  means  of  three  single 
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phase  rotating  standard  watthour  meters,  one  connected  to 
each  phase.  These  watthour  meters  were  calibrated  before 
and  after  the  test  series,  which  calibration  included  the  cur- 
rent and  potential  transformers  and  showed  no  variation  in 
excess  of  0.2  per  cent. 

Each  test  was  of  three  hours'  duration 
with  about  a  half  hour  preliminary  oper- 
ation under  test  conditions.  The  load 
was  controlled  from  the  switchboard,  the 
turbine  operating  upon  the  governor  with 
hand  throttle  wide  open.  This  subjected 
the  turbine  to  the  full  swings  of  the  rail- 
road load,  as  observed  by  means  of  a 
graphic  wattmeter,  which  furnished  an 
interesting  index  of  such  load  variations. 
Table  1  gives  a  summary  of  the  results  of 
these  charts  and  Fig.  11  shows  a  typical 
section  of  a  chart.  At  light  loads  these 
variations  were  more  pronounced,  ap- 
proximating frequently  5000  kw.  either 
side  of  the  average.  A  variation  of  10,- 
000  kw.  total  in  half  a  minute  was  not 
uncommon,  especially  on  loads  of  16,000, 
18,000  and  20,000  kilowatts. 

The  test  results  have  been  shown  graph- 
ically in  Figs.  7,  8  and  9,  upon  bases  of 
load    and   water-rate,    load   and   thermal 
efficiency,   and    load   and   Rankine   cycle 
efficiency    ratio.       In    conducting    these 
tests,    naturally    every    effort    was    made 
to  maintain  certain  standard   conditions  under  which  guar- 
antees had  been  given,  and  the  test  results  as  tabulated  have 
been  corrected  to  such  standards.     These  standards  represent 
what  is  probably  the  average  of  operating  service.     Correc- 
tions for  variation  from  standard  conditions  were  based  upon 


2.  The  dip  in  the  curve  between  22,000  kw.  and  26,000  kw. 
is  a  peculiarity  which  was  received  at  first  rather  skeptically, 
but  which  was  later  remarkably  checked  by  repetition  of  tests 
throughout  the  range,  including  a  special  series  under  steady 
load  made  three  months  subsequent  to  the  original  series  and 
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Fig.  13     Superheat  Correction  Chart 

curves  as  shown  in  Figs.  12,  13  and  14,  which  corrections 
were  agreed  upon  prior  to  the  commencement  of  tests. 

In  discussing  and  analyzing  the  test  results,  attention 
might  be  called  to  the  following  particular  features: 

1.  With  due  allowance  for  scale  of  ordinates  the  jierform- 
ance  curves  may  be  considered  unusually  fiat,  naturally  con- 
ducive to  high  plant  efficiency. 


Fig.  14    Vacua  Correction  Chart 

given  herein  as  Nos.  22-26  in  the  tables  showing  test  sum- 
maries. Various  theories  have  been  advanced  in  connection 
with  this  dip  and  a  series  of  special  tests  was  made  to  inves- 
tigate the  relative  action  of  the  receiver  between  the  two 
cylinders  as  a  separator,  and  the  velocities  of  the  steam  pass- 
ing through  it,  with  the  idea  that  this 
might  have  some  direct  bearing  upon  this 
dip.  Unfortunately,  winter  load  demands 
terminated  further  research  work,  in  this 
direction  without  any  definite  results  hav- 
ing been  obtained. 

3.  The  turning  up  of  the  curve  between 
30,000  and  32,000  kw.  is  another  pecul- 
iarity, accounted  for  by  the  turbine  de- 
signer as  follows: 

"  Concerning   the    supposed    inconsist- 
ency in  these  tests,  i.e.,  the  turning  up  of 
the  efficiency  curve  between  30,000  and 
32,000  kw.,  consideration  and  figuring  in- 
dicate that  this  is  actually  not  an  incon- 
sistency, but  a  new  experience.    This  tur- 
bine was  designed  for  higher  hydraulic 
efficiency    than    probably    any    machine 
heretofore    built,    thus    approaching    the 
crest  of  the  efficiency  curve.     The  over- 
load capacity  of  the  machine  is  small,  or 
in  other  words,  the  amount  the  turbine 
is  by-passed  when  the  secondary  valve 
opens   is   small,   and   the   velocity   ratio, 
therefore,  is  very  little  lower  when  full  steam  pressure  is  ap- 
plied to  the  secondary  inlet  than  when  such  pressure  is  ap- 
plied to  the  primary  inlet.     Further,  the  hydraulic  efficiency 
is  nearly  the  same,  so  that  the  Rankine  cycle  at  32,000  kw. 
should  not  be  more  than  1  per  cent  lower  than  at  the  point 
of  best  efficiency,  viz.,  26,000  kw.     The  efficiency  at  the  inter- 
mediate overload,  say,  30,000  kw.,  is  somewhat  worse  than  this, 
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TABLE  3     CONDENSER  TEST,  SUMMARY  OF  RESULTS 


PREB8URB  AT  THROTTLE.  ABS.. 

220  Lb.  per  Sq.  In. 

15.466  Kg.  per  Sq.  Cu. 

Temperatube  at  Throttle.. 

487  Deg.  Fahh. 

252.S  Deq.  Cent. 

Load,  At.  Kw 

31233 

28.61  In.  Hg. 

1.39  In.  Hg. 

Exhaust  Vacuum 

726  69  Mm    Ho 

Exhaust  Pressure,  Abs 

35.31  Mm.  Ho. 

COHRESPONDINa    TemP 

89.4  Deg.  Fahr. 

31.9  Deg.  Cent. 

Mean     Temp.     Difference 

(Log.) 

12.9  Deo.  Fahr. 

7.17  Deg.  Cent. 

Heat  Transferred  per  Hour 

316,000.000  B.T.u. 

79632000  Large  Cal- 
ories 

Heat  Transferred  per  Unit 

Surface  per  Hour 

6,330  B.T.u.  PER  Sq.  Ft. 

17150  Large  Calories 
PER  Sq.  Meter 

Heat  Transferred  per  Unit 

Surface  per  Hr.  per  Deo. 

M.T.D 

490  B.T.u.  PER  Sq.  Ft. 

2390  Large  Calories 
PER  Sq.  Meter 

AiH  Leakage  per  Min 

16.88  Cu.  Ft. 

478  Cn.  Dm. 

Condensate  per  Hr 

357,060  Lb. 

161962  Kg. 

Temp,  of  Hot-weli,  Water.. 

S6  Deo.  F.ihr. 

30  Deg.  Cent. 

Temp,  of  Intake  Water.  . . . 

70.8  Deg.  Fahr. 

21.5  Deg.  Cent. 

Temp,  of  Discharge  Water.  . 

80.9  Deq.  Fahr. 

27.2  Deg.  Cent. 

Rise 

10.1  Deg.  Fahr. 

5.7  Deg.  Cent. 

CiR.  Water  per  Min 

64700  Gal. 

243890  Litres 

for  while  the  blading  and  hj'draulic  efiBcieneies  remain  as  high 
there  is  a  loss  due  to  a  certain  portion  of  the  steam  expand- 
ing through  the  secondary  valve  to  a  lower  pressure  without 
doing  work." 

A  number  of  tests  were  made  upon   the  condensers  and 


auxiliaries,  separate  and  individual  guarantees  having  been 
made  upon  the  condenser  proper,  circulating  pumps,  dry 
vacuum  pumps  and  hot  well  pumps.  Publication  of  the  test 
data  upon  the  pumps  would  simply  show  good  efficient  per- 
formance without  unusual  features.  The  results  of  the  tests 
upon  the  condenser  have  been  given,  however,  simply  as  a 
matter  of  information  and  interest  in  connection  with  the 
installation  as  a  whole.  The  guarantees  were  based  upon 
operation  under  maximum  load,  viz.,  about  32,000  kw.,  and 
the  test  was  made  with  the  turbine  carrying  as  near  that  load 
as  was  possible.  The  duration  of  this  test  was  three  hours, 
the  preliminary  operation  under  test  conditions,  half  an  hour. 
The  results  have  been  shown  in  Table  3.  No  corrections 
were  made  in  this  test,  as  operating  conditions  approximated 
the  guaranteed  conditions  very  closely,  with  the  exception 
that  air  leakage  was  high.  The  tests  were  made  very  shortly 
after  the  installation  of  the  machine  and  little  opportunity 
had  been  given  under  operating  requirements  properly  to 
eliminate  this  leakage,  which  has  since  been  done.  A  per- 
manent gasometer  has  recently  been  installed  in  connection 
with  each  unit,  in  order  to  observe  air  leakage  at  regular  in- 
tervals and  aid  in  its  elimination. 

Summarizing  the  results  of  these  tests,  it  may  be  said  that 
the  performance  in  the  case  of  both  turbine  and  condenser 
showed  higher  efficiencies  than  was  guaranteed  under  con- 
tract, and  the  installation  has  proven  to  be  thoroughly  satis- 
factorj'  in  every  particular,  having  fully  realized  the  con- 
siderations which  governed  its  selection. 


DISCUSSION 


Heney  G.  Stott.  I  think  it  may  be  of  interest  for  me  to 
make  a  few  historical  remarks.  The  station  in  which  this  ap- 
paratus is  located  was  designed  about  the  year  1900,  so  that 
from  that  time  untU  the  present  represents  a  period  of  about 
sixteen  years.  This  installation  illustrates  very  well  the  tre- 
mendous evolution  of  the  art  in  that  brief  period. 

Sixteen  years  ago  the  turbine  was  hardly  heard  of  in  this 
country ;  only  a  few  practical  experimental  sets  had  been  in- 
stalled, and  the  large  engines  which  were  then  designed  for 
the  AUis-Chalmers  Company  by  the  late  Mr.  Reynolds,  became 
known  as  the  Manhattan  type  engine.  That  engine,  as  some 
of  you  may  recall,  consisted  of  a  horizontal  high  pressure 
cylinder  connecting  on  to  a  vertical  low  pressure  cylinder,  at 
right  angles  on  the  same  crank  pin.  Then  on  the  other  side 
of  the  genei'atoV  was  a  duplicate  set.  Only  two  cranks  were 
required  for  four  cylinders. 

These  engines  established  an  enviable  reputation  for  relia- 
bility. Their  economy  was  as  good  as  could  be  expected  in 
reciprocating  engines  at  that  time,  with  comparatively  mod- 
erate pressures  of  about  175  lb.  and  no  superheat.  The  valves 
were  the  regular  Corliss  type. 

It  is  an  interesting  fact  to  recall  about  what  these  units 
cost.  They  were  5,000  kw.  rating,  with  a  maximum  overload 
capacity  of  50  per  cent,  bringing  up  the  maximum  load  to 
7,.500  kw.,  which  they  would  readily  carry,  but  with  cor- 
respondingly poor  water  rates.  The  water  rate  of  the  engine 
on  test  ran  over  17  lb.  per  kw-hr.,  and  that  was  considered 
a  very  good  record.  The  cost  of  these  units,  for  the  engine, 
generator  and  condenser,  was  a  little  over  $40  per  kw. 
capacity,  based  on  the  rated  capacity.  To  contrast  that  with 
Avhat  has  been  installed  in  place  of  them  is  rather  interesting. 

To  go  back  just  for  a  moment  to  the  original  plant.  It  was 
designed  on  what  was  practically  a  unit  basis,  as  far  as  the 


engines  and  boilers  are  concerned,  that  is  to  say,  there  was 
a  group  of  eight  520  h.p.  boilers  per  unit,  and  each  unit  could 
be  operated  independently  of  the  rest  of  the  plant,  but  nor- 
mally was  operated  with  all  the  boilers  connected  together 
through  two  headers.  The  boiler  capacity,  therefore,  was 
4,160  boiler  h.p.  for  a  5,000  kw.  unit. 

In  place  of  the  engine,  the  new  unit  was  installed,  the  test 
of  wliich  is  described  in  the  paper, — a  30,000  kw.  unit,  cross- 
compounded,  the  high-pressure  turbine,  running  at  500  r.p.m., 
exhausting  into  a  low-pressure  turbine  running  at  750  r.p.m., 
and  that  unit  of  30,000  k\v.  capacity  was  placed  between  the 
same  centers  as  the  5,000  kw.  imit  we  took  out.  The  cost  per 
Idlowatt  of  the  modern  unit,  including  condensers,  I  think 
was  a  little  over  $9,  as  compared  with  $40,  in  the  first  place. 

You  see  that  we  put  in  the  same  space  a  30,000  kw.  unit 
in  place  of  a  unit  having  a  maximum  of  7,500  kw.,  or  5,000 
kw.  economic  rating,  for  the  efficiency  curve  of  the  engine  took 
on  approximately  the  shape  of  a  V,  so  that  it  did  not  pay  to 
run  the  units  very  much  over  the  rated  capacity  of  5,000  kw. 

The  plant  which  has  been  put  in  place  of  it  is  operated  by 
the  same  eight  boilers,  that  is  to  say,  the  boiler  capacity  has 
not  been  increased,  except  to  put  in  underfeed  stokers  under 
the  boilers,  so  that  we  have  simply  changed  a  5,000  kw.  unit 
to  a  30,000  kw.  unit.  That  is  about  six  to  one  increase  in 
capacity,  on  the  same  number  of  boilers.  Of  course,  this  is 
being  accomplished  by  correspondingly  low  water  rates,  as 
shown  m  the  test  described  in  the  paper. 

The  improved  water  rate  is  obtained  through  the  more 
economical  turbine  and  through  the  use  of  the  superheat,  so 
that  the  actual  water  rate,  discounting  the  superheat,  is,  with 
the  present  unit  on  the  average  of  about  12  lb.,  as  compared 
to  about  17.5  on  the  average  with  the  previous  unit.  We 
therefore  have  here  a  very  good  illustration  of  the  enormous 
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progress  which  has  been  made  in  fifteen  years  in  the  art  of 
developing  steam  motors. 

The  advantages  which  have  been  procured  are,  first,  in  the 
same  floor  space  we  get  six  times  the  capacity  at  a  cost  per 
kilowatt  of  approximately  one-fifth  of  the  original  nnit;  and, 
what  is  still  better,  the  water  rate,  when  reduced  to  saturated 
steam,  has  been  reduced  approximately  fifty  per  cent.  That 
is  an  enormous  gain,  and  I  think  we  ought  to  feel  very  much 
gratified  at  the  wonderful  development  which  has  taken  place 
in  the  steam  engine  as  a  prime  mover. 

The  progi"ess  of  the  steam  turbine  has  been  so  great  that 
to-day  it  has  practically  displaced  the  gas  engine.  If  you  will 
look  at  the  thermal  efficiency  given  in  the  test  described  in 
the  paper,  you  will  find  it  runs  up  to  about  25  per  cent. 
That  is  practically  in  the  same  class  as  the  best  gas  engine 
practice  to-day.  So,  as  the  cost  of  the  gas  engine  unit  is  prob- 
ably seven  or  eight  times  as  great  as  the  turbine  unit,  the 
gas  engine  has  been  practically  put  out  of  the  running  for 
large  power  plant  work. 

Another  vei'y  interesting  sidelight  in  this  matter  is  the 
value  of  the  installation  as  a  general  prime  mover  in  com- 
petition with  anything  else  that  could  be  cited.  Fifteen  years 
ago  hydroelectric  power  developments  were  looked  on  as  a 
choice  investment,  worth  lots  of  money  at  almost  any  cost 
of  development.  Waterpowers  were  developed  that  cost  $200, 
$250  and  $300  a  kilowatt.  To-day  you  could  not  get  money 
for  an  investment  of  that  kind.  Why?  Simply  because  the 
steam  turbine  has  become  so  efficient  and  at  the  same  time 
decreased  in  first  cost,  that  it  has  driven  out  all  possibility 
of  developing  a  great  many  of  these  waterpowers,  because 
when  you  consider  the  fixed  charges,  the  steam  turbine  can 
make  power  more  cheaply  than  the  high-priced  hydroelectric 
development. 

Even  take  the  case  of  Niagara  Falls  itself,  where  there  is 
no  dam  required,  and  where  there  is  practically  an  unlimited 
supply  of  power,  the  steam  turbine  plant  can  compete  as  long 
as  the  load  factor  is  less  than  60  per  cent.  The  only  chance 
for  waterpower  development  is  on  high  load  factor. 

These  things  are  all  due  to  the  wonderful  development  in 
the  steam  turbine  in  the  last  fifteen  years.  We  all  probably 
recollect  the  first  few  large  units  which  were  developed,  and 
a  great  many  of  us  were  rather  doubting  Thomasses  at  that 
time.  The  water  rates  obtained  were  from  20  to  24  lb.  per 
kw.,  and  it  seemed  that  it  was  hardly  worth  while  to  bother 
with  the  turbine.  The  only  thing  that  seemed  in  its  favor 
was  that  it  took  less  floor  space  and  cost  less,  but  to-day  that 
argument  no  longer  applies.  The  steam  turbine  has  appar- 
ently come  to  stay,  for  some  time  at  all  events,  and  as  far  as 
we  can  foresee  in  the  future,  as  our  principal  prime  mover, 
and  its  only  rival  is  hydroelectric  power  when  the  load  factor 
is  large. 

Francis  Hodgkinson.  In  the  report  of  these  tests  one 
should  not  be  misled  by  the  large  scale  ordinates  employed. 
The  casual  inspection  of  Figs.  7  and  9  would  lead  one  to  be- 
lieve there  are  many  inconsistencies.  Both  of  these  figures 
exhibit  two  rather  curious  reverse  bends,  one  occurring  be- 
tween 22,000  and  26,000,  the  other  between  27,000  and  32,000. 
The  latter  lends  itself  to  the  explanation  quoted  in  the  text 
of  the  paper. 

The  reverse  bend  occurring  between  22,000  and  26,000  kw. 
is  not  as  easily  explained.  Its  existence  during  the  tests  was 
doubted  and  various  en-ors  were  suspected.  Repetition  of 
the  test,  however,  made  it  very  certain  that  this  vagary  actu- 
ally exists. 


It  is  unfortunate  that  Fig.  7  did  not  have  total  steam 
against  kilowatts  plotted  thereon  because  up  to  the  point  of 
best  efficiency  this  should  be  a  right  line  and  hence  any  irregu- 
larities in  the  test  results  may  be  best  studied  by  means  of 
such  a  line. 

Plotting  this  line  through  the  averages  of  the  test  points  it 
is  found  that  the  greatest  deviation  from  the  right  line  law 
amounts  to  only  0.053  lb.  in  test  No.  4.  It  was  supposed 
that  the  behavior  of  the  receiver  separator  installed  between 
the  high-pressure  and  low-pressure  turbine  elements  was  the 
reason. 

It  seemed  in  advance  that  there  was  an  advantage  in  the 
cross-compounding  scheme  in  that  there  was  an  opportunity 
to  separate  effectively  the  precipitated  water  between  stages 


Fig.  15     Steam  Separator  Used  in  the  Plant 

and  relieve  the  low-pressure  elments  of  the  friction  of  this 
inert  fluid,  and  so  an  attempt  was  made  to  provide  a  satis- 
factory steam  separator  between  the  two  turbine  elements. 
Everyone  agi'eed  that  the  most  effective  separator  would  be 
a  vessel  in  which  the  steam  velocities  would  be  lowered  to 
some  20  or  30  ft.  per  sec.  Such  a  separator  was,  however, 
out  of  the  question  with  the  enormous  volumes  involved. 
The  design  of  separator  finally  adopted  is  shown  in  Fig.  15, 
in  which  the  moisture  is  abstracted  by  the  use  of  baSles,  and 
to  some  extent  at  least  by  centrifugal  force  as  the  steam  flows 
around  the  curved  surfaces  at  high  velocity. 

The  baffles  are  hollow  boxes  with  perforations  and  riffles  on 
their  upper  side,  the  interior  being  piped  to  the  base  of  the 
separator  to  preclude  the  water  once  separated  being  picked 
up  again  by  the  flowing  steam;  the  inlet  elbow  is  similarly 
treated.  The  general  arrangement  of  the  separator  is  shown 
in  Pis'.  16. 
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The  steam  leaves  the  base  of  the  separator  by  means  of  two 
pipes  on  either  side  which  join  together,  sulisequently  again 
dividing  and  entering  the  low-pressure  turbine  by  means  of 
the  two  pipes  shown  on  the  left,  the  peculiar  arrangement 
of  piping  being  necessary  to  give  space  for  the  condensers 
which  are  located  either  side  of  the  inlets  to  the  low-pressure 
turbine. 

During  the  tests  calorimeter  readings  were  made  of  the 
quality  of  the  steanj  entering  the  low-pressure  turbine  and 
these  seemed  to  indicate  that  the  separator  was  effective  at 
minimum  and  maximum  flows  with  a  point  of  ineffectiveness 
at  moderate  flow.  It  was  found,  however,  that  these  calori- 
meter readings  were  not  to  be  relied  upon  and  in  fact  any 
calorimeter  readings  are  difficult  to  obtain  under  variable 
load  conditions,  because  of  the  heat  inertia  of  the  calorimeter 
parts.     Contemplation,   however,   of  the  separator  makes  it 


Fig.  16    General  Arkangement  of  Separator 

readily  conceivable  that  with  small  flow  effective  separation 
may  be  accomplished  by  virtue  of  the  low  velocity;  that  at 
large  flow,  the  separator  was  also  effective  by  reason  of  cen- 
trifugal forces,  and  that  there  may  be  some  intermediate  and 
critical  point  where  the  water  would  sweep  through  without 
separating. 

At  the  conclusion  of  the  tests  the  builder's  engineers  set 
about  an  investigation  of  this  separator  with  a  view  to  elim- 
inating the  peculiarity  in  the  test  results  and  generally  bet- 
tering the  performance. 

It  is  unfortunate  that  on  account  of  the  exigencies  of  power 
house  operation  these  could  not  have  been  brought  to  a  con- 
elusion.  These  investigations  were  of  course  of  real  inter- 
ference because  the  moisture  observations  were  useless  ex- 
cept with  quite  steady  loads.  It  is  further  unfortunate  that 
only  observations  of  the  pressure  drop  tln'ough  the  separator 
and  the  steam  quality  entering  the  low-pressure  turbine  were 
made  and  no  means  were  installed  for  measuring  the  quan- 
tity of  water  actually  separated  and  discharged  to  the  con- 
denser hot  well  through  the  trap. 

The  observations  showed  a  considerable  drop  in  pressure 
through  the  separator  and  it  seemed  that  an  improvement  in 
performance  might  be  obtaired  by   removing  all  baffles  even 


though  this  might  result  in  some  increased  moisture  delivered 
to  the  low-pressure  turbine;  the  riffle  plates  at  the  base  of 
the  inlet  elbow  being  replaced  with  a  smooth  perforated 
plate. 

Fig.  17  has  been  plotted  showing  the  pressure  drop  and 
moisture  in  per  cent  plotted  against  steam  flow  both  with 
and  without  the  baffles  and  it  is  seen  that  the  removal  of 
baffles  not  only  caused  material  reduction  in  the  pressure  drop 
through  the  separator  but  also  a  material  improvement  in 
separation. 

Considering  further  the  matter  of  the  separator,  I  have  had 
plotted  curves,  Fig.  18,  showing  the  weight  of  water  going  to 
the  low-pressure  element;  also  the  calculated  quantity  of  water 
leaving  the  high  jiressure.  This  is  calculated  on  the  assump- 
tion of  all  turbine  elements  of  the  complete  unit  being  equally 
eflicient  which  is  not  quite  technically  correct  and  from  the 
actual  steam  consumption  of  the  complete  unit.  The  ratio  of 
these  two  lines  is  plotted  in  Fig.  18  and  shows  the  effective- 
ness or  efficiency  of  the  separator. 

It  is  plain,  therefore,  that  were  the  tests  to  be  now  repeated, 
one  to  one  and  a  half  per  cent  better  results  might  be  ex- 
pected. 

A  clause  in  the  contract  for  these  turbines  provided  that 
the  tests  should  be  carried  out  with  the  load  variations  in- 
cidental to  the  elevated  railroad  and  indeed  the  load  was  any- 
thing but  steady  as  shown  in  Table  1,  there  being  load  varia- 
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Fig.  17    Pressure  Drop  and  IMoisture  Plotted  Against 
Steam  Flow 

tions  recorded  as  high  as  69  per  cent  and  single  swings  as  high 
as  58  per  cent — all  of  which  one  would  suppose  would  affect 
the  test  results  quite  deleteriously.  For  while  the  heat  ab- 
sorbed by  the  turbine  waUs  during  an  upward  swing  is  all 
given  back  to  the  steam  in  a  downward  swing  the  heat  is 
taken  from  the  steam  when  it  is  at  a  higher  pressure  than 
when  it  is  returned  to  it,  which  is  of  course  a  direct  loss. 
However,  subsequent  tests  with  the  governor  hobbled  did  not 
show  any  particular  difference. 

A  point  of  interest  in  these  tests  is  that  between  the  loads 
of  21,000  kw.  and  32,000  kw.,  i.e.,  a  range  of  11,000  kw.,  the 
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variation   in  steam   consumptioii  was  from  11.2(4   to   11.449, 
a  ditt'erenee  of  but  17/100  pound. 

R.  J.  S.  PiGOTT.  It  seems  almost  superfluous  to  compli- 
ment Mr.  Stott  on  the  success  of  this  undei'taking,  as  the 
liabit  of  bringing  such  engineering  feats  to  a  successful  con- 
elusion  is  almost  chronic  with  him. 

Referring  to  the  use  of  two  speeds  for  high-  and  low-pres- 
sure elements,  as  noted  in  the  paper,  the  inherent  difficulty 
with  the  reaction  type  turbine  is  that  the  high-pressure  blad- 
ing is  always  noticeably  less  efficient  than  the  low-pressure 
blading.  The  hydraulic  efficiency  of  each  is  probably  about 
the  same,  but  the  leakage  area  over  the  tips  of  the  high- 
jiressnre  blades  is  much  greater  than  the  leakage  over  the  low- 
pressure  blades  because  of  the  relative  shortness  of  the  former. 
Tlie  high  speed  possible  with  the  high-pressure  element  makes 
it  possible  to  reduce  the  diameter  of  the  drum  and  at  the  same 
time  maintain  satisfactory  blade  speeds,  and  in  this  manner 
lengthen  the  Ijlades  for  a  given  annular  area;  thus,  of  course, 
reducing  the  percentage  of  leakage  area.  The  gain  due  to  this 
feature  alone  is  approximately  3  per  cent  of  the  total  water 
rate  of  the  unit. 

Referring  to  the  use  of  the  individual  elements  separately 
in  emergency,  it  is  to  be  noted  that  in  case  the  low-pressure 
element  is  used  on  by-pass,  it  must  be  protected  against  over- 
speed  in  the  same  manner  as  the  whole  unit;  therefore,  the 
by-pass  was  fitted  with  a  12-inch  automatic  vab-e  operated 
from  the  oversjieed  governor  of  the  turbine,  in  the  same  man- 
ner as  the  main  throttle. 

Referring  to  foundations,  it  is  to  be  noted  that  in  the  case 
of  turbine  foundations  of  steel  the  question  of  strength  is  of 
little  importance  if  the  structure  has  been  designed  for  the 
allowable  deflection,  since  the  foundation  is  then  many  times 
as  strong  as  a  normal  load-supporting  structure.  The  maxi- 
mum stresses,  disregarding  the  reinforced  concrete  envelope, 
amounted  to  about  7,000  lb.  per  sq.  in.,  disregarding  the  stif- 
fening effect  of  the  reinforced  concrete.  The  increase  of 
strength  due  to  the  concrete  envelope  is  about  40  to  45  per 
cent   additional. 

The  main  reason  for  employing  concrete  coating  was  to 
destroy  the  excessive  harmonic  vibration  occurring  in  plain 
steel  structures.  It  has  been  found  in  those  plants  where  un- 
covered steel  foundations  are  in  use  (notably  the  201st  Street 
Station),  that  with  a  turbine  equally  well  balanced,  harmonic 
vibrations  are  very  much  more  pronounced.  The  concrete 
eu\-eloiie  has  also  an  additional  function :  of  protecting  the 
steel  permanently  against  corrosion.  The  maximum  deflec- 
tion used  in  designing  the  steel  structure  was  0.020  in. 

Referring  to  the  condensers  and  their  supports,  the  un- 
usual feature  of  this  installation  is  the  large  amount  of  move- 
ment between  the  two  exhaust  oiaenings.  In  most  installations 
at  the  present  time,  a  single  condenser  has  been  employed,  but 
as  the  change  of  length  between  the  centers  of  the  exhaust 
oi^enings  amounts  in  this  ca.se  to  0.150  in.  between  the  oper- 
ating condition  and  the  non-condensing  condition,  it  would 
be  practically  impossible  to  use  a  single  condenser  without 
expansion  joints  between  the  turbine  outlets  and  the  con- 
denser. In  the  original  design  bronze  single  bellows  were 
used  on  the  piping,  there  being  two  60-in.,  two  42-in.,  two  12- 
in.  and  a  36-in.  It  was  found,  however,  that  the  comparative 
stiffness  of  these  joints  caused  the  turbine  casing  to  be  dis- 
torted enough  to  endanger  operation.  When  it  is  remembered 
that  one  of  the  60-in.  joints  is  at  a  distance  of  approxi- 
mately 27  ft.  from  the  center  line  of  the  turbine,  it  is  clear 
that  a  tremendous  leverage  is  exerted.     Some  of  the  joints 


were  tested,  and  it  was  found  that  one  of  the  42-in.  joints 
took  a  32,000  lb.  load  to  compress  one-eighth  of  an  inch.  It 
was  evident  that  no  metallic  joint  with  a  reasonable  thickness 
of  shell  would  be  satisfactory.  Rubber  joints  were,  there- 
fore, substituted,  using  the  rubber  in  much  the  same  manner 
as  tlie  bronze  had  formerly  been  employed,  the  cast  iron  parts 
being  so  designed  as  to  give  the  rubber  the  maximum  degi-ee 
of  support  against  either  pressure  or  vacuum.  As  these  rub- 
ber joints  are  only  used  in  contact  witii  water,  there  is  no 
especial  danger  of  oxidation  and  consequent  short  life.  If 
any  trouble  from  exterior  oxidation  should  appear,  it  could 
no  doubt  be  very  readily  prevented  by  shellacing  or  paraffin- 
ing the  exterior  of  the  joint. 

Referring  to  the  return  of  all  waste  heat  possible,  it  is  to 
be  noted  that  the  return  of  heat  from  the  oil  coolers  amounts 
to  nearly  1  per  cent  of  the  total  heat  in  the  turbine,  and  the 
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heat  in  the  air  from  the  turbine  generators  which  amounts  to 
about  1  per  cent,  is  also  returned  by  carrying  a  discharge 
duct  to  the  boiler  room  cellar,  where  the  warm  air  is  used  by 
the  forced  draft  fans.  The  question  of  steam  or  electric- 
driven  auxiliaries  was  settled  by  a  graphic  method  of  heat 
analysis  covering  all  loads;  in  this  plant  all  auxiliaries  are 
steam-driven.  The  total  quantity  of  auxiliary  steam  increases 
very  slightly  with  the  load  on  the  main  unit;  it  is,  therefore, 
evident  that  at  light  load  there  will  be  excess  exhaust  steam 
over  that  required  for  the  feed  water  heater,  and  with  heavy 
load  there  will  be  too  little,  the  balance  occurring  at  approxi- 
mately 25,000  kw.  on  the  main  unit.  The  heat  balance  valve 
compensates  for  this  feature;  at  periods  of  light  load  it  will 
be  noticed  that  the  receiver  pressure  is  less  than  atmospheric; 
at  such  times  the  excess  exhaust  steam  is  free  to  be  admitted 
into  the  low-pressure  element  and  there  produces  a  certain 
amount  of  power.  At  high  loads,  the  pressure  in  the  receiver 
is  higher  than  atmospheric,  and  the  conditions  are,  therefore, 
right  to  deliver  steam  to  the  auxiliary  exhaust  systems  as 
noted.      Considering  the  almost   ideally   automatic   nature   of 
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the  above  operations,  the  heat  balance  valve  designed  by  Mr. 
Hodgkinson  is  admirably  simple.  In  the  original  layout  no 
free  atmospheric  exhaust  was  to  be  provided;  ordinary  free 
exhaust  being  expansive,  large  sized  piping,  used  a  few  times 
during  the  life  of  the  turbine.  It  was  thought  practicable  to 
dispense  with  it  by  providing  an  additional  automatic 
throttle  valve  controlled  by  a  mercury  tripper  operated  by  the 
vacuum.  This  tripper  was  directly  connected  to  the  condenser 
and  was  in  the  form  of  an  exaggerated  mercury  gage;  if  the 
vacuum  fell  below  a  predetermined  amount,  say  19  to  20  in., 
a  float  in  the  mercury  was  lifted,  tripping  a  pilot  valve  which 
closed  the  main  throttle.  It  was  also  so  arranged  that  in 
starting  up  the  same  method  of  safeguarding  could  be  em- 
ployed, operating  at  1  to  2  lb.  above  atmosphei-ic  pressure, 
the  device  automatically  resetting  itself  for  the  vacuum  con- 
ditions, as  the  vacuum  rises  in  the  condenser. 

However,  the  auxiliary  exhaust  system  is  of  such  dimensions 
that  it  can  be  used  as  an  atmospheric  relief,  merely  by  en- 


16     17 


first  separator  installed  on  No.  1  unit  at  59th  Street,  was 
about  7  ft.  by  14  ft.,  full  of  baffles;  the  results  were,  prac- 
tically no  separation  of  moisture.  The  baffles  were  removed 
and  it  was  found  that  the  quality  immediately  jumped  from 
92  per  cent  to  95  per  cent  or  96  per  cent  using  a  plain  tank. 
Separators  Nos.  4  and  5  were  designed  merely  as  plain 
tanks,  8  ft.  in  diameter  and  32  ft.  long,  containing  nothing 
but  protection  for  the  water  in  the  bottom  of  the  separator, 
and  accomplished  separation  to  99  per  cent  quality  and  over. 
From  the  consideration  of  the  sizes  of  these  separators,  and 
the  amount  of  steam  passed,  it  appears  evident  that  similar 
separation  is  quite  out  of  the  question  for  the  74th  Street 
turbines.  It  seemed  impossible  with  any  baffle  separator  to 
remove  anything  but  the  water  which  is  running  along  the 
sides  or  bottom  of  the  pipe.  The  last  2  per  cent  of  "  fog  " 
can  be  removed  by  only  one  method,  i.e.,  low  velocity  (not  over 
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larging  a  short  section  of  the  line  from  the  turbine  to  the 
main  exhaust.  The  old  30-in.  engine  relief  valves  were  re- 
modeled and  the  connection  was  made  between  the  high-  and 
low-pressure  cylinder.  The  loading  of  these  valves  which,  of 
course,  have  to  stand  pressure  at  the  receiver  of  as  much  as 
25  lb.  absolute,  is  accomplished  partly  with  a  hydraulic  cylin- 
der connected  to  the  gland  sealing  water.  In  addition,  the 
dashpot  on  the  other  side  of  the  valve  was  ring-packed  and 
connected  direct  to  the  condenser,  so  that  were  the  vacuum 
lost,  part  of  the  load  would  be  automatically  removed  from 
the  valve,  assisting  it  to  relieve  the  system  promptly.  As 
the  discharge  side  of  the  valve  was  on  the  auxiliary  exhaust 
system  at  15.5  lb.  to  16  lb.  absolute,  it  was  automatically 
steam-sealed;  a  water  seal  was,  therefore,  not  absolutelj'  nee- 
essai-y,  but  was  installed  as  an  additional  precaution. 

Referring  to  the  variation  of  load  during  tests,  as  the 
Willans  line  up  to  best  load  is  straight,  and  after  best  load 
is  approximately  straight  at  a  different  slope,  the  only  point 
where  swinging  load  would  have  any  effect  would  be  at,  or 
near,  the  best  load,  since  with  a  straight  WiUans  line  the 
average  water  rate  for  swinging  loads  is  the  same  as  the 
water  rate  at  a  definitely  fixed  load  equal  to  the  average. 

Referring  to  the  investigations  on  the  separator:  the  con- 
ditions found  were  not  surprising,  considering  that  practically 
sinular  experiences  were  obtained  in  the  matter  of  moisture 
separation  from  low-pressure  steam  in  connection  with  the 
low-pressure  turbine  at  59th  Street,  in  1909  and  1910.     The 
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3,000  ft.  per  min.),  and  space,  allowing  time  for  the  small 
drops  to  coalesce  into  larger  drops  and  rain  out  by  gravity. 
Referring  to  the  curve  of  water  rates.  Fig.  7,  as  Mr.  Hodg- 
kinson has  remarked,  some  of  the  curious  features  of  the 
.curve  are  due  to  exaggerated  scale  of  the  plotting.  As  he  has 
also  pointed  out,  it  is  very  desirable  to  make  use  of  the 
Willans  line  for  fairing  the  curve.  When  it  is  noticed  that 
the  total  water  consumption  at  any  given  load  may  vary 
3,000  or  4,000  lb.  between  different  tests,  it  seems  apparent 
that  the  unusual  curvature  represented,  up  to  26,000  kw.,  is 
not  justified,  but  the  water  rate  curve  drawn  from  the  straight 
Willans  line  will  pass  just  as  fairly  through  the  points  and 
give  results  more  in  accord  with  ordinary  expectations.  Fig. 
19  drawn  with  straight  Willans  line  in  accordance  with  the 
above  shows  a  maximum  variation  either  side  of  the  average 
of  0.5  per  cent.  All  of  the  test  points  lie  within  the  area 
of  this  curve,  which  is  1  per  cent  of  the  total  water  in  width. 
No  commercial  tests  that  have  been  run  up  to  the  present  time 
have  ever  come  closer  to  the  mean  than  this.  It,  therefore, 
seems  tinnecessary  to  look  for  new  laws  to  fit  these  curves 
when  the  old  ones  fit  very  well. 
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Fig.  20  shows  how  closely  the  test  results  follow  the  general 
predictions  of  the  guaranteed  results.  The  same  objection 
holds  true  in  some  degree  to  the  remainder  of  the 
curve,  although  the  first  part  of  the  rise  from  '^7,01)0 
to  31,000  occurs  very  nearly  in  accordance  with  the  eurxe  ob- 
tained direct  from  the  Willans  line.  It  is  doubtful  if  there 
is  such  improvement  in  water  rates  in  passing  31,000,  as  the 
curve  shows.  Mr.  Hodgkinson's  point  that  the  hydraulic 
efficiency  of  this  machine  is  near  the  crest  of  the  curve  is 
perfectly  true,  but  it  must  be  remembered  that  when  operat- 
ing at  maximum  load  on  the  secondary  valve,  there  are  only 
32  stages  in  operation,  instead  of  38,  the  first  eight  being  en- 
tirely blanketed  at  tliis  time.  Therefore,  although  the  hy- 
draulic efficiency  of  the  stages  may  be  as  good  as  at  best 
load,  the  efficiency  could  not  be  quite  as  good,  especially  as 
the  first  eight  stages  are  revolving  idly  in  high  pressure  steam, 
and  the  exit  loss  is  increased.  However,  as  has  already  been 
said,  these  variations  of  the  curve  as  drawn,  from  water  rate 
curves  placed  back  from  the  Willans  line,  are  really  very 
slight  in  actual  mount. 

I  think  that  not  only  are  Mr.  Stott  and  his  associates  to  be 
congratulated  upon  these  remarkable  results  which  have  so 
closely  justified  the  preliminary  calculations,  but  especially 
Mr.  Hodgkinson  for  the  extraordinary  excellence  of  design 
which,  up  to  the  present  date,  represents  the  high  water  mark 
of  turbine  engineering. 

Francis  Hodgkinson.  I  would  like  the  privilege  of  reply- 
ing to  Mr.  Pigott's  discussion.  He  refers  to  the  advantage 
of  examining  turbine  tests  by  means  of  plotting  total  steam 
against  load.  This  desirability  has  already  been  referred  to 
in  my  previous  discussion  in  which  I  also  pointed  out  the 
small  amount  by  which  the  test  points  departed  from  the 
Willans  rigiit  line  law.  The  departure  from  this,  how- 
ever, was  nevertheless  there  and  not  to  be  ignored.  The  tests 
were  repeated  too  many  times  for  the  matter  to  be  relegated 
to  ordinary  errors  of  test. 

I  do  not  concur  with  Mr.  Pigott's  conclusion  as  to  the 
effect  on  steam  consumption  of  the  overload  valves,  that  is, 
valves  which  permit  the  turbine  to  carry  greater  load  by  by- 
passing certain  elements  of  the  turbine.  The  curve  of  hydrau- 
lic efficiency,  and  by  this  I  mean  the  efiBciency  that  is  the  result 
of  relation  between  steam  and  blade  velocities  and  blade 
angles,  is  of  the  order  of  the  cui-ve.  Fig.  21.  With  the 
angles  ordinarily  employed,  the  highest  efficiency  is  theo- 
retically reached  at  about  90  per  cent  velocity  ratio.  It  is 
readily  conceivable  that  a  turbine  might  be  designed  so  that 
the  velocity  ratio  with  full  steam  pressure  at  the  primai-y  ad- 
mission might  be  arranged  to  have  a  velocity  ratio  of  con- 
siderably over  100  per  cent.  Then  with  full  pressure  applied 
to  the  secondary  admission,  the  steam  consumption  might 
actually  be  better  than  with  full  pressure  applied  to  the  pri- 
mary admission  only,  if  the  turbine  is  operating  at  somewhere 
near  the  same  speed  in  each  case.  This  is  a  feature  wliich  is 
frequently  made  use  of  in  marine  work  in  order  to  obtain  high 
efiBciency  at  cruising  speeds.  The  above,  however,  does  not 
refer  to  this  specific  case  as  the  turbine  imder  discussion  is 
designed  for  a  velocity  ratio  approximating  75  per  cent. 
The  amount  of  the  turbine  by-passed  by  means  of  the  second- 
ary admission  is  a  small  proportion  of  the  whole  turbine  so 
that  the  effect  on  the  so-called  hydraulic  efficiency  is  small 
and  hence  the  performance  with  full  pressure  on  the  primary 
admission  only  and  full  pressure  on  the  secondary  admission 
is  not  materially  different,  there  being  intermediary  points  of 
poorer  performance. 


It  is  customary  nowadays  for  turbines  to  be  sold  at  a  maxi- 
mum continuous  rating  corresponding  to  that  of  the  generator. 
This,  however,  has  very  little  to  do  with  the  capacity  of  the 
turbine  itself  as  the  most  important  thing  in  the  design  of  the 
turbine  is  the  capacity  at  the  point  of  best  steam  consump- 
tion. It  is  not  difficult  to  provide  means  of  carrying  propor- 
tionately heavy  loads  in  excess  of  this  at  higher  steam  eon- 
sumption. 

In  case  of  small  street  railway  companies,  the  point  of  best 
steam  consumption  may  be  but  a  relatively  small  proportion 
of  the  maximum  rating  to  enable  the  power  house  to  carry 
heavy  peaks  for  brief  periods  of  time.  At  other  power  houses, 
such  as  the  large  Edison  stations,  a  maximum  load  is  cariied 
practically  all  the  time  the  unit  is  operating,  in  which  case 
the  point  of  best  efficiency  should  approach  the  maximum 
continuous  load. 

The  effect  of  imposing  more  load  on  the  turbine  than  that 
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due  to  full  steam  pressure  being  applied  to  the  secondary  ad- 
mission or  other  overload  \alves,  if  there  be  any,  is  to  cause 
the  turbine  to  slow  down.  Loads  as  high  as  36,000  kw.  were 
obser\-ed  during  the  early  operation  of  these  machines,  but 
these  were  probably  in  error.  The  test  records  show  pres- 
sures at  the  secondary  admission  of  200  and  201  lb.  gage 
respectively  for  31,986  and  32,348  kw.  respectively. 

John  P.  Sparrow.  I  cannot  add  anything  to  the  admirable 
paper  that  Messrs.  Stott  and  Finlay  have  presented  to  us 
this  evening  in  the  way  of  either  criticism  or  comment,  but  in 
line  with  Mr.  Stott's  historical  review,  I  will  give  a  few  items 
in  connection  with  the  plant  of  the  New  York  Edison  Com- 
pany. 

Of  the  two  Waterside  Stations,  one  was  built  in  1900  and 
one  in  1906.  The  original  equipment  in  those  stations  was 
152-650  horsepower  boilers,  designed  for  hand  firing,  the 
grates  burning  No.  3  buckwheat  coal.  The  development  that 
has  taken  place  in  turbines  and  in  the  high  boiler  capacities 
has  resulted  in  an  increase  in  capacity  over  the  original  140,- 
000  kw.  to  250,000  kw.,  and  we  still  have  capacity  for  100,- 
000  kw.  more,  with  a  very  moderate  boiler  rating  of  250  per 
cent,  which  means  we  have  between  450,000  and  500,000  kw. 
available  boiler  capacity  if  we  go  to  the  present  day  methods 
of  operation. 

1  would  like  to  ask  Mr.  Stott,  briefly  emphasizing  Mr. 
Reinicker's  remarks,  as  to  the  thermal  eflfieiency  of  the  sta- 
tion.    We   are  interested   in  large  turbines,   we  are  all  in- 
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terested  in  high  boiler  cajiacity,  and  we  have  had  quoted 
results  of  16,  17,  V7\'4,  and  in  some  oases  17.5  per  cent 
thermal  efficiency.  As  I  understand  the  74tli  Street  Sta- 
tion, these  three  units  carry  practically  the  entire  output 
of  the  station,  therefore,  any  figures  which  Mr.  Stott  might 
give  us  would  give  us  comparison  witli  the  best  practice  that 
has  been  quoted  up  to  date. 

John  W.  Thomas.  The  author  has  brought  out  quite 
prominently  the  large  capacity  it  was  possible  to  install  in  the 
existing  space  and  on  existmg  boiler  equipment.  One  would 
infer  from  his  remarks  that  this  was  largely  due  to  the  in- 
creased efficiency  of  the  turbine ;  whereas,  I  believe  the  reason 
for  the  increase  to  be  largely  due  to  the  boiler  room  and 
equipment. 

I  believe  the  old  station  was  designed  for  boilers  to  operate 
approximately  at  rating,  and  the  boiler  capacity  was  put  in 
on  this  basis.  To-day,  with  the  underfeed  stoker  it  is  pos- 
sible to  run  the  boilers  at  a  much  higher  rating.  Mr.  Stott 
gets  something  like  300  jier  cent  of  rated  capacity  in  every- 
day operation,  which,  I  believe,  is  the  one  largest  item  in  the 
increased  capacity  of  existing  equipment. 

In  line  with  this,  we  have  just  installed  at  New  Orleans  a 
900  h.p.  Babcock  &  Wilcox  boiler,  with  underfeed  stoker,  on 
which,  with  the  ordinary  operating  crew  and  in  regular  oper- 
ation, we  have  been  able  to  get  450  per  cent.  This  boiler  is 
a  duplicate  of  twelve  other  boilers  in  the  plant,  which  were 
put  in  from  1904  to  1908,  equipped  with  overfeed  stokers. 
We  find  that  the  new  boiler  will  deliver  as  much  steam  to  the 
plant  as  it  is  possible  to  get  out  of  three  of  the  old  boilers  of 
exactly  the  same  size. 

One  gentleman  asked  the  question,  "  How  much  coal  is  con- 
sumed in  the  plant  described  in  the  paper?"  The  coal  is 
burned;  that  is  the  province  of  the  underfeed  stoker.  In  the 
boilers  mentioned  above,  we  have  been  able  to  burn  about 
16,000  lb.  per  hour. 

Selby  Haak  asked  whether  any  endeavor  was  made  to 
use  the  pilot  tube  type  of  steam  meter  as  a  check  on  the 
methods  of  measuring  the  feed  water,  and  Mr.  Finlay  replied 
that  the  venturi  type  was  used  but  not  the  pilot,  and  they 
checked  up  very  closely;  indeed,  about  one-half  of  one  per 
cent  was  the  actual  variation. 

THOiiAS  N.  Roberts.  What  happens  to  the  steam  curve 
when  an  overload  is  put  on  the  generator?  The  rating  of 
the  machine  is  given  in  kilowatts,  and  the  machine  is  lim- 
ning, according  to  the  ciu'ves,  usually  something  a  little  above 
that.  The  term  "  maximum  rating  "  has  entered  into  the  rat- 
ing of  electrical  apparatus  in  the  last  few  years,  and  this 
term  would  lead  us  to  perhaps  apply  it  also  at  this  point  to 
the  turbine,  where  it  falls  off  in  ability  to  hold  up  under  an 
added  electrical  load.  The  question  then  arises,  if  25  per  cent 
additional  to  this  normal  rating  is  added,  in  the  way  of  an 
electrical  load,  what  will  happen  to  the  steam  and  other 
characteristic  curves? 

F.  W.  Dean..  Mr.  Stott  has  told  us  that  in  the  case  of 
reciprocating  engines,  he  had  5,000  kw.  rated  power  driven 
by  a  certain  number  of  boUers,  without  superheat,  and  in  the 
case  of  the  turbine  he  had  30,000  rated  power  driven  by  this 
same  number  of  boilers  with  superheat.  As  a  matter  of  in- 
terest, I  would  like  to  know  how  much  coal  in  each  case  was 
used  jier  kilowatt-hour. 


E.  H.  FosTEK.  It  would  be  interesting  to  know  whether 
the  question  of  substituting  reheaters  for  the  superheaters 
in  the  high-pressure  turbine  was  considered. 

XORMAX  G.  Reixicker.  In  Table  2,  I  notice  that  the 
vacuum  decreases  w-ith  the  decreasing  load.  I  was  wondering 
if  that  was  due  to  increasing  air  leakage,  because  in  most 
turbines,  as  the  load  decreases,  that  is,  as  the  quantity  of 
steam  to  be  condensed  decreases,  the  condenser  would  give 
better  vacuum,  because  it  is  running  under  load. 

The  paper  says  that  this  leakage  has  been  corrected,  more 
or  less,  and  I  was  wondering  what  it  is  at  these  lower  loads, 
—how  fast  it  increases? 

I  was  also  wondering  what  the  station  load  factor  is,  and 
what  the  economy  of  the  station  was  with  the  turbines  all 
running,  and  using  the  exhaust  steam  into  the  main  turbine, 
and  the  heat  from  the  generator  going  b^ck  into  the  boilers. 
That  is  what  we  are  interested  in  in  utilizing  these  large 
machines  in  power  stations. 

Hexry  J.  Stott.  Mr.  Roberts  asked  what  would  happen 
if  we  added  25  per  cent  overload  on  the  generator.  Of  course, 
obviously,  the  turbine  would  begin  to  shut  down.  Nothing 
else  would  happen  except  that  there  would  be  a  reduction  in 
speed.  The  actual  limit  of  load  the  unit  will  carry,  without 
loss  of  speed,  is  apparently  about  33,000  or  34,000  kw.  We 
have  actually  carried  32,500  on  the  test,  and  maintained  full 
standard  frequency,  25  cycles,  but  beyond  that,  somewhere 
between  33,000  and  34,000  kw.,  the  turbine  begins  to  drop 
in  speed.  If  you  added  25  per  cent  on  to  the  30,000  kw., 
you  would  bring  the  turbine  down  somewhere  about  15  per 
cent  in  speed. 

In  regard  to  the  coal  per  kw-hr.  on  the  engines  before  the 
turbines  were  jnit  in  at  all,  mentioned  by  Mr.  Dean,  we  were 
running  about  2.5  lb.  of  coal  for  the  plant,  averaged  at  the 
end  of  each  month.  That  included,  of  course,  everything,  all 
auxiliaries,  coal  handling  apparatus,  and  everything  else.  In 
other  words,  the  total  coal  used  per  month  divided  by  the 
kw-hr.  output,  or  delivered  to  the  feeders  leaving  the  power 
house  (what  we  call  the  net  output),  would  result  in  a  figure 
of  approximately  2.5  lb.  of  coal  per  kw.  That  was  before 
the  turbines  were  put  in.  Since  the  turbines  were  put  in, 
and  while  they  have  been  carrying  practically  all  of  the  load 
too,  with  the  steam  mains  leading  to  the  engines  still  alive  for 
emergency  purposes,  the  coal  consumption  is  apiDroximately 
1.5  lb.,  a  drop  of  1  lb.  per  kw.,  as  the  result  of  the  installa- 
tion of  the  big  turbines.  The  thermal  efficiency  of  the  station 
for  the  monthly  average  is  approximately  17  per  cent. 

In  reply  to  ^Ir.  Foster  regarding  reheaters  between  the 
high  and  low-pressure  turbines,  that  practice  has  been  aban- 
doned, as  previous  investigations  in  connection  with  the  en- 
gines show  no  imjiroveraent,  and  there  is  probably  none. 

Mr.  Reinicker  asked  why  the  vacuum  went  down  with  the 
load.  That  is  undoubtedly  due  to  air  which  at  that  time  we 
were  unable  to  overcome,  but  later,  with  more  care  and  ex- 
perience and  the  use  of  a  gasometer,  we  have  been  able  to 
eliminate  that  trouble. 

I  would  like  to  say  one  word  of  congratulation  to  Mr. 
Hodgkinson,  who  is  the  designer  of  this  machine,  which  is  a 
very  radical  step  in  turbine  design,  and  I  do  not  think  it 
would  be  fair  to  conclude  the  presentation  of  the  paper  with- 
out paying  a  special  tribute  to  his  origmalitj'  and  also  the 
great  engineering  skill  and  courage  he  has  displayed  in  cann- 
ing out  the  desisTi. 
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Business  and  Patriotism 


A  Non-partisan  Appeal  to  the  Nation 


April  21,  1916. 


THE  WHITE  HOUSE 

Washington 

To  the  Business  Men  of  America: 

I  bespeak  your  cordial  cooperation  in  the  patriotic  service  under- 
taken by  the  engineers  and  chemists  of  this  country  under  the  direction 
of  the  Industrial  Preparedness  Committee  of  the  Naval  Consulting  Board 
of  the  United  States. 

The  confidential  industrial  inventory  you  are  asked  to  supply  is 
intended  for  the  exclusive  benefit  of  the  War  and  Navy  Departments, 
and  will  be  used  in  organizing  the  industrial  resources  for  the  public 
service  in  national  defense. 

At  my  request,  the  American  Society  of  Civil  Engineers,  the  Amer- 
ican Institute  of  Mining  Engineers,  the  American  Society  of  Mechanical 
Engineers,  the  American  Institute  of  Electrical  Engineers  and  the  Amer- 
ican Chemical  Society  are  gratuitously  assisting  the  Naval  Consulting 
Board  in  the  work  of  collecting  this  data,  and  I  confidently  ask  your 
earnest  support  in  the  interest  of  the  people  and  government  of  the 
United  States. 
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COUNCIL  NOTES 

At  tlie  meeting  of  the  Council  on  May  12,  1916,  the  fol- 
lowing were  present:  D.  S.  Jacobus,  President^  John  H. 
Barr,  R.  M.  Dixon,  Chairman  Finance  Committee,  Arthur 
M.  Greene,  Jr.,  Henry  Hess,  Charles  T.  Main,  Spender  Mil- 
ler, I.  E.  Moultrop,  Chairman  Publication  Committee,  H. 
de  B.  Parsons,  J.  E.  Sague,  John  A.  Stevens,  Max  Toltz,  E. 
H.  Whitloek,  Win.  H.  Wiley,  Treasurer,  and  Calvin  W.  Eice, 
Secretary. 

The  President  reported  the  appointment  of  A.  T.  Brown, 
Ambrose  Swasey,  E.  J.  Annstrong,  J.  A.  Brashear,  J.  A. 
Matthews,  P.  J.  Tickinger,  E.  P.  Bates,  E.  N.  Trump,  F.  G. 
Tallman,  A.  W.  Smith,  W.  C.  Brown,  F.  R.  Hutton,  W.  B. 
Cogswell,  H.  H.  Suplee,  Wm.  H.  Wiley,  and  F.  A.  Halsey 
as  Honorary  Vice-Presidents  to  represent  the  Society  at  the 
funeral  of  John  B.  Sweet.  Honorary  Member,  Past  Presi- 
dent and  Fovmder  of  the  Society. 

W.  H.  Bixby,  H.  A.  Gillis,  G.  M.  S.  Tait  an,l  W.  A.  E. 
Doying  were  appointed  as  Honorary  Vice-Presidents  to 
represent  the  Society  at  the  Conservation  Congress. 

J.  S.  Hyde  and  H.  H.  Davis  having  resigned  as  Directors 
of  the  Industrial  Preparedness  Census,  Messrs.  P.  M.  Ham- 
mett  and  F.  P.  Fisher  were  nominated  State  Directors  for 
Industrial  Preparedness  for  the  States  of  Maine  and  Okla- 
homa respectively. 

The  President  announced  the  appointments  of  H.  G.  Stott 
and  H.  L.  Gantt  on  the  Committee  on  Standardization,  to 
till  vacancies  caused  by  the  resignations  of  J.  H.  Barr  and 
Charles  Day. 

Interpretations  of  the  Boiler  Code  Committee,  Nos.  5!' 
to  06  inclusive,  were  approved  and  ordered  published;  they 
will  appear  in  the  July  Journal. 

At  the  request  of  the  Joint  Conference  Committee  of  the 
National  Engineering  Societies,  another  member  from  this 
Society,  Dr.  Jacobus,  was  added  to  the  representatives  of  our 
Society,  Charles  Whiting  Baker  and  Arthur  M.  Greene,  Jr. 

A.  L.  Williston,  Chairman,  C.  H.  Fish,  C.  W.  E.  Clark, 
A.  C.  Ashton  and  W.  G.  Starkweather  were  approved  as  a 
Section  Committee  in  Boston.  J.  W.  Roe  and  F.  L.  Mackin- 
tosh were  approved  as  members  of  the  New  Haven  Section 
Committee,  to  succeed  L.  P.  Breckenridge  and  H.  Y.  Brewer. 
The  President  and  Secretary  reported  having  made  addresses 
regarding  Society  affairs  before  the  Sections  in  Philadelphia. 
Buffalo,  Providence  and  that  they  had  planned  to  address 
a  meeting  in  Detroit,  Baltimore,  Chicago,  Milwaukee  and  St. 
Paul. 

Actions  of  the  Executive  Committee  were  confirmed.  One 
of  these  related  to  requesting  for  the  Pan-American  Com- 
mittee, through  the  columns  of  The  Journal,  the  names  of 
members  of  the  Society  who  have  had  actual  exjierience  in 
South  and  Central  American  countries. 

Calvix  W.  Rice,  Secretary. 

NATIONAL  SOCIETIES  AND  LOCAL 
SECTIONS 

An  informal  discussion  was  held  at  the  house  of  the  Amer- 
ican Society  of  Civil  Engineers,  on  the  evening  of  April  19, 
1916,  on  the  subject: 

"  What  relation  should  exist  between  the  National  Engineer- 


ing Societies  and  the  local  sections  or  associations  of  their 
members,  and,  in  the  interests  of  the  profession,  what  should 
be  the  attitude  of  both  of  the  above  to  other  local  engineering 
societies  or  clubs'?" 

By  invitation,  members  of  the  other  three  National  Engi- 
neering Societies  were  present,  and  past  and  present  officers 
and  members  of  these  societies  gave  the  history  and  experi- 
ences of  the  sections  of  their  organizations. 

A  full  account  of  the  discussion  appears  in  the  May  Pro- 
ceedings of  tlie  American  Society  of  Civil  Engineers.  Many 
of  the  remarks  made  were  of  direct  interest  to  our  members, 
and  those  by  Dr.  Jacobus,  together  with  a  very  brief  abstract 
of  those  by  some  of  the  other  gentlemen  who  spoke,  are  re- 
produced below. 

Elmer  L.  Corthell,  President  Am.  Soc.  C.  E.  (by  letter). 
— In  this  carefully  considered  outline  plan,  the  objects  kept 
in  view  are  the  Solidarity  of  the  engineering  profession  in 
the  United  States  and  the  Independence  of  its  individual  So- 
ciety Units. 

ELEMEKTS 

A — "Joint  National  Conference  Committee"  of  the  five 
National  Engineering  Societies — Civil,  Mechanical,  Electrical, 
Mining,  and  Marine  Engineering  and  Naval  Architecture. 

B — "  Joint  Local  Conference  Committees  "  of  the  Associa- 
tions or  Chapters  of  the  Societies  above  named  located  at 
l)opulation  centers  of  the  country  (including  members  in  dis- 
tricted areas)   constituting  a  connecting  "  live  wire  "  with  the 

C — Local  Engineering  Societies. 

SCOPE  AND  duties  op  EACH  ELEMENT 

1 — (A)  (Joint  National  Conference  Committee)  will  em- 
brace all  general  and  National  Engineering  subjects,  prob- 
lems, and  policies,  transmitting  to  (C)  (Local  Engineering 
Societies),  through  (B)  (Joint  Local  Conference  Committees) 
information,  and  receiving  from  (C)  through  the  same  chan- 
nel their  desires  and  suggestions. 

2 — The  National  Societies,  through  their  Joint  Local  Con- 
ference Committees,  will  encourage  their  members  to  apply 
for  membership  in  the  Local  Engineering  Societies,  and  the 
latter  will,  through  the  Joint  Local  Conference  Committees, 
encourage  their  members,  on  the  other  hand,  to  apply  for  ad- 
mission in  the  National  Societies — and  all  Societies  through 
the  same  channel  will  urge  engineers  not  now  members  of  the 
Society  (the  number  being  considerable)  to  apply  for  mem- 
bership in  some  Society — with  the  view  to  consummating 
effectively  the  solidarity  of  the  entire  Profession,  numbering, 
it  is  estimated,  more  than  60,000. 

3 — Technical  Literature. — Papers  of  general,  National  or 
international  interest  to  be,  generally,  presented  to  the  Na- 
tional Societies;  but  those  of  Local,  Municipal,  and  State 
interest  to  be  presented  to  the  Local  Engineering  Societies — 
as  the  former  demand  a  National  distribution  and  the  latter 
a  local  circulation. 

4 — All  Societies — National  and  Local — through  the  inter- 
mediary of  the  Joint  National  Conference  Committee  and  the 
Joint  Local  Conference  Committees  to  work  for  the  promo- 
tion, protection,  and  advantage  of  every  one  of  its  60,000 
members — from  the  National,  State,  Municipal,  and  individual 
point  of  view — m  matters  of  legislation — National,  State  and 
Municipal — in  civic  and  patriotic  measures — in  employment 
of  the  Engineer  and  in  the  publicity  necessary  and  propei-  to 
bring  to  the  notice  and  appreciation  of  the  public  at  large — 
and  the  Natonal,  State,  and  Municipal  Governments,  the  duty, 
ability,  and  determination  of  the  Engineer  to  assert  and  as- 
sume his  rightful  place  in  the  body  politic  as  a  useful,  inter- 
ested and  patriotic  citizen. 

.5 — The  plan  above  outlined,  if  carried  into  full  and  effec- 
tive execution,  will  redound  to  the  public  welfare  and  lo  the 
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general  and  personal  advantage  of  the  Engineer,  and  it  will 
soon  prove  to  the  Nation  that  his  fundamental  purpose  is  not 
altogether  to  "  make  a  living,  but  to  live  a  life  "  of  high  en- 
deavor and  usefulness,  and  with  the  motto  '■'  Service  and  Self 
Sacrifice." 

Paul  M.  Lincoln,  Past-President.  A.I.H.E..  ME.\r.A.M. 
Soc.M.E. — A  point  on  which  we  have  labored  considerably  in 
the  local  Sections  of  the  American  Institute  of  Electrical  En- 
gineers is  the  matter  of  cooperation  between  the  local  Sections 
of  our  Institute  and  the  other  engineering  bodies  in  those 
localities.  It  is  a  matter  which  has  been  talked  over  to  a  very 
considerable  extent,  and  we  have  a  large  amount  of  experi- 
ence on  it.  It  has  always  been  my  endeavor  and  aim,  so  far 
as  I  have  been  able  to  guide  the  Sections,  to  insist  that  the 
spirit  behind  the  relations  between  the  local  Sections  of  the 
American  Institute  of  Electrical  Engineers  and  the  other  engi- 
neering bodies  in  any  locality,  shall  be  one  of  cooperation 
rather  than  antagonism. 

Antagonism  will  never  get  us  anywhere,  whereas  coopera- 
tion is  the  thing  for  which  we  are  all  striving;  so  it  has  always 
been  my  endeavor  to  work  for  that  cooperation.  It  has  always 
been  my  feeling  that  there  was  no  cast-iron  way  of  bringing 
about  cooperation  in  any  local  Section,  that  the  methods  of 
bringing  about  that  cooperation  were  neeessai'ily  local  prob- 
lems, and  had  to  be  worked  out  in  each  locality  for  itself. 

The  object,  of  course,  of  all  these  meetings  and  affiliations 
among  the  various  engineers  and  engineering  societies  is  to 
enhance  the  value  of  the  engineer  in  his  particular  locality, 
and  to  give  him  a  wider  influence  in  general,  and  particularly 
in  civic  affairs. 

Dr.  D.  S.  Jacobus,  President  Am.Soc.M.E. — The  subject 
before  us  to-night,  which  has  been  so  ably  di.-cussed,  is  one 
of  the  most  important,  if  not  the  most  important,  before  the 
Engineering  Societies  at  the  present  time;  it  is  so  important 
that  I  hope  to  be  able  to  appear  before  all  the  Sections  of 
The  American  Society  of  Mechanical  Engineers  during  my 
term  as  President  in  an  endeavor  to  obtain  the  views  of  the 
membership  at  large. 

There  was  a  good  representation  from  the  Sections  from  all 
parts  of  the  country  at  the  recent  meeting  of  our  Society  in 
New  Orleans,  and  in  conferring  with  members  from  many 
different  districts,  it  would  appear  that  there  is  a  closer  cooper- 
ation between  the  members  of  the  different  Sections  than 
there  is  between  the  governing  boards  of  the  Societies.  Our 
governing  boards  should  get  together,  and  the  quicker  we  do 
so  the  better  it  will  be  for  us.  It  certainly  would  be  a  good 
move  to  have  a  joint  meeting  of  the  Committees  of  the  Sec- 
tions of  the  several  Societies,  as  suggested  by  your  President, 
Dr.  Corthell. 

I  agree  that  there  should  not  be  too  many  restrictions  in  the 
management  of  the  Sections,  especially  at  this  time  when  we 
have  not  established  a  definite  poUey.  Every  Section  has  spe- 
cial problems  of  its  own  to  deal  with  and  must  use  its  own 
methods.  Our  management  should  be  broad  and  such  as  to 
inspire  loyalty  and  foster  cooperation.  I  was  much  gratified 
in  meeting  the  members  of  the  different  Sections  to  find  them 
enthusiastically  in  favor  of  cooperation,  and  it  is,  therefore, 
a  most  opportune  time  for  the  managing  boards  of  our  So- 
cieties to  get  together  and  devise  a  means  whereby  this  may 
be  accomplished  in  the  best  way  for  all  concerned.  "  Our  mem- 
bers have  shown  such  a  fine  example  in  cooperation  that  it 
only  needs  a  little  encouragement  from  headquarters  to  spread 
this  spirit  throughout  the  country  and  thereby  enhance  the 
interests  of  the  entire  profession. "  I  hope,  therefore,  that  Dr. 
Corthell  will  call  us  together  without  delay. 

In  addition  to  the  geographical  Sections.  The  American 
Society  of  Mechanical  Engineers  has  forty  student  branches, 
numbering  about  1000  student  members.  Young  men  form  the 
life  of  any  society,  because  later  they  will  fill  our  places.  As 
we  gi-ow  older,  we  appreciate  more  and  more  that  the  capital 
of  youth  is  a  most  valuable  asset;  in  managing  the  affairs  of 
our  Societies,  therefore,  we  should  keep  our  young  men  well 
in  line,  for  in  them  lies  the  future  strength  of  our  organiza- 
tions. 

W.  L.  Saunders.  Mbm.Am.Soc.M.E.,  Past-President  A.I. 
M.E. — -The  Institute  inaugurated  the  local  section  policy  about 


five  years  ago.  We  have  today  fifteen  Sections,  our  experience 
being  that  a  Section  is  an  element  of  strength,  adding  a  limb  to 
the  main  body  and  contributing  toward  the  general  interest 
and  prosperity  of  the  Institute.  Through  Sections  the  mem- 
bership is  largel}'  increased. 

Another  advantage  derived  from  Local  Sections  is  that  the 
influence  of  the  Institute  may  be  used  through  its  Sections 
to  benefit  the  mining  industry  as  it  affects  different  parts  of 
the  country. 

The  policy  of  the  Institute  has  been  to  invite  representa- 
tives from  the  Local  Sections,  who  may  be  \-isiting  New  York, 
to  attend  the  meetings  of  our  Executive  Committee  and  Board 
of  Directors.  The  advice  given  by  members  of  the  Institute 
coming  from  different  sections  of  the  country  has  been  whole- 
some and  beneficial.  It  brings  them  in  touch  with  the  poUey 
and  the  officers  of  the  Institute,  and  it  brings  the  management 
in  touch  with  the  special  conditions  which  exist  in  different 
sections  of  the  country. 

C.  D.  Marx,  Past-President,  Am.Soc.C.E. — I  think  one 
of  the  most  important  things  in  connection  with  the  local  or- 
ganizations is  the  social  factor.  It  is  good  to  read  papers; 
it  is  good  sometimes  to  have  papers  read  to  you,  but  I  think 
it  is  far  better  that  the  men  who  are  doing  the  work  of  the 
world  today  should  be  brought  together  into  common  con- 
tact. You  cannot  know  a  man  and  not  like  him  as  a  rule,  and 
the  fact  that,  in  the  past,  we  have  not  had  the  opportunity 
of  knowing  our  fellow  members,  of  knowing  our  fellow  engi- 
neers, working  along  other  lines,  has,  to  my  mind,  been  a 
serious  detriment,  and  has  prevented  that  recognition  of  the 
engineer  on  the  part  of  the  community,  which  engineers  were 
not  even  willing  to  extend  to  one  another. 

J.  F.  Coleman,  M. Am.Soc.C.E. — The  spirit  of  cooperation 
among  the  engineers  is  surely  abroad  in  the  land.  It  is  ap- 
parent that  man}'  members  of  the  profession  in  all  branches 
have  been  giving  much  thought  to  this  question,  and  more 
particularly  during  the  current  year. 

As  it  appeals  to  the  speaker,  from  the  practical  standpoint, 
cooperation  among  engineers  might  be  divided  into  five  gen- 
eral headings : 

Ffisf. — The  cooperation  between  the  National  Engineering 
Society  and  its  members,  more  especially  those  whose  resi- 
dences or  places  of  business  are  remote  from  Society  Head- 
quarters. It  would  appear  that  this  kind  of  cooperation  may 
only  be  brought  about  by  the  local  sections  or  chapters  which 
ha\e  been  mentioned  by  every  preceding  speaker.  It  is  highly 
necessary  that  the  cooperation  between  the  governing  board 
of  the  National  Society  and  its  members  should  be  as  com- 
plete as  it  is  possible  to  make  it.  as  otherwise  the  National 
Society  cannot  hope  to  achieve  its  fullest  usefulness. 

Second. — The  cooperation  of  the  National  Engineering  So- 
cieties with  each  other.  This  is  hardly  less  important  than 
the  first  kind  of  cooperation  mentioned. 

Third. — Cooperation  between  the  National  Engineering  So- 
cieties and  Local  Engineering  Societies. 

Fourth. — Cooperation  of  Local  Engineering  Societies  with 
each  other;  and. 

Fifth. — Cooperation  of  local  members  of  National  Societies 
with  each  other,  or,  perhaps,  it  would  be  better  to  say  cooper- 
ation between  individual  engineers. 

The  desire  for  cooperation  of  the  National  Engineering  So- 
ciety with  its  own  members  appears  to  be  indicated  by  the 
organization  of  local  sections  or  chapters. 

The  spirit  of  cooperation  between  National  Engineering  So- 
cieties and  Local  Engineering  Societies  is  only  beginning  to 
make  itself  evident.  The  same  may  be  said  of  the  cooperation 
of  Local  Engineering  Societies  with  each  other. 

George  F.  Swain,  Mbm.Am.Soc.M.E..  Past-President,  Am. 
Soc.C.E. — It  has  occuned  to  me,  in  listening  to  what  has  been 
said  tonight,  that  there  is  a  deeper  side  to  all  this  subject  of 
cooperation,  which  we  all  desire  to  bring  about.  The  object 
of  this  is  to  increase  the  prestige  and  the  influence  of  the  pro- 
fession, to  get  for  ourselves  all  that  we  can  in  the  way  of  po- 
sition and  influence  and  power  and  wealth,  if  you  like,  and 
also  to  make  our  profession  of  the  greatest  real  use  to  the 
community.  These  are  all  legitimate  objects,  for  any  man  or 
any  society  or  any  profession. 
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JOHN  EDSON  SWEET  died  suddenly  at  his  home  at 
Syi'aeuse,  N.  Y.,  on  the  evening  of  May  8,  at  the  age  of 
83  years.  He  was  the  founder  of  The 
American  Society  of  Mechanical  Engi- 
neers, its  third  President,  an  Honorary 
Member,  and  recipient  of  the  John 
Fritz  Medal  for  his  "  achievements  in 
machine  design  and  pioneer  work  in 
applying  sound  engineering  principles 
to  the  construction  and  development  of 
the  high-speed  steam  engine." 

Dr.  Sweet's  prominence  as  a  national 
figure  dates  from  his  connection  with 
the  Sibley  College  of  Mechanic  Arts  of 
Cornell  University,  in  1873.  His  con- 
nection with  this  institution  lasted  only 
until  1879,  and  in  that  brief  period  he 
rose  from  a  position  of  obscurity  to  one 
of  prominence,  which  he  ever  after 
maintained.  It  was  a  case  of  the  man  and  the  hour.  Mechan- 
ical engineering  as  a  department  of  organized  education  was 
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EiUBLE-M,    Characteristic   op   the 
Life  op  John  E.   Sweet 


and  its  aims  were  unformed  even  among  its  friends,  and  its 
friends  were  few.     The  field  was  fallow,  and  into  it  came, 
almost   by   accident,    the    personality   of 
this  untried  and  unknown  man. 

His  work  was  two-fold ;  first,  that  of 
a  teacher,  and  second,  of  a  pioneer  in 
mechanical  construction.  As  a  teacher, 
the  immediate  results  of  his  work  will 
necessarily  die  with  his  students,  but  as 
a  pioneer  he  laid  enduring  foundations. 
Previous  experience  in  England  had 
shown  him  the  fundamental  importance 
of  the  work  of  Whitworth,  which,  be- 
cause of  our  then  happy-go-lucky 
methods,  had  found  little  appreciation 
on  this  side  of  the  Atlantic.  Combin- 
ing an  appreciation  of  Whitworth's  ad- 
vanced standards  of  accuracy  with  orig- 
inal conceptions  of  fundamentally  cor- 
rect principles  of  construction  of  a  kind  far  surpassing  Whit- 
worth's work,  he  established  a  school  of  construction  of  far- 


7he   ~1;-Bt  StralRht  Line  Engine. 

,  ^e   (ieslEHB,    drawings,  patti; 
^  of  the  machine  work  on  thlr^    ■ 

Jo:ir,  ■£..   F».o<-t 


-Cd  part  '. 

■.it:    ■:-.: 


>ietT;e^n 
7>iank2RWln,-;  Day  1871  and  April  Iftt,   1372. 
Thlr.  photograph  iR  donated   to    the  Goclcty  ty 
V.ra,   Pavle,  widow  of  R.  }l,   Cavla, 
who  did  the  balance  of  the  machine  work. 


Reproduction  of  Picture  of  First  Straight  Line  Engine  in  the  Rooms  op  the  Society 


a  new  thmg.    In  it  there  were  no  precedents,  and  regarding  it      reaching  influence.     Along  with  this  went  an  application  of 
there  was  almost  universal  skepticism.     Its  plans,  its  scope      art  in  design — not  the  art  of  ornamentation,  but  the  highest 
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of  all,  ami  in  engineering  work  the  only  true  art,  that  ot  per- 
fec-t  adaptation  to  purpose — that  has  never  been  sui'passed. 

Analysis  of  a  successful  teacher's  methods  is  always  ditti- 
cult,  and  the  greater  the  success 'the  greater  the  ditliculty. 
Of  Professor  Sweet's  methods  there  was  little  organization 
and  less  formality.  For  their  prototype  we  must  go  back  to 
the  schools  of  the  Greek  philosophers,  who  gathered  their 
students  about  them  and  taught  by  a  process  which  was  one 
of  absorption  rather  than  acquisition.  Without  compulsion, 
students  gravitated  to  him  as  pieces  of  iron  to  a  magnet. 
Those  who  came  under  his  influence  felt  that  they  enjoyed  a 
jjrecious  j5ri\ilege. 

Dr.  Sweet  was  born  at  Pompey,  near  Syracuse,  X.  Y.. 
October  21,  1832.  His  father,  Horace,  was  a  farmer  and  his 
mother  was  a  member  of  the  well  known  Avery  family,  dis- 
tinguished by  its  mechanics  and  inventors.  He  was  educated 
at  district  schools  and  in  1850  was  apprenticed  to  .John 
Pinkerton  in  the  carpentry  and  joinery  trade.  When  through 
witli  his  apprenticeship  and  with  $49  in  his  pocket  saved 
from  his  meagre  earnings  he  obtained  a  position  in  the 
architect's  office  of  Elijah  T.  Hayden  of  Syracuse,  in  the  belief 
tliat  to  become  a  successful  carpenter  one  must  first  learn  the 
principles  of  drafting. 

A  second  winter  was  spent  in  the  office  of  C.  O.  Holyoke, 
an  artist  and  an  admirer  of  Ruskin,  who  directed  the  boy's 
thoughts  to  the  channel  of  sound  construction  and  the  prin- 
ciple of  suiting  the  construction  to  the  use.  He  was  soon  con- 
vinced, however,  that  regardless  of  how  much  he  migiit  admire 
art  the  faculty  in  his  makeup  which  was  worth  cultivating  was 
in  tlie  direction  of  mechanics.  But  to  what  an  extent  in  later 
years  did  he  combine  so  beautifully  art  with  mechanics! 

For  ten  years  he  was  engaged  in  carpentrj'  and  the  making 
of  construction  drawings  for  buildings.  In  that  time  and  place 
there  wa.s  small  opportunity  for  the  display  of  architectural 
talent  but  nevertheless  one  of  his  first  pieces  of  work  was  a 
design  for  a  barn  which  won  the  first  prize  in  a  competition 
established  by  the  farm  paper,  the  Rural  New  Yorker.  It  was 
probably  one  of  the  best  of  its  type  of  buildings  ever  worked 
out.  A  description,  with  illustrations,  and  a  statement  of  the 
conditions  of  award,  appeared  in  the  Rural  New  Yorker  in  its 
issue  of  February  5,  18.59.  The  committee  in  reporting  stated 
that  it  ■■  found  quite  a  multiplicity  of  designs  having  many 
excellent  features  but  many  were  quite  too  expensive  for 
ordinary  fanners  and  entirely  beyond  their  ability  to  erect, 
and  only  adapted  to  the  able  and  wealthy  who  cultivate  and 
embellish  their  country  homes  for  pleasure  and  beauty  rather 
than  profit."  The  selection  of  the  Sweet  drawings  was  made, 
on  the  contrary,  because  the  barn  was  "  designed  to  meet  the 
wants  of  the  great  majority  of  farmers  as  they  now  exist  in 
the  country,  adapted  not  alone  to  the  stock  raiser,  daiiyman 
or  grain  grower,  but  to  all  these  combined  and  for  general 
farm  purposes,  including  not  only  beauty  and  structure  but 
the  greatest  amount  of  convenience,  cheapness  and  adaption  to 
all  the  wants  of  the  majority  of  farmers."  It  w'as  prophetic 
of  the  architect's  work  in  succeeding  years  that  the  prize 
design  was  unique  and  individualistic  and  adapted  to  the 
requirements  of  the  "  great  majority  "  of  users. 

When  the  Civil  War  broke  out  young  Sweet  was  supervis- 
ing the  erection  of  a  hotel  at  Sehna,  Ala.,  which  he  had  de- 
signed and  which  was  planned  to  be  one  of  the  best  in  the 
South.  Being  a  Yankee  he  sensed  an  uncomfortable  ^^ituation 
and.  as  he  expressed  it,  one  rainy  day  he  deciderl  to  lea\e 
wliile  tlie  "  leaving  was  good."'  Incidentally,  this  change  of 
location  mai'ked  a  change  in  his  activities,  which  were  there- 
after almost  entirely  in  the  direction  of  mechanical  construc- 
tion, engineering,  and  teaching. 
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lu  the  summer  of  1862  he  attended  the  London  Exhibition, 
spending  some  months  also  on  the  continent  and  the  remainder 
of  the  year  in  the  patent  office  of  Hazeltine,  Lake  &  Co., 
securing  a  patent  on  a  nail  machine  in  which  the  Patent  Nut 
&  Bolt  Co.  of  Birmingham,  England,  took  an  interest.  He 
worked  for  the  latter  concern  as  draftsman  while  su])erin- 
tending  the  construction  of  the  machine. 

Upon  his  return  to  America  and  again  at  a  later  period  he 
was  associated  with  Sweet,  Barnes  &  Co.  of  Syracuse,  where 
he  designed  a  large  number  of  machines,  tools  and  appliances. 

About  this  time  he  designed  and  had  built  a  typesetting- 
machine.  It  operated  like  a  typewriter,  the  keys  making  an 
impression  on  a  continuous  paper  pulp  matrix,  from  whicli 
the  stereotype  plates  were  to  be  cast.  The  machine  was  never 
perfected  but  it  was  one  that  Dr.  Sweet  always  felt  had  good 
possibilities. 

In  1867  he  again  went  abroad  to  attend  the  Paris  Exposi- 
tion, where  his  typesetting  machine  and  otiier  a]i|iliances  were 
shown. 

From  1871  to  1873  he  was  mainly  occupied  in  bridge  build- 
ing for  Howard  Soule  of  Syracuse.  In  the  fall  and  winter 
of  1872  he  did  most  of  the  work  of  preparing  the  plans  and 
constructing  the  first  Straight  Line  Steam  Engine;  and  from 
1873  to  1879  was  the  period  with  Cornell  University. 

In  connection  with  this  account  is  a  reproduction  of  a  pic- 
ture of  the  first  Straight  Line  engine  which  now  hangs  in 
the  rooms  of  The  American  Society  of  Mechanical  Engineers. 
This  engine  was  built  with  a  fly  ball  governor  acting  upon  a 
peculiar  form  of  link  motion. 

The  second  engine,  built  at  Cornell  by  Dr.  Sweet  and  his 
students  and  later  exhibited  at  the  Centennial  Exposition  in 
Philadelphia  in  1876,  embodied  the  combination  of  a  shifting 
eccentric  with  a  governing  weight  opposed  by  a  spring,  the 
whole  being  built  into  the  fly-wheel  of  the  engine.  With 
respect  to  this  Henry  Harrison  Sujilee  writes : 

This  idea  was  not  original  with  Professor  Sweet  as  various 
attempts  had  been  made  in  Europe  to  design  such  a  governor, 
notably  by  Mr.  Arthur  Rigg,  but  all  sucli  attempts  ha  1  been 


entirely  upon  the  speed  ol  tlie  engine,  and  tliis  made  ai-cuialc 
governing  possible. 

In  later  years  many  forms  of  shaft  governors  involving  botli 
centrifugal  and  inertia  forces  were  designed  but  it  is  believeil 
that  in  every  case  the  makers  of  such  devices  recognized  the 
necessity  of  using  the  fundamental  principle  originally  de- 
signed by  Professor  Sweet  so  that  to  him  the  steam  engineer 
is  indebted  for  the  successful  shaft  governor. 

The  Cornell  engine  in  its  essentials  was  suljstantially  as  the 
machuie  is  built  today.     It  contained  the  embodiment  of  the 


Fig.  1     Speed  Lathe  by  Phofessou  Sweet,  with  Char.^c- 
TERisTic  Features 

three  point  self-adjusting  suijjiort  for  machines,  and  is  the 
best  exemplification  up  to  tlie  jjresent  time  of  the  "  straight 
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Figs.  2  and  3     Medal  Awarded  Sibley  College  for  Exiiiuit  Including  Straight  Line  Engine 


unsuccessful  owing  to  the  fact  that  the  action  of  gravity  upon 
the  weiglit  was  reversed  with  every  revolution  of  the  fly-wheel, 
thus  producing  an  oscillatuig  movement  which,  combined  with 
the  varying  centrifugal  force  and  the  action  of  the  spring, 
gave  an  irregular  movement  wliicli  was  fatal  to  precise  govern- 
ing. 

In  Professor  Sweet's  design  the  governor  weig-ht  was  so 
arranged  as  to  be  precisely  balanced  by  the  weight  of  the 
sliifting  eccentric  and  its  attached  parts  so  tliat  the  only  vari- 
alile  force  was  that  of  the  governor  weight  wliicli   depended 


line  "  principle  in  machine  frame  construction.  From  time  to 
time  niceties  of  details  have  been  perfected,  such  as  the  long 
cross-liead  with  short  guides,  one  of  the  principles  which  Dr. 
Sweet  demonstrated  was  conducive  to  long  wear,  although  con- 
trary to  the  usual  practice  in  machine  construction. 

The  following  notes  and  photographs  in  connection  with 
some  of  his  other  work  at  Cornell  University  have  been  secured 
through  the  kindness  of  Dean  Albert  W.  Smith. 
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Fig.  1  shows  a  small  speed  lathe  built  by  Professor  Sweet 
in  the  Sibley  Shops  about  1877,  which  shows  the  characteiistie 
design  of  supports  and  the  reduction  of  bed  flexure  by  bring- 
ing in  the  right-hand  leg  and  thus  allowing  the  bed  to  over- 
hang with  a  parabolic  outline.  This  last  feature  was  adopted 
by  many  machine  tool  builders  soon  after  that  date. 

Figs.  2  and  3  are  reproduced  from  a  bronze  medal  in  the 
possession  of  Sibley  College  awarded  at  the  Centennial  Ex- 
position in  Philadelphia  in  1876  for  the  exhibit  of  the  College, 


time,  a  unique,  shop  building  was  constructed  with  saw  tooth 
roof,  one  of  the  Hrst  of  its  type  in  this  country.  The  plant 
has  since  been  somewhat  extended  and  the  business  has  grown 
normally,  never  to  a  large  size  but  maintaining  a  high  grade 
of  workmanship  and  exemplifying  the  originality  of  its  head 
and  founder. 

As  with  the  engine  which  was  tlie  controlling  product  of 
this  plant  and  the  design  of  the  building  itself,  many  of  the 


Fig  4    Professor  Sweet's  Machine  for  Grinding  Cylinders,  18(4 


which  included  Professor  Sweet's  second  Straight  Line  engine, 
the  first  one  having  been  built  before  he  came  to  Cornell.  This 
medallion  was  placed  upon  the  front  wall  of  the  Straight 
Line  Engine  Works  in  Syracuse,  N.  Y. 

Fig  4  is  a  machine  for  grinding  cylinders,  designed  and 
built  in  the  shops  of  Sibley  College  about  1874,  several  years 
before  the  Universal  Grinder  was  put  on  the  market  by  The 
Brown  and  Sharpe  Mfg.  Co.  Professor  Sweet  designed  plug 
and  caliper  gages,  which  were  ground  upon  this  machint.  A 
set  of  plug  gages,  probably  the  first  to  be  produced  in  this 
covmtry,  was  ground  for  the  Newton  &  Cox  Company,  manu- 
facturers of  twist  drills,  of  Cleveland,  Ohio,  in  the  spring  ot 
1878. 

This  machine  shows  the  characteristics  of  the  straight  lires 
and  oval  section  of  Professor  Sweet's  designs;  also  the  long 
bearing  surfaces  of  the  wheel-carrying  carriage  upon  the  ways 
of  the  bed.  It  is  probably  the  first  instance  of  the  use  of  dead 
centers  both  in  the  head  stock  and  tail  stock  for  grinding  sur- 
faces. It  will  be  noted  that  a  bar  connects  the  top  portions 
of  the  head  and  tail  stock  so  that  when  swung  for  grinding 
tapers  they  remain  in  absolute  alignment. 

At  Sibley  College,  also,  were  buUt  the  first  American-made 
Gramme  dynamo  and  the  well  known  Cornel]  measuring 
machine  which  F.  A.  Halsey  has  said  "  may  almost  be  called  a 
mechanical  classic." 

Dr.  Sweet  resigned  his  scholastic  work  at  Cornell  to  engage 
in  the  manufacture  of  his  engine  at  Syracuse.  The  Straight 
Line  Engine  Company  was  formed  in  1880.  The  business 
started  in  a  small  way  in  a  rented  building  and  a  few  years 
later  a  foundry  was  added  and  in  1890  a  new,  and  at  that 


tools,  appliances  and  processes  have  been  of  the  greatest  in- 
terest to  mechanics  and  a  source  of  pleasure  to  those  who  have 
accepted  the  "  Visitors  Always  Welcome  "  sign  over  the  en- 
trance at  its  true  value  and  have  inspected  the  plant  under  the 
guidance  of  Dr.  Sweet. 

One  of  Dr.  Sweet's  hobbies  was  his  design  of  an  engine 
lathe  with  screw  cutting  gears  in  position  under  the  head 
stock;  one  of  these  was  built  for  the  Straight  Line  Engine 
Company  by  the  students  of  the  University  of  Wisconsin. 
The  details  were  so  strikingly  original  that  they  were  described 
in  a  series  of  articles  in  the  American  Machinist  beginning 
under  date  of  May  30,  1889. 

Another  machine,  which  for  a  better  name  was  designated 
a  "  traversing  machine,"  was  of  the  planer  type,  but  with  a 
vertical  rotating  spindle  in  place  of  the  usual  planer  tool. 
The  platen  had  both  a  power  feed  and  a  quick  return  by 
hand.  The  same  was  true  of  the  cross  rail  and  of  the  cross 
head.  The  machine  was,  therefore,  capable  of  doing  nearly 
all  kinds  of  planing,  milling,  boring  or  drilling  without 
changes  or  rearrangement.  In  an  article  upon  the  machine 
which  Dr.  Sweet  prepared  he  says  characteristically,  "  The 
bed  is  a  complete  box  having  solid  top  and  bottom  as  well  as 
sides,  which  has  been  pro\en  by  experiment  to  be  50  per  cent 
stififer  in  a  vertical  direction,  20  times  stiffer  sideways  and  13 
times  more  rigid  against  torsional  strains  than  the  ordinary 
side  plate  and  cross  girder  system."  The  box  construction 
was  used  for  the  uprights  and  the  platen  as  well. 
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From  young  manhood  Dr.  Sweet  was  a  frequent  contrib- 
utor to  various  journals,  and  his  writings  have  always  dis- 
played that  intellectual  freedom  and  clearness  which  was  so 
characteristic  of  the  man  and  which,  coupled  with  his  lovable 
nature,  gave  him  so  magnetic  a  personality.  During  liis  first 
trip  abroad  he  contributed  letters  of  travel  to  a  home  paper 
and  a  series  of  articles  to  The  Engineer.  He  also  pre- 
pared manuscripts  which  later  were  used  by  Zerah  Colbum 
when  he  established  London  Engineering.  His  best  known 
contributions,  however,  have  been  in  the  columns  of  the 
American  Machinist,  to  which  he  contributed  frequently, 
mostly  in  the  way  of  short  articles  that  were  always  stimulat- 
ing in  their  originality. 

It  is  a  pleasant  thought  that  many  of  Dr.  Sweet's  greatest 
pleasures  and  certainly  his  greatest  satisfactions  came  to  him 
in  the  ripening  years  of  his  life  through  his  friendships, 
through  his  ability  to  participate  in  the  work  of  his  liking, 
and  in  consequence  of  many  recognitions  of  esteem  and  ap- 
preciation. Perhaps  the  most  cherished  recognition  was  the 
organization  in  1901,  by  some  of  his  former  students,  both  of 
Cornell  and  at  the  Straight  Line  Engine  Works,  of  an  asso- 
ciation of  "  Professor  Sweet's  Boys."  They  were  men  mostly 
beyond  the  meridian  of  life,  who  gathered  with  him  year  by 
year  on  the  occasion  of  his  birthday  and  from  long  distances, 
for  an  annual  dinner  at  Syracuse. 

The  initial  move,  made  by  Dr.  Sweet,  for  the  establishment 
of  The  American  Society  of  Mechanical  Eiigineers  was  a  let- 
ter written  January  18,  1880,  calling  for  a  conference  of  prom- 
inent men  in  the  mechanical  engineering  field.  The  letter  read 
as  follows : 

11  Eldridge  Street,  Syracuse,  N.  Y. 

January  18,  1880. 
Dear  Sir, 

It  having  been  suggested  by  several  prominent  engineers 
that  a  national  association  of  mechanical  engineers  would  be 
desirable,  and  a  meeting  for  the  purpose  of  taking  steps  to 
organize  such  a  society  being  in  order,  your  presence  is  hereby 
requested  at  the  office  of  the  American  Machinist,  96  Fulton 
Street,  New  York,  the  sixteenth  day  of  February,  1880,  at  1 
o'clock  sharp,  at  which  time  the  necessary  steps  for  organizing 
such  an  association  will  be  made. 

Any  inquiries  in  regard  to  the  meeting  will  be  cheerfully 
answered. 

Please  avoid  allowing  this  to  be  made  public. 
Very  truly  yours, 

(Signed)  John  E.  Swket. 

Honors  were  showered  upon  him,  but  always  against  his 
protest.  At  the  time  of  the  inception  of  the  Society  he 
was  offered  the  presidency,  but  declined  in  favor  of  others 
whom  be — mistakenly  and  characteristically — considered  better 
fitted  for  the  office;  only  after  considerable  pressure  would 
he  accept  this  honor  and  he  served  as  President  of  the  Society 
in  1884.  He  was  elected  an  Honorary  Member  in  1904,  and 
in  1912  the  Society  commemorated  his  eightieth  birthday  by  a 
dinner  at  its  Annual  Meeting;  this  was  the  first  gathering  of 
this  kind  in  the  Engineering  Societies  Building.  In  1914  he 
was  awarded  the  John  Fritz  Medal  and  on  January  30,  1914, 
Syracuse  University  conferred  upon  him  the  degree  of  Doe- 
tor  of  Engineering. 

At  the  meeting  of  the  Council  of  the  Society,  May  12,  1916, 
President  Jacobus  appointed  the  following  friends  of  Dr. 
Sweet,  among  them  many  life-long  associates,  as  Honorary 
Vice-Presidents  to  represent  the  Society  at  his  funeral:  A.  T. 
Brown,  Ambrose  Swasey,  E.  J.  Armstrong,  J.  A.  Brashear,  J. 
A.  Matthews,  P.  J.  Fickinger,  E.  P.  Bates,  E.  N.  Trump,  F. 
G.  Tallman,  A.  W.  Smith.  W.  C.  Brown,  F.  R.  Hutton,  W.  B. 
Cogswell,  H.  H.  Suplee,  Wm.  H.  Wiley,  and  F.  A.  Halsey. 


AN  INTERESTING  ANNOUNCEMENT 

The  Warner  &  Swasey  Company,  of  which  Ambrose 
Swasey,  Past-President  of  the  Society  and  donor  of  the  initial 
gift  to  The  Engineering  Foundation,  is  president,  and  Wor- 
cester R.  Warner,  also  Past-President  of  the  Society,  is  vice- 
president,  announces  the  comjaletion  of  the  72-in.  reflecting 
telescope  designed  and  constructed  for  the  Dominion  Astro- 
nomical Observatory,  Victoria,  Canada. 

This  telescope  is  the  largest  completed  instrument  in  ex- 
istence. The  block  of  glass  for  the  reflector  was  started 
over  from  Antwerp  about  a  week  before  the  European  War 
broke  out,  and  work  on  the  reflector  has  progressed  without 
delay  since  that  time. 

When  completed,  the  100-in.  reflector  for  the  Mount  Wilson 
Observatory  will  be  the  largest.  Work  on  the  installation 
of  this  has  been  delayed  on  account  of  inability  to  procure 
the  tremendous  steel  members  required  for  the  observatory. 
It  is  believed  that  this  big  telescope  will  enable  us  to  photo- 
graph one  hundred  million  new  stars! 

In  connection  with  the  names  of  our  distinguished  members 
who  have  carried  to  successful  completion  this  marvellous 
piece  of  work,  it  is  appropriate  to  mention  that  of  Past- 
President  Brashear,  whose  most  signal  achievement  has  been 
in  connection  with  the  design  and  development  of  the  spec- 
troscope for  astronomical  uses,  and  who  completed  in  1888 
the  spectroscope  for  the  3C-in.  telescope  of  the  Lick  Observa- 
tory. 

CONFERENCE  COMMITTEE 

The  Joint  Conference  Committee  of  the  National  Engineer- 
ing Societies  has  been  increased  by  adding  one  member  from 
each  of  the  five  constituent  societies.  President  Jacobus  has 
been  added  to  the  representatives  of  our  Society,  Charles 
Whiting  Baker  and  Arthur  M.  Greene,  Jr. 


ENTHUSIASM   IN   BALTIMORE 

Initial  meetings  of  members  of  the  Society  in  Baltimore  to 
consider  petitioning  for  a  Section  there,  and  also  of  the 
students  in  the  engineering  department  of  Johns  Hopkins 
University  with  respect  to  forming  a  stulent  branch,  were 
held  on  May  24.  The  former  meeting  was  held  at  the  Engi- 
neers' Club  and  the  latter  at  the  University.  Calvin  W.  Rice, 
Secretary  of  the  Society,  was  present  at  both  meetings  and 
was  gratified  to  find  splendid  interest. 

Johns  Hopkins  University  does  not  specialize  in  its  courses 
until  the  senior  year,  and  it  has,  moreover,  a  live  engineering 
society,  consequently  it  is  not  easy  for  the  students  to  deter- 
mine previous  to  the  senior  year  whether  or  not  they  wish  a 
student  engineering  branch  of  a  national  society.  There  was 
so  much  enthusiasm  shown  at  the  student  meeting,  however, 
that  a  committee  was  appointed  by  Prof.  A.  G.  Christie,  the 
chairman  of  the  meeting,  to  make  a  preliminary  organization 
and  report  in  the  fall. 

At  the  meeting  of  members  in  the  Engineers'  Club,  the  Secre- 
tary reviewed  the  history  and  growth  of  sections  of  the  Soci- 
ety. He  emphasized  the  fact,  as  he  has  done  in  each  of  the 
cities  where  there  is  a  local  club  or  engineering  society,  all 
efforts  should  be  made  to  build  up  tlie  local  engineering  soci- 
ety, and  that  only  after  that  has  been  assured  may  any 
thought  be  given  to  the  national  societies — that  the  object  of  a 
Section  of  the  national  society  is  to  enhance  jointly  the  local 
society  by  bringing  to  it  not  only  the  interest  of  the  members 
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of  the  national  society  who  aie  not  members  of  the  club,  but 
also  the  financial  contribution  which  the  national  societies 
make  for  the  holding  of  section  meetings.  The  aggregate  of 
these  contributions  from  all  of  the  national  societies  would 
make  a  substantial  increase  in  the  income  of  the  local  societies 
and,  in  the  second  place,  the  burden  of  niaintaiuing-  an  engi- 
neering center  would  be  distributed. 

RESEARCH   COMMITTEE 

The  following  communication  from  the  Chairman  of  the 
Research  Committee  to  a  member  is  of  interest  as  bringing 
out  clearly  the  objects  of  this  important  Committee,  as  well 
as  giving  the  present  status  of  the  Committee's  work : 

The  object  of  the  Research  Committee  is  to  promote  the  in- 
vestigation and  phenomena,  operations,  or  residts  of  experi- 
ments concerning  fundamental  laws  on  which  engineering 
practice  is  based,  and  to  place  such  data  in  permanent  and 
basic  form.  The  general  committee  meets  at  stated  intervals 
to  consider  suggested  research  subjects  and  to  appoint  sub- 
committees to  do  the  actual  work  of  research.  Generally,  tlie 
chairman  of  the  sub-committee  is  a  member  of  the  general  com- 
mittee, but  not  necessarily  so.  The  present  sub-committees 
are  those  on  fuel  oil,  materials  of  electrical  engineering,  safety 
valves,  worm  gears,  lubrication,  clinkering  of  coal,  steam  flow 
meters,  laboratoi-y  systems  and  methods;  and  a  committee  on 
investigation  of  machine  tools  is  under  consideration. 

The  chairmen  and  members  of  the  sub-committees  either 
carry  on  research  in  their  particular  field,  themsehes,  by  coop- 
eration with  manufacturers,  or  else  to  have  the  work  done  by 
an  interested  manufacturer.  In  general,  the  expense  of  the 
research  is  borne,  thei-efore,  by  the  interested  iiarties  and  not 
by  the  Society. 

Up  to  the  present  time  the  committee  has  not  presented  any 
final  reports,  but  the  work  on  worm  gearing  is  well  under 
way,  and  also  that  on  steam  flow  meters,  the  writer  being,  in- 
cidentally, chairman  of  this  committee.  As  research  work  is 
usually  lengthy  final  reports  in  less  than  two  or  three  years 
are  not  to  be  expected.  As  noted  in  the  definition  of  the 
activities  of  the  committee,  the  work  may  consist  in  some 
cases  merely  of  collation  of  existing  data  and  putting  it  in 
usable  form,  rather  than  original  research. 

BOILER  CODE  AND  COTTON 
MANUFACTURERS 

By  invitation  of  the  National  Association  of  Cotton  Manu- 
facturers, S.  r.  Jeter,  Mem.  Am.  Soc.  M.  E.,  and  member 
of  the  Boiler  Code  Committee,  read  a  paper  on  the  Boiler 
Code  of  The  American  Society  of  Mechanical  Engineers  before 
the  meeting  of  the  Association  in  Boston,  April  26  and  27. 
The  paper  dealt  with  the  need  of  uniform  rules  governing 
the  construction  of  steam  boilers  throughout  the  United 
States  and  why  the  users  will  benefit  by  such  uniformity. 
It  further  showed  how  the  A.  S.  M.  E.  Boiler  Code  meets 
tliis  need. 

After  the  reading  of  the  paper  the  As.sociation  passed  the 
following  resolution : 

Whereas,  The  American  Society  of  Mechanical  Engineers, 
having  prepared  a  satisfactory  code  for  the  standardization 
of  boiler  construction  to  promote  safety  of  human  life  and 
economy  in  operation. 

It  Is  Hereby  Resolved,  that  the  Association  approves  the 
said  boiler  code  and  recommends  its  adoption  by  states  and 
municipalities  where  boiler  laws  are  in  force  or  may  be  en- 
acted. 

PAN-AMERICAN  COMMITTEE  REQUEST 

The  Pan-American  Engineering  Committee  of  the  National 
Engineering  Societies,  recently  organized  for  the  promotion 
of  greater  engineering  and  scientific  intercourse  and  the  gene- 
ral welfare  of  the  engineering  profession  in   Latin    America 


and  the  United  States,  requests  a  list  of  members  of  the  four 
national  engineering  societies  who  have  had  actual  experience 
in  South  and  Central  American  countries,  and  those  mem- 
bers of  our  Society  who  have  had  such  experience  are  invited 
to  send  their  names  to  the  Secretary  of  the  Committee,  M. 
P.  Lavis,  50  Church  St.,  New  York  City,  together  with  the 
names  of  the  countries  with  which  they  are  familiar. 

Tiie  purpose  of  this  i-equest  is  to  acquire  information  and 
data  wiiieh  may  be  of  use  to  the  committee  in  formulating 
its  plans. 

MILITARY  ENGINEERING  LECTURES 

The  movement  for  the  provision  of  free  lectures  on  military 
engineering  subjects  spread  last  month  to  Pittsburgh,  where, 
under  the  auspices  of  the  Engineers'  Society  of  western  Pensyl- 
vania,  Lieut.  Col.  F.  R.  Shunk,  Major  P.  S.  Bond.  Major  J.  C. 
Oakes,  and  Capt.  C.  L.  Sturdevant,  all  of  the  Corps  of  En- 
gineers, U.  S.  Army,  and  Arthur  L.  Humphrey,  Mem.  Am.  Soc. 
M.  E.,  vice-president  of  the  Westinghouse  Air  Brake  Com- 
pany, have  given  five  lectures.  The  subject  of  Mr.  Humphrey's 
lecture  was  Mobilization  of  Material  and  Industrial  Resources. 
Elmer  K.  Hiles,  Mem.  Am.  Soc.  M.  E.,  secretarj^  of  the  En- 
gineers' Society  of  Western  Pennsylvania,  superintended  the 
arrangements  for  the  lectures. 

The  Committee  on  Military  Engineering  Lectures  in  New 
York,  J.  Waldo  Smith,  Mem.  Am.  Soc.  M,  E.,  Chairman,  an- 
nounces that  as  a  result  of  the  lectures  given  under  the  aus- 
pices of  this  committee  an  Engineers'  Training  Battalion  of 
about  500  men  has  been  organized  w'ith  a  ^-iew  to  its  memljers 
qualifying  for  an  Engineer  Reserve  Corps.  These  men  have 
been  drilling  twice  weekly  at  the  local  armories  under  the 
instruction  of  the  National  Guard  ofBcers.  About  270  mem- 
bers have  enrolled  for  the  Plattsburg  camp. 

Major  General  Wood  has  consented  to  review  the  battalion 
on  June  1.  The  Committee  believes  that  the  organization  and 
training  of  this  battalion  is  one  of  the  most  valuable  results 
of  the  military  engineering  lectures 

PREPAREDNESS  PARADE 

A  unique  demonstration  in  favor  of  preparedness  in  th(! 
form  of  a  great  citizens'  parade  was  held  in  New  York 
City  on  May  13.  The  parade  was  reviewed  by  Mayor  Mitchei, 
Major  General  Wood  and  Rear  Admiral  Usher.  Over  sixty 
trades  and  professions  took  part,  and  there  were  upwards 
of  125,000  citizens  in  line. 

Engineers  were  invited   to   parade  as   engineers,  and   con 
tingents   of   civil   engineers,    mechanical    engineers,    electrical 
engineers  and  mining  engineers  were  formed.     In  all  seven 
thousand  engineers,  members  of  the  national  engineering  so- 
cities  and  othei-s,  took  part. 

The  arrangements  for  the  Engineer's  Division  were  under 
the  auspices  of  the  Military  Engineering  Lectures  Com- 
mittee, J.  Waldo  Smith,  Mem.  Am.  Soc.  M.  E.,  Chairman; 
the  Marshal  of  the  Engineers'  Division,  Merritt  H.  Smith; 
the  Recruiting  Committee,  Charles  Warren  Hunt.  Chairman 
and  the  Parade  Committee,  Arthur  S.  Dwiglit.  Chairman. 


The  Engineers  Society  of  Buffalo,  at  its  final  meeting  of  the 
season,  held  on  May  4,  reelected  all  its  present  officers,  John 
Younger.  Mem.  Am.  Soc.  M.  E..  president ;  W.  A.  .James, 
Mem.  Am.  Soc.  M.  E.,  and  Jesse  G.  Melendy.  Mem.  Am.  Soi'. 
M.  E.,  vice  presidents;  Wm.  .1.  Gamble,  Mem.  Am.  Soc.  M.  E.; 
seci-etary,  and  William  M.  Dollar,  Mem.  Am.  Soc.  M.  E., 
treasurer. 


APPLICATIONS  FOR  MEMBERSHIP 


TO  BE  VOTED  ON  AFTER  JULY  10,  1910 


Members  are  requested  to  scrutinize  with  care  the  follow- 
ing list  of  candidates  who  have  filed  applications  for  member- 
ship in  the  Society.  These  are  subdivided  according  to  the 
grades  for  which  their  ages  qualify  them  and  not  with  regard 
to  professional  qualifications,  i.e.,  the  ages  of  those  under  the 
first  heading  place  them  under  either  Member,  Associate  or 
Associate-Member,  those  in  the  next  class  under  Associate- 
Member  or  Junior,  and  those  in  the  third  under  Junior  grade 
only.     Applications  for  change  of  grading  are  also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume   their  share  of  the  responsibility  of 


receiving  these  candidates  into  Membership  by  advising  the 
Secretary  promptly  of  any  one  whose  eligibility  for  member- 
ship is  in  any  way  questioned.  All  correspondence  in  regard 
to  such  matters  is  strictly  confidential,  and  is  solely  for  the 
good  of  the  Society,  which  it  is  the  duty  of  every  member  to 
promote.  Unless  objection  is  made  to  any  of  the  candidates 
posted  by  July  10,  1916,  and  providing  satisfactory  replies 
have  been  received  from  the  required  number  of  references, 
these  candidates  will  be  balloted  upon  by  the  Council.  Those 
elected  to  membership  will  be  notified  by  the  Secretary  about 
August  15,  1916. 


NEW  APPLICATIONS 

FOU    CON.SIDERATIO.N     AS     MEllBElt,    ASSOCIATE    OK    ASSOCIATE-MEMBER 


ARISON,  Edgar  E.,  Vice-Presideut, 

The  Emerson  Co., 
HENHAM,  Webster  L.,  Vh.  Eugr., 

The  Benham  Engrg.  Co., 
BLONCK,  W.  A.,  Pies., 

W.  A.  Blonck  &  Co.,  Eugrs., 
BRADFORD,  James  S.,  Insptr., 

E.  I.  du  Pout  de  Nemours  &  Co.. 
BUNZEL,  Ervin,  Designer,  Power  Plant, 

Armour  &  Co., 
BUTLER,  Joseph  F.,  Advisory  Asst.  to  Purchasing  Agent, 


Bayside,  L.  1.,  N.  Y. 


Nichols  Copper  Co., 
CRANE,  HoLDEN  I.,  Industrial  Engineer, 

With  E.  M.  Chace, 
CRANE,  R.  T.,  Jr.,  Pres., 

Crane  Company,  Chicago,  III. 

EASON,  John  J.,  Asst.  Supt.,  Mech.  Div. 

Panama  Canal,  Balboa,  C.  Z. 

EGGERT,  Wir.iAM  II.,  Supt.  Construction, 

Zaremba  Co..  Buffalo,  N.  Y. 

ELLICOTT,  Ciiari.es  I!.,  Assistant   Eastern  Manager. 

Westinghuuse  .\ir  Brake  Co.,  New  York 

F.\LK,  Harolu  S.,  Genl.  Supt., 

The  Falk  Co.,  Milwaukee,   Wis. 

F.\RgUII.\R,  Percival,  President, 

Brazil  Rwy.  Co.,  New  York 

HAMILTON,  Er.nest  A.,  Asst.  Mgr.  Sales, 

Nelson  Valve  Co.,  Philadelphia,  Pa. 

HARPER.  Herbert  D.,  Instr.  in  Elec.  &  Mech.  Design, 

Board  of  Education,  Vocational  School  for  Boys,  New  York 

HILUEBRAND,  Harry  D..  President, 

Hope  Engineering  &  Supply  Co.,  Pittsburgh,  Pa. 

HOGLE,  James  A.,  Consulting  Mining  Engineer, 

Salt  Lake  City,  Utah 
IIUPFEL,  .\DOi.PH  G.,  Treas., 

The  J.  C.  G.  Hupfel  Brewing  Co.,  New  York 

INGRAHAM.  Alexander,  Pres., 

Willford  Mfg.  Co.,  Minneapolis,  Minn. 

JOHNSON,  Eads.  Cons.   Marine  Engineer  and   Naval   .\rchitect. 

New  York 
KUIEGEK,  .\RTHtut  H.,  General  Manager, 

Kieselguhr  Co.  of  .America, 
L.\NGFORD,  George,  General  Superintendent, 

American  McKenna  Process  Co., 
LE.\RY,  Georcie.  Pres.  and  Genl.  Mgr., 

Morris  &  Cumings  Dredging  Co., 
LEINERT,  Wexzel,  Consulting  Engineer, 
LEON.iRD,  Harry  S.,  Vice-President, 

Winchester  Repeating  .\rms  Co., 
LUBBERT,  George  L..  Operating  Engr., 

Filtration  Plant, 
NEWSOM,  Horace  H.,  Factory  Manager, 

Perfection  Spring  Co., 
PANCOAST,  Joseph  D.,  Asst.  Supt.  Construction, 

Zaremba  Co.,  Buffalo,  N.  Y. 

POULTNEY,  Edward  C,  Machine  Tool  Dept., 

British  Ministry  of  Munitions,  New  York 

ROBINSON,  Edwin  W.,  Pres.  and  Genl.  Mgr., 

Punxsutawney  Fdy.  &  Mch.  Co..  Punxsutawney,  Pa. 


ROBINSON,  Barton  J.,  Proprietor  and  Manager, 

B.  J.  Robinson's  Machine  Wks.,  Vicksburg,  Miss. 

SC.-VRFE,  Geo.  E.,  Cons.  Eng.,  Nevada  City,  Cal. 

SCHLOSS,  Newton  L.,  Cons.  Mech.  and  Elec.  Eugr.,  New  York 

SIMMONDS,  JOHN  D.,  President, 

Simmonds  Engineering  Co.,  lola,  Kau. 

SKINNER,  Joseph  A.,  Treasurer, 

William  Skinner  &  Sons,  Holyoke,  Mass. 

ST.ANSFIELD,  Frank  H.,  Supervisor  of  Eff.  Work, 

Bridgeport  Brass  Co.,  Bridgeport,  Conn. 

SWAN,  Ervin  D.,  Mechanical  Engineer, 

Lidgerwood  Mfg.  Co.,  New  York 

T.\URMAN,  Alphonso,  Supt.  Rolling  Stock, 

Virginia  Rwy.  &  Pwr.  Co.,  Richmond,  Va. 

THOMPSON,  IsA.\c  T.,  Testing  Engineer, 

The  -American  Well  Works,  Aurora,  III. 

Cincinnati,  Ohio        TUPPER,  Frederick  G.,  Assistant  Engineer, 

South-Eastern  Underwriters'  Assoc,  Atlanta,  Ga. 

TWOMBLY,  .Ai.E.XANDER  H.,  Sanitary  and  Industrial  Engineer, 

Twombly  &  llenney,  Engrs.,  New  York 

V.AN  GIESON,   WiCKLiFFE  B.,   Special   Draftsman, 

Celluloid  Co..  Newark,   N.   J. 


New  York 

Oklahoma  City,  Okta. 

Chicago,  111. 

Wilmington,  Del. 

Chicago.  111. 


FOR     CONSIDER.VriOX     AS     ASSOCIATE-ME.M  BER     OF     .IINIOI! 


New  York 

Milwaukee.  Wis. 

New  York 
New  Y'ork 

New  Haven,  Conn. 

City  of  Baltimore,  Md. 

Cleveland,  Ohio 


AMORY.  Clement  G.,  Treas., 

Gas    Engine   &    Pwr.    Co.    and    Cbas.    L.    Seabury   &    Co. 

Cons..  New  York 

BOARDM.VN.  Albert  J.,  Supt., 

Terre   Haute.   Indianapolis  &  Eastern  Traction   Co., 

Indianapolis,   Ind. 
BOWMAN,  Mark  C.  Lieut.   (JG), 

United  States  Navy,  Washington,  D.  C. 

CUNNINGH.-VM,  Francis,  Mechanical  Engineer, 

with  John  .\.  Stevens,  Cons.  Engr.,  Lowell,  Mass. 

CUTLER.  Max  E.,  Ch.  Engr.  of  Works, 

Whiting  Mfg.  Co.,  Bridgeport,  ("nun. 

D.AVIDSON,  William  A.,  Engineering  Department, 

The  Singer  Mfg.  Co.,  South  Bend.   Ind. 

EASTON,  Lyn.n  B., 

with  Henry  R.  Worthingtou,  St.  Louis,   Mo. 

EKSTROM,  HiiGO  L.,  Asst.  Supt., 

H.  C.  Dodge,  Boston.  Ma^s. 

FITZ  PATRICK,  William  J.,  Head  of  Wood  Work  Dept., 

Scranton  Tech.   H.   S..  Scranton.    Pa. 

GUTEKUNST,  Frederick.   Superintendent, 

Eddystone  Ammunition  Co..  Eddystore,  l',L 

HAYS,  Lewis  T.,  Tramway  Engr., 

U.  S.  Steel  Products  Co.,  Pacific  Coast  Dept.,  Seattle.  Wasii. 

New  Y'ork        HICKERSON,  George  A.,  Supervising  Engineer, 

McKesson  &  Robbins,  New  Ynrl, 

KATZ,  Edgar  J.,  .Asst.  Ch.  Engr., 

De  La  Vergne  Mch.  Co..  New  York 

KL.AER,  Henry  J.,  Treasurer, 

Rost  Wetherill  &  Co..  Inc..  Chester..  Pa 

L.AKE,  Charles  W..  Draftsman, 

II.   Mueller  .Mfg.  Co.,  Decatur,    111. 

LANG,  John  B.,  Director, 

Messrs.  John  Lang  &  Sons,  Glasgow,  Scotland,  and  with 

British  Ministry  of  Munitions,  New  Yor* 

LEONHARD,  .Albert  T.,  Mechanical  Engineer  and  Secretary, 

The  Paterson  Parchment  Paper  Co.,  Pas-aic,  N.  J 
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MIKESH,  Maktix  A.,  Designer. 

Fairmont  (jas  Engine  &  Rwy.  Motor  Car  Co., 
MONKS,  Tom  N.,  Safety  Engineer, 
NOLAN,  JOH.N  H.,  Operating  Engineer, 

General  Chemical  Co., 
NORTON.  Edwin  K.,  Manufacturer, 

Standard  Tin  Plate  Co., 
OLSON,  GusTAF  B.,  Special  Experimenting, 

Remington  Arms  &  .Ammunition  Co., 
PL.iNK,  WiLLi.\M  J.,  Draftsman,  Mech.  Div., 

Tbe  Panama  Canal, 
RHAME,  Fkank  p..  Engineering  Examiner, 

Municipal  Civil  Service  Commission, 
SCHMIDT,  Bkuxo  M.,  Asst.  Ch.  Draftsman, 

Winchester  Repeating  Arms  Co., 
SCHULTZ,  Chables  H.,  Engineer, 

The  Hero  Manufacturing  Co., 
SCHUM.\CHER,  John  A.,  Safety  Engr., 

Prudential  Casualty  Co., 
STRIPE,  William  C,  District  Stoker  Engineer, 

Westinghouse  Elec  &  Mfg.  Co., 
WAKBURTON,  Robert  L., 

with  Kieselguhr  Co.  of  America, 
WEBB,  Clifford  L., 

with  Henry  R.  Worthington, 
ZINE,  Robert  E.,  In  charge  of  Design, 

Leonard  Construction  Co., 


Fairmont,  Minn. 
Portland,  Ore. 

Bayonne,   N.   J. 

Canonsburg,  Pa. 

Bridgeport,  Conn. 

Balboa,  C.  Z. 

New  York 

New   Haven,  Conn. 

Philadelphia,  Pa. 

Indianapolis,  Ind. 

Pittsburgh,  Pa. 

New  York 

St.  Louis.  Mo. 

New  York 


FOR   CONSIDERATION    AS    JDNIOE 

BORDWELL.  Ralph  L.,  Supt.  Constr., 

Sulzberger  &  Sons  Co., 
BOYD,  Hugh  M.,  Assistant  Engineer, 

Punta  Alegre  Sugar  Co.,  ^ 

BRESL.\V,  Jack, 

with  Terry  Steam  Turbine  Co., 
BULTM.\NN,   Robert  A.  W.,  Draftsman, 

American  Products  Co., 
COLVIN,  Charles  H.,  Engr.,  Aeroplane  Dept., 

Sperry  Gyroscope  Co., 
DEW,  Donald  H., 

with  Remington  Typewriter  Co., 
GOOD,  Edison  B..  Student, 

University  of  Colorado, 
HAVILAND,  John  R.,  Asst.  Ch.  Draftsman, 

L.   O.  Koven  &  Bro., 
HOSKINS,  Stephen  P.,  Instr.,  Mch.  Design  and  Mech.  Drawing, 

West  Virginia  University,  Morgantown,  W.  Va. 

KEES,  DanieLj  Vice-President  and  Superintendent, 

F.  D.  Kees  Mfg.  Co., 
KIMMEL,  Alfred  W.,  Mechanical  Engineer, 

The  Piatt  Iron  Works  Co., 
KNERR,  Lewis  E..  Mech.  Draftsman,  Mech.  Dlv., 

The  Panama  Canal, 
LINDBERG,  George  I.,  Asst.  Ch.  Mech.  Engr., 

Plckands,  Mather  &  Co., 
LUDEMANN,  John  E.,  Assistant  to  Engineer  of  Tests, 

New  York  Edison  Waterside  Stations, 
McCLINTOCK,  Clyde  H.,  Student, 

University  of  Colorado, 
MORCH,  John  J.,  Student, 

Columbia  University, 
NATHAN,  Herbert  P.,  Draftsman, 

with  John  H.  Murphy  Iron  Works,  New  Orleans, 

POLEK,  Joseph,  Genl.  Foreman,  M.M.  Drawing  Dept, 

Cartridge  Shell  Dept.,  E.  W.  Bliss  Co.,  Brooklyn,  N.  Y. 

QUAST,  Walter  F., 

U.  S.  Naval  Experiment  Station,  Annapolis,  Md. 

RAINEY,  Charles  S.,  Inspection  Foreman. 

Remington  Arms  Co.,  Eddystone,  Pa. 

ROSS,  Henry  B.,  Mechanical  Draftsman, 

Sargent  &  Lundy,  Chicago,  111. 

RUPRECHT,  Walter  E.,  Secretary  and  Treasurer, 

Charles  F.  Mattlage  &  Sons,  New  York 


Chicago,  111. 

Calbarlen,  Cuba 

Hartford,  Conn. 

Long  Beach,  Cal. 

Brooklyn,  N.   Y. 

Syracuse,  N.  Y. 

Boulder,  Colo. 

Jersey  City,  N.  J. 


Beatrice,  Nebr. 


Dayton.  Ohio 


Balboa,  C.  Z. 


Duluth,  Minn. 


New  York 


Boulder,  Colo. 


New  York 


La. 


SAWYER,  Wilfred  D.,  Student, 

University  of  Colorado,  Boulder,  Colo. 

SEYBOULD,  Eugene,  Assistant  Foreman, 

The  NUes  Tool  Works,  Co.,  Hamilton,  Ohio 

SHAW,  Herbert  G.,  Mechanic, 

with  Winchester  Repeating  .\rms  Co.,  New  Haven,  Conn. 

SHELLEY,  Herbert  V.,  Student, 

Penn  State  Colege,  State  College,  Pa. 

STAFFORD,  Norman  L.,  Jr., 

with  Remington  Typewriter  Co.,  Syracuse,  N.  Y. 

SWETTING,  J.  RODNEV,  Student, 

University  of  Wisconsin,  Madison,  Wis. 

WALSH,  Walter  V.,  Draftsman, 

Henry  Hope  &  Sons,  New  York 

ZEIGER,  Nelson  A.,  Engrg.  Dept., 

L.  O.  Koven  &  Bro.,  Jersey  City,  N.  J. 


APPLICATIONS  FOR  CHANGE  OF  GRADING 


I'romotion  from  associate 


BELL,  John  E.,  Consulting  Engineer, 
BUCK,   TURNET  E.,  Draftsman, 

Westinghouse  Elec.  &  Mfg.  Co., 
LAIRD,  Wilbur  G., 

with  Henry  L.  Doherty, 

pro.motiox  from  associate-member 

MOORE,  Edwin  Adee,  Superintendent, 

Gas  Bug.  Div.,  Fairbanks-Morse  &  Co., 

promotion  from  junior 

McCANN,  Warren  E., 

with  American  Rolling  Mill  Co.. 
McCORMACK,  Leonard  J.,  Superintendent, 

Schuylkill  Silk  Mills, 
SCHMIDT,  George  G.,  Engr., 

Positive  Differential  System  Co., 
TUTTLE,  Walter  I.,  Secretary, 

Frank  Mossberg  Co., 


New  York 

Pittsburgh,  Fa. 

New  York 

Belolt.  Wla. 

Mlddleton,  Ohio 

Reading,  Pa. 

New  York 

Attleboro,  Mass. 


SUMMARY 

New   applications 102 

.Applications  for  change  of  grading: 

Promotion  from  Associate 2 

Promotion  from  Associate-Member 2 

Promotion  from  Junior 4 

Total 110 

AVERAGE  AGE  .AND  POSITIONS  OF  APPLICANTS  ON   BALLOT 
CLOSING,  MAY  22,    1916. 

Average  age  of  applicants : 

Members    40 

Associates  30 

Associate-Members   32 

Juniors    25 

Executives : 

President,  Vice-President,  Treasurer,  Director,  Member  of  Finn, 

General   Manager 8 

Professor,  Associate-Professor,  Instructor 

Gen'l    Superintendent,    Superintendent,    Assistant    Superinten- 
dent, Mechanical  Superintendent 8 

Consulting,  Contracting  and  Constructing  Engineers 4 

Chief  Engineer,  Asst.  Chief  Engineer 5 

Mechanical  Engineer,  Engineers,  -Assistant  Engineers 25 

Chief   Draftsmen,   .Asst.   Ch.   Draftsmen,    Designing   Engineers, 

Estimators    8 

Managers,  Asst.  Managers,  Sales  Managers,  Sales  Engineers...     8 
Other  classifications 23 


PERSONALS 

^J^HIS  department  is  intended  for  items  about  members  of  the  Society,  their  professional  work 
-*■  and  incidents  concerning  them  which  may  be  of  interest  to  the  membership  in  general.  Items 
are  solicited  upon  important  engineering  developments  in  which  members  have  been  associated,  and 
also  newspaper  clippings  or  manuscripts  of  addresses  delivered  by  members  at  meetings  of  any  kind 
are  desired.  It  is  hoped  that  every  member  of  the  Society  will  furnish  on  interesting  item  occa- 
sionally for  publication  in  The  Journal. 


APPOINTMENTS 

C.  W.  Lyon  has  become  affiliated  with  the  Lyon  Concrete  Products 
Company  of  Evanston,  111.,  in  the  capacity  of  president. 


ANNOUNCEMENTS 

Sidney   A.    Reeve   has  opened   a   consulting   engineering   office   at 
120  Broadway,  New  York. 


Clarence  W.  Vogt  has  recently  been  appointed  general  manager 
of  the  National  Foundry  and  Machine  Company  of  Louisville,  Ky. 

Abthub  D.  Little  will  have  charge  of  the  new  Canadian  Research 
Bureau  which  Is  being  established  by  the  Canadian  Pacific  Railway. 

Aethdb  N.  Bldm  has  become  associated  with  Henry  Disston  and 
Sons,  Philadelphia,  Pa.,  in  the  capacity  of  technical  adviser  and  chief 
engineer. 

Henky  Souther  has  been  appointed,  by  the  Secretary  of  War, 
consulting  engineer  In  the  aeroplane  division  of  the  United  States 
Signal  Corps. 

William  P.  Tbaddt,  eastern  sales  manager  of  the  Taber  Pump 
Company,  Buffalo,  N.  Y.,  has  been  appointed  vice-president  and  general 
manager  of  the  company. 

CoBNELins  T.  MTER.S,  engineer  of  The  Timken-David  Brown  Com- 
pany of  Detroit,  Mich.,  manufacturers  of  worm  gears  for  motor  cars 
and  general  work,  has  been  appointed  manager  of  the  company. 

Eari.e  B.  Norris  has  been  appointed  industrial  commissioner  of 
the  Association  of  Commerce,  St.  Paul,  Minn.  He  was  until  recently 
associate  professor  of  mechanical  engineering  at  the  UniverSty  of 
Wisconsin,  Madison,  Wis. 

Samuel  M.  Vauclain  has  been  elected  a  director  of  the  Westing- 
house  Electric  and  Manufacturing  Company,  East  Pittsburgh,  Pa.  He 
Is  vice-president  of  the  Baldwin  Locomotive  Works  and  a  director  In 
a  number  of  companies. 

Bertram  G.  Welchans  has  been  appointed  general  superintendent 
of  Stanley  G.  Flagg  and  Company,  Pottstown,  Pa.  His  former  posi- 
tion wljh  the  company  was  that  of  mechanical  engineer,  in  charge  of 
manufacturing  and  machine  design. 

F.  L.  R.  Francisco,  consulting  engineer,  New  York,  has  been 
named  by  Mayor  Thompson  of  Chicago  as  the  city's  representative  on 
the  Board  of  Supervising  Engineers  of  the  Railway  Terminals  Commis- 
sion.    Mr.  Francisco  succeeds  Mr.  Bemis. 

Henry  M.  Lane  has  been  retained  as  consulting  engineer  of  Ley- 
shon  and  Lane,  Inc.,  which  has  recently  been  organized  to  take  over 
the  oven  and  special  foundry  equipment  business  which  has  grown  out 
of  Mr.  Lane's  foundry  research  work.  The  H.  M.  Lane  Company  will 
continue  as  a  consulting  organization  under  the  personal  charge  of 
Mr.  Lane. 

Charles  E.  Blrgoon  has  beeji  appointed  assistant  to  the  general 
superintendent  of  the  Sandusky  Portland  Cement  Company,  Cleveland, 
O.,  and  Is  making  special  Investigation  of  kiln  temperature  relative  to 
the  output  and  cost  of  clinkers.  He  Is  also  investigating  economies  In 
general.  In  connection  with  the  design  and  operation  of  the  company's 
plants. 

At  a  meeting  of  the  board  of  directors  of  the  Yale  and  Towne 
Manufacturing  Company  held  on  .\pril  27,  Joseph  A.  Horne,  one  of 
the  directors,  was  elected  to  the  position  of  second  vice-president, 
retaining  also  his  present  position  and  title  of  general  superintendent. 
Mr.  Horne,  who  has  been  over  24  years  In  the  company's  service,  has 
the  entire  management  of  the  works  at  Stamford,  Conn.,  and  of  all 
manufacturing  operations  of  the  company,  including  those  of  its 
Canadian  plant  at  St.  Catharines,  Ont. 
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Ford  W.  Harris  announces  the  formation  of  the  firm  of  Graham 
and  Harris,  patent  attorneys,  with  offices  in  the  Hlggins  Building,  Los 
.\ngeles,  Cal. 

.4.  L.  RiKER,  vice-president  and  chief  engineer  of  the  Locomobile 
Company  of  America,  was  elected  a  director  of  the  National  .\utomo- 
bile  Chamber  of  Commerce. 

Robert  R.  Fisher,  factory  clerk  with  the  Albaugh-Dover  Com- 
pany, Chicago,  111.,  has  accepted  the  position  of  efficiency  engineer 
with  the  Walden  W.  Shaw  Livery  Company  of  the  same  city. 

-Vt  the  final  meeting  of  the  season  of  the  Engineering  Society  of 
Buffalo,  the  present  officers  were  reelected.  They  are  :  John  Younger, 
president ;  W.  A.  James  and  Jesse  G.  Melendy,  vice-presidents ;  W.  J. 
Gamble,  secretary,  and  W.  M.  Dollar,   treasurer. 

W.  S.  QuiGLEY  announces  the  organization  of  the  Quigley  Furnace 
Specialties  Company,  New  York,  as  successors  to  the  Quigley  Furnace 
and  Foundry  Company.  Mr.  Quigley  Is  president  of  the  new  corpor- 
ation which  comprises  two  departments,  the  furnace  specialties  depart- 
ment and  the  engineering  and  contracting  department. 

Herbert  C.  Hale,  formerly  district  manager  of  the  Ridgway 
Dynamo  and  Engine  Company,  Cleveland,  O.,  has  announced  the 
incorporation  of  The  Hale-Stephan  Company,  Cleveland,  O.,  which 
will  represent  the  Taylor  Stoker,  the  Ridgway  Dynamo  and  Engine 
Company,  the  Vulcan  Soot  Cleaner  Company  and  the  Engineer  Com- 
pany. 

Robert  A.  Carleton,  for  many  years  inspector  of  construction 
with  the  Edison  Electric  Illuminating  Company  of  Boston,  Mass.,  and 
.\lbert  E.  Mace,  have  resigned  their  positions  with  the  company  and 
have  organized  a  construction  company  to  be  known  as  the  Carleton- 
Mace  Engineering  Corporation  and  will  specialize  In  central  station 
and  industrial  power  plant  installation  and  electric  transmission  sys- 
tems, with  headquarters  in  Boston. 

CHANGES  OF  POSITION 

Joseph  E.  Young  has  accepted  a  position  in  the  maintenance 
engineer's  office  of  the  American  Steel  Foundries  Company,  Sharon,  Pa. 

William  A.  Armes,  industrial  and  power  plant  engineer,  has  be- 
come Identified  wltn  the  Samuel  M.  Green  Company  of  Springfield, 
Mass. 

William  J.  Kenney,  chief  engineer  of  The  Under-Feed  Stoker 
Company,  Chicago,  111.,  has  become  associated  with  the  Moloch  Stoker 
Company  of  the  same  city  as  president. 

Morris  D.  Douglas,  salesman  with  The  Mldvale  Steel  Company 
of  Philadelphia,  Pa.,  will  become  associated  with  the  Han-Yeh-Plng 
Coal  and  Iron  Company,  Hanyang,  China,  after  June  15. 

John  H.  McNally  has  left  the  employ  of  the  City  of  Philadelphia 
to  accept  the  position  of  Philadelphia  manager  of  the  Huber  Hand 
Stoker  Company,  Inc.,  of  New  York. 

H.  H.  Maxfibld,  master  mechanic  of  the  Pennsylvania  Railroad 
Company,  Pittsburgh,  Pa.,  Is  now  superintendent  of  motive  power  of 
the  coi^nany,  with  headquarters  in  Pittsburgh,   Pa. 

Franklin  W.  Oilman  has  accepted  a  position  with  the  B.  F. 
Stnrtevant  Company,  Chicago,  111.  He  was  until  recently  assistant 
chief  engineer  of  the  Western  Electric  Company,   New  Yorlc. 
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Maktix  II.  Rav,  fonufiiy  lounecteil  with  tlH'  Di^iiiutiiu'iit  of  Pub- 
lic Safety  of  Pliiladelpliia,  Pa.,  as  consultiug  engineer,  lias  enti'i-ed 
tlie   employ   of   the   Crocker-Wheeler  Company,    Ampere.    N.    .1. 

Lewis  L.  McLAitEN.  until  recently  connected  with  the  Wisconsin 
Steel  Company.  South  Chicago.  111.,  as  steam  engineer,  has  accepted 
a  position  with  the  Illinois  Steel  Company,  Gary,  Ind. 

F.  Donald  Fenhagen,  assistant  engineer  with  Henry  Adams,  con- 
sulting engineer  of  Baltimore,  Md..  has  accepted  a  position  with  the 
Bennett  Company,  Frankford,  Philadelphia,  Pa.,  as  designing  engineer. 

Philip  G.  Haines,  formerly  in  the  employ  of  The  Laidlaw-Dunn- 
Gordon  Company,  Cincinnati,  O.,  has  become  associated  with  the 
engineering  department  of  the  Goodyear  Tire  and  Rubber  Company, 
Akron,  O. 

Craig  Adair,  until  recently  in  the  employ  of  The  Baldt  Steel 
Company  of  New  Castle,  Del.,  as  mechanical  engineer,  has  become 
associated  with  the  Penn  Marine  and  Ordnance  Castings  Company, 
Inc.,  Philadelphia,  Pa. 

John  F.  Mahoney  has  resigned  his  position  as  draftsman  with 
the  Telegraph  Bureau  of  the  New  York  Fire  Department  to  accept  a 
similar  position  with  the  motive  power  department  of  the  Interborough 
Rapid  Transit  Company. 

C.  Leslie  Barxusi  has  resigned  his  position  as  mechanical  en- 
gineer of  J.  B.  King  and  Company,  New  Brighton,  N.  Y.,  to  accept 
a  position  on  the  staff  of  John  H.  Williams,  efficiency  engineer  of 
New   York. 

Axel  E.  Berggren  has  become  identified  with  the  American 
Blower  Company  of  Detroit,  in  the  capacity  of  salesman.  He  was 
until  recently  in  the  employ  of  the  Faultless  Rubber  Company,  Ash- 
land,  O..   as  mechanical   engineer. 

Robert  G.  Bennett  has  been  appointed  assistant  master  mechanic 
of  the  Cumberland  Valley  Railroad  at  Chambersburg,  Pa.  He  was 
formerly  inspector  of  the  test  department  of  the  Pennsylrauia  Rail- 
road, Altoona,  Pa. 

LoYD  E.  Shirley  has  accepted  the  position  of  vice-president  and 
general  manager  with  the  Garland  Manufacturing  Company,  Des 
Plaines,  111.  He  was  formerly  connected  with  the  C.  S.  Bell  Company 
of  Hillsboro.  O. 

Frank  R.  Lawatsch  has  severed  his  connections  with  the  Guerber 
Engineering  Company  of  Bethlehem,  Pa.,  as  engineering  draftsman, 
to  accept  the  position  of  ordnance  draftsman  at  the  Sandy  Hook 
Proving  Ground. 

BiROX  F.  Stowell  has  resigned  as  superintendent  and  mechanical 
engineer  of  the  Van  Norman  Machine  Tool  Company,  Springfield,  Mass., 
to  become  master  mechanic  of  Barney  and  Berry,  Inc.,  skate  manufac- 
turers of  the  same  city. 

T.  C.^rlile  Ulbricht,  who  has  been  connected  with  the  Havana 
Electric  Railway,  Light  and  Power  Company,  in  various  capacities, 
for  the  past  2%  years,  has  resigned  to  become  assistant  to  the  presi- 
dent of  the  .\merican  Steel  Company  of  Cuba. 

Charles  W.  Tubby  has  been  appointed  St.  Paul  sales  manager 
of  the  Worthington  Pump  and  Machinery  Corporation,  which  has 
recently  been  reorganized.  He  was  formerly  district  manager  of  the 
International  Steam  Pump  Company.  St.  Paul,  Minn. 

Fred  W.  Watermax,  chief  engineer  and  acting  manager  of  the 
Lorain.  Ohio,  plant  of  the  National  Tube  Company,  will  hereafter  be 
manager  of  the  company's  new  tube  plant  to  be  constructed  at  Gary, 
Ind. 

Charles  E.  Neweold.  consulting  engineer  of  the  Craignish  Estate, 
Princes  Town,  B.  W.  I.,  has  accepted  the  position  of  assistant  field 
manager  and  mechanical  engineer  with  Leasholds,  Ltd.,  of  Trinidad, 
B.  W.  I.,  which  is  developing  the  oil  fields  in  the  island. 

William  T.  Clark  has  become  affiliated  with  the  Traylor  En- 
gineering and  Manufacturing  Company  of  .\llentown.  Pa.  He  was 
formerly  in  the  employ  of  the  -Automatic  Machine  Products  Company, 
r,r«)oklyn.  N.  Y.,  in  the  capacity  of  general  manager. 

D.  T.  McLeod,  for  the  past  16  years  connected  with  the  United 
Coke  and  Gas  Company,  .American  Coke  and  Gas  Company  and  the 
Otto  Coking  Company,  has  opened  an  oflice  at  50  Pine  Street,  New 
York,  as  consulting  engineer  in  by-product  coke  oven  plants. 


C.  A.  Swiggett  has  accepted  a  position  with  the  Western  States 
Portland  Cement  Company,  Independence,  Kan.,  in  the  capacity  of 
superintendent.  He  was  formerly  connected  with  the  lola  Portland 
Cement  Company,  lola.  Kan.,  as  mechanical  engineer  and  assistant 
superintendent. 

Robert  A.  McKeax,  for  some  years  structural  engineer  for  the 
Jones  and  Laughlin  Steel  Company,  Pittsburgh,  Pa.,  has  resigned  to 
accept  a  similar  position  with  the  Riter-Conley  Manufacturing  Com- 
pany, now  owned  and  operated  by  the  McClintic-Marshall  Company. 
Pittsburgh,   Pa. 

Grexville  a.  Harris,  after  16  years  of  continuous  service  with 
Takata  and  Company,  New  York,  has  resigned  his  position  as  chief 
engineer  and  has  accepted  a  similar  position  with  the  American  Steel 
Export  Company  of  New  York,  having  entire  charge  of  its  newly 
established   engineering  and   machinery   department. 

.\UTHORS  OF  PAPERS,   ETC. 

W.  M.  Welch  has  contributed  an  article  on  Natural  Gas  Resources 
and  Supplies  to  the  May  issue  of  the  Natural  Gas  Jouniuh 

C.  E.  KxoEPi'EL  has  contributed  an  article  entitled  Industrial 
Lessons  from  Germany  to  the  May  issue  of  The  t;ngincering  Magazine. 

C.  F.  Hikshfeld  is  the  author  of  an  article  on  Cleaning  Con- 
denser Tubes  which  is  published  in  the  May  16  issue  of  Power. 

Clifton  W.  Wilder  is  the  author  of  Power  for  Urban  Transpor- 
tation, which  appears  in  the  May  number  of  The  Engineering  Mngozine. 

.\.  A.  Potter  is  the  author  of  an  article  entitled  Producer  Oper- 
ation and  Testing,  which  appears  in  the  May  2  issue  of  Power. 

Fred  H.  W.^gner,  gas  by-product  lecturer  at  Johns  Hopkins  Uni- 
versity, is  the  author  of  a  book  entitled  Coal  and  Coke. 

.\RTHUR  C.  Scott's  second  article  on  Lubrication  of  Station  and 
Industrial  Machinery  is  published  in  the  May  13  number  of  Electrical 
World. 

H.  L.  G.ANTT  has  contributed  an  article  on  Engineering  Schools 
and  Industrial  Methods,  to  the  May  number  of  The  Engineering 
Magazine. 

X.  Lewis  Jexkixs  is  the  author  of  Empirical  Formulas  for  the 
Proportions  of  Lathes  which  appears  in  the  May  4  issue  of  .imeriean 
Machinist. 

George  L.  Fowi.eu  Is  the  author  of  an  article  entitled  Hydrostatic 
Tests  of  Corrugated  Culverts,  which  appears  in  the  May  13  issue  of 
the  Electric  Railuay  Jourtwl. 

John  S.  Uxger  presented  a  paper  on  Rail  Manufacture  at  the 
spring  meeting  of  the  American  Iron  and  Steel  Institute,  held  in  New 
York  City,  May  26  and  27. 

W.  DeWitt  Vosbury  is  the  author  of  a  brief  article  on  Small 
Sewage  Pumping  Station  for  Park  Site  which  was  published  in  the 
May  G  number  of  Engineering  Record. 

John  A.  Mathews  presented  a  paper  on  The  Electric  Furuace 
in  Steel  Manufacture  at  the  May  26  and  27  meeting  of  the  .\merican 
Iron  and  Steel   Institute,  held  in  New  York  City. 

Dabxey  H.  Maury  contributed  an  article  entitled  Huge  Circular 
Reservoir  in   Dubuque   Protects  Congested-Value   Business   Distr"*     *" 


tlC^,7»lVJll        I IX       i.'UL'Vllllt^r       a.i\..i,„..to       .^.juq^ov^ 

the  May  G  issue  of  Engineering  Record. 


itrlct,   to 


Edward  H.  Texxey  is  the  author  of  a  book  recently  published  on 
Test  Methods  for  Steam-Power  Plants,  a  reference  book  for  the  use  of 
power-station  engineers,  superintendents  and  chemists. 

Wm.  L.  D'Olier  presented  an  illustrated  paper  entitled  The  Prog- 
ress and  Development  of  the  Art  of  Sewage  Treatment  at  the  May  2.5 
meeting  of  the  Engineers'  Club  of  Trenton. 

C.  B.  .^uel,  director  of  standards,  processes  and  materials  at  the 
Westinghouse  Electric  and  Manufacturing  Company,  has  contributed 
an  article  on  Methods  of  Figuring  Costs  to  the  May  issue  of  The 
Electric  Journal. 

Howard  E.  Coffin.  Chairman  of  the  Committee  on  Industrial 
Preparedness  of  the  Naval  Consulting  Board,  has  contributed  an  article 
on  Organizing  Industry  for  National  Defense  to  the  May  issue  of 
The   World's   Work. 
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NECROLOGY 

CHARLES    A.    FRANCIS 

Charles  Albert  Francis  was  born  iu  Mansfield,  Mass.,  July 
19,  1866.  He  received  his  early  education  in  the  schools 
ol'  Mansfield  and  served  an  apprenticeship  with  the  Mans- 
field Watch  Tool  Company  there.  From  1884  until  1890 
he  was  machinist,  tool  and  model  maker  for  L.  L.  PoUands 
of  Worcester,  Mass.  In  1890  he  was  mechanician  for  the 
Department  of  Physics  iu  Clark  University  in  Worcester; 
he  remained  there  until  1894  when  he  was  chosen  for  the 
same  position  at  the  University  of  Chicago,  which  he  held 
mitil  1899.  Between  1899  and  1903  he  was  tool  maker  for 
the  Veeder  Manufacturing  Co.  at  Hartford;  special  mechani- 
cian at  the  Yerkes  Observatory,  and  foreman  of  the  Meter 
Department  of  the  Diamond  Meter  Co.  in  Peoria,  IU.,  and 
was  also  with  the  Pratt  &  Whitney  Co.  in  Hartford.  In  1903, 
lie  became  Instructor  and  Master  Mechanic  at  the  Higher 
Technological  School  in  Tokio,  and  in  1913  he  accepted  a 
position  as  foreman  at  the  General  Electric  Co.  of  Pitts- 
field,  Mass.,  but  left  in  1915  to  go  with  the  Remington  Arms 
Co.  of  Bridgeport,  Conn.  He  became  a  member  of  the 
Society  in  1905.  Mr.  Francis  died  at  his  home  in  Bridgeport, 
January  14,  1916. 

HOWARD    D.    HESS 

Howaixl  Drysdale  Hess  was  born  at  Philadelphia,  Septem- 
ber b,  1871.  He  received  his  education  at  the  Central  High 
School  in  Pliiladelphia  and  at  Lehigh  University,  from  which 
he  graduated  with  the  degree  of  mechanical  engineer  in 
June,  1896.  Following  his  graduation  he  was  appointed 
general  manager  witli  the  Eastern  Steel  Company  at  Potts- 
ville,  which  position  he  held  for  one  year,  resigning  to  ac- 
cept a  position  in  the  faculty  of  Drexel  Institute,  where  he 
served  two  years.  During  1904  he  served  on  the  faculty  of 
Kansas  University  at  Lawrence,  and  from  there  went  to 
Cornell  as  assistant  professor  of  machine  design.  In  1910 
he  was  made  professor  of  machine  design,  which  position  he 
was  holding  at  the  time  of  his  death.  Professor  Hess  was  a 
member  of  the  Engineers'  Club  of  Philadelphia,  Sigmi  Zi 
honorary  fraternity,  and  the  Town  and  Gown,  University  and 
Cosmopolitan  Clubs  of  Ithaca.  He  became  a  member  of  this 
Society  in  1903.    He  died  in  Buffalo  on  April  22. 

JOHN    EDSON     SWEET 

Professor  John  Edson  Sweet  died  at  his  home  in  Syracuse 
on  Monday,  May  6,  at  the  age  of  eighty-three.  An  ap- 
preciation of  Professor  Sweet  is  published  elsewhere  in  this 
issue  of  The  .Journal,  and  the  facts  of  his  life  are  only  briefly 
summarized  here. 

He  was  born  in  Pompey  near  Syracuse  October  21,  1832. 
His  only  opportunity  for  schooling  was  in  the  district 
schools  of  that  time.  As  a  boy  he  worked  on  a  farm,  and 
later  became  a  carpentei''s  apprentice.  He  was  an  architect 
and  builder  in  the  South  for  several  years,  but  on  the  out- 
break of  the  Civil  War  in  1861  he  returned  to  the  North. 
From  this  time  until  1873  he  was  an  inventor  and  mechanical 
draftsman ;  at  the  latter  date  he  was  appointed  Director  of 
Shops  in  Sibley  College.  In  1879  he  left  Cornell  to  establish 
the  "Straight  Line  Engine  Company"  in  Syracuse;  he 
was  president  of  this  company  from  its  establishment  until 
his  death. 

Professor  Sweet  was  one  of  the  founders,  and  was  the 
third    president    of    the    Society.      In    1914    the    John    Fritz 


Medal  was  awarded  to  him  "  for  his  achievements  in  machine 
design,  and  for  his  pioneer  work  in  applying  sound  engineer- 
ing principles  to  the  construction  and  development  of  the 
high-speed  steam  engine,"  and  in  the  same  year  Syracuse 
University  conferred  upon  him  the  honorary  degree  of  Doctor 
of   Engineering. 

Thus  lie  received  honors  in  recognition  of  his  great  ability 
as  an  engineer.  But  his  great  life  work  consisted  in  his 
influence  over  men  to  cause  them  to  think  straight  and  to  live 
honorably.  All  who  were  his  students  at  Cornell  or  else- 
where— for  he  was  a  teacher  all  his  life — have  always  felt 
for  him  the  liighest  respect  and  deepest  affection;  and  his 
death  brings  to  them  all  a  sense  of  personal  loss.  The  world 
can  so  ill  afford  to  lose  those  rare  men  of  sane  brain,  sound 
judgment  and  big  heart  who  love  to  serve  their  fellow  men. 

MAX  M.   SUPPES 

Max  M.  Suppes  was  born  at  Johnstown,  Pa.,  February 
18,  1856.  He  received  his  education  in  the  common  schools 
at  Johnstown,  and  learned  the  machinist's  trade  iu  a  machinj 
shop   there. 

He  went  to  Troy,  N.  Y.,  in  1879  as  master  mechanic  for  the 
Rensselaer  Iron  &  Steel  Works  (later  the  Troy  Iron  &  Steel 
Works).  Here  he  was  associated  with  Capt.  Robert  W.  Hunt, 
and  helped  develop  the  first  automatic  rail  mill  for  roUing 
Tee  rails.  From  Troy  he  went  to  Braddock  in  December, 
1887,  as  assistant  master  mechanic  of  the  Edgar-Thomson 
Works.  He  only  remained  at  Braddock  about  a  month,  re- 
turning to  Johnstown  on  February  1,  1888,  to  be  master 
mechanic  of  the  Johnson  Steel  Street  Rail  Company,  which 
was  being  built  by  Messrs.  A.  J.  Moxham  and  Tom  L.  John- 
son. In  the  fall  of  the  same  year  he  became  manager  of  the 
rolling  miU  department  of  the  plant.  Here  he  assisted  very 
largely  in  the  development  of  the  method  of  rolling  girder 
rails. 

Early  in  1894  when  ]\Iessrs.  Moxham  and  Johnson  deqided 
to  build  a  Steel  Plant  at  Loram,  Ohio,  and  move  the  girder 
rail  miO  at  Johnstown  to  Lorain,  he  was  appointed  general 
manager  of  the  new  plant  and  put  in  charge  of  the  con- 
struction of  it.  Active  construction  operations  began  at 
Lorain  in  July,  1894,  and  the  first  heat  of  steel  was  blown 
April  1,  1895,  and  the  first  steel  rolled  in  the  blooming 
mill  a  few  weeks  later;  in  other  words,  tlie  plant  was  built 
in  a  period  of  ten  months.  This  Lorain  Plant  was  fii-st  known 
as  the  Johnson  Company,  then  as  the  Lorain  Steel  Com- 
pany; was  later  taken  over  by  the  Federal  Steel  Company; 
it  is  now  The  National  Tube  Company  of  Ohio. 

Through  all  these  changes  and  the  continued  expansion 
of  the  plant,  Mr.  Suppes  continued  to  be  the  manager  until 
the  date  of  his  death,  March  27,  1916. 

He  was  a  man  of  very  marked  engineering  ability.  He 
was  of  an  inventive  turn  of  mind,  evidence  of  which  is  amply 
given  in  the  large  number  of  patents  issued  to  him,  many  of 
which  are  in  use  in  various  steel  mills.  In  1883  he  installed 
the  first  tables  in  front  of  rolls  on  a  rolling  mill.  He  de- 
veloped the  first  arrangement  for  rolling  steel  out  of  heating 
furnaces.  Other  rail  mill  and  blast  furnace  improvements 
originated  by  him  are  well  known,  such  as  liis  weighing  de- 
vice for  rolling  mills,  leading  spindle  and  coupling  for  roll- 
ing mills,  roll  adjusting  mechanism  for  rolling  mills,  stock 
distributing  and  collecting  apparatus  for  blast  furnaces,  etc. 
His  expansion  joint  for  engines  is  used  on  a  great  many 
reversing  engines.  One  of  his  later  developments  was  a  stock 
handling  and  storage  arrangement  for  open  hearth  funiaoe 
plants. 
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He  was  a  member  of  the  Iron  &  Steel  Institute  (British), 
the  American  Iron  &  Steel  Institute,  also  of  the  Masonic 
Order  and  Royal  Arcanum.  He  became  a  member  of  the 
Society  in  1890. 

DABWIN  ALMY 

Darwin  Almy  was  born  in  Tiverton,  R.  I.,  on  February 
28,  1848,  and  died  in  Providence  on  March  9,  1916.  He  at- 
tended the  local  schools  in  Tiverton  until  about  sixteen  years 
of  ag-e  and  then  took  up  work  on  his  father's  farm  until 
1868.  Afterwards,  he  became  interested  in  menhaden  fish- 
ing and  was  master  of  one  of  the  first  fishing  steamers  out 
of  Tiverton. 

In  1874,  he  went  to  Providence  and  formed  a  partnership 
for  the  manufacture  of  jewelry,  which  was  abandoned,  how- 
ever, about  two  years  later.  After  this,  he  returned  to  the 
fishing  business. 


In  1878,  he  entered  the  employ  of  the  Herreshofi  Manufac- 
turing Co.  at  Bristol,  R.  I.,  and  had  charge  of  the  boiler  de- 
partment and  also  the  advantage  of  taking  part  in  numerous 
trial  trips  of  fast  steam  yachts.  During  the  first  part  of 
this  time,  the  Government  conducted  there  a  series  of  ex- 
periments under  Admiral  Zellar  and  Admiral  Isherwood  on 
engines  and  boilers  and  through  this  association  became  very 
much  interested  in  steam  engineering. 

In  1890,  he  took  out  his  first  patents  on  the  boiler  which 
bears  his  name,  and  organized  the  Almy  Water-Tube  Boiler 
Co.  of  which  he  was  the  head  until  his  death. 

He  was  a  member  of  the  American  Society  of  Naval  En- 
gineers, Society  of  Naval  Architects  and  Marine  Engineers, 
Providence  Association  of  Mechanical  Engineers,  Chamber 
of  Commerce  of  Providence,  Central  Club  of  Providence, 
Bristol  Yacht  Club  and  Rhode  Island  Yacht  Club.  He  be- 
came a  member  of  the  Society  in  1893. 


SOCIETY  MEETINGS 


/T  is  of  the  highest  importance  in  the  development  of  the 
monthly  meetings  of  the  Society,  both  of  the  Sections  and 
of  the  Strident  Branches,  that  comprehensive  reports  of  these 
meetings  be  published  in  The  Journal  regularly.  Secretaries 
of  the  sections  and  student  branches  are  urged  to  make  every 
effort  to  get  the  complete  reports  of  their  meetings  to  this  of- 
fice as  quickly  as  possible  after  the  meetings  are  held,  and  also 
■where  possible,  copies  of  the  papers  presented  should  be  sent 
in;  if  desired,  the  copy  of  the  paper  will  be  returned  after 
examination.  The  reports  of  meetings  in  order  to  appear  in 
the  next  issue  of  The  Journal  must  he  received  in  this  office 
before  the  18th  of  the  month. 

LOS  ANGELES,  MARCH  28 

On  March  28,  the  Los  Angeles  Section  of  the  Society  had 
a  very  successful  meeting  at  which  Prof.  W.  H.  Clapp 
delivered  his  paper  on  Motor  Trucks  and  Their  Use  in  South- 
em  California.  This  paper  was  ably  discussed  by  Carl  Breer, 
F.  H.  Coble  and  others. 

MINNESOTA,  APRIL  14 

On  April  14,  a  joint  meeting  of  the  Minnesota  Section 
was  held  with  the  American  Institute  of  Electrical  Engineers 
and  the  American  Society  of  Civil  Engineers  at  the  Uni- 
versity of  Minnesota.  A.  L.  Rohrer,  electrical  superintend- 
ent of  the  Schenectady  Works  of  the  General  Electric  Com- 
pany, gave  an  illustrated  talk  on  the  Electrification  of  the 
Butte,  Anaconda  &  Pacific  Railway  and  George  H.  Hill,  as- 
sistant engineer  of  the  Railway  Traffic  Department  of  the 
General  Electric  Company  also  spoke  on  the  Electrification 
of  the  Chicago,  Milwaukee  &  St.  Paul  RaUroad.  M.  E. 
Simpson,  mechanical  superintendent  of  the  Minneapolis  Steel 
Machinery  Company,  spoke  on  the  Manufacture  of  High 
Explosive  Projectiles,  and  Edwin  Rollman,  Captain,  Cadet 
Corps  of  the  University  of  Minnesota,  on  the  Method  of 
Firing  Projectiles.    Both  of  these  talks  were  illustrated. 

CINCINNATI,  APRIL  21 

Members  of  the  Cincinnati  Section  of  the  Society  were  the 
guests  of  the  Engineers'  Club  of  Cincinnati  at  the  regular 
meeting  on  April  21.  The  paper  of  the  evening  was  read  by 
Fred  W.  Hinkle  on  Prehistoric  Engineering  in  Southwestern 


Ohio.    A  brief  abstract  of  Mr.  Hinkle's  remarks  appears  be- 
low: 

The  southwest  quarter  of  Ohio  is  interesting  to  students 
of  archaeology  because  of  the  great  number  of  prehistoric 
mounds  and  earth-works  that  it  contains.  Especially  interest- 
ing are  the  great  works  on  the  hill  tops  which  from  their 
construction  and  location  appear  to  be  fortifications,  and  the 
so-called  "  geometrical "  works  which  usually  occupy  lower 
lands  on  the  second  and  third  river  terraces. 

Unfortunately,  they  were  constructed  in  many  instances 
on  the  present  sites  of  our  cities,  or  rich  farm  lands  which 
have  now  been  long  under  cultivation,  so  that  many  of  these 
great  works  are  either  entirely  or  in  a  large  part  destroyed. 
It  is  to  be  regretted  that  our  pioneers  did  not  take  steps  to 
preserve  more  of  them  for  posterity. 

Some  of  the  most  extraordinary  works  were  constructed 
upon  the  present  sites  of  Newark,  Marietta,  and  Ports- 
mouth, and  some  portions  of  these  have  been  preserved  in 
public  parks.  While  the  works  on  the  site  of  Cincinnati 
were  not  as  intricate  or  numerous  as  these,  they  were  of  con- 
siderable extent  and  represented  circles,  ovals,  parallel  wails 
and  simple  mounds  in  one  of  which,  that  at  Mound  Street, 
was  foiuid  the  famous  Cincinnati  Tablet. 

The  geometrical  works  may  be  roughly  described  as  com- 
binations of  great  earth  circles,  ovals,  squares,  octagons, 
conical  mounds  and  parallel  walls.  Some  or  all  of  these  occur 
in  combination  in  the  same  works  covering  large  areas.  Works 
of  this  character  in  the  vicinity  of  Cincinnati  are  the  Turner 
Group  just  east  of  Newton,  Ohio,  and  the  group  lying  east 
of  and  on  the  watertower  hill  at  Milford.  Both  of  these  are 
in   part  destroyed  by  the  encroachments  of  civilization. 

The  articles  found  in  the  depositories  of  the  mounds  of  the 
Turner  Group  typify  the  highest  culture  of  prehistoric 
peoples  in  Ohio.  Among  the  most  interesting  are  terra-cotta 
figurines  of  men  and  women;  ornaments  of  copper  or 
meteoric  iron,  sometimes  covered  with  gold  or  silver;  painted 
effigies  of  animals  cut  out  of  mica;  stone  bowls  carved  in  the 
shape  of  animals  and  thousands  of  river  pearls  in  the  shape 
of  beads.  The  Turner  Group  people  were  evidently  of  the 
high  culture  of  those  who  erected  the  Tremper  Mound  near 
Portsmouth,  recently  opened  by  Mr.  Mills  of  the  Ohio 
Ai'chaeology  Society,  whose  illustrated  monograph  on  the  ex- 
cavation of  this  mound  is  extremely  interesting  and  valuable. 
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Of  the  hill  top  fortifications,  there  is  a  small  one  at  the 
mouth  of  the  Big  Miami,  which  is  splendidly  preserved,  and 
should  be  made  a  public  park.  The  greatest  of  all  is  Fort 
Ancient  which  is  owned  and  preserved  by  the  State  and  is  a 
lasting  monument  to  its  builders.  It  should  be  visited  by 
all  who  are  interested  in  seeing  what  extraordinary  labors 
could  be  accomplished  by  people  whose  only  implements  were 
of  stone,  bone  and  wood. 

The  most  mysterious  earth-work  in  the  State  is  the  Ser- 
pent Mound  in  Adams  County,  and  is  preserved  by  the  State 
in  a  public  park. 

By  whom  and  when  these  earth-works  were  erected  must 
ever  remain  a  mystery.  No  evidence  of  a  written  language 
has  been  discovered  and  there  is  little  if  anytliing  in  the 
works  themselves  or  the  articles  found  in  them  to  point  to 
their  age.  Some  of  them  may  have  been  erected  by  the 
ancestors  of  historic  Indian  tribes  but  this  is  mere  theor- 
izing. Whoever  the  builders  of  the  "  geometrical  works " 
and  the  hill  top  fortifications  were,  we  must  admit  they 
possessed  extraordinary  industry  and  a  considerable  degree 
of  engineering  skill. 

PHILADELPHIA,  APRIL  23 

A  meeting  of  the  Philadelphia  Section  of  the  Society  was 
held  on  April  23,  and  was  preceded  by  an  informal  dinner. 
After  the  dinner,  Professor  Feruald,  chairman  of  the  Phila- 
delphia Section  introduced  Dr.  D.  S.  Jacobus,  President  of 
the  Society,  who  addressed  the  members  on  Society  Affairs. 

Dr.  Jacobus  illustrated  his  talk  with  numerous  lantern 
slides  showing  how  the  funds  of  the  Society  are  expended. 
He  showed  tables,  extending  over  a  period  of  years  which 
gave  the  cost  per  member  of  the  various  items  and  called 
attention  to  the  fact  that  the  expenditures  have  always 
been  kept  less  than  the  income  and  that  the  mortgage  on 
property  in  New  York  has  been  nearly  paid  off.  The  amount 
of  money  devoted  to  local  sections  was  shown  and  also 
a  comparison  of  the  costs  of  the  various  items  for  the 
mechanical  engineers  with  the  corresponding  costs  for  the 
electrical,  civil  and  mining  engineers.  There  were  also 
numerous  photogi'aphs  of  the  Engineering  Societies  Build- 
ing in  New  York. 

Dr.  Jacobus  invited  discussion  and  suggestions  from  all 
present  and  there  was  a  general  discussion  by  Messrs.  Fcr- 
nald,  Henderson,  Taylor,  Hess,  Yarnall,  Carter,  Sinclair, 
Parker,  Jackson,  Cadwallader  and  others  present.  Two 
points  were  brought  out  in  tlie  discussion;  first,  the  desirabil- 
ity of  providing  means  to  make  members  feel  at  home  when 
visiting  headquarters  in  New  York  and  second,  some  ways  of 
overcoming  the  disadvantages  of  publishing  matters  in  both 
The  Journal  and  in  the  Transactions.  Mr.  Hess  moved 
that  The  Journal  be  published  more  frequently  if  possible 
and  if  sufficient  material  be  available,  that  it  be  published 
weekly.     The  motion  was  carried. 

BUFFALO,  APRIL  26 

A  meeting  of  the  Buffalo  Engineering  Society  was  held  on 
April  26  at  the  Hotel  Statler.  The  subject  of  the  meeting 
was  National  Preparedness  and  the  speakers  were  Elmer  A. 
Sperry,  Mem.  Am.  Soc.  M.  E..  and  of  the  Naval  Consulting 
Board  and  Calvin  W.  Rice,  Secretary  of  the  Society. 

Mr.  Sperry,  who  is  the  inventor  of  the  Gyroscopic  Stabil- 
izer, spoke  on  the  work  of  the  Naval  Consulting  Board.  He 
paid   a   great   deal   of   credit   to   Howard   E.    CofiBn   of  the 


Board  who  is  spending  time  and  money  furthering  the  inter- 
ests of  the  nation  in  a  preparedness  way.  He  has  established 
various  bureaus  through  which  the  resources  of  the  country 
are  being  estimated  and  arranged  in  order  for  a  time  when 
they  will  be  needed.  In  the  interests  of  emergency  transpor- 
tation for  instance,  he  has  conferred  not  only  with  the  heads 
of  railways,  but  with  other  interests  which  might  be  useful. 
Even  automobiles  are  listed  and  owners  of  pleasure  vehicles 
are  taken  account  of  after  the  fashion  of  the  efficiency  meth- 
ods of  the  German  Government.  Mr.  Sperry  said  that  the 
spirit  of  the  naval  officers  towards  the  Naval  Consulting 
Board  is  cordial,  though  at  first  there  was  a  little  hostility 
apparent. 

Mr.  Sperry  is  chairman  of  the  torpedo  committee  of  the 
Board  and  he  told  of  the  development  of  that  instrument  of 
warfare  from  the  time  when  it  would  go  only  a  few  hun- 
dred feet  and  waver  to  the  perfected  device  of  today  which 
goes  absolutely  straight  as  far  as  it  goes  at  all  and  is  effect- 
ive as  far  as  several  thousand  feet. 

The  subject  of  Mr.  Rice's  talk  was  Industrial  Mobiliza- 
tion. He  said  that  we  have  brought  the  army  and  navy 
together  but  it  is  up  to  the  people  now  to  see  that  Congress 
affords  the  country  sufficient  funds  to  put  it  in  a  state  of 
preparedness.  He  told  of  a  plan  to  have  munition  orders 
placed  in  all  factories  doing  an  annual  business  of  $40,000 
or  more,  these  to  be  just  small  orders  to  develop  ability  to 
produce  in  time  of  need.  These  industries  are  to  be  inven- 
toried between  May  1  and  May  20  and  in  order  that  the 
members  of  the  engineering  societies  will  meet  with  no  op- 
position, advertisements  are  to  be  used  during  that  time  to 
explain  the  situation  and  aim  to  all  the  members  of  the 
Society. 

We  are  unprepared  in  this  respect  at  present  because  we 
have  accepted  orders  for  making  rifles  and  have  been  making 
them  for  export  for  more  than  a  year  and  not  one  rifle  has 
as  yet  been  shipped.  They  have  been  rejected  for  one  reason 
or  another.  One  firm  has  on  its  property,  5000  rejected 
rifles.  The  number  of  rifles  necessary  has  been  shown  during 
the  European  War,  where  it  has  taken  four  rifles  to  one 
soldier — one  in  use,  one  away  for  repairs,  one  overheated  and 
the  fourth  out  of  order  in  some  way  or  other. 

One  other  thing  is  necessary.  The  engineers  who  have 
certain  qualifications  should  offer  their  services  for  the  duties 
with  which  they  are  best  acquainted  and  should  not  be  drafted 
as  privates  for  there  are  those  who  have  no  special  training 
who  can  go  as  privates. 

In  answer  to  a  request  from  Mr.  Rice,  Mr.  Sperry  told  6f 
the  method  of  choosing  cadets  for  the  military  and  naval 
academies.  He  said  that  the  machinery  of  war  and  the 
method  of  operation  are  hard  to  understand  and  that  a  man 
must  have  a  mechanical  sense.  Mr.  Sperry  said  that  he 
would  not  appoint  a  cadet  without  first  ascertaining  what  he 
did  between  the  ages  of  ten  and  seventeen.  If  he  spent  his 
time  reading  books  or  playing  baseball,  he  would  be  no  good 
so  far  as  appointment  would  go  but  if  he  had  always  been 
trying  to  build  a  machine,  if  he  had  clocks  about  on  the  floor, 
he  would  be  a  likely  candidate.  Cadets  are  to  be  appointed 
this  year  in  larger  numbers  than  heretofore. 

Civil  and  mining  engineers  can  be  of  greater  service  '.n 
the  army  than  mechanical  and  electrical  engineers,  who  are 
needed  in  the  navy.  There  are  some  wonderful  boats  in  the 
Philadelphia  Navy  Yard  which  are  out  of  commission  because 
we  have  not  the  officers  and  the  skilled  men  to  handle  them; 
if  we  had  skilled  mechanical  and  electrical  engineers  a  few 
officers  could  handle  these  vessels. 
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PKOVIDENCE,  MAY  3 


The  first  annual  dinner  of  tlie  Providence  Engineering 
Society,  recently  reorganized  from  the  Providence  Association 
of  Mechanical  Engineers  to  include  a  wider  membership,  was 
held  on  May  3,  at  which  Henry  A.  Wise  Wood  spoke  on 
Preparedness.  There  were  other  speeches  emphasizing  the 
value  of  greater  cooperation  among  the  various  branches  of 
the  engineering  profession. 

Those  who  spoke  in  addition  to  Mr.  Wood,  were  President 
Faunee  of  Brown  University,  Mayor  Gainer  of  Providence, 
Arthur  H.  Annan,  president  of  the  .Providence  Engineer- 
ing Society,  Luther  U.  Burlingame  of  the  Brown  &  Sharpe 
Company,  Calvin  W.  Rice,  Secretary  of  the  Society,  Prof. 
Hardy  Cross  and  Dr.  Charles  F.  Scott,  who  is  the  head  of 
the  Sheffield  Scientific  School  at  Y'ale  University.  Frank 
B.  Gilbreth  acted  as  toastmaster. 

Mr.  Wood  told  his  audience  that  as  a  body  of  men  accus- 
tomed to  close  thinking  they  could  appreciate  the  danger 
to  which  the  country  is  being  put  because  so  many  people 
are  thinking  about  the  question  of  preparedness  with  their 
hearts  instead  of  their  heads.  From  his  observation,  as  a 
former  member  of  the  Naval  Consulting  Board,  he  criticized 
American  political  representatives  for  not  listening  to  ex- 
pert opinion.  He  cited  a  case  of  an  admiral  who  tried  to  get 
two  draftsmen  at  $30  per  week  in  order  to  put  certain  sub- 
marines into  condition;  his  recommendations  were  cut,  while 
large  sums  were  voted  for  post  offices  for  which  there  was 
no  need. 

A  novel  touch  to  the  proceedings  was  provided  by  the  com- 
mittee on  arrangements.  A  large  American  flag  was  played 
on  with  a  calcium  light  as  Mr.  Wood  began  to  speak.  As  the 
light  was  flashed  on,  everyone  present  rose  and  sang  The  Star 
Spangled  Banner. 

President  Fauuce  congratulated  the  engineers  on  the  newly 
organized  society  which  has  for  its  purpose  not  only  the 
bringing  together  of  all  branches  of  the  profession  but  also 
the  close  connection  of  engineering  with  the  good  of  the 
community, — the  making  easier  of  civic  service  on  the  part 
of  the  engineei-s. 

Mayor  Gainer  spoke  briefly  in  the  same  vein,  telling  the 
society  that  in  his  oflfieial  capacity  he  had  been  made  to 
realize  how  intimate  the  connection  is  between  municipal 
progress  and  the  work  of  the  engineer. 

Calvin  W.  Rice,  Secretary  of  the  Society,  sketched  the 
growth  of  the  idea  of  cooperation  among  engineers  and  gave 
as  instances  of  the  new  phases  of  their  service,  the  pro- 
posed auxiliary  corps  of  civilian  engineers  and  military 
training  in  all  technical  schools,  and  two  amendments  to  the 
Army  bill  now  before  Congress  which  were  secured  through 
the  efforts  of  The  American  Society  of  Mechanical  Engineers. 

The  Committee  on  Arrangements  was  composed  of  J. 
Ansel  Brooks,  cliairman;  Arthur  H.  Annan,  Milton  H. 
Brondson,  John  R.  Freeman,  John  A.  Gledhill.  Russell  C. 
Lowell,  William  H.  Paine  and  Alfred  H.  Whatley. 


man  of  the  Section  presided  and  made  a  brief  address  in 
which  he  called  attention  to  the  fact  that  the  European  War 
has  taught  us  that  thorough  organization  is  far  more  efficient 
in  obtaining  results  than  great  masses  of  men  at  the  front, 
and  that  for  this  reason,  the  organizing  of  the  engineers 
of  America  for  defense  has  become  a  movement  of  great  im- 
portance. 

He  outlined  the  general  plan  of  this  movement  stating 
that  it  includes  the  five  technical  societies  of  engineers  and 
read  a  letter  from  President  Wilson  in  which  he  gave  hearty 
approval  to  the  general  plans. 

A  letter  from  Howard  E.  Coffin,  chairman  of  the  Com- 
mittee on  Production,  Organization,  Manufacture  and  Stand- 
ardization of  the  Naval  Consulting  Board  was  read.  He 
expressed  the  urgency  of  the  work  proposed  by  requesting 
that  quick  action  be  taken  in  appointment  of  the  necessary 
field  men  etc.,  and  that  the  telegraph  wires  be  used  as  a 
matter  of  saving  valuable  time. 

The  plan  provides  for  the  making  of  a  thorough  inven- 
tory of  American  industries  for  the  first  time  in  the  nation's 
history  in  order  to  determine  just  what  each  unit  may  be 
able  to  do  in  the  way  of  manufacturing  munitions  of  war; 
then  the  placing  of  this  vast  power  behind  the  army  'and 
navy  through  the  placing  of  government  orders  with  factories 
in  each  section  of  the  entire  country  so  that  they  may  have 
the  drill  of  actual  experience.  There  is  also  included  the 
organization  of  labor,  so  that  it  may  be  definitely  known 
just  what  available  labor  resources  are  on  hand  that  they  may 
be  withheld  from  enlistment  in  time  of  general  call,  to  render 
even  more  valuable  service  in  the  manufacturing  of  the 
necessary  supplies. 

The  program  includes  the  placing  of  orders  in  time  of 
peace  by  the  Government  for  an  annual  minimum  production 
of  munitions  of  war  to  be  paid  for  at  reasonable  but  not  an 
excessive  basis  of  profit  and  to  spread  out  these  orders  over 
the  entire  United  States  so  that  no  one  territory  will  have  a 
monopoly  thereof. 

California  has  five  State  directors  in  this  movement  each 
representing  one  of  the  divisions  of  engineering.  C.  W. 
Merrill  of  San  Francisco  is  the  chairman  for  the  mechanical 
engineers. 

NEW  YORK,  MAY  9 

The  regular  meeting  of  the  New  Y'ork  Section  of  the 
Society  was  held  on  May  9,  at  which  was  presented  a  paper 
on  Report  Upon  Efficiency  Tests  of  a  30,000  kw.  Cross- 
Compound  Steam  Turbine  by  Henry  G.  Stott  and  AV.  S.  Fin- 
lay,  Jr.  The  paper  with  the  discussion  which  followed  its 
presentation  is  published  elsewhere  in  this  issue. 

At  this  meeting,  a  committee  was  chosen  to  prepare  a  con- 
stitution and  bj--laws  for  the  government  of  the  New  York 
Section.  The  members  of  this  committee  are:  Fred  R.  Low, 
chairman;  Robert  T.  Kent,  Frederick  A.  SehefJler,  James  A. 
Kinkead  and  H.  G.  Stott. 


LOS  ANGELES,  MAY  4 

The  Los  Angeles  Section  of  the  Society  has  lately  adopted 
the  policy  of  holding  a  luncheon  meeting  each  week  and 
having  some  member  or  non-member  talk  for  ten  minutes  at 
each  meeting.  The  meetings  have  so  far  been  verj'  successful. 

On  May  4  the  subject  discussed  at  the  luncheon  meeting 
was  that  of  Industrial  Preparedness.     W.  W.   Smith,  chair- 


BIRMINGHAM,  MAY  12 

A  meeting  of  the  Birmingham  Section  of  the  Society  was 
held  on  May  12.  The  officers  of  the  Section  who  have  been 
serving  this  past  year  were  reelected  for  the  coming  year: 
R.  E.  Brakeman,  chairman ;  C.  B.  Davis,  vice-chairman ;  Paul 
Wright,  secretary  and  treasui-er. 

A  general   discussion   took  place  concerning  recent  letters 
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that  have  been  received  from  the  State  Committee  of  tlie 
Naval  Consulting  Board.  Following  this,  the  members  dis- 
cussed letters  which  had  been  received  from  Thomas  E. 
Durban,  chairman  of  the  Uniform  Boiler  Law  Society.  It 
was  decided  that  the  Section  should  do  what  it  could  to  aid 
in  the  securing  of  the  adoption  of  the  Boiler  Code  in  the 
state  of  Alabama  and  the  following  committee  was  appointed 
to  keep  in  touch  with  the  matter  and  to  report  from  time  to 
time  its  progress  to  the  Section :  Richard  FauU,  chairman; 
H.  A.  Moon,  W.  P.  Caine,  F.  G.  Cutler. 

ST.  LOUIS,  MAY  20 

A  dinner  was  held  by  the  St.  Louis  Section  of  the  Society 
on  May  20,  at  the  Missouri  Athletic  Club,  at  which  fifty-one 
members  and  guests  were  present.  W.  A.  Layman,  president 
of  the  Wagner  Electric  Company  was  the  speaker  and  his 
subject  was  Mobilization  of  American  Industries  for  National 
Protection. 

Mr.  Layman's  talk  went  into  the  general  subject  of  our  lack 
of  industrial  preparedness,  and  brought  out  very  forcibly  the 
fact  that  while  we  might  be  able  to  get  together  one  or  two 
million  men  in  six  months,  it  would  easily  be  two  years  before 
we  were  able  to  maintain  a  force  of  even  one  million  in  the 
field.  He  cited  many  instances  of  failure  to  even  start  delivery 
of  munitions  by  American  concerns  within  a  year  of  the  time 
promised,  due  to  the  lack  of  men,  material,  tools  and  gages, 
the  last  lack  being,  perhaps,  the  most  serious  of  all. 

He  pointed  out  the  fallacy  of  the  argument  that  many  manu- 
facturers were  anxious  for  preparedness,  because  of  the  sup- 
posedly huge  jjrofits  to  be  made.  On  the  basis  of  his  figures, 
excepting  perhaps  the  powder  manufacturers,  most  of  those 
firms  who  have  gone  into  the  munitions  proposition  have  done 
so  at  a  loss,  particularly  those  holding  contracts  made  when 
times  were  dull;  now  they  have  to  face  a  rising  market  both 
in  prices  of  material  and  labor. 

He  brought  out  strongly  the  industrial  preparedness  of  Ger- 
many for  the  present  conflict,  and  the  almost  criminal  action 
on  the  part  of  the  British  labor  organizations  in  their  un- 
willingness to  sacrifice  anything  for  their  country,  in  order 
to  increase  the  output  of  needed  munitions. 

After  the  close  of  Mr.  Layman's  address,  there  were  brief 
talks  by  others  on  the  same  subject,  and  Professor  Ohle  and 
Mr.  Day  told  of  the  New  Orleans  meeting  of  the  Society  on 
April  11-14. 

Following  these  talks,  an  election  of  officers  for  the  ensuing- 
year  was  held.  Following  the  established  custom,  the  two 
last  Chaii-men  of  the  Section,  Edward  Flad  and  F.  E.  Bauseh, 
became  members  of  the  new  Committee.  The  new  members 
elected  were  L.  A.  Day,  of  the  Saint  Louis  Water  Works;  L. 
Gustafson,  superintendent  David  Rankin  School  of  Mech. 
Trades;  H.  R.  Setz,  chief  engineer  of  the  Fulton  Iron  Works. 

PHILADELPHIA,  MAY  23 

The  last  meeting  for  the  season  of  the  Section  in  Philadel- 
Ijhia  was  held  Tuesday  evening.  May  23,  at  the  Engineers' 
Club.    Professor  R.  H.  Fernald  presided. 

The  paper  of  the  evening  was  by  Lieut-Commander  H.  C. 
Dinger,  U.S.N.,  on  Efficiency  of  Propulsive  Machinery  and 
Late  Developments  in  Naval  Engineering.  Besides  review- 
ing in  an  able  manner  the  progress  of  engineering  in  the  Navy, 
the  speaker  made  an  appeal  to  the  engineering  profession  to 
cooperate  in  all  ways  to  better  place  our  country  in  the  state 
of  preparedness. 

In  connection  with  this  timely  request,  the  Secretary  of  the 


Society,  Calvin  W.  Rice,  spoke  with  special  earnestness  and 
promised  the  fullest  cooperation  in  fact  and  in  the  spirit  with 
which  this  request  on  the  part  of  representatives  of  the  Navy 
was  made. 

Following  the  paper  the  Chairman-elect  of  the  Section,  E.  B. 
Carter,  who  also  has  the  honor  of  being  President-elect  of  the 
Engineers'  Club  for  the  ensuing  year,  was  presented. 

The  obligation  is,  therefore,  that  our  Section  in  Philadel- 
phia, through  its  Chairman,  shall  make  itself  especially  useful 
in  assisting  to  get  the  entire  engineering  profession  in  Phila- 
delphia and  vicinity  to  center  around  the  Engineers'  Club. 

As  an  earnest  of  this  cooperative  spirit,  prior  to  the  meet- 
ing Professor  R.  H.  Fernald,  the  retiring  Chairman  of  the 
Section,  gave  a  dinner  at  the  University  Club,  to  which 
invitations  had  been  extended  to  the  officers  of  all  the  local 
technical  organizations,  including  the  President  and  Secretary 
of  The  Franklin  Institute,  the  President-elect  of  the  Engineers' 
Club,  the  Chairman-elect  of  the  Section  of  the  Am.Soe.M.E., 
the  Chairmen  of  the  Sections  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  of  the  Illuminating  En- 
gineering Society,  of  the  Society  of  Automobile  Engineers,  of 
the  Association  of  Members  of  the  American  Society  of  Civil 
Engineers,  of  the  American  Institute  of  Electrical  Engineers, 
and  the  Technology  Club  of  the  Massachusetts  Institute  of  Tech- 
nology. With  the  exception  of  the  Technology  Club  and  The 
Franklin  Institute,  all  of  the  above  societies  were  represented, 
together  with  the  full  committee  of  the  Am.Soe.M.E.  Section. 
The  guests  were  as  follows :  Messrs.  E.  B.  Carter,  J.  D. 
Cassell,  G.  S.  Crampton,  H.  C.  Dinger.  H.  E.  Ehlers,  E.  S. 
Foljambe,  J.  E.  Gibson,  W.  R.  Jones,  Calvin  W.  Rice,  J.  A. 
Steinmetz,  E.  B.  Temple,  and  J.  H.  Tracy.  In  honor  of  the 
speaker  of  the  evening.  Rear  Admiral  Parks,  and  Commander 
S.  E.  Moses  were  also  invited.  The  occasion  was  very  enjoy- 
able and  jDresaged  a  successful  forthcoming  season.  The 
spirit   of  eoiiperation   was  manifest  throughout  the  evening. 

BOSTON,  MAY  23  i 

The  last  meeting  of  the  season  of  the  Boston  Section  of  the 
Society  took  place  on  May  23,  at  the  Engineers  Club  Hall. 
E.  G.  Bailey,  president  of  the  Bailey  Meter  Co.  of  Boston, 
presented  the  subject  of  Measurement  of  Steam  Flow  to  De- 
termine Boiler  Output  or  Prime  Mover  Capacity  and  the 
Measurement  of  the  Condition  of  Fuel  Beds  in  Order  to  Con- 
trol the  Efficiency  of  Boilers.  Lantern  slides  were  used  to 
illustrate  the  points  brought  out  by  Mr.  Bailey,  who  is  an 
authority  on  these  most  important  subjects. 

In  the  discussion  which  followed  the  paper,  Walter  S. 
Burke,  Supt.  of  Bldgs.  &  Grounds  at  Harvard  University, 
spoke  of  the  meters  used  to  measure  steam  flow  and  also  of 
those  used  to  measure  the  condensation  in  connection  with  the 
purchase  of  steam  from  the  Boston  Elevated  Railway  by 
Harvard  University,  which  purchase  amounts  to  some  $40,000 
per  year.  The  net  B.t.u.  are  computed  and  paid  for  on  the 
basis  of  heat  supply.  Mr.  Burke  mentioned  particularly  the 
CO^  method  of  calibrating  meters  as  being  very  valuable, 
affording  a  convenient  and  close  method  of  determining  just 
what  results  the  flow  meter  is  giving.  Where  meters  have  been 
placed  in  series,  they  l)ave  been  found  to  register  alike,  one 
serving  as  a  check  on  the  other. 

With  the  Bailey- Weir  meter,  results  within  a  small  fraction 
of  1  per  cent  of  the  actual  weighed  water  were  registered.  Mr. 
Burke  considered  Mr.  Bailey's  method  of  handling  the  fire  by 
means  of  charts  for  the  use  of  firemen  very  important. 

A.  B.  Duncan  of  the  Harmony  Mills  stated  that  they  used 
a  number  of  steam  meters  and  believed  that  they  saved  at  least 
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25  per  cent  due  to  the  use  of  these  meters  to  show  the  require- 
ments of  the  various  departments. 

r.  S.  Uhling  spoke  regarding  the  CO,  recorders  and  John 
A.  Stevens  of  Lowell  gave  experiences  in  the  use  of  meters 
especially  with  regard  to  connecting  several  sources  with  a 
single  meter  for  measurement  with  suitable  valves  to  cut  oft' 
different  sections  of  the  plant.  He  also  mentioned  a  case 
where  an  expensive  meter  was  put  in  to  be  used  only  once  a 
month  to  test  steam  consumption  of  turbines. 

The  subject  was  also  discussed  by  Mr.  Dodge,  head  of  the 
Meter  Dept.  of  the  General  Electric  Co.,  Geo.  ,1.  Rockwood, 
Chas.  T.  Main  and  Mr.  Delano  of  the  Edison  Co. 


STUDENT  BRANCHES 

Members  of  student  branches  are  requested  to  notify  the 
Secretary  of  any  change  in  address  as  promptly  as  possible, 
in  order  to  facilitate  delivery  of  The  Journal. 


BUCKNELL     UNIVERSITY 

On  May  1,  1916,  the  regular  meeting  of  the  Bucknell  Uni- 
versity Student  Branch  of  the  Society  was  held,  at  which  E. 
V.  Anderson  gave  a  talk  on  The  Use  and  Application  of  the 
Automatic  Double  Cushioned  Triple-Acting  and  Non-Return- 
Valves.  Mr.  Anderson  explained  how  they  insure  safety  both 
to  the  plant  in  which  they  are  installed  and  the  men  employed 
by  automatically  operating  in  case  of  accident  due  to  the 
bursting  of  boiler  tubes  or  other  ruptures  either  in  the  boiler 
main  steam  line  or  branches.  Boilers  equipped  with  such 
valves,  Mr.  Anderson  said,  will  operate  at  a  uniform  pressure 
and  at  an  increased  efficiency,  and  are  a  necessary  safety  de- 
vice in  a  plant  or  power  station. 

After  the  talk  Messrs.  Hartman,  James  and  Hay  gave  short 
discussions  on  the  subject  of  the  valves  as  they  found  them 
in  plants  and  stations  where  they  have  been  employed. 


COLORADO    AGRICULTURAL   COLLEGE 

The  Colorado  Agricultural  College  Student  Branch  held  a 
meeting  on  April  24,  at  which  Professor  Cammack  gave  a 
talk  on  a  steam  pipe  covering  test,  which  he  conducted  as  a 
thesis  for  graduation  from  Iowa  State  College.  This  test 
was  made  to  determine  the  efficiency  of  various  thicknesses 
of  magnesia  pipe  covering  on  different  sizes  of  steam  pipes. 
Tests  were  made  to  find  the  saving  of  heat  with  both  single 
and  double  coverings.  The  test  was  made  with  a  special  sys- 
tem of  piping  for  supplying  the  steam  to  the  test  pipe  and 
for  di'awing  off  the  condensed  water  from  the  test  pipe. 

There  were  four  separate  sizes  of  test  pipe  used,  varying 
from  one  inch  to  seven  inch  pipes.  Two  di&'erent  thicknesses 
of  covering  were  used  for  each  test  pipe,  and  records  were 
taken  eveiy  two  minutes  during  a  run  of  two  or  three  hours. 
The  condensed  water  was  weighed  at  regular  intervals  through- 
out the  test  and  the  efficiency  was  determined  from  the  com- 
parison of  covered  with  bare  pipes.  The  efficiency  was  first 
calculated  in  percentage,  and  the  actual  saving  in  money 
was  also  calculated  for  both  coverings  for  all  sizes  of  pipes 
used  in  the  test.  The  tests  showed  a  greater  saving  made  with 
the  larger  sizes  of  pipes,  although  a  very  great  saving  was 
made  by  covering  any  or  all  of  the  pipes. 


KANSAS    STATE    AGRICULTURAL    COLLEGE 

A  meeting  of  the  Kansas  State  Agricultural  College  Student 
Branch  held  on  April  27  was  a  joint  meeting  with  the  A.I. 
E.E.  members.  The  papers  which  were  presented  were  pre- 
pared by  the  students  in  electrical  enginering  who  had  vis- 
ited the  various  power  plants  in  Kansas  City  during  the  in- 
spection trip  on  April  13  and  14.  The  papers  were  discussed 
by  the  students  in  mechanical  engineering. 


LEHIGH    UNIVERSITY 

A  meeting  of  the  Student  Branch  of  Lehigh  University  was 
held  on  April  6.  The  first  speaker  was  Lieut.  E.  P.  Finney 
of  the  United  States  Navy,  who  is  at  present  stationed  at 
the  Bethlehem  Steel  Works  to  oversee  the  guns  and  armor 
plate  being  made  for  the  Government.  Mr.  Finney  spoke 
on  The  Organization  of  the  Battleship.  He  said  that  as  the 
battleship  is  the  most  important  unit  in  the  fleet,  its  organ- 
ization represents  one  of  the  highest  tyjaes  of  scientific  man- 
agement. The  ruling  officer  is  the  captain,  who  has  supreme 
authority.  To  carry  out  his  orders,  there  is  next  the  executive 
officer,  who  really  acts  as  general  manager  of  the  ship.  The 
rest  of  the  men  on  board  are  grouped  under  various  divi- 
sions :  the  navigation  department,  ordnance  and  gunnery  de- 
partment, medical  and  supply  department,  and  the  engineer- 
ing department. 

All  the  enlisted  men  are  divided  into  two  divisions :  the  deck 
force,  whose  duty  is  to  take  charge  of  the  fighting,  and  the 
engineering  force,  who  have  charge  of  the  running  of  the 
ship.  The  deck  force  is  separated  into  divisions,  each  of 
which  has  charge  of  a  certain  turret  or  number  of  guns. 
Every  one  of  these  divisions  has  its  own  commanding  officer, 
and  he  is  responsible  for  everything  done  by  the  turret  which 
he  is  commanding. 

The  most  valuable  and  instructive  duty  of  the  ship  is  target 
practice.  Problems  of  actual  battle  are  always  used,  and 
maneuvering  is  done  the  same  as  in  actual  fighting.  The 
targets  are  usually  at  a  distance  of  20,000  yards  from  fhe 
ship.  They  are  set  upright  on  rafts,  and  are  50  ft.  wide  and 
30  ft.  high. 

In  target  practice,  organization  shows  up  in  the  highest 
degree.  The  crew  of  each  gun  must  be  experts  and  the  men 
wlio  control  the  turning  of  the  turrets  must  be  absolutely  sure 
in  their  work.  In  battle  all  the  turrets  must  be  fired  together, 
which  requires  absolute  team  work. 

As  to  the  duties  of  the  various  departments,  the  ordnance 
and  gunnery  department  takes  care  of  the  battery  and  am- 
munition, and  the  ordnance  officer  has  charge  of  target  prac- 
tices. The  duty  of  the  navigation  department  is  to  look 
after  the  directing  of  the  ship  in  its  course.  As  there  are 
about  1200  men  on  board  each  ship  to  be  fed,  looked  after, 
and  clothed  by  the  medical  and  supply  department,  the  duties 
of  these  men  are  not  very  light.  Lastly,  the  engineering  de- 
partment includes  all  the  men  who  run  the  boUers,  the  en- 
gines, and  the  rest  of  the  machinery  of  the  battleship. 

Another  part  of  shijj  organization  is  that  it  must  be  ready 
for  shore  work.  The  battleships  at  Vera  Cruz  were  prac- 
tically useless  because  landing  could  not  be  made  easily.  For 
shore  work,  a  landing  crew  is  necessary  and  a  reser\'e  crew 
to  man  the  guns  on  board  ship. 

In  the  landing  crew  there  is  one  battalion  consisting  of  one 
company  of  artillery  and  the  rest  infantrj'.  At  a  given  signal 
every  man  knows  where  to  go,  and  in  the  short  time  of  half 
an  hour  everything  is  made  ready  for  landing. 

A.  V.  Bodine,  M.E.,  '15,  who  is  now  connected  with  the 
Winchester  Repeating  Arms  Co.,  New  Haven,  Conn.,  was  the 
second  speaker.  His  subject  was  Scientific  Management.  He 
said  that  industrial  engineering  and  industrial  management 
are  steadily  drawing  closer  together  and  rapidly  becoming 
complementary  elements  in  the  professional  work  of  a  great 
number  of  mechanical  engineers.  For  several  years  there  has 
been  industrial  activity  in  the  United  States,  and  the  great 
conflict  now  waging  in  Europe,  which  is  taxing  American  fac- 
tories to  their  utmost  capacity,  has  brought  attention  to  the 
need  of  Scientific  Management  in  our  shops. 

Many  people  wonder  what  Scientific  Management  really  is. 
Monis  L.  Cooke  has  said,  "  Scientific  management  is  not 
something  that  can  be  bought  in  a  box.  It  is  not  something- 
in  the  nature  of  a  drug  that  one  takes  and  feels  better.  It  is 
not  a  card  index.  It  is  dependent  upon  no  single  mechanism, 
nor  is  it  a  combination  of  any  number  of  mechanisms.  It  is 
not  a  system  of  keeping  costs,  nor  is  it  a  method  of  paying 
wages."  What  then  is  this  thing  that  has  caused  so  much 
discussion  in  the  industrial  world?  It  is  the  search  all  along 
the  line  that  reveals  conditions  which  do  not  conform  to 
definite  law  and  principle;  and  having  found  them,  makes 
them  conform  to  what  is  right. 
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Before  starting  to  make  any  changes  in  the  organization 
of  a  company,  there  are  certain  matters  that  should  be  care- 
fully considered :  First,  the  importance  of  choosing  the  gen- 
eral type  of  management  best  suited  to  the  particular  case. 
Second,  that  in  all  eases  money  must  be  spent,  and  in  many 
cases  a  great  deal  of  money,  before  the  changes  are  completed 
which  result  in  lowering  cost.  Third,  that  it  takes  time  to 
reach  any  results  worth  aiming  at.  Fourth,  the  importance 
of  making  changes  in  their  proper  order,  and  that  unless  the 
right  steps  are  taken  great  danger  from  deterioration  in  the 
quality  of  the  output  and  from  serious  troubles  with  the  work- 
men, often  resulting  in  strikes. 

Scientific  management  provides:  First,  a  careful  .analysis 
to  determine,  before  work  is  undertaken,  exactly  what  is  to  be 
accomplished;  second,  the  determination  of  the  best  way  to 
accomplish  the  work  in  the  quickest  time  at  the  lowest  cost; 
third,  the  employment  of  the  best  machines,  best  facilities, 
and  the  best  men  available  to  carry  out  the  work  in  the  best 
way,  as  previously  determined ;  fourth,  cordial  cooperation 
between  employers  and  employees  in  order  that  both  may 
put  forth  the  best  efforts  to  secure  low  production  costs;  and, 
lastly,  an  accurate  record  of  the  cost  of  the  work  in  such  de- 
tail that  the  various  elements  of  cost  may  be  quickly  deter- 
mined. 

A  meeting  of  the  Branch  was  held  on  May  11,  at  which  C. 
H.  Schuttler  spoke  on  Stresses  in  a  Conical  Tank.  He  pre- 
sented the  theory  of  the  stresses  and  the  results  derived,  basing 
his  theory  on  a  tank  which  he  himself  designed  for  the  Beth- 
lehem Steel  Company.  Following  the  lecture,  the  students 
were  shown  a  tank  made  of  rubberized  cloth,  which  sustained 
the  theory  and  the  results  which  Mr.  Schuttler  had  derived. 

At  this  meeting  the  following  officers  were  chosen  for  the 
coming  year:  G.  M.  Levy,  president;  F.  M.  Porter,  secretary; 
G.  T.  Custer,  treasurer,  and  G.  K.  Bishop,  librarian. 


MASSACHUSETTS    INSTITUTE    OF    TECHNOLOGY 

The  Student  Branch  of  the  Massachusetts  Institute  of 
Technology  held  their  annual  banquet  and  final  meeting  of 
the  year  on  April  25  at  the  Engineers  Club.  Reports  of  the 
officers,  showing  what  the  Branch  had  done  during  the  past 
year,  were  read  and  the  results  of  the  election  of  officers  for 
the  coming  year  were  given  out.  Those  chosen  for  office  were 
as  follows :  W.  L.  Pryor,  chairman ;  A.  P.  Dunham,  vice- 
chairman  ;  E.  W.  Rounds,  secretary ;  S.  Sewall,  treasurer,  and 
R.  W.  Logan,  F.  A.  Stearns  and  A.  E.  Windle,  the  governing 
board. 

Prof.  E.  F.  Miller,  Mem.  Am.  Soc.  M.E.  and  honorarj'  mem- 
ber of  the  Branch,  gave  a  short  talk  outlining  the  advantages 
of  membership  in  The  American  Society  of  Mechanical  Engi- 
neers and  advised  all  members  of  the  local  branch  to  become 
members  of  the  Am.  Soc.  M.E.  as  soon  as  possible. 

Prof.  R.  B.  Wilson  spoke  on  Success.  He  emphasized  the 
fact  that  a  man  need  not  be  a  genius  to  succeed  and  that 
opportunity  and  the  ability  to  make  use  of  it  is  as  much  a 
factor  in  success  as  genius.  F.  W.  Hobbs,  '89,  president  of 
the  Arlington  Mills,  told  of  the  present  opportunities  for  the 
technically  trained  man  and  also  why  a  man  should  be  a  mem- 
ber of  the  Am.  Soc.  M.E. 


POLYTECHNIC    INSTITUTE    OF    BROOKLllvr 

The  Student  Branch  of  the  Polytechnic  Institute  of  Brook- 
lyn held  a  joint  meeting  with  the  Student  Branch  of  the 
A.I.E.E.,  the  Chemical  Society  and  the  Alumni  Association, 
which  was  in  the  form  of  an  annual  dinner,  on  May  1.  The 
transcontinental  telephone  was  the  big  feature  at  the  dinner. 
Maj.  Gen.  Leonard  Wood  and  Lieut.  Commander  Jessop  were 
both  present.  A  receiver  was  at  every  plate  and  the  diners 
could  hear  talk  with  Pittsburgh,  Chicago,  San  Francisco  and 
the  intermediate  cities  on  the  line.  The  University  of  Cali- 
fornia was  holding  a  meeting  the  same  night,  and  members 
of  the  faculties  of  both  institutions  held  a  conversation.  Gen- 
eral Wood  and  Lieutenant  Jessop  addressed  the  University 
of  California  students  on  Preparedness,  and  their  remarks 
were  received  with  gi-eat  enthusiasm.  A  duet  was  sung  over 
the  phone,  a  soprano  singing  in  Berkeley,  California,  and  a 
baritone  singing  in  New  York. 


Mr.  Theradi  and  Mr.  Schmidt  of  the  New  York  Telephone 
Company  explained  the  workings  of  the  line  and  its  develop- 
ment. The  guests  included  Dr.  D.  S.  Jacobus,  President  of 
the  Society,  J.  J.  Carty,  president  of  the  A.I.E.E.,  and  Dr. 

Nichols  of  the  Nichols  Copper  Company. 

RENSSELAER    POLYTECHNIC    INSTITUTE 

The  student  Branch  of  the  Rensselaer  Polytechnic  Insti- 
tute held  a  meeting  on  May  2,  at  which  H.  deB.  Parsons, 
emeritus  professor  of  practical  engineering  and  a  manager 
of  the  Am.  Soc.  M.E.,  gave  a  very  interesting  illustrated  lec- 
ture on  Perpetual  Motion  and  other  Engineering  Fallacies. 
Mr.  Parsons  said  that  most  all  mechanical  fallacies  were 
founded  upon  the  principles  of  magnetism,  capillary  attrac- 
tion or  the  laws  of  gravitation.  He  showed  a  number  of 
slides  of  mechanical  defaces  which  had  been  built,  and  pointed 
out  how  each  was  designed  to  make  use  of  one  or  other  of  the 
above  principles.  These  devices,  he  said,  purposed  efficiencies 
greater  than  unity,  which,  of  course,  is  obviously  impossible. 

Mr.  Parsons  then  spoke  of  the  use  of  liquid  air  as  a  source 
of  power  and  of  bisulphide  vapor  as  a  medium  to  replace 
steam  for  the  operation  of  engines.  He  then  gave  a  brief 
description,  accompanied  with  slides,  of  the  various  attempts 
which  had  been  made  to  propel  boats  by  a  jet  of  water.  One 
of  the  first  boats  which  was  designed  to  utilize  this  principle 
was  built  by  Dr.  Jackson.  It  was  110  ft.  long  and  was  ex- 
pected to  reach  a  speed  of  30  knots  an  hour.  Upon  test, 
however,  this  boat  failed  to  give  the  expected  speed,  and  was 
only  able  to  attain  a  speed  of  5  or  6  knots  an  hour.  In  1896 
the  Bazin  roller  boat  was  constructed  in  France.  This  boat 
was  built  with  large  lenticular  wheels  and  designed  to  roll  on 
the  water  at  about  22  knots  an  hour.  Like  the  first  mentioned 
boat,  however,  this  also  failed  to  give  the  expected  speed,  and 
only  attained  a  speed  of  about  6  knots. 

Mr.  Parsons  then  spoke  briefly  of  the  Fontaine  Locomo- 
tive built  by  the  Grant  Locomotive  Company  of  Paterson, 
N.  J.,  and  concluded  his  lecture  by  giving  a  short  description 
of  the  Keely  Motor.  This  motor  was  a  machine  invented  by 
John  W.  Keely,  a  carpenter,  who  was  bom  in  Philadelphia 
in  1837  and  died  there  in  November,  1898,  purporting  to  fur- 
nish motive  power  at  a  minimum  expenditure  of  energy.  It 
began  to  attract  attention  in  1874,  and  for  several  years  ex- 
cited wide  interest.  Its  inventor  made  many  startling  claims 
and  predictions  for  the  success  of  his  motors,  asserting  that 
they  were  destined  to  revolutionize  mechanics.  Several  hun- 
dred thousand  dollars  were  subscribed  for  the  stock  of  the 
company  formed  to  control  the  invention,  and  whUe  the  nature 
of  the  machine  was  kept  a  carefully  guarded  secret,  it  was 
widely  exploited  and  attracted  considerable  attention.  Various 
exhibitions  were  given,  with  some  remarkable  features;  but 
the  promised  developments  never  appeared,  and  after  the  in- 
ventor's death  the  fraud  was  thoroughly  exposed,  it  being 
shown  that  the  force  was  supplied  by  a  hidden  compressed 
air  apparatus. 

THROOP    COLLEGE    OF   TECHNOLOGY 

The  Throop  College  of  Technology  Student  Branch  held  a 
meeting  on  April  28,  at  which  R.  0.  Catland,  '15,  and  Junior 
Member  Am.  Soc.  M.E.,  spoke  on  a  New  Light  Weight  High 
Compression  Aeroplane  Engine  which  is  being  built  by  the 
Griffith  Machine  Company.  The  engines  will  probably  be 
used  on  the  new  Martin  aeroplanes.  The  motors  are  of  the 
eight  cylinder  V  type,  4%  in.  bore  by  7  in.  stroke,  and  weigh 
about  485  lb.  The  cylinders  are  turned  separately  from  solid 
stock,  and  after  being  fitted  on  the  crank  case  they  are  ground 
to  3/16  in.  thickness.  A  pair  of  cylinders  is  enclosed  in  a 
pressed  steel  water  jacket  made  in  two  parts  and  welded  in 
place.  There  are  two  intake  and  two  exhaust  valves  for  each 
cylinder.  Due  to  careful  designing  of  cylinders  and  water 
jacketing,  the  compression  pressure  is  very  high  in  this  en- 
gine. The  mean  effective  pressure  has  been  calculated  to  be 
about  116  lb.  per  sq.  in. 

Much  use  is  made  of  oxy-aeetylene  welding  in  the  construc- 
tion, the  water  jackets,  exhaust  and  intake  manifolds  and  the 
valve  seats  being  welded. 

During  a  recent  test  one  of  the  engines  developed  183  h.p. 
at  1375  r.p.m. 
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LTNIVERSITY    OF    CALIFORNIA 

At  a  special  meeting  of  the  University  of  California  Stu- 
dent Branch  held  on  April  13,  1916,  G.  W.  Dickie,  Vice- 
President  of  the  Society,  delivered  an  address  on  the  subject 
of  Work.  He  told  of  the  various  problems  that  young  engi- 
neei-s  would  meet  upon  graduation,  and  showed  the  need  of 
technical  men  in  the  foundry  business.  In  concluding,  the 
speaker  touched  the  problems  confronting  the  national  board 
of  engineers  which  was  recently  appointed  to  investigate  the 
manufacturing  resources  of  this  country. 

On  April  18,  1916,  the  final  meeting  of  the  year  was  held. 
The  following  officers  were  elected  for  the  coming  year: 
Prof.  L.  B.  Langille,  honoraiy  chairman;  H.  Greenwood, 
chairman;  H.  S.  Bean,  vice-chairman;  H.  G.  Oliver,  treas- 
urer, and  M.  D.  Penfield,  treasurer.  Following  the  election 
of  oflScers  the  following  papers  were  presented:  The  Devel- 
opment of  Manual  Training  Instructors,  by  E.  K.  Foster, 
'17,  and  The  Theory  of  Splashes  and  Methods  Employed  in 
Their  Analysis,  by  B.  R.Vanleer,  Instructor  in  Hydraulics. 

UNIVERSITY    OF    CINCINNATI 

The  University  of  Cuicinnati  Student  Branch  of  the  So- 
ciety held  a  meeting  on  March  24,  at  which  C.  W.  Heath, 
Chief  Smoke  Inspector  of  the  City  of  Cincinnati,  addressed 
the  Branch.  He  told  of  the  work  of  his  department,  the  meth- 
ods employed  in  handling  different  situations  and  the  results 
obtained.  He  also  told  of  the  dififei-ent  smoke  consuming  de- 
vices and  of  the  necessity  of  their  proper  use  for  results.  His 
lecture  was  illustrated  by  means  of  lantern  slides  and  moving 
pictures. 

At  a  meeting  of  this  Branch  on  April  27,  M.  Boyd  Gordon, 
Member  of  the  Branch,  presented  a  paper  on  A  New  Type  of 
Valve  for  Unafiow  Engines.  He  described  the  workings  of 
the  valve  and  the  ease  of  manufacture  and  the  advantages 
which  it  is  hoped  this  valve  will  have  over  others. 

UNIVERSITY    OF    ILLINOIS 

A  meeting  of  the  University  of  Illinois  Student  Branch  was 
held  on  May  10,  1916,  at  which  motion  pictures  were  shown 


of  manufacturing  processes  in  the  Ford  Motor  Car  factory, 
and  also  of  the  American  Railway  Ditch  Digger. 


UNIVERSITY    OF    MINNESOTA 


The  University  of  Minnesota  Student  Branch  held  its  regu- 
lar monthly  meeting  on  April  29,  1916.  C.  W.  Tubby,  Chair- 
man of  the  Minnesota  Section  of  the  Society,  gave  an  in- 
structive and  interesting  talk  on  Pumping  Machinery. 


WASHINGTON    UNIVERSITY 

Last  fall  the  Student  Branch  of  Washington  University 
formulated  a  new  plan  for  its  meetings,  which  was  to  have 
the  students  give  papers  before  the  Branch.  This  plan  has 
been  worked  out  and  has  proved  to  be  vei-y  interesting  as  well 
as  instructive.  The  Branch  has  had  some  outside  speakers, 
however,  among  whom  are  the  following:  Thomas  R.  Beebe 
of  the  Oxweld  Acetylene  Company,  who  gave  a  demonstra- 
tive talk  on  osy-acetylene  welding  and  cutting.  Members  of 
the  Branch  were  allowed  to  try  their  skill  with  the  cutting 
torch  and  made  to  feel  some  of  the  difficulties  encoimtered  by 
the  oxy-acetylene  workers  on  particular  classes  of  woz'k. 

Henry  Gulick  of  the  Moore-Jones  Brass  Company  deliv- 
ered a  very  interesting  talk  on  Engineering  Bronzes.  Mr. 
Gulick,  who  is  an  expert  on  bronzes,  told  of  some  of  the 
difficulties  attending  the  fulfillment  of  requirements  of  certain 
specifications  regarding  tensile  strength,  hardness,  etc.,  and 
also  how  to  get  around  them. 

Osboru  Monnett  of  the  American  Radiator  Companj',  who 
is  an  authority  on  boilers  and  boiler  settings,  gave  an  illus- 
trated talk  on  The  Elimination  of  Smoke  with  the  Use  of 
Any  Soft  Coal. 

Some  of  the  papers  which  were  given  by  student  members 
were  the  following:  The  Mallet  Articulated  Compound  Loco- 
motive by  Walter  H.  Kurtz ;  Lodge  and  Shipley  Lathes  by 
Charles  V.  Brady.  This  was  illustrated  by  lantern  slides 
from  the  Lodge  &  Shipley  Company.  The  Solution  Theory 
of  Metals  presented  by  Harold  C.  Keyser,  and  Keokuk  Power 
Plant  by  Percy  N. .  Lubke.  This  was  also  illustrated  with 
slides. 


EMPLOYMENT  BULLETIN 

The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Soceity 
the  medium  for  assisting  members  to  secure  positions,  and  is  pleased  to  receive  requests  both  for  posi- 
tions and  for  men.  Copy  for  the  Bulletin  must  be  in  hand  before  the  18th  of  the  month.  The  notices 
appear  in  the  Employment  Bnlletin  in  a  form  which  indicates  the  classification. 


POSITIONS  AVAILABLE 

These  advertisements  are  placed  hy  memhers  oj  the  Society  or  per- 
sons vouched  for  by  members. .  The  Society  is  pleased  to  act  as  a 
"  elearinri  house  "  in  these  matters  but  is  not  responsible  for  any  re- 
sult. 

In  forivarding  applications,  stamps  should  be  enclosed  for  their 
transmittal  to  advertisers ;  and  applications  from  non-members  should 
be  accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, to  be  filed  by  the  Society. 

Engineer.  Technical  graduate  preferred,  experienced  in 
the  design  of  open  feed  water  heaters,  softeners,  etc.  Good 
position  to  right  man.  Write  fully  giving  details  of  experience 
and  references. — 102. 

Deaftsmex — preferably  men  experienced  in  apparatus 
layout  especiallv  chemical  apparatus  and  plants.  Location 
New  York.— 267. 

Chief  Draftsman.  Mechanical  engineer  with  manufactur- 
ing experience  on  products  similar  to  sewing  machines  and 
cream  separators.  Man  thoroughly  experienced  in  design  of 
jigs,  tools,  fixtures  and  special  machines  for  manufacturing 
parts  on  interchangeable  basis.  Salary  to  start  $175  a  month 
to  thoroughly  competent  man. — 268. 

Cost  Man,  thoroughly  familiar  with  estimating  from  blue 


prints,  stock  records,  detail  and  fiual  costs,  etc. :  good  per- 
sonality required  and  ability  to  handle  men ;  must  be  capable 
of  analyzing  costs  into  operations.  A  systemanzer  is  not 
wanted,  but  one  wlio  can  maintain  the  present  system  and 
get  results.     Location  New  England. — 270. 

Estimator^  experienced  in  grey-iron  and  steel  castings,  pat- 
tern and  machine  work.  Position  calls  for  accuracy  above 
everything  else.     Location  Maryland. — 273. 

Draftsjian,  capable  of  working  with  an  inventor  in  the 
designing  of  automatic  machinerv.  Location  New  Jersey. 
—274. 

Safety  Inspectors.  Two  or  three  young  M.E.  graduates 
for  accident  and  indemnity  company.  Replv  throush  No. 
27.5. 

Salesman  for  soot  blowers  for  marine  trade;  should  have 
a  fairly  good  acquaintance  with  shipbuilders  and  owners; 
familiarity  with  marine  boilers  desirable. — 276. 

Draftsman,  with  technical  training  and  considerable  experi- 
ence in  design  of  air  compressors.  Salary  $1200  to  $1400  a 
year.     Location  Colorado. — 280. 

Tool  Designer  to  take  charge  of  tool  drafting  department, 
in   concern  manufacturing  small  interchangeable   parts;   man 
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preferred  who  has  experience  in  tool  design  for  concerns 
making  typewriters,  adding-  machines,  electrical  apparatus, 
etc.  In  reply  state  age,  nationality,  former  places  of  em- 
plovment.  experience  and  salary  expected.  Location  New 
England.— 288 

Chief  Engineer.  A  man  of  generally  well  balanced  mind 
and  natural  e.xecutive  ability,  good  technical  traniing,  eithei 
college  or  self-taught.  About  ten  years  experience  in  auto- 
mobile engineering  and  particularly  in  the  brandies  of  the 
profession  pei'taining  to  the  engine  design,  carburation  and 
production,  qualifying  him  to  take  charge  of  production  to 
the  end  of  turning  out  thoroughly  standardized  pans,  within 
necessary  limits,  and  at  a  minimum  cost;  personal  resource- 
fulness to  devise  new  methods  and  ability  to  design  inter- 
changeable parts.    Name  confidential.    Apply  by  letter. — 289. 

Sales  Engineer,  good  personality,  reasonably  pleasant 
manners  and  tact,  whose  education  has  fitted  him  to  meet  en- 
gineers of  vehicle  manufacturers;  applicant  should  have  had 
five  to  eight  years  practical  experience  along  the  lines  involved 
in  power  production,  power  requirements  for  the  diiJerent 
gears,  the  relations  and  relative  efficiency  of  gear  ratios  and 
carburation;  should  thoroughly  appreciate  the  value  of  coop- 
eration  between  himself  and  the  other  departments  of  the  en- 
terprise, and  members  of  the  various  departments.  Name 
confidential.    Apply  by  letter. — 290. 

Associate  Professor  in  Experimental  Mechanical  En- 
gineering in  large  engineering  school  in  Atlanta,  Ga.,  wanted 
next  September.  Must  have  recognized  engineering  degree 
and  teaching  experience  or  extensive  practical  experience  in 
experimental  and  research  work.  Give  full  details  of  educa- 
tion, post-gTaduate  work  and  practical  experience,  including 
references. — 293. 

Machine  Designer.  A  high  grade  machine  designer  or 
chief  draftsman.  Must  be  thoroughly  versed  with  machine 
shop,  drawing  room,  foundry  and  pattern  shop  practice. 
Write  fully,  giving  details  of  experience,  salary  expectations, 
etc.    Location  Midle  West. — 295. 

Engineer,  experienced  in  design  and  construction  of  brass 
and  other  allov  foimdries;  state  salary  and  experience.  Loca- 
tion, New  York.— 297. 

Draftsman,  originality  required,  with  some  shop  experience 
and  a  knowledge  of  shop  technique;  including  design  of  small 
machines,  detailing  of  repair  parts  for  hydraulic  presses  and 
pumps,  lay  out  of  high  pressure  lines  and  enough  skill  to 
select  and  adapt  conveyors  from  the  manufacturers  cata- 
logues. Salary  -$125  per  month  to  start.  Location  Canada. — 
208. 

Technical  Graduate  in  Mechanical  Engineering,  who 
has  been  out  of  college  at  least  one  year;  to  work  in  engineer- 
ing departments  and  specialize  along  combustion  and  steam 
lines.     Location  Maine. — 299. 

Engineer  of  Tests  and  of  Reports;  one  who  has  had  wide 
experience  in  the  testing  of  materials  in  construction  and  can 
prepare  reports  covering  such  tests.  Good  salary  for  the  right 
man,  but  must  fill  requirements  of  education,  experience  and 
personality.  Prefer  man  between  thirty  and  forty  years  of 
age,  who  is  at  the  present  time  employed,  and  who  has  made 
good  where  he  is.     Location  Pennsylvania. — .300. 

Salesman  and  Sales  Manager  for  new  aeroplane  com- 
pany; must  be  high  grade  salesman  as  well  as  organizer  of 
salesmen.     Apply  by  letter. — 301. 

Mechanical  and  Electrical  Engineer,  who  is  a  capable 
machine  designer,  wanted  as  assistant  to  the  general  manager 
of  an  old  established  company,  making  a  line  of  machines  used 
by  metal  manufacturers.  The  company  expects  to  redesign  its 
line  and  to  do  experimental  and  development  work  in  connec- 
tion with  adapting  its  product  to  more  extensive  use.  State 
age.  education,  experience  and  salary  expected.  Location  New 
Ena-land.— 303. 


High  Grade  Machinery  Salesman  wanted  by  old  estab- 
lished company  making  a  Une  of  machines  used  by  metal  goods 
manufacturer.  Position  involves  large  amount  of  travelling  in 
the  East,  Middle  West,  etc.  Qualifications  desired:  pleasing 
personality,  energy,  ambition,  enthusiasm,  imagination  and 
ability  to  sell  and  to  keep  every  customer  satisfied.  One  who 
has  demonstrated  his  ability  along  these  lines.  In  reply  give 
age,  full  record,  and  salary  desired.  A  good  position  is  of- 
fered at  once,  with  interesting  pos.sibilities  for  the  future. 
Headquarters  New  England. — 304. 

Chief  Engineer  with  extended  experience  in  both  pleasure 
automobile  and  motor  truck  construction.  Write  The  Timkeu 
Roller  Bearing  Company,  Canton,  Ohio. — 307. 

Engineers.  Firm  of  industrial  engineers,  foundry  and 
metallurgical  specialists,  desires  two  or  more  men  to  assist  in 
laying  out  foundry  plans  and  looking  after  work;  one  pros- 
pect will  involve  a  continuous  foundry  with  considerable 
equipment  and  handling  appliances. — 308. 

Laboratory  Assistant  for  department  of  plu'sics  in  an 
Eastern  technical  school.  Candidate  should  be  willing  to  start 
at  the  bottom  and  gi-ow  up  with  the  work.  Salary  .$800  to 
start.    No  teaching  experience  required. — 309. 

Designers,  experienced  jig  and  fixture  designers  for  auto- 
mobile work.  Large  company  in  Middle  West.  All  new 
equipment.    Good  opportunity. — 312. 

Master  Mechanic  to  supervise  tool,  jig,  fixture,  design  and 
maintenance  for  concern  in  Detroit  doing  brass  work  exclu- 
sively and  employing  about  60  toolmakers  in  tool  room.  Loca- 
tion Middle  West.— 322. 

Practical  Engineer  to  assist  in  design,  building  and  put- 
ting into  operation  of  tools  for  sheet  metal  work  in  general, 
and  can-making  tools  of  all  varieties  in  particular.  Thorough 
technical  education  a  necessity.  Preference  given  to  man 
with  experience  in  sheet  metal  work  and  in  can-making.  Salary 
$1800  per  year,  to  be  advanced  as  warranted  by  increased 
efficiency  and  familiarity  with  work.  Location  New  York. — 
323. 

Engineer  having  extensive  experience  in  conveying  macliin- 
ery,  able  to  handle  layouts  of  equipment  and  methods  and 
jii-oduce  satisfactory  and  efficient  results.     Location  Ohio. — 324. 

Assistant  Shop  Engineer  familiar  with  woodworking  ma- 
chinery, to  look  after  production  side  of  work  and  upkeep. 
Location  Vermont. — 327. 

Technical  Gradqate,  30  to  35,  with  practical  exierience 
in  manufacture  and  building  of  steam  and  hydraulic  machin- 
ery. Man  preferred  with  Avide  shop  experience,  capable  of 
directing  men.  Location,  Ohio.  Interview  will  be  arranged 
only  after  examination  of  applicant's  statement  of  qualifica- 
tion, records  and  compensation  expected. — 328. 


MEN  AVAILABLE 

Only  memhers  oj  the  Society  are  listed  in  the  published  notiees. 
Notiees  are  not  repeated  in  conseeutive  issues  of  the  Bulletin. 

Members  sending  in  notices  for  the  Men  Available  section  arc  par- 
ticularly requested  in  the  future  to  indicate  the  elassificalinu  under 
which  they  desire  their  notices  to  appear. 

Sales  Engineer,  graduate  with  six  years'  experience  in 
design  and  manufacturing,  wishes  to  enter  firm  which  will 
train  him  in  selling.  Excellent  references  from  present  and 
past  employers. — E-208. 

Assistant  Professor.  Member  of  Am.Soc.M.E.  and 
S.P.E.E. ;  at  present  connected  with  mechanical  engineering 
department  of  prominent  university  but  desires  to  change 
position;  would  consider  similar  position  wliich  olTers  oppor- 
tunity for  advancement. — F-209. 

Student  Member,  1916,  graduate  in  mechanical  engineer- 
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ing,  University  of  Minnesota;  record  good;  desires  position 
■with  engineering  or  manufacturing  concern. — F-21t). 

Mechanical  Engineer.  Member,  experienced  iu  power 
plant  design,  heating,  ventilating,  industrial  plants,  selling 
experience,  seeks  responsible  position;  has  had  charge  of 
men  and  shown  executive  abilitj'. — F-211. 

Instructor  or  Assistant  Professor.  Young  engineer,  at 
present  in  charge  of  courses  in  engineering  laboratory  in 
prominent  Eastern  university,  experience  in  teaching  nearly 
all  branches  of  mechanical  engineering,  and  about  four  years 
practical  experience  in  drafting  room  and  shop,  desires  posi- 
tion in  college  receiving  state  support,  east  or  middle  west 
prefeired ;  references  furnished  and  adequate  reasons  for 
desiring  change. — r-212. 

Dep-U?tment  Head;  mechanical  engineer,  university  grad- 
uate, wide  experience  in  efficiency  work ;  steam  engines,  boilers, 
pumps,  oil  engines,  water  supply ;  especially  famiUar  with 
air  machinei-j- ;  technical  author,  lecturer  and  editor;  shop 
work,  design  and  testing;  also  several  years  in  sales  engineer- 
ing. Age  36 ;  married,  now  employed,  desires  position  offering 
better  future.     American. — F-213. 

Mechanical  Engineer,  inventive  and  executive  ability, 
A-1  references;  member,  twenty  years  experience  steam,  gas 
power,  industrial  and  chemical  plants;  heating,  ventilating, 
refrigeration,  gas  engines. — r-214. 

Assistant  to  Chief  Executive  of  Large  Corporation, 
chief  engineer  or  works  manager,  associate-member,  34  years 
of  age  broad,  practical  experience  in  electrical  railway  con- 
struction and  operation,  automobile  manufacturing,  machine 
tool  building;  speaks  and  writes  French  fluently,  also  some 
Spanish.— F-215. 

Assistant  to  an  Executive,  33,  technical  man,  hard 
■worker  and  strict  disciplinarian,  wishes  to  make  a  change; 
strong  organizer  and  successful  handling  men.  Experienced 
in  the  manufacture  of  hea^'y  machinery.  Best  of  references; 
valuable  to  executive  needing  man  to  take  care  of  details  and 
to  see  that  orders  are  carried  out. — F-216. 

Master  Mechanic,  Shop  Superintendent  or  Manager, 
about  15  years  experience  at  the  machinist  trade.  Will  gi-ad- 
uate  B.S.  in  M.E.  from  Bucknell  University  in  June.  Familiar 
with  scientific  management  and  methods;  good  references 
from  reliable  steel  manufacturing  firms  and  machine  tool 
manufacturers. — F-217. 

Short  Term  Employment,  June  8  to  September  15,  de- 
sired by  mechanical  engineer,  student  member  trom  M.I.T. 
Four  years  designing,  executive  and  teaching  experience; 
heavj'  machine  tool  building,  iron  founding,  gas  engineering. 
— F-218. 

Assistant  to  Works  Manager  or  Executive  Engineer; 
technical  graduate,  with  varied  experience  in  office,  sales  and 
executive  work  in  shop  and  factory,  desires  to  become  iden- 
tified with  concern  where  position  would  develop  into  broad 
future.— F-219. 

Graduate  Mechanical  Engineer;  thoroughly  familiar 
with  heat  insulating  materials;  experienced  in  design  and 
construction  of  cold  storage  rooms  and  warehouses.  At 
present  employed,  but  desires  better  opportunity  for  ad- 
vancement.— r-220. 

Testing  Engineer;  technical  graduate  with  four  and  a 
half  years  experience  as  assistant  engineer  in  large  labora- 
tory testing  steam  machinery  of  all  kinds,  desires  to  make 
change.— r-221. 

Student  Member,  will  graduate  in  June  in  mechanical  en- 
gineering from  Rensselaer  Polytechnic  Institute,  desires  posi- 
tion with  opportunity  for  advancement,  in  power  plant  work, 
heating  and  ventilating  or  efficiency  work  -with  manufacturing 
firm.     Age  26.— F-222. 

Executive  or  Assistant  to  Executive;  technical  graduate, 
(M.E.)  at  present  employed,  desirous  of  becoming  connected 
with  firm-  in  or  around  New  York  City.     Experience  along 


executive,  engineering,  shop  and  sales  lines.     Speaks  French 
and  German.— F-223. 

Assistant  to  Executive,  Large  Manufacturing  Corpob- 
ATiox,  to  increase  output,  lower  costs,  unify  and  stimulate 
organization,  through  intensive,  analytical  methods.  Past 
seven  years  in  industrial  management  work;  as  member  of 
staff  of  noted  efficiency  engineer,  as  assistant  to  comptroller, 
special  investigator,  manager  manufacturing  plant,  oversee- 
ing economical  operation  all  plants  $10,000  corporation;  as 
assistant  to  vice-president  and  to  general  superintendent 
.$75,000  corporation  to  promote  more  intensive  and  analytical 
methods  of  operation ;  seeks  permanent  connection ;  age  31 ; 
teclmieal  graduate;  references  from  previous  connections. 
— F-224. 

Graduate  Mechanical  Engineer  with  experience  aa 
machinist,  tool  and  die  maker,  tool  department  sub-foreman 
and  foreman,  tool  and  machine  designer,  design  inspector, 
acting  equipment  engineer,  production  supervisor;  thorough 
knowledge  of  mechanics,  mathematics,  economies,  manufac- 
turing methods,  factory  organization,  equipment  management, 
men;  time  and  motion  study  investigations  and  improve- 
ments.—F-225. 

Mechanical  Engineer  with  shop,  drawing  room  and  sales 
experience  desires  responsible  position  with  growing  concern, 
30  years  of  age,  married;  highest  references.  Available  July 
1.— F-226. 

Mechanical  Engineer,  experienced  in  design  and  opera- 
tion of  power  plants  and  general  manufacturing  machinery; 
specialized  in  boiler  room  management  and  maintenance  of 
machinery. — F-227. 

Assistant  to  Engineer  or  Instructor  in  Technical 
School.  Jmiior  member,  college  graduate,  age  24;  married; 
experience  in  drafting  and  shop.  Desires  permanent  position 
as  assistant  to  consulting  engineer  or  as  instructor  in  mechan- 
ical engineering.  At  present  employed  on  valuation  of  com- 
mon carriers.     Can  furnish  satisfactory  references. — F-228. 

Chief,  Mechanical  or  Consulting  Engineer.  Associate, 
technical  education;  fourteen  years  experience,  familiar  ■with 
design  of  industrial  plants,  mill  buUdings,  ore  blasting  fur- 
naces, coal  washing,  screening,  elevating  and  conveying  ma- 
chinery, having  held  positions  as  chief  draftsman,  engineer 
of  construction  and  chief  engineer  for  large  concerns. — F-229. 

Representative  for  the  Far  East.  Japanese  graduate 
of  electrical  and  mechanical  schools,  connected  with  telephone 
and  railway  companies  of  New  York,  wishes  to  communicate 
with  American  firms  planning  to  develop  business  in  Japan 
or  China.     Will  consider  agencies. — F-230. 

Professor  of  Mechanical  Engineering  in  a  Universitt, 
desired  by  member,  age  40,  technical  graduate,  M.E.  with 
17  years  experience  in  teaching  engineering  and  consulting 
work ;  practical  experience  in  commercial  engineering ;  special- 
ized in  steam  power  plants;  for  a  number  of  years  head  of 
department  of  mechanical  engineering  in  leading  university. 
At  present  head  of  departments  of  mechanical  and  electrical 
engineering  in  university  of  good  standing.  Location  abroad, 
China  preferred. — F-231. 

Mechanical  Electrical  Engineer,  age  32,  married,  four- 
teen years  manufacturing  experience  as  workman  mechanical 
electrical  engineer  and  engineer-in-eharge  of  factory  reor- 
ganization work.  Experienced  in  analyzing  industrial  con- 
ditions, time  study  and  task  setting. — F-232. 

Efficiency  Engineer,  Draftsman  and  Designer  of  auto- 
matic machinery,  factory  and  mill  buildings  and  labor  saving 
devices;  permanent  position  only  in  vicinity  of  New  York 
City  considered.— F233. 

Mechanical  Engineer,  Master  Mechanic,  or  Assistant, 
Junior  member,  technical  education,  age  31,  varied  experience, 
foundry  and  machine  shop  practice;  design  construction,  and 
supervision  of  installation  of  mechanical  equipment  of  textile 
machinery  for  print  works,  bleacheries  and  cotton  mills,  power 
transmission  appliances,  buildings  and  power  plants,  boilers, 
etc.;   remodeling,   maintenance,   efficiency  and  general  plant 
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engineering,  purchasing  materials  and  equipment,  correspon- 
dence, estimates,  specifications,  contracts  and  appraisals;  fire 
service,  piping,  sewage  disposal  for  steam  buildings  and 
supervising  steam  engine,  turbines  and  boiler  tests.  Can 
handle  men  and  get  results.  Desires  to  locate  with  concern 
where  ability  and  energv  are  required.  At  present  employed. 
— F-234. 

Hydraulic  Engineer,  graduate  Worcester  Polytechnic  In- 
stitute, 16  years  experience  in  hydraulic  and  pumping  machin- 
ery in  design,  manufacturing  and  selling  departments.  Best 
of  references. — F-235. 

Manager,  Assistant,  Superintendent,  Executive  or 
Sales  Engineer.  Associate,  age  42,  Lehigh  University  grad- 
uate in  mechanical  engineering;  varied  experience  along  me- 
chanical, electrical  and  civil  engineering  lines  involving  de- 
sign, inspection  reports,  responsible  charge  of  construction 
work,  plant  operation,  management,  purchasing,  etc.,  in  con- 
nection with  power,  lighting  plants  and  industrial  plants,  elec- 
tric railways,  etc.    Salary,  $3,000.— F-236. 

Manager  or  General  Superintendent.  Shipbuilding  in 
all  branches.  Marine  or  stationary  engines,  power  plant  ma- 
chinery and  installations.  Steam  engineering  and  general 
machinery.  No  mechanical  undertaking  too  large.  Can  fur- 
nish best  of  references  of  ability  gained  by  years  of  practical 
work  and  supervision.  At  present  employed;  confidential. 
— F-237. 

Mechanical  Engineer,  Columbia  University  technical 
graduate,  desires  to  locate  with  manufacturing  or  engineer- 
ing concern  in  or  near  New  York;  two  years  power  plant, 
shop  and  di-afting  room  experience.  Experienced  in  power 
plant  testing,  automatic  machinery,  installation  and  layout  of 
machinery.  At  present  employed  in  maintenance  department 
of  concern  manufacturing  automobile  auxiliaries. — F-238. 

Mechanical  Engineer,  1915  graduate,  desires  position  with 
manufacturing  coneem  where  prospects  of  advancement  are 
assured;  experimental  engineering  experience.  At  present 
employed.     Location  prefeiTcd,  New  York. — F-239. 


Head  op  Mechanical  Engineering  Department  in  educa- 
tional institution  or  in  charge  of  industrial  education  with 
manufacturing  company.  Teacher  of  experience  who  can  fur- 
nish the  highest  recommendations  from  employers  and  asso- 
ciates. Wide  experience  in  engineering  and  construction;  now 
on  the  engineering  force  of  a  large  manufacturing  company. — 
F-240. 

Administrative  or  Executive  position.  Member;  tech- 
nical and  commercial  training,  at  present  employed,  desires  to 
become  identified  with  manufacturing  or  industrial  plant  in 
responsible  position.  Varied  experience  in  design  and  con- 
struction of  machinery  and  buildings;  remodeling,  maintenance 
and  operation  of  industrial  i^lants  and  equipment;  systema- 
tizing of  shops  and  processes  along  scientific  management 
lines;  familiar  with  the  handling  of  men,  drawing  up  eon- 
tracts,  purchasing  equipment  and  material;  modern  methods 
•of  manufacturing  and  marketing  product. — -F-241. 

Mechanical  Engineer.  Member,  who  will  shortly  be  in 
New  York  for  several  months,  is  open  to  negotiate  with  promi- 
nent manufacturers  of  railway  i-olling  stock  and  specialties, 
with  a  view  to  representing  them  in  Europe.  Please  address 
all  commimications  to  the  Society. — F-242. 

Engineer  and  Superintendent,  Cornell  graduate  with  ex- 
tensive experience  in  designing,  purchasing,  constructing  and 
operating  power  plants,  track  work,  transmission  and  distribu- 
tion lines,  car  barns,  office  buildings,  foundries,  machine  shops, 
chemical  and  cotton  plants,  tanneries,  gun  cotton  and  smoke- 
less powder  plants,  factories  of  reinforced  concrete,  flat  slab 
or  mill  construction,  also  artesian  wells,  structural  steel,  docks, 
piling,  sewers,  heating,  drying  and  air  washer  systems.  Salarv 
$4,000.-F-243. 

Sales  Engineer.  Technical  graduate,  twelve  years  selling 
experience,  especially  Government  work.  At  present  in 
charge  of  Washington,  D.  C,  office  of  large  machinery  manu- 
facturer; desires  similar  position  in  New  York. — F-244. 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the 
Society  and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS   BY   THE   SOCIETY 

This  list  Includes  only  accessions  to  the  library  of  this  Society.  Lists 
of  accessions  to  the  libraries  of  the  A.I.E.E.  and  A.I.M.E.  can  be  se- 
cured on  request  from  Calvin  W.  Rice,  Secretary  of  Am.  Soc.  M.  E. 
Aids   in  Navigation    (Cummings  Engine  Log  System).  Boston.     Gift 

of  A.  S.  M.  E. 
Atlantic   Deeper   Waterways   Association.      Proceedings.      8th   An- 
nual Convention.     Philadelphia,  1916.     Gift  of  Association. 
Caenegie  Free   Library.     23d  and  27th   Annual  Report   of  Carnegie 

Club,  Braddocli,  Pa.    1915.     Gift  of  A.  S.  M.  E. 
The   Dangers   of   Half-Teuth    in   the   Power   Plant  ;   the   Busi- 
ness  OF   Making   Youk   Own   Power   at   a   Profit.     New    York, 
Fuel  Engineering  Company,  1916.     Gift  of  publisher. 
Dbam    Gbate.s,    Ddmpinq,    Shaking,    Stationary.      Catalogue    no.    7. 

New  York,  Washburn  d  Granger.     Gift  of  A.  S.  M.  B. 
Depreciation   Reserves   as  Affected  by   Property   Growth,   L.   R. 
Nash.     Reprinted  from  American  Economic  Review,  March,  1916. 
Gift  of  Stone  &  Webster  Corporation. 
Le  Factelr  Hbmain  dans  l'organisation  du  Travail,  James  Hart- 

ness.     Paris,  1916.     Gift  of  author. 
Fatigue  Study.     The  elimination  of  humanity's  greatest  unnecessary 
waste,   Frank   B.   Gilbreth   and   Lillian   M.   Gilbreth.     New    York, 
Sturgis  d  Walton,  1916.     Price,  $1.50.     Gift  of  Publishers. 
A  book  that  should  interest  not  only  engineers,  but  laymen  as  well. 
It  takes  up  the  geiferal  question  of  fatigue,  and  describes  the  methods 
of  studying  fatigue  and  the  bearing  of  environment,  lighting,  ventila- 
tion, seats  and  work  benches  on  fatigue.  W.  P.  C. 
Marksmanship  in  Schools.     London,  The  Wilkinson  Sword  Co.     Gift 

of  A.  S.  M.  E. 
National  Commercial  Gas  Association.  Proceedings  of  the  11th 
Annual  Convention,  1915.  New  York,  1915.  Gift  of  Association. 
New  York  Central  Railroad  Company.  Report  of  the  Board  of 
Directors  to  the  Stockholders,  1915.  New  York,  1915.  Gift  of 
New  York  Central  Railroad  Company. 


New  York  City  Board  of  Water  'Supply.  Information  for  bidders, 
forms  of  proposal,  contract,  bond  and  certificates,  specifications 
and  drawings  for  furnishing  and  erecting  fences  in  the  vicinity 
of  the  Kensico  Reservoir,  Contract  173.  1916.  Gift  of  Water 
Supply  Board. 

Information    for   bidders,    forms   of   proposal,    contract,    bond 

and  certificates,  specifications  and  drawing  for  furnishing,  de- 
livering and  installing  steam  heating  systems  in  the  Ashokan 
Lower  Gate  and  the  Kensico  Lower  Effluent  Chambers.  Con- 
tract  164. 

For  furnishing,  delivering  and  erecting  traveling  crane  equip- 
ment in  chambers  at  Ashokan,  Kensico  and  Hill  View  Reservoirs. 
Contract  95. 

For   surfacing   with    bituminous   macadam   and   vitrified   brick 

block  portions  of  the  highways  at  the  Kensico  Reservoir.  Con- 
tract 171.     Gift  of  New  York  City  Board  of  Watdr  Supply. 

New    York    State   Engineer    &    Surveyor.      Annual    Report,    vol.    I, 

1915.  Alhany,  1916.     Gift  of  State  Engineer  &  Surveyor. 

Oil  Fuel,  Ernest  H.  Peabody.     Gift  of  Babcock  &  Wilcox  Company. 

The  Piano  Player,  How  and  Why,  P.  J.  Meahl.  Summit,  1913.  Gift 
of  author. 

Planning  of  Alaskan  Ports,  Paul  Whitman.  Washington,  1916. 
Gift  of  U.  S.  Dept.  of  the  Interior. 

Railway  Regulations,  John  Flndlay  Wallace.  Rand-McNally  Bank- 
ers' Monthly,  April,  1916.     Gift  of  J.  F.  Wallace. 

Report  on  the  Feasibility  and  Advisability  of  Some  Policy  to 
Inaugurate  a  System  of  Rifle  Practice  Throughout  the 
Public  Schools  of  the  Country,  G.  W.  Wingate  and  A.  B. 
Critchfield.     Washington,  1907.     Gift  of  A.  S.  M.  E. 

Society  of  Constructors  of  Federal  Buildings.     List  of  Members, 

1916.  Gift  of  A.  S.  M.  B. 

Society  of  Naval  Architects  &  Marine  Engineers.  List  of  Mem- 
bers, 1915.     Gift  Of  A.  S.  M.  E. 
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Some   Hazauds  and  Safdty  Suggestions   in   Connection   with  Con- 

STRCCTioN,  Inspection  and  Maintenance  of  Public  Utilities, 

H.  W.  Mowery.     Gift  of  A.  S.  M.  E. 
Stair   and    Sidewalk    Hazards.      From    tbe    report    to    the    Mayor's 

safety   committee   by   the   American   Museum  of   Safety.     Gift   of 

A.   S.  M.  E. 
SoBMAKiNB    Navigation,    by    the    Aid    of    Cumuings    Engine    Log 

System.     Boston.     Gift  of  A.  S.  M.  E. 
Sdb-tabget  Gun  Machine.   Description  of.     Boston.     Gift  of  A.   S. 

M.  E. 
Technical    Board — Vessel    safety    to    Council    Committee,    Harbors, 

Wharves   and    Bridges,    City   of   Chicago.      Report,    March,    1916. 

Gift  of  Technical  Board — Vessel  Safety. 
Text  Book  of  Mechanics,  Louis  A.  Martin,  Jr.     Vol.  VI.     Thermo- 
dynamics,     yieio   York,  J.   Wiley  d   Sons,  1016.     Gift  of  publisher. 

Price,  $1.75. 
An   elementary   textbook  for   mechanical   engineering  students. 

W.  P.  C. 

EXCHANGES 

Institution    of    Mechanical    Engineers.       Proceedings,     Oct.-Dec, 

1915.    London,  191.5  . 
The  Locomotive.     Vol.  XXX.     Hartford  Steam  Boiler  Inspection  and 

Insurance  Company.     Hartford,  liili-isii. 

TRADE    CATALOGUES 

American  Manganese  Steel  Co.  Chicago,  III.  Bulletin  65.  Man- 
ganese Steel  Castings  for  Steam  Shovels  and  Dipper  Dredges. 

Bailey  Meter  Co.  Boston,  Mass.  Bulletin  No.  5.  Bailey  Fluid 
Meter,  Type  C  2.     Jan.,  1916. 

Baied  Machine  Co.  Bridgeport,  Conn.  Master  Bulletin.  '■  Brief 
bits  'bout  Baird  Machinery."     Nov.,  1911. 

Becker  Milling  Machine  Co.  Boston,  Mass.  Becker  Vertical  and 
Horizontal  Millers.     1916. 

Continental  Gin  Co.  Atlanta,  Ga.  Catalogue  No.  E-2.  Continental 
Engines  and  Boilers. 

Go,  X7-B.     Cotton  Ginning  Machinery  ;  Continental  Linter. 

"Duplex"  Gin  Saw  Filer  (Wood's  latest  improved  No.  3). 

Heart  of  the  Gin  Plant.     20  pp. 

Flanneky  Bolt  Co.     Pittsburgh,  Pa.     Staybolts.     April,  I'JIS. 

Goldschmidt  Thermit  Co.  j\'eic  York,  N.  Y.  Beactions.  Vol.  9, 
no.   1.      1916. 

Goodrich  Co.     Akron,  Ohio.     The  Goodrich.     April,  1916. 

Ingersoll  Rand  Co.  Xeiv  York,  X.  Y.  Form  no.  3026.  '•  Ingersoll 
Rogler,"  Class  "  PRE,"  Duplex  Direct  Connected.  Electrically 
Driven  Air  Compressors.     March,  1916. 

NORDBERG  Mfg.  Co.  Mil.uaukee,  Wis.  Bulletin  no.  27A.  High  Com- 
pression Two-Sycle  Oil  Engine.     Sept.,  1915. 

Roebling's  Sons  Co.  Trenton,  K.  J.  Roebling  Wire  Rope.  v.  1, 
no.  2. 

Stephens-Adamson  Mfg.  Co.     Aurora,  III.     Labor  Saver.     April,  1916. 

Texas  Oil  Co.    New  York,  N.  Y.    Lubrication.    April,  1916. 
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U.   S.  Bureau  of  Statistics,  Foreign  Commerce  and  Navigation  of  the 
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THIS    month's    articles 

The  articles  in  the  section  Aviation  are  characteristic  ot 
the  rapid  and  growing  development  of  this  new  branch  of 
engineering.  Among  this  month's  abstracts  is  found  an  ex- 
tensive investigation  on  the  dimensional  theory  of  wind  tunnel 
experiments,  by  Edgar  Buckingham,  Mem.  Am.  Soc.  M.  E., 
carried  out  at  the  Smithsonian  Institution,  while  the  Massa- 
chusetts Institute  of  Technology  is  shown  in  an  abstracted 
article  by  J.  S.  Hunsaker  to  have  created  an  apparently  well- 
equipped  laboratory  for  aeronautical  experimentation. 

In  the  same  section  will  be  found  an  abstract  of  a  paper 
by  Prof.  G.  H.  Bryan  on  the  characteristics  of  certain  resist- 
ing surfaces  and  screws.  This  paper  is  of  an  essentially 
critical  nature  and  to  be  fully  understood  must  be  read  in 
connection  with  the  previous  paper  by  a  veteran  of  aviation, 
Capt.  Ferber,  who  made  an  attempt  to  treat  the  entire  prob- 
lem of  stability  of  heavier-than-air  machines  by  means  of  an 
orthogonal  system  of  planes. 

In  the  section  on  Engineering  Materials  will  be  found  a 
continuation  of  an  article  abstracted  in  the  previous  issue  of 
The  Journal,  on  the  influence  of  heat  treatment  on  certain 
physical  properties  of  steel.  In  the  present  abstract  are  given 
data  on  the  hardness  of  very  low  carbon  steel  as  affected  by 
annealing  at  various  temperatures. 

In  the  next  section,  Foundry,  is  a  discussion  of  the  in- 
terdependent relationship  of  the  various  factors  in  malleable 
iron  production.  Among  other  things,  the  author  gives  a  con- 
trol chart  of  malleable  cast  iron  melting  and  annealing  opera- 
tion, which  may  be  of  considerable  usefulness  for  one  who 
wants  to  make  certain  that  he  thoroughly  understands  every 
step  in  the  production  of  this  important  material. 

A  brief  abstract  is  given  of  a  paper  before  the  Society 
of  Chemical  Industry  by  Prof.   William  A.  Bone,  of  Eng- 


land, chairman  of  the  Fuel  Economy  Committee  of  the  Brit- 
ish Association.  The  appointment  of  this  Committee  which, 
at  least  in  this  country,  attracted  only  very  little  attention, 
is  one  of  the  significant  indications  of  the  profound  changes 
which  the  present  war  in  Europe  is  likely  to  bring  for  all  time 
to  come  in  the  industrial  life  of  the  world.  While  the  sub- 
,iect  of  economy  was  always  one  of  favorite  discussion,  thes« 
discussions  were  mainly  academic  because  the  creation  of 
economic  conditions  of  production  involves  not  only  the 
changes  in  methods  of  operation  but  what  is  more,  changes  in 
that  equipment  with  which  the  world's  work  is  done,  and  indus- 
tries are  proverbially  slow  in  sending  to  the  scrap  heap  equip- 
ment which,  however  uneconomical,  pays  dividends.  The  war, 
by  its  upheaval  in  all  relations  of  supply  and  demand,  has 
forced  the  industries  to  consider  the  forms  of  production,  not 
from  the  point  of  view  of  current  balances  of  income  and  ex- 
pense, but  as  an  element  in  the  national  struggle  for  existence 
in  which  economy  of  operation  becomes  the  imperative  condi- 
tion of  survival.  It  made  clear  that  the  change  of  indus- 
trial and  trade  policies,  partly  already  accomplished  and 
still  more  impending  after  the  conclusion  of  peace,  will  re- 
quire an  entire  reconstruction  of  the  whole  age-old  structure  of 
production,  and  every  nation  is  anxious  that  when  this  re- 
construction is  effected  it  should  leave  its  methods  of  creation 
of  values  as  economical  and  as  efficient  as  possible.  The 
British  Association,  a  body  representing  the  best  scientific 
forces  of  the  British  Empire,  has,  with  this  view  in  mind, 
created  a  number  of  committees,  that  of  Fuel  Economy  being 
naturally  of  greatest  interest  to  mechanical  engineers.  It  is 
significant  that  the  first  thing  to  which  the  chairman  of  that 
Committee  calls  attention  is  a  great  need  of  further  experi- 
mental research  upon  the  chemical  character  of  coal.  It  is 
rather  noteworthy  because  it  carries  with  it  the  open  confession 
that  we  are  still  very  ignorant  of  the  nature  and  properties 
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of  that  material  on  wiiicli  the  world  has  been  mainly  depend- 
ent for  its  power  since  the  days  of  Newcomen's  engine. 

In  the  next  section  is  described  a  pipe  line  installation  in 
Nevada.  The  interest  of  this  installation  lies  in  the  fact  that 
as  it  had  to  be  protected  against  excessive  cold  during  cer- 
tain parts  of  the  year,  automatic  devices  have  been  installed 
of  apparently  a  simple  and  quite  efficient  nature. 

Attention  is  called  to  the  section  on  Measuring  Instru- 
ments, among  other  things  to  the  abstract  of  the  article  on  the 
fan  dynamometer,  by  J.  Lawrence  Hodgson,  of  interest  be- 
cause it  gives  information  on  how  the  resisting  torque,  due 
to  the  blades  of  a  fan  dynamometer,  varies  with  their  shape 
and  size  with  the  diameter  of  the  fan  and  the  density  of  the 
fluid  in  which  the  blades  rotate.  In  the  same  section  is  an 
abstract  from  a  French  periodical  discussing  the  various 
sources  of  error  which  are  apt  to  affect  the  measurement  of 
the  power  dexeloped  by  engines.  It  is  shown  that  when  the 
propeller  rotates  inside  of  a  large  casing  as  is  usually  done  in 
power  tests,  the  error  may  be  as  high  as  20  per  cent. 

Several  articles  "on  flow  of  fluids  through  pipes  and  the 
vortex  formation  in  the  air  will  be  found  in  the  section 
Physics. 

The  Simplex  valve  for  Mallet  type  of  locomotives  is  de- 
scribed in  the  section  Railway  Engineering. 

Aeronautics 

The  Characteristics  op  Certain  Resisting  Surfaces  and 
ScKEWs,  G.  H.  Bryan 

The  paper  discusses  the  treatment  of  the  problem  of  stabil- 
ity of  heavier  than  air  machines  by  Captain  Ferber  by  means 
of  an  orthogonal  system  of  planes. 

The  present  paper  deals  with  the  properties  of  a  system  of 
rigidly  connected  non-interfering  surface  elements  moving  in 
a  i-esisting  medium  and  obeying  the  sine  law  of  resistance. 
The  application  of  the  results  to  the  specification  of  the  forces 
and  couples  acting  on  an  actual  aeroplane  is,  therefore,  sub- 
ject to  certain  limitations  and  in  particular  the  surfaces  of  an 
aeroplane  must  partake  of  the  character  of  "  narrow  planes 
gliding  at  small  angles  "  in  order  that  the  results  may  become 
applicable  as  first  approximations.  The  article  is  of  a  strictly 
mathematical  nature  and  only  some  of  the  conclusions  arrived 
at  are  reported  here. 

Every  resisting  system  of  the  kind  referred  to  possesses 
three  principal  axes  at  right  angles,  such  that  a  wind  blowing 
in  the  direction  of  one  of  these  axes  produces  no  component 
pressure  at  right  angles  to  that  axis.  The  axes  may,  therefore, 
be  described  as  axes  of  no-hft,  since  the  lift  of  an  aeroplane 
represents  the  component  pressure  perpendicular  to  the  wind 
velocity. 

A  system  having  one  plane  of  symmetry  may  be  repre- 
sented by  Captain  Ferber's  equivalent  system  of  three  orthog- 
onal planes  for  all  variations  of  pressure  depending  on  mo- 
tions of  translation  of  the  system  relative  to  the  resisting  me- 
dium, and  the  same  result  holds  good  for  any  such  system 
provided  that  motion  in  the  direction  of  a  principal  axis  pro- 
duces no  couple  about  that  axis.  When,  however,  the  system 
has  a  motion  of  rotation  in  addition  to  one  of  translation,  the 
forces  and  couples  on  it  are  no  longer  equivalent  to  those  on 
a  system  of  three  orthogonal  planes,  and  failure  to  realize  this 
fact  was  one  of  the  causes  wliich  led  Captain  Ferber  to  obtain 
incorrect  conditions  of  lateral  stability. 

Selig  Brodetsky  has  investigated  the  conditions  under  which 
the  system  may  be  replaced,  not  by  three  orthogonal  planes, 
but  by  six  surfaces  occurring  in  pairs,  each  pair  being  per- 
pendicular to  one  of  the  co-ordinate  axes.    Under  certain  con- 


ditions he  finds  that  six  surfaces  can  be  reduced  in  number 
to  five,  four  and  three.  Professor  Bryan  claims,  however,  that 
■  when  rotations  are  taken  into  account,  the  representation  of 
the  system  by  any  equivalent  system  of  orthogonal  planes  is 
only  possible  in  the  ease  of  small  oscillations  or  other  dis- 
turbances about  a  state  of  steady  motion  in  a  direction  nearly 
coinciding  with  the  principal  axis. 

The  author  considers  next  the  resistance  derivatives  of 
screws. 

A  qualitative  estimate  of  the  magnitudes  of  these  deriva- 
tives can  be  obtained  by  assuming  the  blades  to  be  "  narrow 
surfaces  gliding  at  small  angles,"  i.  e.,  by  supposing  that  they 
can  be  regarded  as  built  up  of  non-interfering  surface  ele- 
ments the  resistance  on  which  follows  the  sine  law.  The  au- 
thor discusses  mathematically  the  expressions  for  these  deriv- 
atives and  shows,  first,  that  it  is  possible  to  select  the  coeffi- 
cients in  such  a  manner  that  the  machine  should  not  tend  to 
dip  up  or  down  in  turning  curves,  and,  second,  by  taking  the 
turning  axis  to  be  horizontal,  it  would  similarly  be  possible  to 
choose  its  position  and  that  of  the  screw  so  that  the  lateral 
rotations  are  not  set  up  when  the  system  is  being  steered  in 
a  vertical  plane  {The  Aeronautical  Journal,  vol.  20,  no.  77, 
p.  3,  January-March  1916,  7  pp.     mt). 

Notes  on  the  Dimensional  Theory  op  Wind  Tunnel  Ex- 
periments, Edgar  Buckingham 

The  purpose  of  the  investigation  has  been  to  establish  the 
conditions  under  which  data  obtained  from  tests  on  models 
may  be  applied  to  full-size  originals. 

In  order  that  the  results  of  observations  on  models  shall  be 
interpretable  as  definite  statements  about  the  behavior  of  the 
full-size  original  of  which  the  model  is  a  copy,  certain  re- 
quirements must  be  satisfied,  and  when  they  are  satisfied  the 
original  and  the  geometrically  similar  model  are  said  to  be 
dynamically  similar.  The  conditions  for  dynamical  similarity 
are  bound  up  with  the  general  question  of  the  possible  forms 
of  equations  which  describe  relations  subsisting  among  the 
pliysical  quantities  involved  in  physical  phenomena. 

If  -R  be  any  force  exerted  by  the  ambient  fluid  on  a  body 
moving  through  it,  R  will  depend  on  and  be  completely  deter- 
mined by  the  relative  speed,  the  size,  shape  and  attitude  of 
the  body  and  the  mechanical  properties  of  the  fluid,  and  there 
must  be  a  definite  relation  connecting  these  various  physical 
quantities  which  can  be  described  by  an  equation. 

The  properties  of  the  fluid  which  determine  its  mechanical 
behavior  are  its  density  p,  its  viscosity  (ji.,  and  its  compressi- 
bility, but  instead  of  the  viscosity  it  is  generally  more  con- 
venient to  use  the  kinematic  viscosity  v  =  ^/g.  Similarly, 
the  speed,  C,  of  sound  waves  in  the  fluid  is  fixed  by  the  dens- 
ity and  compressibility,  so  that  conversely  C  and  p  fixes  the 
compressibility,  hence  the  properties  of  the  fluid  may  be  spe- 
cified by  stating  the  values  of  the  density  p,  the  kinematic 
viscosity  v  and  the  acoustic  speed,  C,  in  the  fluid. 

The   author  deduces   the   following  equation : 


^(- 


/,/',...  Wo 


[1] 


R        DS     S 

^pD^'  ~V    C 

which  is  fundamental  to  the  experimental  study  of  hydro- 
dynamic  and  aerodynamic  forces  acting  on  totally  immersed 
bodies.  In  this  equation  D  is  some  linear  dimension  of  the 
body  such  as  its  greatest  length,  S  is  the  constant  velocity  at 
which  the  body  is  moving,  and  /,  r".  .  .  .  are  the  ratios  of  a 
number  of  lengths  to  the  particular  lengih,  D,  which  specify 
the  shape  of  the  body  and  its  attitude,  i.e.,  its  orientation 
with  regard  to  the  direction  of  motion. 
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The  simplification  of  this  equation  is  possible  when  (he 
motion  is  not  rapid  enough  to  cause  any  sensible  compression 
in  the  fluid.  In  this  event  it  is  immaterial  what  the  com- 
pressibility is  so  that  S/C  may  be  omitted  from  consideration 
and  the  equation  reduces  to 


From  equation 


li  =  i^B'S-  cp 


(v4) 


[3] 


R  /DS  \ 


[2] 


It  must  be  borne  in  mind  that  equation  [2]  would  be  entirely 
misleading  if  used  in  studying  projectile  resistances,  but  at 
the  speeds  which  occur  in  aeronautics,  with  the  exception  of 
propeller  tip  speeds,  the  ratio  S/C  is  a  sufficiently  small  frac- 
tion to  make  legitimate  an  assumption  that  the  air  acts  ueai'ly 
like  an  incompressible  fluid.  This  equation  sup|)lies  the  basis 
for  an  experimental  investigation  of  the  aerodynamic  prob- 
lems which  occur  in  connection  with  aeronautics  and  aviation 
by  means  of  reduced  scale  models. 

The  author  shows  that  if  a  series  of  bodies  of  various  sizes 
but  of  the  same  shape  are  presented  to  the  wind  in  the  same 
attitude,  the  equation  which  expresses  the  force  exerted  by 
the  fluid  on  the  body  involves  a  certain  function  the  nature 
of  which  will  depend  on  the  shape  and  attitude  of  the  bodies 
but  not  on  their  size  (provided  the  disregard  of  compressi- 
bility as  stated  above  was  a  justifiable  approximation). 

The  author  finds  further  that  the  head  resistance  is  jiro- 
portional  to  the  square  of  velocity  and  that  in  the  equation 
which  expresses  it,  viscosity  does  not  appear.  This  is  not 
equivalent  to  saying,  however,  that  viscosity  plays  no  part  at 
all  in  the  i^henomena,  for  if  viscosity  did  not  exist  there 
would  be  no  eddies  of  finite  size,  no  dissipation  and,  at  a 
constant  speed,  no  resistance.  It  means  rather  that  the  drag 
on  the  body  by  the  fluid  is  due  to  the  continual  drain  of  en- 
ergy needed  to  set  up  anew  the  turbulent  eddying  motion 
about  the  body  and  that  when  these  eddies  have  once  been 
created  it  makes  no  difference  how  fast  they  are  dissipated 
by  viscosity  after  the  body  has  left  them  behind. 

The  writer  further  discusses  the  question  of  critical  speed 
as  it  affects  the  head  resistance  of  a  body  and  shows  that  at 
a  certain  point  the  critical  value  may  be  reached  where  the 
ordinary  expression  for  the  relation  between  resistance  and 
speed  ceases  to  hold  and  the  character  of  the  fluid  motion 
changes  very  rapidly  though  not  discontinuously.  The  occur- 
rence of  a  critical  speed  for  a  given  body  in  a  given  attitude 
is  paralleled  by  the  occurrence  of  a  critical  attitude  at  a  given 
speed.  Just  as  the  nature  of  the  fluid  motion  and  the  law  of 
resistance  of  a  given  body  change  rapidly  at  a  certain  critical 
range  of  speed  so  there  are  similar  rapid  changes  in  the  mo- 
tion of  the  forces  at  the  critical  angle  of  attack  for  a  given 
aerofoil  at  a  given  speed. 

The  question  of  resistance  of  flat  plates  normal  to  the  wind 
is  discussed  and  the  ajaparent  irregiilarities  in  the  variation 
of  resistance  as  affected  by  D'  are  considered,  the  author  sug- 
gesting that  these  variations  are  due  to  the  fact  that  the  com- 
pressibility of  the  fluid  is  not  entirely  negligible.  Compres- 
sion might  occur  locally  in  some  parts  of  the  field  about  the 
body  to  such  an  extent  as  to  modify  the  flow  and  so  aiifect 
the  resistance. 

The  problem  of  dynamical  similarity  is  stated  as  follows : 
Let  us  suppose  that  we  are  confronted  with  a  problem  of 
design  which  requires  our  knowing  in  advance  the  head  re- 
sistance at  a  prescribed  speed  of  some  body,  such  as  an  air- 
ship. Avhich  is  too  large  for  direct  experiment.  How  to  get 
the  desired  information  from  experiments  on  a  small  model 
which  can  be  made  at  a  permissible  cost? 


it  is  seen  that  whatever  be  the  form  of  <?,  if  its  two  arguments 
have  the  same  values  during  two  different  experiments  on 
geometrically  similar  bodies,  the  value  of  9  itself  will  be  the 
same  in  both  experiments.  This  leads  to  the  notion  of  "  corre- 
sponding speeds  "  and  "  dynamical  similarity."  If  we  sup- 
pose that  we  require  the  resistance  iJ  of  a  body  of  size  D  at 
a  speed  S  in  a  medium  with  the  properties  p,  v,  and  C  and 
that  we  have  a  model  of  size  D„  which  can  be  run  in  a  me- 
dium with  the  properties  p,„,  v„,,  and  Cm,  then  we  can  run  the 
model  at  a  speed  S,n  such  that 

D,„S,„  DS  S,„  S 

^;r  =  v-  ^"'^  ci  =  c  t^] 

Speeds  which  satisfy  this  last  equation  are  "  corresponding 
speeds  "  and  when  two  geometrically  similar  bodies  are  run 
at  corresponding  speeds,  they  are  "  dynamically  similar." 
(-)n  the  other  hand,  it  can  be  shown  that  geometrically  sim- 
ilar bodies  will  be  dynamically  similar  if  their  speeds  are 
inversely  as  their  linear  dimensions.  In  some  cases  excessive 
reduction  in  scale  might  involve  running  the  model  so  fast 
as  to  make  the  effects  of  compressibility  no  longer  negligible, 
l)ut  if  the  original  is  to  be  run  in  air  while  the  model  can 
be  run  in  water  this  difficulty  may  be  avoided.  In  practice, 
however,  under  ordinary  working  conditions  the  resistance  of 
aeroplanes  and  their  separate  structural  elements  are  so 
nearly  proportional  to  the  square  of  the  speed  and  the  effects 
of  compressibility  are  so  small  that  for  practical  purposes  9 
in  equation  [3]  may  be  treated  as  a  constant  (Smithsonian 
Institution  Report,  through  Aerial  Age,  vol.  3,  nos.  5  and  6, 
pp.  152  and  184,  April  17  and  24,  1916,  4  pp.     t). 

The  Wind   Tunnel  of  the  Massachusetts  Institute  of 
Technology,  J.  S.  Hunsaker 

Description  of  the  installation  of  some  of  its  equipment. 
The  wind  tunnel  of  the  Massachusetts  Institute  of  Technology 
essentially  reproduces  a  similar  installation  at  the  National 
Physical  Laboratory,  Tedding-fon,  England,  from  which  were 
obtained  detailed  plans  and  also  the  patterns  from  which  the 
aerodynamical  balance  was  made.  From  the  work  of  the 
staff  of  the  National  Physical  Laboratory,  certain  calcula- 
tions applicable  to  wind  tunnels  generally  have  been  reached, 
among  them:  (1)  the  suction  side  of  a  fan  is  fairly  free  from 
turbulence,  (2)  a  fan  made  by  a  low  pitch  four-bladed  pro- 
peller gives  a  steadier  flow  than  the  ordinary  propeller  fan 
used  in  ventilation,  and  a  much  steadier  flow  than  fans  of 
the  Sirocco  or  centrifugal  type,  (3)  a  wind  tunnel  should  be 
completely  housed  to  avoid  the  effect  of  outside  wind  gusts, 
and  (4)  air  from  the  propeller  should  be  discharged  into  a 
large  perforated  box  or  diffuser  to  damp  out  the  turbulent 
wake,  and  return  the  air  at  low  velocity  to  the  arm. 

The  wind  tunnel  proper  is  16  sq.  ft.  in  section  and  some 
53  ft.  in  length.  Models  under  test  are  mounted  in  the  cen- 
ter of  the  square  trunk  on  the  vertical  arm  of  the  balance. 
Passing  through  the  square  trunk  and  past  the  model  the  air 
is  drawn  past  a  star-shaped  longitudinal  baffle  into  an  ex- 
jjanding  cone,  the  expansion  of  which  is  much  larger  than  in 
the  English  tunnel. 

The  aerodynamical  balance  is  essentially  similar  to  that 
used  in  the  National  Physical  Laboratory  in  England.  It  can 
be  adusted  to  tilt  for  1/10,000  lb.  force  on  the  mo'el.  In 
general,  however,  the  precision  of  measurements  is  not  so  good 
as  the  sensitivity  and  in  the  end  is  limited  bv  the  steadiness 
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of  the  wiiul  and  the  skill  of  the  ohserver.  The  article  describes 
the  methods  of  alignment  of  the  tunnel  and  alig-nmeut  of  ver- 
tical axes  of  the  balance. 

The  velocity  of  flow  in  tlie  wind  tunnel  is  measured  by  a 
double  Pitot  tube  calibrated  at  the  National  Physical  Lab- 
oratory in  England.  Its  disadvantage  lies  in  the  fact  that  it 
obstructs  the  channel,  and  where  models  are  to  be  tested  the 
channel  should  be  kept  entirely  clear,  iience  the  side  hole  method 
of  measurement  may  be  used  and  the  article  explains  its  prin- 
ciple. The  pressure  transmitted  by  the  side  plate  is  read  on 
an  inclined  alcohol  manometer  on  the  Ki-ell  principle.  The 
side  plate  and  its  manometer  were  calibrated  together  against 
the  Pitot  tube  and   a  Chattock  manometer   {The   Technology 
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Fig.  1     FuxcTioxAL  Relation  between  Hardness  and 
Heating 

Ordinates  in  both  figures  :   Brinell  hardness  ; 

Abscissae  in  A  ;   duration   of  heating  in   hours,   in    B  :    teiaperature   of 
heating  in   deg.   cent.      In   B  :    .v'frf  t=  hours. 

Monthly  and  Harvard  Engineering  Journal,  vol.  3,  nos.  1  and 
2,  pp.  9  and  17,  April  and  May,  1916.  8  pp.    d). 

Engineering  Materials 

Influence  of  Heat  TRE.-iTiiENT  on  Certain  Physical  Pkop- 
EETIES  OF  Steel,  A.  Pomp 

The  article  is  a  continuance  of  one  abstracted  in  The  Jour- 
nal, May,  1916,  page  -421.  In  this  part  of  the  article  the 
author  presents  some  investigation  on  the  hardness  of  mild 
wrought  iron  after  annealing-  at  various  temperatures.  The 
chief  interest  of  the  investigation  lies  in  the  fact  that,  as  the 
author  states,  there  are  no  published  data  on  the  hardness  of 
this  material  under  such  conditions.  It  is,  however,  also  of 
interest  because  the  tensile  strength  and  hardness  of  a  ma- 
terial being-  approximately  proportional  to  one  another,  vari- 
ations of  tensile  strength  due  to  heat  treatment  may  be  ex- 
pected to  produce  concomitant  variations  in  hardness. 

H.  Fay  and  S.  Badlam  have  investigated  the  tensile  strength 
of  a  low  carbon  steel  (0.07  per  cent  carbon)  heated  in  an 
electric  muffle  furnace  up  to  temperatures  of  1200  deg.  cent., 
and  have  found  only  a  \ery  slight  fall  of  tensile  strength, 
viz.,  from  59,000  to  53,000  lb.  per  sq.  in.,  at  temperatures 
above  1100  deg.  cent. 


In  the  i)resent  test  the  hardness  was  determined  by  the 
Brinell  method  with  a  maximum  pressure  api)lied  1000  kg. 
(2200  lb.)  ;,  diameter  of  the  ball  5  mm.  (0.196  in.)  ;  and  dura- 
tion of  application  of  pressure  0.5  minutes. 

The  results  of  the  Brinell  test  are  given  in  Table  1  and 
gi-aphically  in  Figs.  lA  and  B.  Fig.  A  reproduces  the  hard- 
ness as  a  function  of  the  duration  of  heating,  the  curves 
drawn  being,  therefore,  lines  of  equal  temperature,  while  in 
Fig.  B  hardness  is  represented  as  a  function  of  the  tempera- 
ture applied,  the  curves  being  lines  of  equal  duration  of 
heating. 

From  these  figures  it  apjiears  that  the  variations  of  hard- 
ness with  rise  of  temperature  and  increase  in  duration  of 
heating  up  to  temperatures  of  600  deg  cent,  are  only  ex- 
tremely slight,  and  do  not  exceed  probable  experimental  er- 
rors. The  values  for  hardness  obtained  with  heating-  at  tem- 
peratures of  700  deg  cent,  and  up  are  from  5  to  10  Brinell 
units  below  those  obtained  with  temperatures  from  zero  to 
600  deg.  cent.  This  difference,  however,  is  not  material,  and 
indicates  only  that  at  the  higher  temjieratures  of  heating 
there  occurs  a  certain,  even  though  small,  i-eduction  of  hard- 
ness,— an  obseiTation  which  is  in  accord  with  those  previously 
made  by  Fay  and  Badlam. 

A  noteworthy  fact  is  brought  out  by  Fig.  A,  namely,  that 
whether  the  duration  of  heating  is  one  or  eight  hours,  there 
is  no  material  variation  in  the  hardness  of  the  metal. 

With  heating  at  the  higher  temperatures  and  for  periods 
from  6  to  8  hours,  a  certam  slight  decarbonization  of  the 
materials  under  test  could  not  be  avoided.  For  example,  the 
reduction  of  the  carbon  content  in  a  test  piece  heated  for  8 
hours  at  1200  deg.  cent,  amounted  to  0.02  per  cent,  and  if 
one  considers  that  the  total  carbon  content  of  the  original 
material  was  only  0.08  per  cent,  the  conclusion  may  be  justi- 
fied that  the  reduction  of  hardness  which  occurs  with  the  rise 
of  temperature  of  heating  may  be  at  least  partly  due  to  the 
decarbonization  of  the  material  {Einfluss  der  Wdrmebehand- 
htng  aiif  die  Kerbziihigkeit,  Korngriisse  und  Hiirte  von  koh- 
h'nstoffarmem  Flusseisen,  A,  Pomp,  Ferriim.  vol.  13,  no.  5, 
p.  65,  February,  1916.    eA). 


Foundry 

A'ariable  Factor.?  in  Malleable  Iron  Production,   L. 

Gilmore 


E. 


The  article  gives  an  outline  showing  the  interdependent  re- 
lationship of  the  various  factors  in  malleable  iron  production, 
with  some  practical  suggestions  for  the  manufacture  of  this 
material. 

In  the  production  of  malleable  iron  there  are  two  requi- 
sites; first,  the  carbon  of  the  white  iron  must  be  in  chemical 
combination  such  that  it  is  annealable;  and  second,  the  an-- 
nealing  must  be  such  as  will  dissociate  the  carbon  in  combi- 
nation as  precipitated  free  carbon.  All  the  variables  preced- 
ing and  during  casting  must  be  manipulated  to  attain  the  first 
mentioned  condition  and  all  the  variables  of  the  annealing  op- 
eration must  be  regulated  to  produce  the  second  requisite. 

The  author  gives  a  control  chart  (Fig.  2)  of  malleable  cast 
iron  melting  and  annealing-  operations.  Other  variables  being- 
constant,  the  higher  the  casting  temperature  and  the  faster 
the  rate  of  cooling,  the  gi-eater  the  percentage  of  combined 
carbon.  Further,  the  condition  of  the  carbon  is  vitally  influ- 
enced by  the  various  chemical  constituents  of  the  iron,  and  the 
l)roper  condition  of  combined  carbon  may  be  secured  by  varj-- 
ing  percentages  of  silicon  provided  the  carbon  is  correspond- 
ingly reduced  as  the  silicon  percentage  is  increased.  The 
proper  manipulation  of  the  percentages  of  sulphur  and  man- 
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gaiiese  will  produce  a  similar  effect.  Finally,  cei'tain  ferro- 
alloys have  sufficient  carbon  to  gray  the  white  iron  irrespec- 
tively of  the  effect  of  the  other  elements  present  in  the  alloy. 

The  next  element  is  the  type  of  furnace  used,  which  imposes 
rigid  limits  on  the  chemical  composition  of  the  material.  The 
details  of  construction  of  the  furnace  also  determine  the  na- 
ture of  the  fuel  used  as  well  as  its  quahty.  A  coke  too  high 
in  ash  and  sulphur  might  make  impossible  the  production  of 
g'ood  malleable  in  a  cupola.  Another  important  factor  in  fur- 
nace operation  is  the  nature  and  condition  of  the  slag,  as  the 
retention  or  loss  and  the  speed  of  elimination  of  certain  chem- 
ical elements  may  be  largely  dependent  upon  the  slag.  The 
next  item  in  furnace  operation  is  the  control  of  combustion, 
and  finally,  the  human  factor  must  not  be  lost  sight  of. 

The  author  summarizes  the  whole  subject  of  furnace  op- 
eration in  two  aims,  that  of  melting  the  iron  in  the  shortest 
possible  time  at  least  cost,  and  that  of  producing  an  iron  hot 
enough  to  pour  the  work  successfully. 

The  nest  question  is  what  mix  will  produce  the  analysis  of 


of  the  annealing  operation  are  interdependent;  for  instance, 
an  increased  maximum  temperature  and  shorter  holding  time 
may  accomplish  the  same  result  as  a  lower  maximum  tempera- 
ture with  a  longer  holding  time.  The  rate  of  cooling  through 
the  critical  range  may  make  or  mar  an  otherwise  perfect  ma- 
terial {The  Founclnj,  vol.  44,  no.  .5,  p.  181,  May  1916,  .3  pp., 
1  flg.    p). 

Fuel  and  Firing 

Fuel  EconomTj  Prof.  William  A.  Bone 

In  a  paper  before  the  Society  of  Chemical  Industry,  Prof. 
William  A.  Bone  spoke  of  the  work  of  the  Fuel  Economy 
Committee  of  the  British  Association  which  has  been  appointed 
to  consider  the  subject  of  fuel  economy  from  a  national 
standpoint. 

The  investigations  are  to  be  conducted  by  a  committee  com- 
posed of  prominent  representatives  of  the  principal  industrial 
users  of  fuel  as  well  as  eminent  power  engineers  and  chemists 
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best  composition.  The  ideal  mix  is  that  w-hieh  will  produce 
under  the  conditions  of  furnace  operation  the  desired  com- 
position in  the  melted  iron  as  soon  as  the  iron  is  hot  enough 
for  pouring.  In  making  up  the  mix,  besides  other  things,  the 
loss  or  increase  in  each  element  due  to  furnace  conditions  and 
methods  of  operation  must  be  discounted.  Besides  its  chemi- 
cal analysis,  the  physical  condition  of  the  scrap  and  pig  is  a 
variable  that  has  an  important  bearing  upon  the  use  of  these 
materials.  For  example,  sand-coated  pig  requires  a  greater 
length  of  time  for  melting,  and  the  same  holds  good  for  ma- 
terial in  large  chunks.  On  the  other  hand  very  small  pieces 
of  metal  may  be  detrimental  when  badly  rusted,  as  this  rust 
must  be  taken  care  of  in  the  slag. 

The  essentials  of  the  annealing  operation  are,  first,  the 
maximum  temperature  attained;  second,  the  length  of  time 
held  above  the  critical  temperature;  and,  third,  the  rate  of 
cooling  through  the  critical  range.  The  conditions  of  anneal- 
ing are  further  affected  by  the  thickness  of  castings  and  na- 
ture of  packing.  The  aim  in  the  construction  of  the  anneal- 
ing furnace  and  application  of  fuel  is  to  furnish  a  means  for 
rapidly  heating  the  castings  in  all  parts  of  the  oven  to  as 
nearly  miiform  a  temperature  as  possible  ajid  then  maintain- 
ing this  temperature  a  suitable  length  of  time.     The  variables 


who  have  made  a  special  study  of  gaseous  fuels  and  combus- 
tion. The  committee  has  resolved  itself  into  five  sub-commit- 
tees, each  with  its  own  chairman,  namely.  Chemical  and  Sta- 
tistical (including  the  chemical  nature  of  coal  and  the  char- 
acter of  the  principal  British  coal  seams)  ;  Carbonization  (in- 
cluding gas  works,  coke  ovens,  low  temperature  distillation 
and  the  utilization  of  products  derived  therefrom) ;  Power  and 
Steam  Eaising  (including  experiments  on  public  power 
schemes)  ;  Metallurgical  (Iron  and  Steel)  and  Ceramic  Indus- 
tries; Domestic  Smoke  Prevention  (including  problems  rela- 
tive to  domestic  heating). 

The  writer  of  the  paper  outlines  a  tentative  program  of  the 
work  of  the  committee  which  be  as  chairman  considered  per- 
sonally advisable.  He  says  that  in  the  first  place  there  is  a 
great  need  of  further  experimental  research  upon  the  chemical 
character  of  coal  about  which  we  are  still  very  ignorant. 
Concurrently  with  such  an  undertaking  he  ad\ises  a  systematic 
chemical  survey  of  the  principal  seams  in  British  coal  fields. 
He  considers  the  use  of  raw  coal  for  domestic  fires,  steam  rais- 
ing and  furnace  work  generally,  a  custom  which  from  a  chem- 
ical point  of  view  cannot  be  defended.  He  further  deplores 
the  fact  that  out  of  the  20,000.000  tons  of  coal  carbonized  in 
the  United  Kingdom  for  hard  nii'tallurgical  coke  in  the  year 
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1913,  no  less  than  6.5  million  tons  were  treated  in  bee-hive 
ovens  involving  a  dead  loss  in  values  of  by-products  of  some- 
thing like  £2,500,000  {Journal  of  the  Society  of  Chemical  In- 
dustry, vol.  35,  no.  7,  p.  389,  April  15,  1916,  8  pp.  [paper 
and  discussion]  g). 

Hydraulic  Engineering 

Pipe-Line  at  the  Nevada  Wonder  Mine,  J.  A.  Burgess 
Description  of  an  interesting  pipe  line  installation  and  the 
automatic  devices  for  checking  interruptions  to  a  service  car- 
ried on  for  certain  parts  of  the  year  under  exceptionally  dif- 
ficult conditions  of  v^eather. 

The  pipe  line  takes  care  of  a  mining  and  milling  plant  in 
Churchill   County,    Nevada,   where   the   temjierature   goes   at 


to  be  resorted  to  also  when  the  creek  from  which  the  water  is 
taken  is  in  danger  of  being  completely  stopjoed  by  freezing. 

All  of  this  requires  an  ability  to  know  at  any  moment  the 
rate  of  flow  of  water  in  the  pipe.  To  do  this  a  flow  indicator 
was  devised  and  placed  at  the  intake  so  arranged  that  the  rate 
of  flow  could  be  approximately  read  at  any  telephone  receiver 
on  the  system.  The  details  of  this  ticker  signal  apparatus 
are  shown  in  Fig.  3.  It  consists  essentially  of  a  turbme  wheel 
just  inside  of  the  intake  end  of  the  water  main  by  means  of 
which  the  armature  of  a  permanent  magnet  is  periodically 
removed  from  its  poles.  The  interruption  of  the  magnetic 
flux  induces  an  electric  iminilse  in  a  coil  about  the  magnet. 
The  coil  is  gi'omided  at  one  end  and  attached  to  the  telephone 
wire  at  the  other  and  each  movement  of  the  armature  pro- 


TABLE  1.     HARDNESS  OF  HEATED  AND  SLOWLY  COOLED  LOW-CARBON  STEEL 


Temperature 
of  Heating, 

Degrees 
Cent./Fahr. 

Duration 

of 

Heating, 

Hours 

Brinnell 
Hardness 

Average 

Temperature 
of  Heating, 

Degrees 
Cent./Fahr. 

Duration 

of 

Heating, 

Hours 

Brinell 
Hardness 

Average 

Temperature 
of  Heating, 
Degrees 
Cent./Fahr. 

Duration 
of 
Heating, 
Hours 

Brinell 
Hardness 

A^-erage 

97 
101 
98 
98 
95 

98 

600/1112 

1 
2 
6 

8 

102 
93 
99 
95 
93 
94 
93 
93 

98 
97 
94 
93 

1000/1832 

1 
2 
6 
8 

85 
88 
87 
87 
87 
87 
91 
86 

87 
87 
87 

1 
2 
6 
8 

99 
94 
95 
95 
98 
97 
99 
90 

97 
95 
98 
95 

89 

200/392 

700/1292 

1 
2 
6 
8 

92 
92 
92 
91 
92 
90 
92 
87 

92 
92 
91 
90 

1100/2012 

1 
2 
6 

8 

84 
83 
84 
84 
86 
81 
82 
87 

84 
84 
84 

1 
2 
6 
8 

99 
91 
97 
98 

105 
98 
98 

102 

95 
98 
102 
100 

85 

300/572 

800/1472 

1 
2 

6 

S 

90 
89 
93 
88 
89 
89 
93 
91 

90 
91 
89 
92 

1200/2192 

1 

2 

6 

■  8 

88 
82 
85 
84 
83 
79 
S3 
83 

85 
85 
86 

1 
2 
6 
8 

103 

lai 

103 
95 
98 
93 
95 
94 

102 
99 
96 
95 

81 

600/932 

900/1652 

1 

2 
6 
8 

89 
88 
88 
90 
94 
89 
83 
88 

89 
89 
92 
86 

1300/2372 

1 
2 
6 
8 

86 
85 
86 
80 

81 
81 
82 
79 

83 
83 

81 
81 

times  as  low  as  —  11  deg.  fahr.  The  installation  had  to  deal 
at  first  with  several  sources  of  trouble  which  have  been  gradu- 
ally eliminated.  Clogging  of  the  intake  by  leaves  was  taken 
care  of  by  frequently  cleaning  the  screens  and  having  the 
screen  area  sufficiently  large.  A  certain  amount  of  trouble 
was  caused  by  pitting  of  the  pipe  due  to  an  excess  of  alkali 
in  the  soil.  A  protective  coating  apjilied  to  the  pipe  at  the 
time  it  was  laid  would  have  prevented  this  deterioration,  but 
the  coating  applied  by  the  manufacturer  before  shipment  was 
partly  iiibbed  off  during  transportation. 

The  principal  source  of  danger  is  excessively  cold  weather. 
To  a  certain  extent  an  increase  of  the  rate  of  flow  can  cut  out 
ice  formed  in  the  pipe,  but  at  temperatures  as  low  as  4  deg. 
below  zero  the  rate  of  flow  in  the  line  is  not  sufficient  to  pre- 
vent the  fonnation  of  ice.  The  only  way  to  save  the  pipe  in 
such  cases  is  to  drain  the  line  entirely.    The  same  remedy  has 


duces  a  clicldng  sound  in  the  telephone  receiver  that  is  easily 
heard  but  is  not  snfBciently  loud  to  interfere  with  conversa- 
tion. The  telephone  line  is  connected  with  all  the  company 
telephones  so  that  the  indicator  may  be  heard  in  all  offices  and 
residences.  The  ticker  is  placed  in  an  enclosed  housing  and 
recjuires  no  attention  except  occasionally  a  few  drops  of  oil. 
Under  normal  conditions  the  ticker  sounds  twenty-four  times 
per  minute.  If  it  works  faster  than  this  it  indicates  either  a 
break  in  the  line  or  an  open  drain  valve.  If  it  soimds  less 
than  that  the  reduction  is  due  to  decreased  flow  and  may  be 
caused  by  several  circumstances.  Except  in  freezing  weather 
it  is  apt  to  be  caused  either  by  air  or  sand  in  the  pipe  or  by 
leaves  piartly  clogging  the  screens  at  the  intake.  In  very  cold 
weather  it  may  be  caused  by  a  shortage  of  water  in  the  creek 
or  by  freezing  in  the  pipe.  Only  an  inspection  of  the  intake 
will  distinguish  between  these  possibilities  and  for  that  pur- 
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pose  a  wateliuian  has  to  be  kejit  at  the  head  gate  during  the 
cold  weather. 

Another  device  described  in  the  article  is  a  warning  appa- 
ratus of  simple  construction  installed  at  the  delivery  end  of  the 
pipe  line  at  the  storage  tanks  (The  Nevada  Wonder  Pipe-Line, 
Western  Engineering,  vol.  7,  no.  5,  p.  177,  May  1916,  4  pp., 
4  figs.     d). 

Internal  Combustion  Engineering 

Are  Other  Cycles  Possible  for  Automobile  Engines? 
J.  Edward  Schipper 
One  of  the  effects  of  the  fuel  situation  has  been  to  cause 
engineers  to  wonder  if  there  be  not  some  other  way  than  the 
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Fig.  3     Ticker  Signal  Apparatus  for  Water  Pipes 

Otto  cycle  of  utilizing  the  heat  energy  in  liquid  fuel,  espe- 
cially in  automobiles. 

A  slow  combustion  engine  with  a  lower  gTade  fuel  sug- 
gests hea\-y,  slow-moving  parts  not  adaptable  to  the  present 
day  automobile.  What  some  engineers  are  studying  now  is 
the  constant  pressure  cycle,  with  a  view  to  determining 
whether  or  not  the  conditions  which  hold  true  with  the  lower 
gi-ades  of  fuel  render  its  use  commercially  advantageous. 
While  under  similar  conditions  and  with  the  same  explosive 
fuel  the  constant  volume  engine  is  more  eflSeient  than  the 
constant  pressure,  it  seems  possible  that  by  carrying  out  the 
expansion  line  of  the  constant  pressure  type,  a  higher  effi- 
ciency may  be  reached  particularly  at  reduced  throttle  open- 
ing. The  first  thought  suggested  by  the  conslant  pressure 
engine  is  higher  compression,  which  does  not  necessarily 
mean  an  efficiency  loss  because  practically  all  of  the  energy 
necessary  for  compression  is  returned  in  the  expansion  stroke. 


On  the  other  hand,  such  an  engine  necessitates  a  constant 
introduction  of  fuel  against  the  maximum  cylinder  pressure 
and  this  in  turn  means  a  receiver  capable  of  withstanding 
the  higher  pressures.  It  also  means  the  employment  of  a 
compression  pump,  and  the  question  to  be  determined  is 
whether  or  not  other  gains  offset  this.  In  fact,  the  point  for 
practical  engineers  to  determine  is  whether  or  not  it  is  pos- 
sible to  secure  the  high  compression  ratios  in  satisfactory 
and  reliable  units  of  the  size  which  would  allow  them  to  be 
used  on  automobiles. 

The  efficiency  of  the  present  day  automobile  engine  is  ex- 
tremely low.  With  the  car  running  at  a  touring  speed  of  15 
to  18  miles  per  hour  and  the  throttle  open  possibly  less  than 
one-third,  the  thermal  efTiciency  is  somewhere  around  .5  per 
cent,  which  means  that  for  every  dollar's  worth  of  fuel  only 
five  cents  in  power  is  returned.  There  is  no  doubt  as  to  our 
sacrificing  work  at  the  end  of  the  stroke  by  cutting  off  the 
expansion  line  and  exhausting  at  high  pressure.  In  the  ordi- 
nary timing  diagi'am  the  exhaust  valve  starts  to  open  at  fully 
45  deg.  before  lower  dead  center  so  that  the  pressure  will  have 
dropped  to  near  atmospheric  by  the  end  of  the  stroke.  On 
the  very  high  speed  motors  the  time  at  which  the  exhaust 
valve  starts  to  open  is  much  further  advanced  than  this  and 
the  difference  of  a  degree  or  two  on  the  timing  circle  is  quite 
large  when  the  angle  between  the  crank  and  90  deg.  position 
is  less  than  45  deg. 

Mention  has  been  made  recently  about  altering  the  point 
of  cut-off  of  the  constant  volume  engine  as  a  means  of  hold- 
ing up  the  thermal  efficiency  even  when  operating  on  partial 
throttle  opening.  This  has  been  tried  by  variable  cam  action 
but  has  not  worked  out  satisfactorily  on  account  of  mechan- 
ical complications.  Whether  or  not  the  variable  cut-off  con- 
stant pressure  gas  engine  can  ever  be  adapted  to  the  quick- 
accelerating  light-weight  automobile,  cannot  be  said  now.  It 
seems  very  possible  that  the  answer  to  the  whole  problem  lies 
not  in  compressing  the  combustible  mixture,  but  rather  in 
compressing  the  air  only  and  adding  the  fuel  by  small  suc- 
cessive charges  during  the  stroke.  This  burning  charge  close- 
ly parallels  in  many  of  its  characteristics  superheated  steam. 
If  it  could  be  introduced  into  the  cylinder  cut-off,  expanded 
and  exhausted  in  much  the  same  way  as  steam,  it  would  have 
in  many  respects  the  advantages  of  the  steam  engine  without 
the  boiler  apparatus  necessary  for  the  conversion  of  water 
into  steam  {The  Automobile,  vol.  34,  no.  16,  p.  707,  April  20, 
1916,  4  pp.,  4  figs.    g). 

Machine  Shop 

Limit   Gage  Principles  and  Practical  Applications, 
W.  H.  Booth 

The  paper  discusses  the  use  of  limit  gages  and  tries  to  give 
a  proper  grasp  of  the  purpose  of  their  use. 

The  use  of  limit  gages  is  essential  to  economical  manufac- 
turing on  the  interchangeable  plan,  especially  with  articles 
which  have  to  be  cheaply  made  and  be  entirely  interchange- 
able. As  the  author  points  out,  the  limit  gages  are  exten- 
sively used  in  the  manufacture  of  munitions  and  a  shell 
affords  an  excellent  example  of  an  article  to  be  made  as 
roughly  as  permissible  and  yet  as  good  as  is  imperative,  be- 
cause, in  the  words  of  the  author,  "  a  shell  is  an  object  which 
in  spite  of  its  short  and  merry  life,  is  used  in  immense  num- 
bers," and  has  to  answer  certain  exact  requirements. 

A  limit  gage  is  not  designed  for  the  purpose  of  producing 
specially  fine  work,  but  is  distinctly  commercial.  The  term 
"  limit "  signifies  the  degree  of  departure  of  the  work  from 
strict  accuracy  permitted,  and  the  system  is  based  on  the  fact 
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that  absolute  accuracy  cannot  be  obtained  and  that  small 
departures  from  absolute  accuracy  can  be  worked  to  approxi- 
mately. As  absolute  accuracy  is  very  difficult  and  expensive 
to  attain,  practical  men  fix  upon  the  amount  by  which  any 
dimension  may  be  allowed  to  differ  from  the  nominal  size 
and  the  )3iece,  if  properly  worked  to,  is  not  so  far  from 
nominal  size  as  the  gage  by  which  it  is  made.  There  must 
be  no  attempt  to  fit  the  piece  to  the  "  go-on  "  end  of  the  gage 
as  any  such  attempt  increases  the  cost  of  the  work  needlessly 
and  destroys  the  purpose  of  the  system. 

Since  it  is  easier  to  vary  an  outside  than  an  inside  dimen- 
sion, it  is  better  to  base  a  limit  gage  system  on  \miformity 
of  hole  than  on  shafts,  spindles,  etc.,  which  are  formed  on 
machines  like  the  lathe.  The  author  discusses  the  matter  of 
running  fits  and  in  this  connection  that  of  cross  limits. 

What  makes  limit  gaging  a  success  is  that  the  parts  gaged 
tend  to  average  at  mean  sizes  and  by  the  doctrine  of  prob- 
ability the  extremes  of  two  sets  of  parts  do  not  meet. 

An  illustration  in  the  article  shows  limit  gages  for  various 
services,  among  them  special  alligator-mouthed  gages  and 
adjustable  snap  or  caliper  gages  (also  the  Newall  system). 
The  article  is  apparently  the  first  of  a  series  (Canadian 
Machinery,  vol.  15,  no.  13,  p.  285,  March  .SO,  Wh"..  2  pp.,  1 
fig.     dp ) . 

Measuring  Instruments  and  Measurements 

Instruments   for   Recording   Carbon   Dioxide   in   Flue 
Gai--.es,  J.  F.  Barkley  and  S.  B.  Flagg 

The  paper  describes  a  series  of  "tests  made  with  several 
different  tyijes  of  recorders  under  sei-vice  arid  laboratory 
conditions,  in  the  course  of  which  the  following  details  were 
determined:  (1)  The  lag  in  recording  changes  of  composition 
of  a  flowing  gas;  (2)  the  accuracy  of  each  type  of  recorder; 
(3)  the  variable  factors  affecting  the  operation  and  accuracy 
of  each  type;  (4)  the  repairs  and  renewals  necessary;  (5) 
the  kind  and  amount  of  attention  required.  The  purpose  of 
the  Bureau  of  Mines  in  publishing  the  results  is  to  show  the 
factors  which  may  affect  the  accuracy  of  a  carbon  dioxide 
recorder  and  the  manner  in  which  the  recorder  should  be 
tested. 

Seven  instruments  were  tested,  three  English,  two  ^^Vmer- 
ican,  one  German  and  one  Swiss.  The  paper  gives  a  detailed 
description  of  each  apparatus  and  results  of  tests  obtained 
with  it.  and,  further,  gives  useful  hints  as  to  installing  the  gas 
line  and  sampling  pipe  for  any  instruments  (Dejiartment 
of  the  Interior,  Bureau  of  Mines,  Bulletin  91,  Washington, 
1916,  52  pages  of  text  and  an  index  of  2  pp.,  25  figs.    eA). 

Sources  of  Error  in   ("rai>i.k  Dvnajiometer  Test.s,  M.  Le 
Pen  anil  .).  ^'illey 

The  paper  discusses  the  various  sources  of  error  which  are 
apt  to  affect  the  measurement  of  the  power  developed  by 
internal  combustion  engines  on  the  testing  stand  in  cradle 
dynamometer  tests. 

The  principle  of  the  measurement  on  the  testing  stand  is 
as  follows :  Tlie  braking  is  effected  by  means  of  a  fan  or  pro- 
peller set  on  the  engine  shaft.  The  engine  itself  is  bolted  to 
a  frame  which  is  given  the  freedom  to  oscillate  about  an  axis 
parallel  to  the  engine  shaft.  In  order  to  maintain  this  frame 
in  equilibrium,  notwithstanding  the  reaction  of  the  air  on  the 
propeller,  a  suitable  weight  P  is  located  on  a  horizontal  arm 
forming  part  of  the  frame.  This  arm  is  normal  to  the  axis 
of  oscillation,  and  the  weight  is  at  some  desired  distance  2 
from  the  vertical  plane  of  the  axis  of  oscillation.     If  oj  is  the 


angular  velocity  of  the  i)ropeller,  the  power  IF  of  the  engine 
is  determined  from  the  formula  IF  =  Flin.  The  exact  form- 
ula is  really  TF  =  Co)  where  C  is  the  average  moment  with 
respect  to  the  engine  shaft  of  the  braking  forces  exerted 
by  the  air,  and  the  equation  C  =  PI,  implicitly  admitted 
as  being  the  expression  of  equilibrium  of  the  testing 
stand,  may  be  actually  lacking  in  exactness  for  various 
reasons. 

In  the  first  place,  other  forces  may  intervene  in  addition  to 
those  considered  in  this  equation.  These  forces  are  the  reac- 
tions of  the  exhaust  with  respect  to  the  external  air.  Unless 
they  are  symmetrically  distributed  with  respect  to  the  verti- 
cal plane  of  the  axis  of  oscillation,  or  unless  their  directions 
are  in  a  plane  passing  through  this  axis,  these  reactions  will 
alfect  the  equilibrium,  especially  if  the  test  is  carried  on  with 
a  tractor  propeller  utilized  to  cool  the  engine.  On  the  other 
hand,  even  assuming  that  all  precautions  have  been  taken  to 
eliminate  the  action  of  these  parasite  forces  and  their  average 
moment  with  respect  to  the  axis  of  oscillation,  there  still  re- 
mains another  source  of  eiTor  which  may  become  ven'  impor- 
tant in  certain  cases. 

One  must  not  confuse  the  axis  of  the  engine  shaft  and  the 
a.xis  of  oscillation  of  the  testing  stand,  practical  considera- 
tions making  it  advisable  to  locate  one  above  the  other  at  a 
distance  h  usually  of  several  decimeters  (1  dm  =  3.937  in.). 
If  the  braking  forces  exerted  by  the  air  were  at  all  times  re- 
duced to  a  couple,  their  average  moment  would  have  the  same 
value  C  with  respect  to  the  axis  of  oscillation  as  with 
respect  to  the  engine  shaft  which  is  parallel  to  it.  If 
it  is  not  so,  they  have  to  be  equivalent  at  every  instant 
to  a  couple,  the  average  moment  of  which  will  still  be  equal 
to  C  plus  the  force  /  which  has  its  point  of  application  on 
the  engine  shaft.  This  force,  /,  wliich  in  magnitude  and  direc- 
tion is  a  function  of  the  azimuth  (i>t  of  the  proiieller,  does  not 
affect  the  consumiition  of  the  power  produced  because  its  point 
of  application  remains  fixed,  but  by  being  transmitted  by  the 
shaft  to  the  bearings,  it  affects  the  equilibrium  of  the  testing 
stand  bj'  its  moment  fh  cos  o>i,  in  the  same  manner  as  a  weight 
aff'ects  its  lever.  The  average  geometrical  value  of  its  moment 
is  determined  by  a  lack  of  symmetn-  of  the  resistances  en- 
countered by  the  blades  of  the  jiropeller  all  along  their  cir- 
cular trajectory. 

The  proximity  of  the  ground  and  the  testing-  stand  itself 
create  inequalities  of  this  character  which  would  be,  strictly 
speaking,  absent  only  in  the  case  when  all  the  obstacles  en- 
countered by  the  streams  of  air  had  a  symmeti-y  of  revolution 
around  the  axis  of  the  jiropeller.  If  the  propeller  rotates  in- 
side a  large  casing  constituting  in  this  way  an  air  turbine 
(this  arrangement  is  sometimes  used  to  avoid  the  throwing 
around  of  oil)  the  lack  of  symmetry  becomes  particularly  pro- 
nounced because  in  its  materially  uniform  circular  movement 
each  blade  when  it  approaches  the  tangential  exhaust  port  at- 
tacks the  surrounding  air  with  a  relatively  decreasing  velocity. 
Measurements  carried  out  under  such  conditions  on  engines 
from  80  to  110  h.p.  have  shown  errors  as  high  as  20  per  cent. 
Air  currents  also  cause  difficulties  of  this  kind.  The  author 
states,  however,  that  all  the.se  sources  of  error  may  be  reduced 
to  very  small  amounts  by  certain  manipulations  and  that  this 
method  of  testing  agents  is  a  very  convenient  process  of  par- 
ticular advantage  where  it  is  desirable  to  determine  from  the 
oscillations  obtained  the  slightest  instantaneous  variations  of 
the  motor  couple  (Sur  la  mesure  de  la  puissance  des  moteurs 
au  hanc-halance,  Maurice  Le  Pen  and  Jean  Villey,  Comptes 
rendus  des  seances  de  I'Academie  des  Sciences,  vol.  162,  no. 
11.  p.  383.  March  13,  1916.  2  pp.    eA). 
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The  Fan  Dynamo.metkk.  J.  Liiwreiice  Hollg■l^oll 

The  article  gives  data  of  some  tests  made  witli  a  fan  dynamo- 
meter. The  investigation  was  undertaken  in  order  to  obtain  a 
more  aeenrate  knowledge  as  to  how  the  resisting  torque  due 
to  tlie  blades  of  a  fan  dynamometer  varies  with  their  shape 
and  size,  with  the  diameter  of  the  fan  and  with  the  density  of 
the  tlnid  in  which  the  blades  rotate. 

The  blades  used  were  i/i  in.,  1  in.  and  2  in.  square  and  i-j 
in.,  1  in.  and  2  in.  in  diameter.  AH  the  tests  were  carried  out 
with  the  fan  rotating  in  water  with  the  exception  of  one  test 
which  was  taken  with  the  fan  rotating  in  air.  In  the  water 
tests  the  vertical  spindle  carrying  the  fan  was  rotated  in  a 
covered  tank  of  still  water  20  ft.  square  and  5  ft.  deep.  The 
plane  of  the  fan  arm  was  10  in.  below  the  surface  of  the  water, 
the  coetKcient  of  resistance  having  been  found  to  be  constant 
for  the  largest  diameter  of  fan  used  for  all  depths  of  immersion 
greater  than  6  in. 

A  separate  series  of  tests  established  the  fact  that  the  torque 


experimental  accuracy  is  least  for  the  small  values  of  r/s. 
Further  tlie  shape  of  the  K-r/s  curve  is  more  easily  defined 
from  the  theoretical  considerations  when  the  ratio  of  r/s  is 
large  and  for  these  reasons,  it  is  preferable  to  design  the  fans 
so  that  the  ratio  r/s  is  not  less  than  2.5  or  3.  Round  blades  are 
to  be  preferred  because  they  require  no  special  care  in  aline- 
ment  when  being  fitted  to  the  arms. 
The  author  gives  further  the  following  ei|uations 


wliere  u.^  and 
[21  abo\e. 
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due  to  the  arms  (u.a)  was  given  with  sutKcient  accuracy  by  the 
formula : 

a„=o.:{.5;<io-VYV;nr  [i] 

See  notation  at  end  of  the  abstract. 
The  resisting  torque  ([j.i,)  due  to  the  blades  alone  was  assumed 
to  be  given  by  the  equati(}n 

a„   =  KN'-r'S'-W  [2] 

where  K  is  coeffleient  which  varies  with  the  ratio  r/s  and 
with  the  shape  of  the  blades  which  is  constant  for  similar  fans. 
The  article  reproduces  a  curve  showing  the  value  of  A'  plotted 
against  the  ratio  r/s  as  determined  from  the  experimental  re- 
sults. AVhen  r/s  is  large,  K  appi'oaches  a  constant  value  for 
each  shape  of  blade.  The  limiting  value  of  K  for  the  circular 
blades  is  about  0.7854  times  less  than  that  for  the  square 
blades.  A  point  is  shown  on  the  curve  of  values  of  K  ob- 
tained from  1  in.  blades  in  air  wliieh  agrees  almost  exactly  with 
the  value  of  K  obtained  by  rotating  the  same  blades  in  water. 

The  horsepower  absorbed  by  any  fan  can  be  readily  calcu- 
lated by  substituting  the  value  of  A'  as  given  by  the  curves 
in  the  original  article  in  the  equations  tabulated  at  the  end 
of  the  abstract. 

In  fan  brake  dynamometers,  it  is  customary  to  make  the 
value  of  r/s  small.     The  present  tests  show,  however,  that  the 


63,000 

In  all  of  these  equations  tlie  following  notations  is  used : 
IF  =   Density  of  the  fluid  in  which  the  fan  rotates  in  lb.  per 
cu.  ft. 
=   62.33  for  water  at  50  deg.  fahr. 

=     2.7     p/T  for  air. 
ij-a    =   Torque   due   to   arms   alone    in 

inch-pounds. 
U.I,    =   Torque  due  to  blades  ah)ne  m 

inch-pounds. 
[J.     =   Total  torque  in  inch-pounds. 
N    =  Rev.  per  min. 

5  =  Length  of  side  of  square  blade, 
or  diameter  of  circular  blade 
in   inches. 

r     =  External   radius   of   the   fan   in 

inches, 
r.,    =  Radius  of  arms  in  inches. 
t      =  Thickness  of  arms  in  inches. 
K     =   Coefficient  depending  upon  the 

value   of  r/s  and   the   shape 

of  the  blade. 
■7     1=  Coefficient     depending    on     the 

section  of  the  arms. 
( The   Aeronautical   Journal,   vol.    20, 
no.   77,  j5.   20,  Januai-y-Marcb,  1910, 

6  pp.,  4  figs.    e). 
Physics 

Surface  Friction:   Experiments  with   Steam  and  Water 
IN  Pipes,  Cecil  H.  Lander 

The  article  discusses  various  equations  for  the  flow  of  steam 
and  water  in  pipes  with  particular  reference  to  phenomena 
of  surface  friction,  and  describes  some  new  experiments  in 
the  same  line. 

The  article  gives  a  brief  summary  of  previous  work,  espe- 
cially that  of  Osborne  Reynolds,  Lord  Rayleigh,  and  Stanton 
and  Pannell  (compare  The  Journal,  1915,  p.  242). 

The  object  of  the  present  research  was  in  the  firet  place 
to  obtain  accurate  data  for  the  resistance  to  flow  in  pipes 
conveying  steam  and  other  vapors  with  a  view  to  checking 
the  accuracy  with  which  Osborne  Reynolds'  dimensional  law 
of  flow  could  be  made  to  represent  the  friction  of  these  fluids. 
Next,  the  work  was  extended  to  ranges  over  which  this  law 
did  not  accurately  apply  and  the  results  have  been  used  to 
extend  the  work  of  Stanton  and  Pannell  to  the  case  of  friction 
between  steam  and  metal  surfaces. 

In  the  present  research,  the  moving  fluid  was  in  most  cases 
either  dry  saturated  or  slightly  wet  steam  and  the  experimental 
range  of  velocities  extended  usually  to  4000  cm  per  sec,  al- 
though in  a  few  experiments  a  velocity  of  6000  cm  per  sec. 
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was  obtaiued.  Higher  speeds  were  not  used  since  extremely 
high  speeds  such  as  can  be  obtained  easily  with  steam  are 
associated  with  superheating-  down  the  pipe,  making  the  re- 
duction of  the  results  obtained  too  complicated  and  unre- 
liable. In  all  pipes  the  values  of  the  resistance  corresponding 
to  low  velocities  of  steam  were  obtained,  although  the  work 
becomes  increasingly  difficult  as  the  velocity  decreases,  and 
eventually  reliable  results  become  impossible  owing  to  the 
serious  effects  of  condensation. 

The  author  describes  in  detail  the  experimental  apparatus 
used.  Steam  was  obtained  from  a  large  separator  and  a 
300  h.p.  Babcock  &  Wilcox  boiler,  the  large  capacity  of  the 
boiler  rendering  it  easy  to  maintain  steady  pressure  condi- 
tions during  the  trials. 

The  methods  of  reduction  of  the  experimental  values  are 
reported  in  the  original  article  in  detail,  the  results  them- 
selves being  given  in  the  form  of  tables  and  for  comparison 
with  other  experimentals  in  the  form  of  curves. 

In  Fig.  4  the  values  of  all  the  exiaerimental  results  have 
been  plotted  with  R/^v'  as  ordinates  and  log  vd/\  as  abscissae, 
where  2?  =  resistance  per  unit  area,  p  =  density  of  the  fluid, 
•I)  =  velocity,  d  =  diameter  of  the  pipe,  v  =  kinematical 
viscosity  of  the  fluid,  all  in  metric  units.  The  mean  results  as 
calculated  from  the  formulae  of  Ledoux  for  their  steam 
velocity  are  also  plotted  on  the  diagram.  The  resistance  for 
the  artificially  roughened  pipes  in  the  Stanton  experiments 
(horizontal  line)  is  expressed  by  the  formula 

B  =  4.6i;/X10-° 
where  Vc  is  the  velocity  at  the  axis.  From  the  curve  in  Stan- 
ton's paper  giving  the  radial  distribution  of  velocity  in  these 
pipes  the  value  of  the  mean  velocity  has  been  determined,  the 
horizontal  line  representing  the  resistance  in  the  screwed  pipes 
reduced  to  terms  of  the  mean  velocity. 

The  author's  points  for  steam  lie  with  fair  accuracy  upon 
a  smooth  curve  slightly  higher  than  Stanton  and  Fannell's 
Ijoundary  curves  for  low  values  of  vd/v,  but  become  propor- 
tionally higher  for  large  values. 

The  author  calls  attention  to  the  fact  that,  as  has  been 
shown  by  Lees,  Stanton  and  Fannell's  experiments  can  be 
represented  with  considerable  accuracy  by  an  expression  of 
form 

R  =  pv-  {a  -t-  6  (v/vd)"! 

the  constants  for  air  and  water  in  smooth  brass  pipes  being 
a  =  0.0009,  b  =  0.0763,  and  n  =  0.35.  With  a  modifica- 
tion of  the  constants  the  same  expi-ession  represents  the  mean 
of  the  present  experiments,  the  line  in  the  figure  having  been 
plotted  using  the  following  values:  a  =  0.002,  b  =  0.141, 
and  n  =  0.44.  From  the  general  trend  of  their  curves  for 
high  values  of  rrf/v,  Stanton  and  Fannell  predicted  a  limit 
beyond  which  the  resistance  would  be  constant  and  hence  in- 
dependent of  vd/v.  This  is  equivalent  to  the  resistance  vary- 
ing as  the  square  of  the  velocity.  In  the  steam  curves  owing 
probably  to  the  pipes  being  slightly  rougher,  this  limit  would 
appear  to  be  reached  earlier,  and  the  ultimate  value  of  R/gv~  to 
be  considerably  above  that  corresponding  to  the  smooth  pipes 
used  by  Stanton  and  Fannell.  Beyond  a  certain  limitmg 
value  of  vd/v  the  resistance  varies  as  the  velocity  squared  be- 
comes less  with  the  roughness  of  the  pipe  surface,  until  for 
a  very  rough  surface  the  resistance  varies  as  the  velocity 
squared  for  values  only  exceeding  by  small  amounts  that 
corresponding  to  the  critical  velocity. 

The  present  experiments  are  of  interest  because  further  di- 
rect evidence  has  been  produced  to  demonstrate  the  truth  of 
the  dimensional  law  which  lias  been  now  shown  experimentally 


to  extend  to  the  case  of  saturated  vapors.  Further,  in  the 
present  experiments  a  range  of  pressures  was  used  for  the 
first  time  extending  from  about  15  in.  of  vacuum  to  200  lb. 
per  sq.  in.  above  atmosphere.  The  law  of  dynamical  similar- 
ity has  been  further  demonstrated.  The  present  work,  by 
demonstrating  the  truth  of  the  law  as  applied  to  the  flow  of 
steam  and  water  in  pipes,  opens  up  the  possibility  of  in- 
ferring the  resistance  of  complicated  steam  passages  such 
as  are  met  with  in  turbines,  by  tests  and  models  according  to 
the  law  of  similarity.  {Proceedings  of  the  Royal  Society, 
Series  A,  vol,  92,  no.  A.  640,  p.  337,  April  1,  1916.  17  pp.,  3 
figs.     etA). 

The  CoMPRESsiBiLiTr  of  Natural  Gas  at  High  Fressures 
G.  A.  Burrell  and  I.  W.  Robertson 

The  paper  treats  of  an  investigation  of  the  compressibility, 
at  pressures  up  to  35.5  atmospheres,  of  the  natural  gas  sup- 
plied to  the  city  of  Fittsburgh.  The  results  are  of  practical 
value  because  in  measuring  natural  gas  it  is  the  practice  to 
assume  that  the  product  of  the  pressure  by  the  volume  is  a 
constant. 

Actually  it  has  been  found  that  the  compressibility  of  the 
natural  gas  of  Fittsburgh  cUffers  from  that  of  an  ideal  gas, 
the  deviation  amounting  to  as  much  as  15  per  cent  at  a  pres- 
sure of  35.5  atmospheres.  In  actual  practice  natural  gas  is 
sometimes  measured  at  pressures  as  high  as  600  lb.  per  sq.  in. 
and  many  millions  of  cubic  feet  are  measured  at  pressures 
of  20  to  30  atmospheres  (300  to  450  lb.  per  sq.  in.).  Hence 
errors  of  great  magnitude  are  introduced  into  the  measure- 
ment. For  instance,  suppose  100,000,000  cu.  ft.  of  gas  a  day 
is  measured  at  25.6  atmospheres:  according  to  the  data  found 
in  this  investigation,  the  gas  is  11  per  cent  more  compressible 
at  this  pressure  than  at  atmospheric  pressure,  or  each  day 
11,000,000  more  cubic  feet  of  gas  is  measured  than  is  sup- 
posed. If  no  correction  is  applied  in  measuring  the  gas  a 
distributing  company  that  buys  natural  gas  at  high  pressure 
and  sells  it  at  low  pressure  may  sell  much  more  gas  than  it 
pays  for.  (Department  of  the  Interior,  Bureau  of  Mines. 
Technical  Paper  131,  Petroleum  Technology  31,  Washington, 
1916.  12  pp.,  2  figs.    e). 

Turbulent  Flow  in  Fifes  and  Channels. 
Frofessor  L.  V.  King 

The  present  publication  is  apparently  only  part  of  a  paper 
covering  the  subject  of  turbulence,  and  presents  only  the 
theory  relating  to  the  establishment  of  turbulent  flow  in  pipes 
and  channels. 

The  author  gives  at  the  outset  an  historical  survey  of  the 
development  of  the  theory  of  viscosity,  and  from  this  proceeds 
to  a  consideration  of  actual  flow  under  comparatively  simple 
experimental  conditions.  He  treats  first  of  a  steady  flow  be- 
tween two  parellel  planes  and  gives  an  equation  for  total  flow 
per  unit  breadth  and  mean  velocity  of  flow.  He  considers 
this  simple  case  of  steady  motion  of  interest  as  it  has  been 
made  the  starting  point  of  some  theoretical  treatments  of  the 
stability  of  laminar  motion,  but  as  far  as  he  is  aware  no  ex- 
periments have  been  carried  out  with  a  disposition  of  ap- 
paratus corresponding  to  this  solution.  He  liimself  has,  how- 
ever, made  a  detailed  experimental  investigation  of  gaseous 
viscosity  by  an  actual  examination  of  the  gradients  of  veloci- 
ties themselves;  and  the  results  obtained  indicate,  as  he  states, 
the  somewhat  surprising  conclusion  that  the  parabolic  dis- 
tribution calculated  from  the  usual  viscous  fluid  theory  is 
only  a  rough  approximation  to  a  much  more  complicated  state 
of  affairs. 
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He  investigates  next  the  steady  motion  in  a  pipe  of  circular 
cross-section,  and  again  gives  equations  for  the  total  flow  and 
mean  velocity  over  the  cross-section.  It  is  generally  assumed 
that  the  theory  of  viscosity  obtains  its  application  to  reality, 
in  that  the  equation  for  the  total  flow  obtained  in  this  case 
eoiitnins  all  tlie  laws  found  experimentally  by  Poiseuille,  but 
actually  a  marked  deviation  is  easily  noticeable  as  soon  as 
the  diameters  exceed  a  few  millimeters,  even  at  velocities 
considerably  below  what  is  taken  to  represent  the  critical 
velocity. 

Shearing  motion  between  parallel  planes  is  dealt  with  next, 
the  author  giving  an  equation  for  the  sheering  stress  F  be- 
tween the  planes  per  unit  area.  The  measure  of  F  obtained 
e.xperimentally,  as  well  as  the  fundamental  law  of  viscosity 
in  these  circumstances,  relates,  however,  to  the  traction  be- 
tween the  fluid  and  a  solid  boundary,  and  not  to  the  traction 
between  layei-s  of  fluid.  The  measurement  is  here  extremely 
difficult,  and  Gilchrist  points  out  that  small  discrepancies 
of  about  0.5  of  one  per  cent  exist  in  the  determination  of 
the  coefficient  of  viscosity  by  the  various  methods  employed, 
and  that  these  cannot  be  attributed  to  errors  of  experiments. 
Hitherto  direct  measurements  of  velocity-gTadients  did  not 
appear  to  have  been  carried  out,  although  this  is  now  possible 
owing  to  the  development  of  the  linear  hot-wire  anemometer 
described  in  a  previous  paper  by  the  author. 

The  second  part  of  the  paper  treats  of  the  stability  of  lam- 
inar flow  in  pipes  and  channels.  It  likewise  opens  with  an 
historical  and  critical  survey  of  the  theoretical  development, 
with  particular  reference  to  the  work  of  Osborne  Reynolds, 
Kelvin  and  Rayleigh.  The  author  calls  attention  to  the  fact 
that  the  most  recent  theoretical  treatment  of  the  subject  (by 
Hopf)  tends  to  confirm  the  original  conclusions  as  to  the 
stability  of  a  state  of  steady  motion.  The  unsatisfactory 
state  of  knowledge  on  the  subject  at  the  present  time  is,  how- 
ever, clearly  shown  from  a  table  of  theoretical  and  experi- 
mental values  of  Reynolds'  Constant  K,  which  differ  very 
markedly  both  from  each  other  and  from  the  generally  ac- 
cepted values  obtained  for  liquids  and  gases. 

The  experimental  data,  however,  refer  to  tubes  of  circular 
cross-section,  whereas  the  simplest  theoretical  case  refers  to 
the  flow  of  liquid  between  parallel  planes  on  which  no  ob- 
servations have  hitherto  been  available.  The  author  has, 
though,  made  a  series  of  experiments  on  the  flow  of  air,  and 
the  results  indicate  the  existence  of  hitherto  unsuspected  con- 
ditions of  laminar  flow  at  extremely  low  velocities,  as  well 
as  at  velocities  considerably  higher  than  those  which  are 
taken  to  represent,  according  to  usual  interpretation,  critical 
velocities. 

By  means  of  the  linear  hot-wire  anenionieter.  developed  by 
the  author,  the  velocity  distribution  over  the  cross-section  of 
a  two-dimensional  channel  (section  0.45  cm.  by  5.08  cm.) 
was  measured  for  various  pressure  differences.  Owing  to  the 
high  resolving  power  of  the  instrument,  it  was  found  possible 
to  measure  velocities  at  intervals  of  0.05  mm.  over  the  cross- 
section,  and  in  this  way  a  velocity  distribution  curve  repre- 
senting as  many  as  100  observations  could  be  obtained,  the 
pressure  difference  under  which  the  flow  took  place  being 
maintained  constant  to  1-10  of  one  per  cent.  Even  at  ve- 
locities considerably  below  the  critical  velocity  as  usually 
defined,  the  distribution  curves  showed  consistent  and  inter- 
esting deviations  from  the  parabolic  form  demanded  by 
theory:  (1)  The  experimental  curves  develop  well  marked 
"  humps "  in  the  neighborhood  of  planes  midway  between 
those  dividing  the  distance  between  the  walls  of  the  channel 
in  equidistant  parts.     With  increasing  velocities  the  number 


of  "humps"  increases.  (2)  Although  the  general  shape  ot 
the  distribution  curve  is  parabolic,  the  maximum  falls  very 
much  below  that  demanded  by  the  theoretical  viscous  flow 
theory,  as  though  some  factor  contributed  to  increase  vei-y 
materially  the  ordinary  kinetic  theory  eoellicient  of  viscosity 
denoted  below  jio. 

The  writer  explains  both  of  the  abo\e  peculiarities  by 
the  influence  of  transverse  stationary  sound  waves.  When 
the  flow  of  a  compressible  fluid  takes  place  under  conditions 
which  permit  of  the  establishment  of  stationary  modes  of 
sound  vibrations,  the  wave  front  is  refracted  by  the  velocity- 
gradients  which  exist  in  the  medium.  As  rate  of  change  of 
momentum  is  propagated  along  a  sound  ray,  it  follows  that 
under  these  conditions  the  existence  of  compressional  vibra- 
tions will  result  in  a  component  of  rate  of  change  of  momen- 
tum proportional  to  the  velocity-gTadient  being  transferred 
across  an  element  of  surface  parallel  to  the  direction  of  the 
flow;  hence  the  author  gives  for  viscosity  a  formula,  ^  = 
(J.O  +  [As,  defining  it  as  the  sum  of  [x,,  the  ordinary  viscosity 
of  the  kinetic  theory  plus  (a^,  a  "  quasi-viscosity  "  due  to  the 
existence  of  compressional  waves  and  proportional  to  the 
intensity  of  the  wave  motion.  The  writer  believes  that  in 
the  combination  of  compressional  vibrations  and  shearing 
motion  lies  the  origin  of  a  vortex  rotation  which,  as  the  ampli- 
tudes of  the  sound  vibrations  and  their  frequencies  increase, 
may  ultimately  result  in  the  formation  of  finite  vortex  fila- 
ments resulting  finally  in  "  turbulent  motion  "  in  the  generally 
accepted  sense  of  the  word.  The  fact  that  the  factor  of  com- 
jn-essibility  appears  to  be  of  considerable  importance  in  de- 
termining the  conditions  of  the  stability  of  laminar  ilow 
causes  the  various  theoretical  treatments,  including  those  of 
Reynolds,  Rayleigh,  Kelvin,  Sharpe  and  Orr,  to  lose  a  cer- 
tain part  of  their  value. 

The  author  believes  that  still  another  factor  may  play  a 
part  in  determining  the  instability  of  flow  in  tubes  and  chan- 
nels, and  that  is  the  determinateness  of  the  various  transverse 
modes  of  sound  vibrations  which  may  be  set  up.  In  a  two- 
dimensional  channel  (or  channel  of  elongated  cros^-sec-tiou), 
the  nodes  and  loops  are  extremely  determinate  in  position, 
and  one  should  expect  laminar  flow  to  persist  to  very  high 
velocities.  In  the  case  of  a  tube  of  circular  cross-section, 
however,  some  of  the  normal  transverse  modes  (e.g.  those  hav- 
ing diameters  as  nodes)  are  indeterminate  in  j)osition,  and 
in  an  actual  ease  would  be  determined  by  accidental  inequal- 
ities on  the  interior  of  the  tube  or  by  slight  departures  from 
circular  form.  It  would  appear  that  in  such  cases  Reynolds' 
criterion  of  "  sinuous  "  motion  would  be  decided  not  by  insta- 
bility of  steady  flow  in  the  usual  sense,  but  by  the  appearance 
oi  the  first  transverse  mode  having  a  diametrial  node.  Rela- 
tively to  the  fluid  these  indeterminate  modes  would  tend  to 
twist  around,  resulting  in  a  state  of  affairs  which,  if  continued 
long  enough,  would,  in  spite  of  the  stabilizdng  effect  of  viscos- 
ity, result  in  a  complete  destruction  of  conditions  of  steady 
flow.  While  the  effect  of  the  material  of  the  tube  on  the 
critical  velocity  observed  by  several  experimenters  is  prob- 
ably largely  due  to  the  degree  of  mechanical  finish  of  the 
interior  surface,  it  would  also  seem  that  the  acoustic  prop- 
erties of  the  walls  of  the  tube  or  channel  may  not  be  without 
influence  on  the  velocity  gradients  in  the  immediate  neighbor- 
hood of  the  boundary.  In  the  flow  in  tubes  of  large  diameter, 
the  velocity  distribution  over  a  particular  cross-section  is 
nearly  always  unsymmetrical  with  respect  to  the  axis.  {The 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and 
Journal  of  Science,  vol.  31,  no.  184,  p.  322,  April  1916,  17 
pp.,  et  A.) 
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\'lBRATORY  WnJKl-s  IX  AlK,  Svlvaiii  Pei'isse 

This  paper  refers  to  experiments  ou  and  the  theory  of  the 
formation  of  vibratory  vortices  in  air  due  to  the  motion  of  a 
bUide  Avheel  with  the  blades  disposed  longitudinally  through 
the  axis  of  rotation.  It  presents  the  conclusions  reached  by 
Charles  Weyher  and  was  read  before  the  French  Society  of 
Civil  Engineers  on  February  21. 

For  the  purpose  of  the  first  series  of  experiments  a  wheel 
was  used  with  longitudinal  blades  0.30  m  (11.8  in.)  long  and 
0.05  m  (1.96  in.)  in  diameter.  The  paper  describes  in  detail 
the  efforts  by  which  the  air  streams  were  made  visible. 

It  has  been  found  that  two  kinds  of  air  streams  are  formed 
—  tirst,  helicoidal  centrifugal  spires,  gomg  from  the  equator 
of  the  rotating  sphere  to  each  pole;  and  second,  helicoidal 
centripetal  spires  going  from  the  poles  to  the  equator.  When 
a  blade  wheel  having  a  vertical  axis  was  made  to  rotate  over 
a  reservoir  containing  water,  heated  so  that  it  would  evolve 
steam,  it  was  found  that  the  steam  lines  which  rotate,  at  first 
slowly,  aromid  the  vertical  axis,  suddenly  assemble  in  spirals 
which  form  a  spindle-shaped  body  with 
very  clear  delineations;  this  steam  figure 
remains  in  equlibrium  under  the  influence 
of  the  centrifugal  forces  which  try  to 
force  it  downwards  on  one  hand  and  the 
centripetal  forces  which  attract  it  towards 
the  equator  of  the  rotating  wheel  on  the 
other.  In  this  way  the  author  has  suc- 
ceeded in  reproducing  a  tornado  at  sea  or 
a  cyclone  with  its  peculiar  calm  region 
in  the  center,  and  fall  of  barometric  pres- 
sure. 

A  second  series  of  exjjeriments  similar 
to  those  described  above  were  carried  out 
with  a  rotating  sphere  made  up  of  cir- 
cular blades  located  along  the  axis  of  the 
sphere  and  together  forming  a  rigid  strur- 
ture  capable  of  rotating  about  its  axis. 
Here  again  the  same  air  whirls  were  ob- 
served, asymmetrical  with  respect  to  the 
plane  of  the  equator;  the  same  inter- 
crossing streams  of  air  were  found  pres- 
ent, and  centrifugal  streams  increasing  in 

diameter  but  progressively  decreasing  in  velocity  while  tlie 
centripetal  streams  increased  in  velocity  as  they  came  nearer 
to  the  central  vacuum. 

When  the  author  placed  on  a  needle  point  a  little  blade 
wheel  and  brought  it  near  the  rotating  sphere,  he  found  that 
this  test  wheel  rotated  in  one  direction  on  one  side  of  the 
plane  of  the  equator  of  the  sphere,  and  in  an  opposite  direc- 
tion on  the  other  side. 

A  very  interesting  series  of  experiments  were  tried  out  by 
means  of  a  rotating  sphere  located  in  a  room  4  to  5  m  (13 
to  10  ft.)  on  each  side  and  4  m  (13  ft.)  high.  The  room  was 
devoid  of  furniture,  and  protected  from  air  currents  from  the 
outside;  the  sphere  was  placed  half  way  to  the  ceiling  on  an 
axis  inclined  45  degrees  anrl  rigidly  held  as  shown  in  Figure  5. 
The  following  facts  have  been  obsen-ed : 

All  the  bodies  which  happen  to  be  in  the  room  appear  to 
be  connected  to  the  moving  sphere  through  the  intermediary 
of  air  streams  wliich  ceaselessly  leave  the  sphere  and  return 
to  it,  these  streams  twisting  around  all  these  objects  and  act- 
ing on  them  by  forming  local  whirls  about  them. 

The  figine  shows  a  number  of  little  balloons;  all  of  them 
are  in  little  gi-oups  and  each  is  vibrating  all  the  time.  When 
the  balloons  are  forced  apart,  they  rapidly  come  back  again. 


but  if  the  group  of  balloons  is  brought  up  closely  to  the  ro- 
tating sphere,  they  separate  to  all  sides  as  shown  by  A.  The 
four  balloons  left  on  the  floor  fall  against  each  other  without 
touching  one  another;  inside  of  the  external  whirl  there  are 
sexeral  local  whirls  and  the  four  little  balloons  behave  like  the 
molecules  of  a  single  body. 

The  paper  describes  in  some  detail  exjjeriments  made  to  de- 
termine the  iiroperties  of  attraction  and  repulsion  of  aerial 
whirls  as  comi]ared  with  magnetic  bodies.  It  was  found  that 
when  two  blade  wheels  rotate  in  opposite  directions,  they  tend 
to  attract  one  another  because  with  the  air  streams  of  the 
whirl  form  moving  in  the  same  direction  between  the  blade 
wlieels  the  air  tends  to  become  rarified  between  them  and  the 
external  pressure  makes  them  come  together.  If,  however,  the 
wheels  rotate  in  the  same  direction,  the  opposite  takes  place 
and  the  tendency  is  for  the  wheels  to  repel  one  another.  Next, 
a  little  fan  wheel  was  located  on  an  extension  of  the  axis  of 
a  vertical  wheel  and  arranged  in  such  a  manner  that  it  should 
be  either  free  or  not  free  to  rotate  about  its  axis,  but  have  all 


Fig.  5     Ark.\xgejiext  for  Producing  Vorticulae  Motion   ix  Air 


the  time  a  fieedom  of  vertical  displacement.  It  was  found 
that,  notwithstanding  the  attraction  due  to  the  centripetal 
streams  of  the  whirl  formed  by  the  rotation  of  the  main  wheel, 
the  little  wheel  will  not  move  if  it  be  prevented  from  rotating, 
but  as  soon  as  it  has  restored  its  liberty  to  rotate  about  its 
axis,  it  will  be  attracted  into  the  vortex:  it  will  glide  until  it 
reaches  the  top  of  its  axis  and  will  acquire  a  motion  of  rota- 
tion which  it  will  indefinitely  conserve,  even  becoming  in  it- 
self a  center  of  a  vortex  capable  of  attracting  other  small 
wheels  of  a  similar  nature. 

If  fine  sawdust  be  thrown  on  a  screen  located  about  a  hori- 
zontal wheel,  one  can  seen  how  the  particles  form  an  ellipse 
about  the  center  of  the  wheel  and  one  can  see  further  how 
they  are  repelled  from  the  center  towards  the  two  jtoles.  In 
the  course  of  time  this  ellipse  gradually  transforms  into  a 
circle  about  the  same  center. 

From  these  ex)ieriments  Weyher  comes  to  the  conclusion 
that  the  mechanism  of  vorticular  motion  is  as  follows :  The 
gas  does  not  simply  rotate  in  a  single  path  about  its  axis,  but 
is  broken  up  into  an  infinite  number  of  streams  separate  from 
one  another;  each  of  these  streams  describes  helicoidal  screw 
paths,  some  having  a  right  hand  and  some  a  left  hand  thread, 
some    centriiietal    and    others   centrifugal.      This   amounts   to 
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saying  llial  the  air  streams  cross  one  auotlier  on  through  the 
space,  moving-  in  opposite  directions  and  mutually  avoiding 
each  other,  but  producing  as  many  vibrations  as  there  are 
crossings  of  i)aths,  i.  e.,  an  infinite  number. 

An  interesting-  experiment  makes  it  appear  very  likely  that 
this  particular  mechanism  actually  ajtplies  to  the  case  of  ether. 
If  an  air  whirl  be  made  to  act  upon  very  fine  dust  or  very 
light  flakes  of  some  material  and  if  proper  arrangements  have 
been  made,  one  can  see  how,  through  the  inter-crossing  of  the 
centripetal  and  centrifugal  spires,  the  dust  or  flakes  form  a 
transparent  ellipsoid.  This  ellipsoid  may  even  be  held  sus- 
pended by  maintaining  an  equilibrium  between  the  suction  (at- 
traction) of  the  rotating-  sphere  witli  its  vertical  axis  on  one 
hand  and  the  force  of  gravity  which  tries  to  pull  it  down  on 
the  other  hand. 


almost  e.xdusively  to  the  heavy  simple  iion-arliculated  engines 
of  the  Mikado  and  Santa  Fe  types.  At  the  i)resent  time  it 
appears  to  be  regaining  a  portion  of  its  former  favor  and  bids 
fair  to  be  returned  on  a  larger  scale  than  before  with  the  sat- 
isfactory solution  of  the  intercepting-  valve  difficulty. 

Recently  15  Mallet  type  engines  built  by  the  Lima  Locomo- 
tive Corporation  for  the  Western  Maryland  R.R.  have  been 
provided  with  a  form  of  valve  whicli  is  not  only  claimed  to 
meet  the  requirements  of  the  conditions  spoken  of  above  but 
is  unique  in  other  respects.  It  has  a  novel  form  and  position 
of  the  valve  which  serves  both  of  the  high  pressure  cylinders 
alike  and  which,  being  placed  in  a  detachable  casing  in  a  trans- 
verse position  on  the  front  face  of  the  high  pressure  cylin- 
der saddle,  makes  possible  the  casting  of  both  high  jjressure 
cylinders  from  the  same  pattern.     The  valve  proper  has  but 
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Fig.  6     Simplex  Compouxding  System  for  Mallet  Locomotives:  A,  Intercepting  Valve  in  Compound  Position;  B, 

Intercepting   Valve  in    Simple   Position 


The  paper  contains  also  interesting  applications  of  the  work 
of  Weyher  to  the  problems  of  physics  of  ether  and  wireless 
telegraphy  made  by  the  author  of  the  paper,  Sylvain  Perisse 
(Leg  tourbillons  vibratoires,  F.  D.  Le  Genie  Civil,  vol.  68,  no. 
i:..  p.  -2.33.  April  8,  ini6,  3  pp.,  4  figs.    e). 

Railway  Engineering 

The  Simplex  System  of  Compounding  for  Mallet  Locomo- 
tives 

AVhile  the  use  of  intercepting  valves  on  Mallet  locomotives 
for  the  purpose  of  enabling-  the  application  of  high-pressure 
steam  in  the  low-pressure  cylinders  when  necessary  has  been 
quite  extensive,  the  gain  that  has  accrued  through  this  means 
has  so  far  been  discounted  through  the  expense  and  trouble 
involved  with  the  complicated  forms  of  vahes  that  liave  been 
used  for  this  purpose. 

For  some  time  of  late  the  Mallet  type  of  engine  gave  way 


two  moving  parts,  the  construction  is  entirely  symmetrical 
about  the  axis  of  the  valve  stem  and  the  valve  itself  is  fully 
accessible.  Figs.  GA  and  B  illustrate  the  design  of  the  valve. 
The  casing  is  divided  into  four  separate  chambers  called  re- 
spectively, beginning-  at  the  right-hand  side  of  the  engine 
(left  side  of  drawing)  live  steam  chamber,  receiver  chamber, 
high  pressure  exhaust  passage,  and  separate  exhaust  chamber. 
In  the  operation  of  the  valve,  steam  from  the  high  pressure 
cylinders  is  controlled  by  the  main  valve  A  causing  it  to  flow 
into  the  receiver  chamber  and  thence  to  the  low  pressure  cylin- 
ders when  the  engine  is  working-  compound.  Fig.  A,  and  into 
the  separate  exhaust  chamber  when  working  simple.  Fig.  B. 
Stem  B  of  the  intercepting-  valve  on  which  the  main  valve  A 
is  secured  is  continued  toward  the  left-hand  side  of  the  engine 
and  has  fixed  to  this  end  a  piston  C  which  works  in  a  eylmder 
1).  Live  steam  is  admitted  to  the  outer  face  of  this  piston 
when  the  sinqiling  valve  in  the  cab  is  jdaced  in  ''  simple  "  po- 
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sitiou  foreiiig  the  main  valve  into  the  jiosition  shown  by  Fig. 
B.  The  inner  face  of  this  piston,  by  trapi^ing  air  between  it 
and  the  bottom  of  the  cylinder  B,  forms  a  dash  pot  to  prevent 
slamming.  On  the  continuation  of  the  stem  S  is  a  sliding  re- 
ducing valve  E  which  has  a  movement  of  1%  in.  on  the  stem 
as  well  as  a  traverse  of  3  in.  with  the  main  valve.  This  valve 
has  three  functions.  First,  to  admit  steam  at  reduced  pres- 
sure to  the  receiver  chamber  when  working  simple,  second,  to 
force  the  main  valve  into  compound  position  when  pressure  is 
released  from  the  piston  C  and,  third,  to  cut  oft'  the  supply 
of  live  steam  to  the  receiver  when  working  compound. 

The  separate  exhaust  pipe  which  is  a  feature  of  this  system 
communicates  with  an  annular  removable  nozzle  surrounding 
the  main  nozzle,  the  control  of  the  power  exerted  by  the  high 
pressure  cylinders  when  working  simple  being  effected  by  the 
changing  of  this  nozzle.  The  smaller  the  nozzle  the  greater 
the  back  pressure  acting  on  the  high  pressure  pistons.  This 
reacts  on  the  reducing  valve  and  adds  power  to  the  low  pres- 
sure cylinders.  Thus  a  perfect  balance  of  work  in  simple  op- 
eration is  effected.  Back  pressure  in  the  separate  exhaust 
chamber  cannot  unbalance  the  intercepting  valve  or  cause  it 
to  flutter. 

An  interesting  feature  is  that  it  is  possible  to  operate  the 
engine,  though  with  reduced  tonnage,  even  with  the  intercept- 
ing valve  removed.  Hence  an  intercepting  valve  failure  can- 
not cause  a  complete  engine  failure  which  is  of  importance 
when  breaking  in  new  power  {Railway  Review,  vol.  .58,  no.  18, 
p.  603,  April  29,  1916,  3  pp.,  4  figs.    d). 

Steam  Engineering 

Steam  Plant  Eppiciexct,  Vernon  Smith 

A  paper  of  interest,  in  that  it  gives  expression  to  the  mod- 
ern views  of  steam  power  engineers  in  England. 

The  author  first  takes  up  the  competition  between  Lanca- 
shire and  water-tube  boilers.  He  holds  that  where  large  units 
are  desirable  and  where  ground  space  is  of  consequence,  the 
water-tube  boiler  is  the  proper  type  to  install;  but  apart 
from  this  there  does  not  appear  to  be  much  to  justify  the  claim 
that  it  is  a  better  and  more  efficient  boiler  than  the  Lanca- 
shire unless  it  be  that  steam  can  be  raised  quicker  with  a 
water-tube  boiler  when  being  set  to  work  after  cleaning 
than  with  the  Lancashire  boiler.  The  efficiency  of  an  ordinary 
hand-fired  Lancashire  boiler  is  lower  than  that  of  a  water- 
tube  boiler  working  under  similar  conditions,  but  in  plants 
equipped  with  suitable  accessories  the  efficiencies  are  nearly 
the  same. 

Two  serious  impediments  regarding  the  Lancashire  boiler 
as  it  is  generally  worked  today  which  seriously  affect  its  effi- 
ciency are  improper  design  of  the  furnace  and  the  fact  that 
it  is  too  often  hand-flred. 

In  order  that  the  furnace  may  be  efficient,  the  temperature 
should  be  as  high  as  possible,  and  sufficient  time  must  be 
allowed  for  complete  combustion,  hence  a  large  combustion 
chamber  built  with  the  best  quality  fire-brick.  On  the  other 
hand,  when  the  gases  pass  from  the  grate  of  a  Lancashire 
boiler  they  immediately  impinge  on  a  comparatively  cold 
plate  which  reduces  their  temperature  and  allows  the  un- 
burned  carbon  to  pass  off  as  soot.  This  is  particularly  the 
case  where  cross-tubes  are  fitted  in  the  boiler  flues,  and  with 
the  Galloway  boiler  it  is  almost  impossible  to  obtain  smoke- 
less results. 

Too  much  attention  has  been  paid  to  the  back  end  of  Lan- 
cashire boilers  at  the  expense  of  the  furnace,  and  reduction  in 
temperature  of  the  flue  gases  at  the  flue  exit  appear  to  be  the 
chief  aim.     Economizers,  air  heaters  and  superheaters  have 


been  installed,  and  when  the  gases,  prior  to  entering  the 
chimney,  have  been  reduced  to  about  350  deg.  fahr.,  it  has 
been  considered  that  maximum  efficiency  has  been  attained. 
This  is  not  the  case  so  long  as  the  old-fashioned  furnace  is 
used,  which  can  be  considered  to  a  degree  to  act  as  a  con- 
denser. Just  because  the  temperature  of  the  gases  at  the  rear 
of  the  so-called  "  economic  type  boiler  "  is  as  low  as  those  at 
the  rear  of  a  water-tube  boiler,  the  former  does  not  become 
essentially  as  efficient  as  the  latter  because  the  range  of  tem- 
perature itself  is  not  so  great. 

As  an  improvement  on  this  type  of  boiler  the  author  sug- 
gests a  system  of  proper  batfiing  which  even  might  be  carried 
into  the  side  flues  and  operated  by  means  of  levers  (Fig.  7). 
Of  course,  this  baffling,  the  purpose  of  which  is  to  increase 
the  velocity  of  the  gases,  will  require  a  more  powerful  draft. 

The  boiler  proper  should  be  used  only  as  an  evaporator  to 
impart  only  latent  heat  to  the  steam.  Live  steam  feed-water 
heaters  do  contribute  to  an  increase  of  efficiency,  in  addi- 
tion to  which  they  tend  to  increase  the  evaporative  capacity 
of  the  boiler  and  in  the  case  of  Lancashire  boilers  tend  to 
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Fig.  7     Suggested  Design  for  Increasing  Velocity  of  the 

Gases 


minimize  the  strains,  owing  to  the  large  body  of  water  this 
type  of  boiler  carries. 

The  author  appears  to  be  in  favor  of  the  "  dished  end  " 
type  of  construction  and,  among  other  illustrations,  shows  a 
dished  end  Lancashire  boiler  fitted  with  corrugated  flues 
throughout  (Cp.  bibliography  at  end  of  the  Engineering 
Survey  section).  {Proceedings  of  the  South  Wales  Institute  of 
Engineers,  vol.  32,  no.  1,  p.  45,  March  21,  1916,  39  pp.,  13 
figs.    dp). 

Thermodynamics 

The  Functional  Relation  Between  the  Thomson- Joule 
Effect  for  Air,  and  Pressure  and  Temperature,  .\t 
Pressures  up  to  150  Atmospheres,  and  Temperatures 
FROM  —55  Deg.  to  -1-250  Deg.  Cent.,  F.  Xoell. 

An  extensive  experimental  investigation  of  the  subject. 
The  author  comes  to  the  conclusion  that  the  experiments  car- 
ried out  do  fully  establish  the  manner  in  which  the  Thomson- 
Joule  effect  is  affected  by  pressure  and  temperature  within 
the  limits  indicated  above. 
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From  the  results  of  the  experiments  he  derives  the  follow- 
ng  formula : 

(IT  A  — 'IJJ     .    B^  —  B^p        C,  —  C,p 


dp 


■+   — 


+ 


£>,  —  D.J) 


where  A  is  the  cooling  for  a  fall  of  pressure  of  1  atmosphere; 
T  absolute  temperature  of  the  gases  on  the  high-pres- 
sure side; 
p  arithmetic  means  of  pressures  on  the  high  and  low 

pressure  sides; 
dp  difference  in   pressure  between   the   high   and   low 

pressure  sides; 
dT  corresponding  differences  in  temperature; 
A^  A.^  B^,  B,,  Cj,  C,,  B^,  Z)„  are  constants. 
He  found  that  at  all  temperatures  there  occurs  a   linear 
decrease  of  the  cooling  effect  with  the  joressure. 

By  means  of  integration  was  found  from  the  experimental 
results  the  fall  of  temperature  due  to  the  action  of  throttling 
from  a  high  initial  pressure  down  to  one  atmosphere;  this  fall 
of  pressure  was  calculated  and  plotted  as  a  curve;  the  latter 
shows  that  the  proportionality  between  the  cooling  and  the 
pressure  difference  does  not  hold  at  low  temperatures  and  high 
pressures. 

From  the  observed  cooling  effect  was  determined,  for  the 
region  of  tests,  the  specific  heat  of  air  Cp,  this  having  been 
done  on  the  basis  of  the  values  of  Scheel  and  Heuse,  and 
Swann  for  one  atmosphere  {Die  Abhdngigkeit  des  Thomson- 
Joule  Effektes  fiir  Luft  von  Druck  und  Temperatur  bei 
Diiicken  bis  150  at  und  Temperaturen  von  —  55°  bis  -\-  250° 
C,  Dr.-Ing.  Friediich  Noell,  Forschungsarbeiten  aitf  dem  Ge- 
biete  des  Ingenieunuesens,  no.  184,  Berlin,  1916,  46  pp.,  17 
figs.    e). 

Varia  • 

OxY-AcETYLENE  WELDING  OP  Steel  Tubing,  Charles  C. 
Lyude 

Description  of  a  process  of  manufacture  of  steel  tubing  by 
means  of  oxy-acetylene  welding  as  used  by  the  Elyria  Iron 
&  Steel  Company,  of  Cleveland. 

The  tubing  produced  ranges  from  1/2  in-  up  to  4  in.,  and  is 
made  mostly  from  cold-rolled  steel  of  from  16  to  20  gage. 
The  steel  passes  from  the  reels  through  a  felt  cleaner  which 
takes  off  grit  and  other  substances  that  might  injure  the  rolls 
or  interfere  with  the  welding  of  the  steel.  The  strip  first  en- 
ters the  forming  rolls,  where  it  is  formed  into  the  shape  of  a 
very  extended  W.  The  following  rolls  push  down  the  middle 
hump  of  the  W  and  force  the  steel  into  a  circular  tube  with 
sufficient  spring  to  make  it  retain  its  position  even  without 
the  aid  of  the  forming  vise  used  for  welding.  As  the  tube 
springs  into  shajDe  after  the  final  rolling  it  is  seized  by  the 
revolving  jaws  of  the  welding  vise  and  held  in  shape  while 
passing  under  the  welding  torch  and  until  the  weld  sets.  The 
torch  consists  of  five  flames  arranged  to  operate  axially  on  the 
tube  passing  under  it  and  generate  sufficient  heat  to  weld  the 
tube  thoroughly.  The  dies  which  hold  the  stock  durmg  its 
transit  under  the  blow-pipe  are  made  in  sections  and  revolve 
around  a  water-cooled  chamber  which  prevents  the  heat  ab- 
sorbed from  the  oxy-acetylene  flame  from  heating  them  to  a 
temperature  high  enough  to  draw  the  temper.    These  jaw  sec- 


tions fit  closely  around  the  tube  except  for  a  slight  notch 
around  the  top  where  access  is  given  for  the  flame.  After 
emerging  from  the  welding  dies  the  tube  is  drawn  under  a 
grinder  to  remove  any  burrs  resulting  from  the  welding  op- 
eration and  then  enters  the  sizing  rolls  and  thence  into  the 
pulling  dies.  These  dies  are  held  up  against  the  tubing  by 
pressure  plates  and  are  driven  through  the  pulleys  or  sheaves 
over  which  they  pass.  The  tubing  is  next  passed  through  a 
set  of  straightening  rolls  and  then  cut  to  length  by  an  auto- 
matic cutting  device  which  rides  with  the  tube  during  the  time 
required  for  the  cutting  operation. 

Each  machine  is  provided  with  individual  motor  drive  and 
a  small  countershaft  system  is  carried  over  the  various  moving 
sections  to  give  the  most  direct  drive  possible  without  inter- 
ference by  the  belts. 

For  tubes  slightly  less  in  diameter  than  can  be  produced  by 
the  welding  machine  the  tubing  is  fed  through  a  swaging  ma- 
chine and  the  diameter  brought  to  the  proper  limits.  The 
swaging  machine  is  water  cooled. 

A  drainage  pit  is  located  under  the  welding  machine  to  serve 
as  a  catch  basin  for  the  water  used  for  cooling  the  welding 
dies  and  for  clearing  away  the  gi-inding  grit.  Under  the 
swaging  machines  there  is  also  a  ditch  cut  through  the  floor 
for  the  installation  of  a  drain  for  the  cooling  water.  The 
article  points  out  in  this  connection  the  advantage  of  wood 
block  flooring.  The  machine  was  first  set  up  without  any  pro- 
vision for  cooling  the  swaging  dies.  Experience,  however, 
demonstrated  the  need  for  cooling,  so  a  row  of  blocks  was 
pulled  up  to  gi\-e  a  buried  drain  without  the  trouble  and  work 
which  would  have  been  attendant  upon  putting  such  a  break 
in  a  concrete  floor.  The  blocks  removed  can  be  cut  down  and 
replaced  over  the  pipe  without  interfering  with  the  shop  work 
and  without  leaving  an  obstruction  to  trucking. 

The  article  describes  in  considerable  detail  the  method  used 
for  generating  and  storing  the  gas  {Steel  and  Iron,  A\m\ 
1916,  p.  109,  6  pp.,  4  figs.    d). 

CHARTS 

Relation  of  Peessure,  Ram  Diameter  and  Tonnage  in 
Hydraulic  Presses,  W.  B.  Updegraff.  Machinery,  vol.  22, 
no.  9,  May,  1910.  Chart  showing  relation  between  ram  diam- 
eter, hydraulic  pressure,  and  total  pressure  on  ram  of  hydrau- 
lic jacks  and  presses. 

Chart  showing'  thickness  of  ram  for  various  pressures  per 
square  inch  and  diameters.  Compressive  stress,  14,000  lb.  per 
square  inch. 

Chart  showing  relation  between  pressure  per  square  inch 
on  ram  diameter  of  ram  and  full  load  capacity  of  press. 

Chart  showing  thickness  of  cylinder  for  various  pressures 
per  square  inch  and  diameters.  Tensile  stress,  7000  lb.  per 
square  inch. 

Circular  Slide  Rule  for  Shaft  Designers,  Edwin  S. 
Oberndorf.  Macldnery,  vol.  22,  no.  9,  May,  1916,  1  p.,  4  figs. 
Chart  with  condensed  instructions  for  its  use. 

The  Discharge  from  Vertical  Pipes,  C.  E.  Grunsky, 
Western  Engineering,  vol.  7,  no.  5,  May,  1916.  Chart  for 
computing  discharge  of  water  from  vertical  pipes  when  given, 
rise  of  water  at  the  center  above  toji  of  pipe. 
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AEKOXAITIL'S 

The  Society  oi?  British  Aircraft  Constructors.  Aeronautics,  vol. 
10,  no.  131,  April  19,  1916,  1%   pp. 

The  Wind  Tdnnel  of  the  Mass.\chusetts  Is-stittte  of  Tech- 
nology, J.  S.  Hunsaker.  Technologv  Monthly,  April  and  May, 
1916. 

BERICHTE     DER     DEUTSCHEN     VERSrCHSAXSTALT     FIR     LCFTF.iHRT.     Wil- 

helm    Hoff.      Zeitschrift    lUr   Flugtechnik    unti    Motorluftscbiffahrt, 
vol.   7,  nos.  5  and  6,  March  25.  1916,  S%   pp..  17  flgs. 
Data  on  the  tests  of  aeroplane  wings. 

Inherent  Controllability  of  .Aeroplanes,  Leonard  Bairstow.  The 
Aeronautical  Journal,   vol.   20.   no.   77,   Jan. -March,   1916,   9   pp. 

The  Characteristics  of  Certain  Resisting  Surfaces  and  Screws, 
G.  H.  Bryan.  The  Aeronautical  Journal,  vol.  20,  no.  77,  Jan.- 
March,   1916,  7  pp. 

The  300  H.  P.  Green  Engine.  Aeronautics,  vol.  10.  no.  128,  March 
29,    191C,   1   p.,  illustrated. 

Note  ox  the  Dimensional  Theory  of  Wind  Tunnel  E.kperiments, 
Edgar  Buckingham.  Aerial  Age,  vol.  3.  no.  0.  April  24,  1916. 
I'A   pp. 

Aero  Engine  Design.  Aeronautics,  vol.  10,  no.  12S,  March  29,  1016, 
4  pp.,  ilustrated. 

AIR   MACIIINEltY 

Die  Pressluftwerkzeuge  der  Maschinexfabrik   Oberschoneweide, 
Krn.st    Preger.      Der   praktische    Maschinen-Konstrukteur,    vol.    49, 
no.   %,  Feb.  24,  1916,  SM  pp.,  10  flgs. 
Some  German  compressed-air  tools. 

Commercial  Methods  of  Testing  Air  Compressors. — 1,  H,  Addison. 
Mechanical  World,  vol.  59,  no.  1531,  May  5,  1916,    %    p. 

Accident  to  a  Diesel  Engine  Air  Compressor.  The  Mechanical 
Engineer,  vol.  37,  no.  950,  April  7,  1916,  I'A  pp. 

CONVEYING  AND  HOISTING 

Modern  Coal  and  Coke  Handling  Machinery  :  .\s  Used  in  the 
Manufacture  of  Gas,  J.  E.  Lister.  Journal  and  Transactions 
of  the  Society  of  Engineers,  vol.  7,  no.  4,  April,  1916,  29  pp., 
9  figs. 

Handling  Materials  in  Manufacturing  Plant.  Robert  L.  Streeter. 
The  Engineering  Magazine,  vol.  51,  no.  2,  May,  1916,  30  pp.,  37 
flgs. 

ENGINEERING  MATERIALS 

Surface  Tension  Effects  in  the  Intercrystalline  Cement  in 
Metals  and  the  Elastic  Limit.  F.  C.  Thompson.  Paper  read 
at  Annual  Meeting  of  Iron  and  Steel  Institute,  1916,  38  Vi  pp., 
8  figs. 

Wire  and  Wire  Rope.  Journal  of  the  Engineers'  Society  of  Pennsyl- 
vania, vol.  17,  no.  4,  .\pril,  1916,  9  pp.,  illustrated. 

A  New  Thermo-Electric  Method  of  Studying  Allotropic  Changes 
IX  Ikon  or  Other  Metals.  Carl  Benedicks.  Paper  read  at  Annual 
Meeting  of  Iron  and  Steel  Institute,  1916,  10  pp.,  3  figs. 

The  Theory  op  Corrosion  of  Steel.  Leslie  -iitchison.  Paper  read  at 
.\nnual  Meeting  of  Iron  and  Steel  Institute,  1916,  14%  pp.,  4  figs. 

Initial  Temper.\ture  and  Critical  Cooling  Velocities  op  a  Chrom- 
ium Steel.  C-  -^-  Edwards,  J.  N.  Greenwood  and  H.  Kikkawa. 
Paper  read  at  Annual  Meeting  of  Iron  and  Steel  Institute,  1916, 
27   pp.,    IS  flgs. 

A  Few  Experiments  on  the  Hardness  Testing  op  Mild  Steel,  W. 
X.  Thomas.  Paper  read  at  .Annual  Meeting  of  Iron  and  Steel 
Institute,  1916,   15  pp.,   7  flgs. 

Early  Experiments  on  the  Recalescence  of  Iron  and  Steel,  A. 
Mallock.  Paper  read  at  Annual  Meeting  of  Iron  and  Steel  Insti- 
tute, 1916,  5  pp.,  4  figs. 

The  Ixfluexce  of  Carbon  and  Manganese  I'ruN  the  Corrosion  of 
Ikon  and  Steel.  Rohert  Hadfleld.  Paper  read  at  Annual  Meet- 
ing of  Iron  and  Steel  lustitute,  1916,  22li.  pp..  10  figs. 

Einfluss    der    Wabmebehandlung    auf    die    Kerbz.ahigkeit,    Korn- 

GROSSE       UD       II.IRTE       VON       KOIILENSTOFF.IUMKM       FLUSSEISEN.       A 

Pomp.     Ferrum,  vol.  13,  no.  5,  February,  1916,  13  pp.,  10  figs. 

Influence    of   heat-treatment    on    certain    physical    properties    of    low 
carbon  steel   (see  abstract). 

The  Testing  op  Asbestos  Mill  Fibre.  Edward  Torrey.  Monthly 
Bulletin  of  the  Canadian  Mining  Institute,  no.  43, "  Nov.,  1915. 
4V2  pp. 

Ingot  Contraction  may  be  Homogeneous,  E.  F.  Kenney.  The  Iron 
Trade  Review,  vol.  58,  no.  17,  April  27,  1916,   %   pp. 

Controlling  Piping  and  Segregation.  Dr.  Henry  M.  Howe.  The  Iron 
Trade  Review,  vol.  5S,  no.  17,  April  27,  1916,  5^4   pp.,  5  figs. 

A  New  Non-ferrous  Alloy  Diamoxd  IlAim  Copper.  Aerial  Age.  vol 
3,  no.  6,  April  24,  1916,   %   p. 

Heat  Treatmext  of  Steel.  Geo.  W.  Pressel.  Proceedings  of  the  Can- 
adian Railway  Club,  vol.  15,  no.  3,  March,  1916,  29%  pp. 

The  t'SE  of  Hydrated  Lime  in  Concrete.  H.  E.  Wiedemann.  Journal 
of  the  Engineers'  Club.  vol.  1,  no.  2,  March-April,  1916,  12>4   pp. 


UBER    die   Anderung    deii    ixneren    Reieuxg    der    Metalle    MIT    der 
Temperatur,    P.    Ludwik.      Zeitsohirft    fiir    Pbyslkalische    Chemie, 
vol.   91,   no.   2,   February,   1916,    16   pp.,   12   flgs. 
Variation  of  molecular  friction  of  metals  with  temperature. 

The  Electrolytic  Method  of  Preventixg  Corrosiox,  Elliot  Cumber- 
land.    The  Steamship,  vol.  27,  no.  323,  May,  1916,  2hi  pp.,  3  flgs. 

Effect  of  Rust  on  the  R.\te  of  Corrosion,  James  Aston.  Steel  and 
Iron,  vol.  50,  no.  5,  4^4   pp. 

FOUNDRY 

The  Malleable  Iron  Process,  Enrique  Touceda.  The  Engineer.s'  Club 
of  Dayton  Proceedings,  vol.  2,  no.  6,  March,  1916,  27  pp. 

.VppLit'.iTiON  OF  the  Converter  and  Electric  Furnace  in  the  Pro- 
DicTioN  OP  Steel  Castings.  The  Foundry,  vol.  44,  no.  5.  May. 
1916,  TA   pp.,  15  flgs. 

Variable  Factors  in  Malleable  Iron  Production,  L.  E.  Gilmore. 
The  Foundry,  vol.  44,  no.  5,  May,   1916,   2%   pp. 

Abrasive  Costs  in  Snaggixg  Castixgs.  The  Foundry,  vol.  44,  no.  5, 
May,  1916,  1%   pp. 

Selecting  Refractories  for  the  Foundry,  Walter  H.  Kellev.  The 
Chemical  News  and  Journal  of  Physical  Science,  vol.  113,  no.  2492, 
April  14,  1916,  I'A   pp. 

FUEL  AND  FIRING. 

Fuel  Economy.  William  A.  Bone.  Journal  of  the  Society  of  Chemical 
Industry,  vol.  35,  no.  7,  April  15,  1916,  7%   pp. 

I'BER    Gasfeuerungen,    Paul    Koch.      Der    praktische    Maschinen-Kon- 
strukteuz-,  vol.  49,  no.  11/12,  March  23,  1916,  2  pp.,  2  flgs. 
(ias-flred  furnaces. 

Die   Rauch-uxd   Rcssbekampfung   ix  MUnchen   und   ihre   kl-nptige 
.\usgestaltung,    Karl    Hauser.      Ranch   und    Stauh,   vol.   6,    no.    5, 
Feb,   1916.  7  pp.,  14  flgs. 
Smoke  and  soot  prevention  campaign  in  Munich,   Germany. 

The  Preparation  op  Stoker  Coal.  RaUwav  Age  Gazette,  vol.  60,  no. 
li.  April  2S.  1916,  IVi  pp.,  illustrated." 

GASES 

Les  Tourbillons  Vibiutoires.     Le  Gfinie  Civil,  vol.  68,  no.  15,  -\pril 
8.  1916.  21i  pp.,  4  flgs. 
Oscillatory  whirls  in  air   (se  abstract). 

Theory  and  Experiments  Relating  to  the  Establishment  op  Tur- 
bulent Flow  in  Pipes  and  Channels,  Louis  Vessot  King.  Philo- 
sophical Magazine  and  Journal  of  Science,  vol.  31,  no.  1S4,  April, 
1916,   17  pp. 

HEATING  AND  VETILATION 

FERXWARJIWASSERHEIZUNGEN      MIT     U.MTRIEB     DURCH      DaMPFSTRAHLAP- 

PAR.\TE.   W.   Tiedge.     Gesundheits-Ingenieur,  vol.   39.   no.   16.  April 
15,  1916.  4V4   pp.,  0  flgs. 
Hot-wafer   heating  with    circulation   by   steam-jet. 

VE.NTILATIOX    REQCIRE.MEXTS    AND    TEST    METHODS,    E.    V.    Hill.       JOUrnEl 

of  the  Western  Society  of  Engineers,  vol.  21,  no.  2,  February,  1916, 
2."ii4    pp.,  8  flgs. 

HYDRAULICS 

The  Nev.u>a  Wonder  Pipe-Line,  Auto.matic  Devices  for  Checking 
Interruptions  to  Service,  3.  A.  Burgess.  Western  Engineering, 
vol.  7,  no.  4,  May,  1916,  3%   pp.,  4  flgs. 

Die    Theorie    des    Geschiebetrieees    und    ihre    Anwendung,    Fritz 
Schaffernak.     Zeitschrift    dos    Oesterr.        Ingonieur-u    Architekten- 
Vereines,  vol.  68,  no.  11.  March  17,   1916,  514   pp..  3  flgs. 
The  theory  of  motion  of  detritus  and   its  application. 

The  Viscosity  op  Oils  in  Relation  to  the  R.\te  op  Flow  Through 
Pipes,  R.  T.  Giazebrook,  W.  F.  Higgins,  J.  R.  Pannell.  Journal 
of  the  Institution  of  Petroleum  Technologists,  vol.  2,  no.  5,  Dec., 
1915,  40  pp.,  16  figs. 

INTERNAL-COMBUSTION  ENGINEERING 

The  Internal  Combustion  Engine  on  the  Oil  Field,  F.  G.  Rappo- 
port.  Journal  of  the  Institutiou  of  Petroleum  Technologists,  vol. 
1,  no.  4,  June.  1915,  43  pp..  21  flgs. 

Massenausgleich  der  Oelmotoren,  a.  Lack.     Der  Oelmotor,  vol.  4, 
no.   11.   February.   1916.  8  pp.,   12  figs. 
Balancing  of  masses  in  oil  engines. 

Vobrichtung   zur  Beseitigung   der   Rauch-und   Geruchbelastiguxg 
per   Auspuffgase   von   Automobilmotorex.      Rauch    und    Staub, 
vol.  6,  no.  5,  February.  1910,  1  p..  3  figs. 
Device  for  the  elimination  <»f  smoke  and  odor  in  the  exhaust  gases 

of  automobile  engines. 

Oil  Engines,  G.  E.  Windeler.  Cassier's  Engineering  Monthly,  vol.  49, 
no.  4,  -April,  1916,  15  Vj  pp.,  16  figs. 

SUR     LA     MitSURE     DE     LA     PUISSANCE     DES     MOTEURS     AU     BaNC-BaLAXCeI 

Maurice  Le  Pen  et  Jean  Villey.     Comptes  Rendus  des  Seances  de 
L'Academie  des  Sciences,  vol.   162,  no.   11,   March  13,   1916,  2  pp. 
Discussion  of  sources   of  error   in   measuring   power  by   means  of  a 
fan  scale   (see  abstract). 

The  Composition  of  the  Exhaust  fro.m  Liquid-Fuel  Engines,  Rob- 
ert W.  Fenning.  The  Journal  of  the  Institution  of  Mechanical 
ICnginecrs,  ao.  4,  -April,  1916,  28%  pp.,  9  flgs. 
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Is  Carbon  in  the  Cylinder  a  Good  Thing?  N.  G.  Near.  Gas  Power, 
vol.  13,  no.  11,  May,  1916,  I14   pp. 

Is  THE  Power  Stroke  an  Explosion?  H.  O.  Ewing.  Gas  Power, 
vol.  13,  no.  11,  May,  1916,  1%   pp. 

Small  Engines  with  Great  Power.  Gas  Energy,  vol.  10,  no.  4, 
April,  1916,   %   p. 

LUBRICATION 

FORSCHCNG     DND    WERKSTATT,     SCHMIEROLPRUPUNG    FUR    DEN     BETRIEB, 

Schlesinger   und    Kurrein.      Werkstatts    Technik,    vol.    10,    no.    2, 
January  15,  1916,  4%  pp.,  S  figs. 
Practical  problems  in  lubrication. 

EiNFACHE    SchmierOl-Unterscchongen,    H.    Wlnkelmann.      Dlnglers 
Polytechniscbes  Journal,  vol.  97,  no.  5,  March  4,  1916,  6  pp. 
Simple  investigations  of  lubrication. 

MACHINE  SHOP 

Note  on  the  Relations  Between  the  Cutting  Efficiencies  op 
Tool  Steels  and  Their  Brinell  or  Scleroscope  Hardnesses, 
J.  O.  Arnold.  Paper  read  at  Annual  Meeting  of  Iron  and  Steel 
Institute,  1916,  3  pp. 

How  TO  Select  Industrial  Steels.  Arthur  E.  Paige.  The  Engineer- 
ing Magazine,  vol.  51,  no.  2,  May,  1916,  9  pp. 

New  10-Spindle  Automatic  Nut  Tapper.  The  Iron  Trade  Review, 
vol.  58,  no.  IS,  May  4,  1916,  1^  p.,  illustrated. 

Bestimmung    des    Reinheitsorades    der    Gase    bei    den    Autogenen 
Met-aluearbeitungsverfahren.     Autogene  Metallbearbeltung,  vol. 
9,  no.  1,  January,  1910,  11  pp.,  11  flgs. 
How  to  determine  the  purity  of  gas  used  for  autogenous  welding. 

Characteristics  of  High  Speed  Tool  Steels.  Steel  and  Iron,  vol. 
50,  no.  4,  April,  1916,  6  pp. 

Oxt-Acettlene  Welding  on  Heavy  Sections,  C.  K.  Bryce.  Steel  and 
Iron,  vol.  50,  no.  4,  April,  1916,  3 ',4  pp. 

Oxy-Acetylene  Welding  of  Steel  Tubing,  Charles  C.  Lynde.  Steel 
and  Iron,  vol.  50,  no.  4,  April,  1916,  5^4   PP.>  4  figs. 

Painting  by  Dipping,  Spraying  and  Other  Mechanical  Means,  Ar- 
thur Seymour  Jennings.  Journal  of  the  Royal  Society  of  Arts, 
vol.  64,  no.  3307,  April  7,  1916,  7  pp. 

Chisels,  Henry  Fowler,  Discussion  in  Cardiff.  The  Journal  of  the 
Institution  of  Mechanical  Engineers,  no.  4,  April,   1916,   15'A  pp. 

Jig  Bushings,  R.  F.  Pohle.  Machinery,  vol.  22,  no.  9,  May,  1916,  2 
pp.,  9  tables. 

The  Pearn-Richards  Machine.  The  Steamship,  vol.  27,  no.  323,  May, 
1916,  iYs  pp.,  6  figs. 

MEASUREMENTS  AND  MEASURING  INSTRUMENTS 

ModJ;le   SiMPLiFifi  D'HYGROMfeTRE   A  CONDENSATION,   Charles  Margot. 
Archives   des    Sciences   Physiques   et    Naturelles,    vol.    41,    no.    3, 
March  15,  1916,  4  pp. 
Simplified  condensation  hygrometer. 

Measures  Heat  Directly.  The  Iron  Trade  Review,  vol.  58,  no.  18, 
May  4,   1916,    %    p.,  2  figs. 

Wber  die  Messdno  des   Steinkohlenoases  am   Verbradchsort,   G. 
Schneider.     Journal  fiir  Gasbeleuchtung,   vol.   59,   no.   11,   March, 
1916,  5  pp. 
Measurement  of  coal  gas  at  the  place  of  consumption. 

An  Instrument  for  Determining  Actual  Strains.  Metallurgical  & 
Chemical  Engineering,  vol.  14,  no.  9,  May  1,  1916,  2  pp.,  illus- 
trated. 

The  Fan  Dynamometer.,  J.  Lawrence  Hodgson.  The  Aeronautical 
Journal,  vol.  20,  no.  77,  January-March,  1916,  6 14   pp.,  4  figs. 

Engineering  Applications  of  Automatic  Weighing  Machinery. 
Cassier's  Engineering  Monthly,  vol.  49,  no.  4,  April,  1916,  6  pp., 
7   flgs. 

MECHANICS 

Untersuchungen   iJber   die    Reibungskrafte    in    oleitenden    Kupp- 
luxgsflachen,  F.  Achilles.     Der  Oelmotor,  vol.  4,  no.  11,  Febru- 
ary,  1916,  6  pp.,   11  flgs. 
Investigation  of  friction  in  sliding  surfaces  of  coupling. 

Surface  Friction  :  Experiments  with  Steam  and  Water  in  Pipes, 
Cecil  H.  Lander.  Proceedings  of  the  Royal  Society,  vol.  92,  no. 
A  640,  April,  1910,  16  pp.,  3  flgs. 

The  Use  of  Influence  Lines,  R.  W.  Flowers  and  H.  N.  Jones, 
Journal  of  the  Western  Society  of  Engineers,  vol.  21,  no.  2, 
Feb.,  1916,  23  pp.,  12  plates. 

Errors  of  Screws.  Mechanical  World,  vol.  59,  no.  1531,  May  5,  1916, 
2  pp.,  6  figs. 

The  Bending  and  Torsion  of  Beams  of  Commercial  Section,  E.  G. 
Ritchie,  Enginering,  vol.  101,  no.  2614,  Feb.  4,  1916,  1%  pp.,  1  fig. 

Shaft  Calibration,  William  H.  Carter.  The  Journal  of  the  American 
Society  of  Marine  Draftsmen,  vol.  3,  no.  1,  April,  1916,  9  pp.,  4 
plates. 

MUNITIONS 

Machining  and  .\ssembling  the  Military  Rifle  Bayonet,  F.  H. 
Mayoh.  Canadian  Machinery,  vol.  15,  no.  18,  May  4,  1916,  3% 
pp.,   11   figs. 


The  Forging  and  Machining  of  60  Pounder  Howitzer  bi.ELLs, 
Canadian  Macuinery,  vol.  15,  no.  19,  May  11,  1916,  4  pp.,  13  flgs. 

The  Military  Rifle,  Douglas  T.  Hamilton.  Machinery,  vol.  22.  no. 
9,  May,  1910. 

Machining  Rifling  Bars  on  the  Bench  Lathe,  A.  H.  Cleaves.  Ma- 
chinery, vol.  22,  no.  9,  May,  1916,  I'/a  pp.,  illustrated. 

-isNUTZUNG  VON  GeschOtzrohren.     Mittcilungen  iiber  Gegenstande  des 
Artillerle  und  Geniewesens,  vol.  47,  13  pp. 
Wear  of  rifle  and  gun  barrels. 

Typical  Canadiajj  Munition  Work.s  Producing  Shells.  Canadian 
Machinery,   vol.    15,   no.    16,   April   20,    1916,    I14    pp.,   illustrated. 

PRESSES,   HYDRAULIC 

Relation  of  Pressure  Ram  Diameter  and  Tonnage  in  Hydraulic 
Presses,  W.  B.  Updegraff.  Machinery,  vol.  22,  no.  9,  May,  1916, 
Mi   p. 

The  Design  of  Hydraulic  Presses,  Hugo  Friedmann.  Machinery, 
vol.  22,  no.  9,  May,  1916,  41/2   pp.,  13  figs. 

PUMPS 

Air-Lifts   for   Deep-Wells,   W.   H.   Maxwell.      Cassier's   Engineering 
Monthly,  vol.  49,  no.  4,  April,  1916,  14 1^   pp.,   17  flgs. 

Vergleichende     Betrachtung    t'BER    Kreiselpumpen    und    Nieder- 
druck-Wasserturbinen,    G.    Kiihne.      Die    Fordertechnik,    vol     9 
no.  8,  April  15,  1916,  4  pp.,  9  figs. 
A    comparison   between    centrifugal   pumps   and    low-pressure   water 
turbines. 

RAILWAY  ENGINEERING 

Some  Foreign  Specifications  for  Railway  Materials,  G.  K.  Burgess 
and  P.  D.  Merica.  Technologic  Papers  of  the  Bureau  of  Standards, 
no.  61,  April  20,  1916,  128  pp.,  illustrated. 

Consolidation  Locomotives  for  the  Lake  Sipebioe  &  Ishpeming 
Ry.     Railway  Review,  vol.  58,  no.  20,  May  13,  1916,  2  pp.,  3  figs. 

Important  Development  in  Passenger  Car  Painting  on  the  Penn- 
sylvania Railroad.  Railway  and  Locomotive  Engineering,  vol. 
29,  no.  5,  May,  1916,  2  pp.,  illustrated. 

Mikado  Type  Locomotives  for  the  Raritan  River  Railroad,  and 
Mikado  Locomotives  for  the  Lehigh  &  Hudson  River  Railway. 
Railway  and  Locomotive  Engineering,  vol.  29,  no.  5,  May,  1916, 
2  pp.,  illustrated. 

Die       WIDERSTANDSFORMELN       FIJR      ElSENBAHNZtlGE       IN       ihrer      Ent- 

wiCKELUNG,  H.  Nordmann.     Annalen  fiir  Gewerbe  und  Bauwesen 
vol.  78,  no.  8,  April,  1916,  6  pp.,  2  flgs. 
Historical  survey  of  the  development  of  formulae  of  train  resistance. 

The  Railways  and  Preparedness,  J.  A.  Droege.  New  England  Rail- 
road Club,  April  11,  1916,  26  pp. 

The  Simplex  System  of  Compounding  for  Mallbt  Locomotives. 
Railway  Review,  vol.  58,  no.  18,  April  29,  1916,  2%   pp.,  4  figs. 

EQUIPEMENTS     a     UNITlSs     MULTIPLES     ET    A     COMMANDE     fiLBCTEO-PNEU- 

matique   Westinghouse   install^s   sor  les  automotrices   des 
CHEMiNS   de  fer  de  l'Etat,  J.   Reyval.     La  Lumi6re  Electriaue, 
vol.  33,  no.  15,  14  pp.,  19  flgs. 
Westinghouse  multiple-unit  and   electro-pneumatic   brake   equipment 
on  motor  cars  on  French  State  railways. 

REFRIGERATION 

Die  Verwendung  des  Gases  zur  Kalteerzeogung  im  Hauschalte. 
Zetischrift  des  Vereines  der  Gas  und  Wassersachmanner  in      ster- 
reich  u.  Ungarn,  vol.  56,  no.  6,  March  15,  1916,  2%  pp. 
Gas-heated  refrigerators  for  domestic  use. 

Brine-Coil  Defrosting  System.  Practical  Engineer,  vol.  20.  no.  9. 
May  1,  1916,  IVa  PP.  "  <  •  > 

STEAM  ENGINEERING 

A  Method  for  Testing  the  Efficiency  op  Boiler  Scale  Preventa- 
tives, H.  K.  Benson  and  O.  A.  Hougen.  The  Journal  of  Industrial 
and  Engineering  Chemistry,  vol.  8,  no.  5,  May,  1916,  1  p.,  3  figs. 

Neue  Dampfkesselwasserstandszeiger,  B.  Grey.  Sozlal-Technlk 
vol.  15,  no.  5,  March  1,  1916,  2V2  pp.,  3  figs.  ' 

New  water-level  gages  for  boilers. 

Dampfverbrauch    zweier    Dampfmaschinen    in    Abhangigkeit    von 
der    Belastuno.      Zeltschrlft    des    Bayerlsehen    Revision-Verelns. 
vol.  19,  no.  12,  June  30,  1915,  1%   pp. 
Steam  consumption  of  two  engines  as  a  function  of  their  load. 

Die    Wirtschaftlichkeit    des    Damppkraftbetriebes     fUr    indus- 

trielle   Werke   in   der   Schweiz,   M.   a.   Niischeler.      Zeltschrlft 

des  Bayerlsehen  Revisions-Verelns,  vol.  19,  no.  10.  11,  12,  Mav  and 

June,  1915,  8  pp.,  8  figs.  .       .       .         j 

Economy    of    steam    power    generation    for    industrial    purposes    In 

Switzerland. 

The  Modern  Superheater  and  Its  Performance,  S.  S.  Riegel. 
Central  Railway  Club,  paper  read  at  meeting  on  May  12,  1916, 
7  pp. 

.\utomatic  Valves,  J.  C.  Hawkins.     Practical  Engineer,  vol.  20.  no.  9 
May  1  ,1916,  2^  pp.,  6  flgs. 

Preparation  of  Large-Type  Babcock  and  Wilcox  Boilers  foe  Test, 
H.  Martin.  The  Journal  of  the  South  African  Institution  of 
Engineers,  vol.  15,  no.  4,  Nov.,  1915,  8  pp. 

Results  of  the  Hall  op  Records  Test.  The  Isolated  Plant,  vol.  8 
uo.  4,  April,  1916,  2>4  pp. 

Boiler  Room  Economies,  F.  E.  Matthews,  A.  S.  R.  E.  Journal,  vol.  2. 
no.  5,  March,  1916,  12  pp.,  2  figs. 
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Water  Softening  Practice,  Samuel  A.  Greeley,  Journal  of  the  Ameri- 
can Water  Works  Association,  vol.  o,  no.  i,  March,  I91t),  19  pp.,  1 
fig- 

Investigation  op  the  Pressure  Dnor  in  Steam  Pipes,  M.  Guilleaume. 
Practical  Engineer,  vol.  2,  no.  S,  .\pril  15,  19H>.  2%  pp.,  S  figs. 

Why  Do  Fkont  Flce  Sheets  Bulge?  Master  Boiler  Makers'  .Asso- 
ciation Convention,  Cleveland,  May  23-26,  1916. 

.Advantages  and  Disadvantages  of  the  Fusible  Plug.  Master  Boiler 
Makers'  Association  Convention,  Cleveland,  May  23-26,  1916. 

C>xy-Acetylene  and  Its  Advantages  in  Boiler  Repairs.  Master 
Boiler  Makers'  Association  Convention,  Cleveland.  May  23-26.  lillCi. 

Electric  Welding  and  Its  Advantages  in  Boiler  Repairs.  Master 
Boiler  Makers'  Convention,  Cleveland,  May  23-26,  1916. 

I'ERFORMANCE  OF  FLEXIBLE  BoLTS.  Master  Boller  Makers'  Association 
Convention,    Cleveland,    May    23-26,    1916. 

THERMODYNAMICS 

Das  JS-Diagram  von  Mollier.  ein  Beispiel  fur  pie  .Anwexdung  des 
Entropiebebegriffs,  R.  Vater.     Dinglers  polytechnisches  Journal, 
vol.  97,  no.  4,  Feb.  19,  1916,  5%  pp.,  6  figs. 
The  JS  Mollier  diagram,  an  example  o£  application  of  the  conception 

of  entropy. 

Die    Abhangigkeit    des    Thomson-Joule-Effektes    fOr    Luft    von 

DRUCK    UND    TEMPERATUR    BEl    DRtjCKEN    BIS    150    AT.    UND    TEMPER- 

aturen  von — 55  BIS — 250  C,  Friedrich  Noell.     Forschungsarbeiten 
aut    dem    Gebiete   des    Ingenieurwesens,    no.    184,    1916,    43%    pp., 
17    figs. 
The  Thomson-Joule  effect  in  air  as  a  variable  of  pressure  and   tem- 
perature (see  abstract). 

Experiments  on  the  Flow  of  He.\t  in  Metal  Sheets,  Sidney 
Skinner.  'The  Physical  Society  of  London  Proceedings,  vol.  28, 
DO.  163,  April  15,  1916,  4  pp.,  3  figs. 

VARIA 

Effect  of  Compensating  Jet,  V.  R.  Heftier.  The  Automobile,  vol.  34, 
no.  19,  May  11,  1916,  1%  pp.,  4  figs. 

Kraft   aus    Warme,    Wilhelm    Gentsch.      Verhandlungen    des    Vereins 
zur  Beforderung  des  Gewerbfleisses,   no.   11,  Feb.,   1916,  24'A    pp.. 
3S  figs. 
Power  from  heat. 

Extraordinary  Transmission  System,  A.  Ludlow  Clayden.  The 
Automobile,  vol.  34,  no.  19,  May  11,  1916,  Hi  pp.,  3  figs. 

Standardization  of  Automobile  Tire  and  Fabric  Testing,  Waller 
S.  Lewis  and  Charles  J.  Cleary.  Technologic  Papers  of  the 
Bureau    of    Standards,    no.    68,    March    17,    1916,    15    pp.,    7    figs. 

A  Successfully-Operated  Two-Ton  Open  Hearth.  The  Foundrv, 
vol.  44,  no.  5,  May,  1916,  4M  pp.,  6  figs. 

Modern  By-Product  Coke  Practice,  T.  C.  Clarke.  The  Iron  Trade 
Review,  vol.  58,  no.  18,  May  14,  1916,  2%  pp. 

Rennerfelt  Electric  Arc  Furnace,  C.  H.  Vom  Baur.  The  Iron 
Trade  Review,  vol.  58,  no.   18,  May  4,   1916,  2   pp.,   3  figs. 

Die  Bedeutung  des  Emails  in  der  gegenwartigen  Zeit,  J.  Schaefer. 
Das  Metall,  no.  10,  March,  1916,  2"^  pp. 
The  importance   of  enameling  at   the   present   time   as   a   means   for 
creating  substitutes  for  materials  not  available  in   Germanj'. 

The  Application  of  Centrifugal  Force  to  Suspensions  and  Emul- 
sions, Eugene  E.  Ayres,  Jr.  Metallurgical  &  Chemical  Engi- 
neering, vol.  14,  no.  9,  May  1,  1916,  2  pp. 

Sewage  and  Its  Precipitation  :  Facts  and  Fallacies  from 
Laboratory  and  Practical  Tests,  Reginald  Brown.  Journal  of 
The  Society  of  Engineers,  vol.  7,  no.  3,  March,  1916,  26M  pp.. 
9  figs. 

Modern  By-Produci  Coke  Practice,  T.  C.  Clarke.  The  Iron  Trade 
Review,  vol.  5S,  no.  17,  April  27,  1916,  4  pp. 

Automatic  Sprinklers.  National  Fire  Protection  Association,  1916. 
11%  pp. 

The  Design  and  Constructio.n  of  Continuous  Kilns,  A.  F.  Greaves- 


Walker.      Brick  and   Clay   Record,   vol.   48,   no.    S,  April   18,   1;J16, 
4%  pp.,  7  figs. 

A  Power-Operated  Ice-Sawing  Machine.  Gas  Power,  vol.  13,  no.  11, 
May,   1916,   1%   pp. 

The  Functions  and  Organization  of  a  Technical  Laboratory,  B.  I' 
Porritt.  Journal  of  the  Society  of  Chemical  Industry,  vol.  3. 
no.  6,  March  31,  1916,  2%  pp. 

Was  soll  die  Eiixjen.     Technische  Hochschule  zur  Furdekung 
nationalen    Buzikhung    thun';      M.    Grossmann.      Schweizer; 
Bauzeitung,  vol.   67,  no.  15  and   16,  April  8,   1916,   4  pp. 
What  can  the  Federal   Swiss  Polytechnic  do  tor   the   national   engi- 
neering education? 

Standardization  of  Pipe  and  Pipe  Fittings.  National  Fire  Pro- 
tection -Association,  1916,  11%  pp.,  illustrated. 

Coating  for  Blue-Print  Paper.  Scientific  American  Supplement, 
vol.  81,  no.  2107,  May  20,  1916,   %   p. 

Proposed  Code  of  Ethics — For  Comment.  Journal  of  tl  e  Western 
Society  of  Engineers,  vol.  21,  no.  1,  Jan.  1916,  6  pp. 

Die  Technik  des  SchOtzengrabens,  Th.  Wolff,  Prometheus,  vol.  27, 
no.  19  and  20,  Feb.  2  and  12,  1916,  6%  pp.,  2  tigs. 
Engineering  of  trench  building. 

Die  Leiifahigkeit  und  elektrische  Erregbarkeit  vox  Benzol  und 
ahnlichen  feuergefahrlichen  FlUssigkeiten,  D.  Holde,  Petro- 
leum, vol.  11,  no.  9,  Feb.  2,  1916,  4:%  pp.,  2  figs. 
Electrical  conductivity  and  excitability  of  gasoline,  benzol  and  simi- 
lar inflammable  liquids. 

Engineering  Post-Graduate  Schools  from  the  Student  Standpoint, 
E.  E.  Wilson.  United  States  Naval  Institute  Proceedings,  vol.  42, 
no.  2,  March-April,  1916,  8  pp. 

A  Successful  Ice-Cutting  Machine.  The  Gas  Engine,  vol.  l.*-.  uo.  4. 
April,  1916,  1%  pp.,  illustrated. 

Pipe  Hangers,  Harold  L.  Alt.  The  Heating  and  Ventilating  Magazin.-, 
vol.  13,  no.  3,  March,  1916.  oVi  PP-,  10  figs. 

Road  Traction  by  Petrol  Steam,  and  Electric  Motor  Vehicles. 
The  Engineer,  vol.  CXXI,  no.  3139,  p.  182,  no  illustrations. 

The  Lay-out  of  an  Aircraft  Factory,  George  H.  Mansfield,  .Aero- 
nautics, vol.  10,  no.  123,  Feb.  23,  1916,  3  pp. 

Selecting  Men  for  Jobs,  Herman  Schneider.  Proceedings  of  The 
Engineers'  Club  of  Dayton,  vol.  2,  no.  4,  Jan.,  1916,  15  pp. 

Setti.ng  Anchor  Bolts  in  Masonry,  C.  H.  Jennings.  Southern  Engi- 
neer, vol.  25,  no.  1,  March,  1916,  1  p.,  4  figs. 

Handling  Materials  in  Manufacturing  Plants,  Robert  L.  Streeter. 
The  Engineering  Magazine,  vol.  1.  no.  6,  March,  1916,  26  pp.,  33 
figs. 

DISHED  ENDS  FOR  BOILERS 

(Bibliographkal    notice   compiled    bu   the   Library   of   the   Engineering 
Societies  i 

Marine  Department  of  the  Board  of  Trade. 
Engineer,  vol.  41,  Juno  30,  1876,  p.  489. 

Marine  Builders  and  the  Board  of  Trade. 

Engineering,  vol.  22,  p.  13-14,  July  7,  1876. 
Dished  ends  of  boilers,  p.  14. 

Dished   Ends  of  Boilers. 

Engineering,  vol.  22,  p.  31,  July  14.  1876. 

Bach,  C. 

t'ntersuchungen   iiber  die  Formanderungen   und   die   Anstrengung 

gewolbter  Boden. 
Zeitschrift  v.  Deutscher  Ing.,  vol.  41,  pp.  1157-63.  1191-97,  1218- 

1226  ;  vol.  43,  pp.  1585-94,  1613-25  ;  1897,   1899. 
Hierzu  Tafels. 

Tests  on  Mild  Steel  Dished  Ends. 

Engineer   (London),  vol.  107,  pp.  154-5,  209-212,  Feb.  12  and   26, 

1909. 
.All  abstract  and  translation  of  Prof.  Bach's  articles  in  Z.  v.  D.  I., 

1897-99. 
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THE  Port  of  New  Orleans,  about  100  miles  from  the  Gulf 
of  Mexico,  extends  for  nearly  fifteen  miles  along  the 
Mississippi  River,  from  Westwego  and  Southjiort  above  the 
city  on  the  northwest,  to  Chalmette  five  miles  below  Canal 
Street.  The  principal  commercial  development  is  on  the  east 
bank  of  the  river,  but  on  the  west  bank,  opposite  the  city, 
there  are  wharves  and  landings  at  Westwego,  Harvey's  Canal, 
Gretna,  Algiers  and  McLellanville. 


By  the  peculiar  laws  in  force,  there  can  be  no  private  owner- 
ship of  river  front  property  to  the  exclusion  of  the  public. 
The  State  of  Louisiana  owns  outright  the  larger  part  of  the 
commercial  front  and  has  the  right  to  use  all  of  it,  appro- 
priating any  land  needed  and  expropriating  any  improve- 
ments on  such  property  if  placed  under  grants  of  the  jjroper 
authorities. 

Until  1901  the  facilities  of  the  Port  of  New  Orleans  were 


Fig.  1     Port  of  New  Orleans,  Showing  Coordination  of  Rail  and  Water  Transportation 


In  volume  of  business,  combining  imports  and  exports.  New 
Orleans  is  the  second  port  of  the  United  States,  being  ex- 
ceeded only  by  New  York.  New  Orleans  is  described  as  a  two- 
way  port,  the  import  and  export  tonnage  being  practically 
equal,  a  condition  obviously  very  favorable  to  the  transporta- 
tion interests.  The  value  of  the  combined  imports  and  exports 
averages  about  $1,000,000  per  day. 


Presented  at  the  Spring  Meeting  of  The  .\mericax  Society  of 
Mechanical  Engineers,  New  Orleans.  La.,  .\pril.  1916.  Pamplilet 
copies  without  discussion  may  be  obtained  ;  price  15  cents  to  members. 
30  cents  to  non-members. 


provided  by  private  interests  through  lease  of  the  river  front- 
age. The  wharves  were  temporary  structures;  there  were  no 
sheds;  there  was  no  machinery,  and  charges  assessed  against 
vessels  were  considered  excessive. 

The  Board  of  Commissioners  of  the  Port  of  New  Orleans 
was  created  by  the  Legislature  in  1896  and  in  1901  secured 
control  of  the  river  front. 

The  first  Board  which  took  charge  of  the  facilities  in  1901 
was  somewhat  handicapped  through  having  no  other  available 
funds    than    revenues    produced   by    charges   upon    shipping. 
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Fig.  2     Baxaxa  Uxloaders,  Faulixe  Street  Wharf 


Fig.  3     Telphers  in  Chalmette  Sugae  Refinery 


Fig.  4     Poktable  Lxloaher  and  Conveyor 


After  a  few  years,  however,  the  Legislature  au- 
thorized the  Board  to  issue  bonds,  and,  with  the 
proceeds  of  these  bonds,  wharves  and  sheds  were 
constructed.  In  1914  other  bonds  were  issued  for 
the  construction  of  a  Public  Cotton  Warehouse,  and 
in  1915  for  a  Public  Grain  Elevator;  and  financial 
arrangements  were  made  which  will  permit  the 
prompt  execution  of  further  improvements,  as 
adopted. 

On  account  of  this  lack  of  funds  in  the  early 
years,  the  facilities  first  constructed  consisted  solely 
of  wharves  for  landings.  The  construction  a  few 
years  later  included  closed  sheds,  and  the  more  re- 
cent projects  include,  in  addition,  switch  tracks  gen- 
erally on  the  wharf  front,  paved  roadways  along  the 
rear  of  the  wharves  connecting  with  the  city  streets 
and  mechanical  devices  suited  to  the  purpose  of  the 
wharf.  It  is  planned  to  rebuild  pt'omptly  a  large 
part  of  the  existing  wharf  system,  including  in  the 
rebuilding  the  additional  facilities  mentioned. 

The  river  front  of  New  Orleans  is  now  admin- 
istered by  two  State  Boards:  (1)  The  Board  of 
Commissioners  of  the  Orleans  Levee  District,  which 
is  empowered  to  acquire  land  and  to  build  protective 
levees;  (2)  The  Board  of  Commissioners  of  the 
Port  of  New  Orleans,  which  has  jurisdiction  over 
the  port  and  prescribes  rules  for  operating  vessels 
and  cuiitrols  the  commercial  use  of  the  jiort  facili- 
ties. 

The  wharves  are  served  by  the  Public  Belt  Rail- 
road, owned  by  the  City  of  New  Orleans  and  oper- 
ated through  the  Public  Belt  Railroad  Commission. 
The  Belt  Railroad  connects  with  all  railroads  reach- 
ing the  city  and  switches  cars  to  and  from  the 
wharves  and  industries  at  a  flat  rate  of  two  dollars 
per  ear.  The  Belt  Railroad  Commission  was  created 
in  1904  and  began  work  in  liJO.j,  since  which  time 
construction  has  been  carried  on  continuously. 

The  river  is  from  one-half  to  three-quarters  of  a 
mile  in  width,  and  the  depth  within  ten  feet  of  the 
wharves  ranges  from  70  to  30  ft.  LTnloading  can  be 
done  in  midstream,  but  most  of  the  vessels  land 
broadside  along  the  wharves,  which  extend  out  from 
.50  to  100  ft.  from  the  bank.  Easy  access  to  this 
whole  wharfage  front  is  afforded  by  city  streets  and 
by  railroad  tracks  in  the  rear  of  and  upon  the 
wharves.  The  levees  for  flood  protection  are  very 
wide  in  the  commercial  district,  and  slojje  back  so 
gradually  as  to  be  hardly  noticeable.  They  serve 
the  purpose  of  marginal  streets  along  the  water 
front,  the  wharves  being  built  at  the  elevation  of 
the  levees  and  out  beyond  them. 

AVhile  the  developed  river  front  is  about  1.5  miles 
long  there  are  41.4  miles  of  river  frontage  under  the 
lontrol  of  the  Port  Commission.  The  developed 
harljor  has  a  water  area  in  excess  of  eleven  square 
miles.  A  plan  of  the  harbor,  showing  the  coordina- 
tion of  rail  and  water  transportation,  is  shown  in 
Fig.  1. 

The  satisfactory  design  and  construction  of 
wharves  and  buildings  on  the  banks  of  the  river  are 
made  more  difficult  by  the  wide  range  of  the  water 
level,  amounting  to  about  21  ft.,  and  by  the  current 
and  large  amount  of  silt  borne  by  the  water. 

The  wide  range  of  level,  in  particular,  complicates 
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the  design  of  machines  for  transferring  cargo  be- 
tween wharves  and  vessels,  involving  special  ar- 
rangements for  adjusting  the  ends  of  conveyors  and 
for  adjusting  overhead  booms  without  fouling  the 
rigging  and  wireless  equi|)ment  of  ships. 


MECHANICAL    EQUIPMENT 

The  mechanical  equipment  which  has  been  de- 
veloped in  New  Orleans  is  widely  scattered  through 
the  harbor  and  includes  several  installations  of 
special  interest  relating  to  the  imjiortant  indn-;tries 
of  the  port.  • 


BANANA   UNLOADERS 

Banana  importations  at  New  Orleans  exceed  those 
at  any  other  port,  amounting  for  the  year  ended 
June  30,  1914,  to  10.583,000  bunches,  or  equivalent 
to  an  average  of  320,000  bunches  jier  week. 

The  handling  of  this  business  by  mechanical  de- 
vices has  been  developed  until  practically  all  of  the 
bananas  are  now  unloaded  by  machines. 

The  design  of  this  machine  is  comjdicated  by  tlie 
necessity  for  providing  for  a  wide  range  of  water 
level  and  for  ships  of  various  dimensions.  The 
machine  consists  of  a  steel  A-frame  structure  tiavel- 
ijig  lengthwise  of  the  wharf  on  two  rails  aliout  21  ft. 
centers  and  carrying  a  structural  steel  main  boom 
about  50  ft.  in  length,  stepjied  about  2(1  ft.  above  the 
dock  level. 

On  this  boom,  at  a  distance  of  about  3(1  ft.  from 
the  heel,  is  stepped  an  auxiliary  boom  twenty  or 
more  feet  in  length,  from  the  end  of  which  is  swung 
the  vertical  leg  of  the  conveyor.  These  two  booms 
afford  almost  any  desired  combination  of  vertical 
and  horizontal  adjustment,  while  at  the  same  time 
tlie  main  boom  is  sufficiently  short  to  clear  the  stays 
and  wireless  rigging  of  the  ships. 

These  booms  and  the  framework  carry  the  con- 
veyor proper,  consisting  of  two  endless  chains 
spaced  about  5  ft.  apart  and  running  over  pairs  of 
sprockets  at  the  foot  and  head  of  the  conveyor 
frame,  at  the  pivot  points  of  auxiliary  and  main 
booms  and  at  additional  points  at  the  discharge  end 
of  the  unloader. 

The  distance  between  chains  is  maintained  by 
pipe  spreaders  and  through  bolts  spaced  about  3  ft. 
centers,  attached  to  which  is  a  4  ft.  canvas  belt, 
with  sufficient  slack  between  each  pair  of  sjjreaders 
to  hold  a  bunch  of  bananas  when  the  chain  is 
moving  vertically. 

Upon  reaching  the  point  of  discharge  the  bunch 
is  forced  out  of  the  pocket  by  a  roller  behind  the 
belt  and  drops  upon  a  short  horizontal  conveyor. 
from  which  the  bunches  are  pieke<l  up  by  hand,  in- 
spected, sorted  and  loaded  in  cars,  or  disposed  of 
locally. 

The  entire  machine  is  driven  through  gearing  and 
dutches  by  one  15-h.p.  motor.  The  capacity  of  each 
machine  is  upward  of  2,600  bunches  per  hour. 

Three  gi-oups  of  these  unloaders,  consisting  of  10 
units,  are  owned  by  the  Dock  Board,  the  total  invest- 
ment being  about  $90,000.     The  most  recent  installa- 


Fk;.  5     Typical  Coal  Stokage  Plant 


Fiii.  (i     Typical  Flovfixc  Coai,   Kle\atok 


Fio.  7     Cai;  Feriiy  Incline 
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tion  is  at  the  Pauline  Street  wharf,  and  consists  of  four 
macliines  costing  approximately  $37,500.  This  installation 
is  shown  in  Fig.  2.  The  section  of  the  wharf  on  which  the 
machines  operate  is  of  pile  and  timber  construction,  with  steel 
shed,  about  360  ft.  by  260  ft.  As  the  area  is  covered,  rain 
does  not  interrupt  the  discharging  of  cargo.  The  wharf  is 
served  by  eight  transverse  spur  tracks  accommodating  five 
cars  each ;  and  as  one  ship  may  carry  40,000  to  45,000  bunches 
or  about  120  carloads,  the  entire  track  capacity  may  be  filled 
and  moved  three  times  in  less  than  a  day's  time.  The  cost 
to  the  Dock  Board  of  this  wharf  with  its  shed  and  tracks  was 
about  $1.40  per  square  foot.  In  the  rear  of  the  wharf  the 
Public  Belt  Railroad  has  yard  capacity  for  200  additional 
cars. 

The  Board  of  Commissioners  makes  a  charge  for  the  use  of 
the  banana  conveyors  of  l^  cent  per  bunch,  which  consider- 
ably exceeds  the  cost  of  operation,  maintenance  and  interest 
charges. 


TELPHER  SYSTEM  CHALMETTE  SUGAR  REFINERY 

New  Orleans  receives  large  quantities  of  raw  sugar  from 
Cuba,  Porto  Rico  and  local  production  districts.  The  Ameri- 
can Sugar  Refining  Company  alone  receives  over  300,000  tons 
per  annum  at  its  large  Chalmette  refinery,  just  below  the  city. 

This  plant  has  a  well  equipped  telpher  system  for  receiving, 
storing  and  delivering  raw  sugar.  This  system  operates  be- 
tween a  wharf  about  80  ft.  by  800  ft.  paralleling  the  river, 
and  a  storeroom  about  250  ft.  by  260  ft.  located  inside  of  the 
levee  at  a  distance  of  about  200  ft.  in  the  clear  from  the  wharf. 

The  wharf  is  a  pile  and  timber  structure  below  the  floor 
level  and  of  heavy  steel  construction  above,  the  shed  covering 
the  inshore  60  ft.,  while  the  outer  20  ft.  is  open. 

The  storeroom  is  of  heavy  steel  construction,  with  columns 
set  on  piles  and  double  hardwood  floor  laid  on  packed  sand 
bed.  The  column  spacing  on  the  wharf  is  approximately  20  ft. 
both  ways,  while  in  the  storeroom  the  spacing  is  about  20  ft. 
by  25  ft.  Both  structures  are  enclosed  with  galvanized  iron, 
and  the  two  are  connected  by  four  elevated  rimways,  for  the 
telpher  system,  which  are  also  entirely  enclosed.  The  arrange- 
ment of  the  telphers  in  the  storeroom  is  shown  in  Fig.  3. 

The  track  system  for  the  telphers  is  divided  into  two 
sections,  each  consisting  of  a  loop  on  the  wharf  and  four  loops 
in  the  storeroom.  The  telphers  can  be  operated  selectively 
over  any  of  the  loops  of  a  section  by  means  of  a  transfer  or 
switch  which  connects  the  tracks,  as  desired.  The  two  track 
sections  can  be  inter-connected  by  a  special  transfer  or  switch 
on  the  wharf.  The  long  wharf  loop  is  equipped  with  a  trans- 
fer or  switch  cutting  oft'  a  large  part  of  the  run  when  ships 
are  unloading  at  suitable  points. 


The  telpher  equipment  consists  of  25  machines;  each  has  a 
capacity  of  seven  bags  of  sugar  weighing  about  330  lb.  each, 
or  about  one  long  ton,  and  is  equipped  with  two  travel  motors 
of  6  h.p.  each,  on  a  swivel  truck,  and  one  hoist  motor  of  5  h.p. 
The  telphers  tra\el  700  ft.  per  min.,  which  enables  the  telpher 
to  pick  up  its  load,  make  a  round  trip  to  the  storeroom,  dis- 
charge therein  and  be  on  the  wharf  ready  for  another  trip 
within  five  minutes. 

The  storeroom  has  a  maximum  capacity  for  storing  sugar 
of  about  370,000  bags  or  52,500  tons,  each  panel  between  four 
columns  containing  approximately  2500  bags  when  tiered  28 
bags  high. 

Sugar  arriving  by  boat  is  practically  all  in  bag's.  The  bags 
are  unloaded  from  barges  or  boats  by  three  small  electric 
derricks  on  the  outer  face  of  the  wharf,  and  from  ships  by  the 
ships'  tackle,  in  both  cases  being  deposited  on  the  uncovered 
portion  of  the  wharf.  The  bags  are  then  placed  on  trucks  in 
lots  of  two  or  three  and  trucked  to  a  portion  of  the  wharf 
which  is  in  reach  of  the  telphers,  in  the  ease  of  imjiorted  sugar, 
passing  over  the  Government  scales  on  the  way.  On  this  floor 
the  bags  are  sampled  and  weighed  for  settlement  with  the 
seller,  again  made  u)}  in  slings,  and  transported  by  the  telpher 
to  the  storeroom  and  there  tiered  as  already  described. 

When  sugar  is  to  be  used,  the  same  telphers  remove  the  bags 
from  the  tiers  and  deposit  them  at  the  shore  end  of  the  store- 
room, where  they  are  sampled  and  weighed  for  controlling  the 
manufacturing  process.  At  this  point  the  sugar  is  removed 
from  the  bags  and  is  carried  by  bucket  elevators  to  the  re- 
finery. 

The  estimated  capacity  of  this  telpherage  system,  as  out- 
lined, is  3000  tons  per  working  day  of  ten  hours. 

An  auxiliary  storage  system  consists  of  two  smaller  sheds 
located  at  the  lower  side  of  the  main  storage  shed  and  served 
by  an  electric  industrial  railway  which  crosses  under  the 
telpher  runs,  where  the  loads  are  received  by  the  cars.  The 
tiering  in  these  sheds  is  done  by  portable  stackers. 

Eight  spur  tracks  ]irovide  facilities  for  bringing  in  or  re- 
shipping  sugar  by  rail. 


CONVEYORS    FOR    UXLOADING    STEAMBOATS 

The  very  low  freeboard  of  the  river  steamboats  and  the  com- 
paratively great  height  of  the  whan'es  have  made  it  difficult 
to  move  cargo  from  the  boats  to  the  wharves  by  hand. 
Machines  have  been  developed  for  this  work  and  a  number  of 
such  machines  have  been  used. 

At  present  machines  are  in  use  on  the  steamboat  wharf 
located  just  below  Canal  Street,  the  commercial  center  of  the 
City.  This  wharf  is  about  1400  ft.  long  and  has  the  usual 
shed.     The  machines  are  placed  at  intervals  of  about  200  ft. 


Fig.  8    Texas  &  Pacific  Railroad  Co.'s  Elevators  A  and  B 
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and  consist  of  escalators  about  50  ft.  long  by  Si/o  ft-  wide, 
made  up  of  a  trussed  timber  frame  fitted  with  a  slat  conveyor 
on  which  dogs  for  engaging  the  track  axles  are  spaced  at 
about  5-ft.  centers.  The  outer  end  of  the  conveyor  is  sus- 
pended by  slings  and  counterbalance  from  a  pile  and  timber 
head-frame.  The  conveyors  were  originally  operated  by  small 
steam  engines  bolted  to  the  framing,  with  boilers  alongside, 
but  these  engines  have  now  been  replaced  by  10  h.p.  electric 
motors. 


COXVEYORS    FOR    UNLOADING    COASTWISE    STEAMSHIPS 

For  loading  and  unloading  cargo  from  the  side  ports  of 
their  steamers,  the  Southern  Pacific  Company  or  Morgan  Line 
use  hinged  conveyor  gang-n-ays.  The  most  recent  installation 
is  at  the  St.  Louis  Street  wharf  and  consists  of  three  sets  of 
gangways,  each  set  consisting  of  one  single  and  two  double 
units  about  15  ft.  in  width  by  75  ft.  in  length.  Tlie  double 
units  permit  of  simultaneous  handling  from  side  ports  and 
deck. 

Each  unit  consists  of  a  decked  truss  span  supported  by  three 
steel  trusses  about  6  ft.  deep,  properly  cross-braced.  A  width 
of  about  5  ft.  at  one  side  of  each  unit  is  occupied  by  a  slat 
conveyor  set  in  flush  with  the  decking  and  operated  through 
gearing  by  a  15  h.p.  motor,  located  under  the  gangway  at  the 
inner  end. 

At  the  outer  end  is  a  substantial  structural  steel  frame  rest- 
ing on  the  edge  of  the  wharf,  and  supporting  the  sheaves  for 
coimterbalance  weights  and  hoisting  gear.  The  gangway  is 
raised  and  lowered  by  wire  rope  operating  through  double 
blocks  and  winding  on  a  drum  which  is  driven  through  spur 
and  worm  gearing  by  a  motor. 

In  one  set  of  these  gangways  3-h.p.  motors  are  used  for 
hoisting,  but  the  motion  was  found  to  be  too  slow  and  in  the 
second  and  tliird  sets  installed  later,  and  of  heavier  construc- 
tion, 10-h.p.  motors  are  used. 

The  wharf  area  served  by  these  machines  is  about  204,000 
sq.  ft.,  with  steel  sheds  over  the  full  length  of  1887  ft.,  as- 
sigTied  to  this  Companj'.  In  the  year  ended  June  30,  1914, 
about  625,000  tons  of  miscellaneous  freight  crossed  this  wharf, 
or  the  equivalent  of  an  average  of  330  short  tons  per  lineal 
foot  per  year. 


PORTABLE   UXLOADERS    AND    COXVEYORS 

As  a  substitute  for  the  conveyors  just  described  for  use  on 
wharves  not  equipped  with  machines,  there  are  several  installa- 
tions of  portable  sectional  conveyors.  These  conveyors  are 
also  used  to  move  cargo  from  the  edge  of  the  wharf  to  storage 


in  the  sheds  and  for  stacking.  One  such  unloader  and  con- 
veyor, which  has  a  maximum  capacity  of  1  ton  per  minute, 
is  shown  in  Fig.  4. 

The  conveyor  is  made  up  of  a  number  of  sections,  supported 
and  connected  by  platforms,  some  of  which  carry  the  power 
units.  The  power  is  distributed  over  two,  and  in  the  ease  of 
the  heavier  machine,  over  three  electric  motors,  instead  of 
driving  the  entire  equipment  by  one  motor.  With  the  assist- 
ance of  a  battery  crane  truck,  one  or  two  men  can  connect 
or  disconnect  all  the  sections  and  place  them  on  the  ground 
ready  for  moving  in  a  few  minutes,  and  when  disconnected  the 
whole  equipment  can  then  be  drawn  from  place  to  place  by 
motor  trucks. 

These  conveyors  have  been  in  successful  use,  handling  a 
N'ariety  of  materials,  particularly  coffee,  rice,  sugar,  cement, 
etc.,  in  bags,  coils  of  wire,  box'es,  miscellaneous  packages  and 
one  of  the  larger  machines  has  handled  cotton  bales. 


COAL   HANDLING   EQUIPMENT 

Tlie  coal  companies,  the  transportation  interests  and  some 
large  consumers  have  established  coal  handling  plants  of  some 
interest. 

The  Alabama  &  New  Orleans  Transportation  Co.  has  a  coal 
storage  plant  at  Violet,  just  below  the  city  on  the  Lake  Borgne 
Canal  near  its  junction  with  the  river.  The  plant  consists  of 
three  towers  movable  along  tracks  parallel  to  the  canal.  These 
towers  span  railroad  tracks  and  with  an  extension  boom  reach 
barges  in  the  canal  and  storage  piles  on  shore. 

In  connection  with  this  storage  plant,  the  company  operates 
barges  for  delivering  coal  in  the  harbor  and  a  self-propelled 
steel  bunkering  barge  of  the  hopper  type,  driven  by  a  kero- 
sene oil  engine.  The  handling  mechanism  consists  of  a  con- 
veyor in  the  hull  of  the  barge  taking  coal  from  the  main 
lioppers  and  discharging  it  into  the  boot  of  a  bucket  elevator 
wiiicli  in  turn  delivers  the  coal  to  a  conveyor  boom  discharging 
on  the  vessel  alongside. 

The  New  Orleans  Coal  Company,  which  carries  on  a  general 
bunkering  business,  has  a  shore  plant  for  loading  its  barges 
which  consists  of  tracks  which  cross  a  platform  scale  and  a 
hopper.  Below  the  mouth  of  the  hopper  is  an  electrically 
driven  belt  conveyor  discharging  into  a  barge;  this  barge, 
together  with  the  bunkering  elevator  is  taken  by  a  tug  to  the 
ship  which  is  to  be  coaled. 

The  elevator  is  mounted  on  a  barge  and  consists  of  a  skip 
raised  in  guides  by  a  drum  hoist,  the  skip  receivnig  coal  from 
a  hopper  fed  by  a  revolving  derrick  equipped  with  a  clam  shell 
bucket.  The  skip  hoists  the  coal  and  discharges  into  hinged 
spouts  leading  to  the  coaling  hatches  of  the  ships. 

The  Monongahela   River  Coal  &   Coke  Company  operates 


Fiij.  y     Illinois  Central  Railroad  Co.'s  Elevators  D  and  E 
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floating-  c-onliii<;-  jilanls  similar  in  general  design  to  the  elevator 
described  al)ove. 

The  HIinois  Central  Railroad  lias  uistalled  at  Harahan,  iui- 
inediately  above  the  city,  a  plant  of  300  tons  hourly  capacity 
for  transferring  coal  from  cars  to  barges.  Cars  loaded  with 
coal  are  placed  in  a  double  track  gravity  yard  of  about  twenty 
cars  capacity.  The  ears  pass  over  and  discharge  the  coal  into 
a  concrete  hopper  under  the  tracks.  The  hopper  and  tracks 
«re  covered  by  a  frame  shed.  From  the  hojiper  tlie  coal  is 
-carried  by  a  36-in.  belt  conveyor  through  a  gallery  for  about 
150  ft.  to  a  50-ft.  adjustable  boom  which  is  suspended  from 
a  gallows  frame  and  extends  over  the  barges.     The  plant  is 


barges  or  colliers  and  store  it,  delivering  it  again  as  desired 
into  ships'  bunkers. 

This  plant  consists  of  a  steel  and  eonerete  storage  house 
with  elevated  bins  and  steel  wharf  structure  which  is  also  pro- 
\ided  with  bins  and  surmounted  by  a  moving  tower  carrying 
a  clam  shell  bucket.  The  two  structures  are  connected  across 
the  levee  by  a  covered  conveyor  gallery. 

In  storing,  coal  is  transferred  from  the  vessel  by  a  2-ton 
clam  shell  bucket  to  the  center  hopper  on  wharf.  The  coal  is 
then  spouted  to  the  main  conveyor  which  carries  it  along  the 
conveyor  monitor  of  the  storage  house  and,  by  means  of  ad- 
justable trips,  distributes  it  in  the  bins. 


Cord,  teitcon  &  5?avis"? 
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Fig.  10    Desigx  of  the   Public   Graix   Elevator 


driven  by  electricity,  separate  motors  o\  erating  the  belt,  the 
boom  hoist  and  a  winch  for  shifting  the  barges.  The  feed  to 
the  belt  is  regulated  by  an  oscillating  plate  feeding  device. 
The  coal  is  distributed  across  the  barge  by  an  adjustable  dis- 
charge chute  on  the  end  of  the  boom.  Two  men  operate  the 
plant,  one  handling  the  cars  and  one  the  conveyor. 

The  New  Orleans  Railway  &  Light  Company  has  installed 
on  the  wharf  at  the  foot  of  Race  Street,  opposite  their  central 
station,  a  plant  of  '.^00  tons  hourly  capacity,  for  unloading  coal 
from  barges  and  delivering  it  across  the  shed  and  roadway  to 
the  storage  pnle. 

The  wharf  end  consists  of  a  heavy  steel  tower  resting  on 
four  spread  cohnnns  and  supporting  a  mast  and  boom  with 
bucket  and  a  hopper.  The  boom  swings  in  a  vertical  plane 
only  and  slopes  down  and  toward  the  river.  Traveling  on  the 
boom  is  a  two-yard  clam  shell  bucket  delivering  coal  into  the 
ho])i-er.  This  hopper  discharges  into  small  cars  which  are 
then  weighed  and  hauled  by  cable  over  an  elevated  runway 
and  dumped  on  the  storage  pile.  The  inshore  end  has  not  Ijeen 
(Completed  as  yet. 

The  U.  S.  Naval  Station,  on  the  west  bank  of  the  river, 
includes  a  coaling  plant  which  is  designed  to  take  coal  from 


For  bunkering  a  ship,  the  coal  is  either  spouted  from  these 
bins  direct  into  a  filler  at  the  rear  of  the  storage  house  or  into 
small  ears  running  under  the  bins  and  delivering  to  the  filler. 
The  filler  discharges  on  the  main  conveyor  which  carries  the 
coal  to  the  wharf  and  dumps  it  on  a  smaller  conveyor  running 
lengthwise  of  the  wharf  and  discharging  into  the  wharf  bins 
or  hojijiers  from  which  the  ship  is  bunkered  direct  by  means 
of  chutes. 

AU  conveyors  are  of  the  susjiended  bucket  type  and  are 
jirovided  with  automatic  weighing  devices. 

The  wharf  iioppers  are  fitted  with  small  auxiliary  hoppers 
near  the  tops,  to  which  the  chutes  may  be  attached  and  used 
for  bunkering  in  high  water  periods. 

The  storage  capacity  of  this  plant  is  3000  tons.  The  capac- 
ity of  the  wharf  bins  is  750  tons.  The  hoist  motor  is  125  h.]!. ; 
the  conveyor  monitor  motor  75  h.p. ;  the  main  conveyor  40 
li.p. :  the  breaker  motor  30  h.p.,  and  the  trolley  motor  15  h.p. 

The  American  Sugar  Refining  Company  is  now  installing  at 
the  Chalmette  refinery  a  small  coal  plant  of  about  70  tons 
hourly  capacity  for  receiving  coal  from  barges  and  delivering 
it  into  the  track  hoppers  of  the  present  boiler  house. 

The  iilaut  consi.sts  of  a  wharf  36  ft.  by  204  ft.  paralleling 
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tlie  liver,  and  on  the  wharf  runs  an  electric  locomotive  crane 
filted  with  a  two-yard  clam  shell  bucket  and  operated  by  an 
alternating  current  motor  of  about  100  h.p. 

This  crane  lifts  the  coal  from  the  open  barge  and  deposits 
it  in  an  elevated  dock-storage  hopper  of  170  tons  capacity. 
This  hopper  automatically  delivers  the  coal  to  a  conveyor  bell 
by  means  of  beaded  flight  feeders,  actuated  by  a  3-h.p.  motor. 
This  conveyor,  operated  by  a  10-h.p.  motor,  leads  over  the 
levee  and  across  the  road  to  a  transfer  bin  of  130  tons  capac- 
ity. From  the  transfer  bin  the  coal  is  dumped  into  special 
.50-ton  steel  cars  with  hopper  bottoms  standing  on  a  platform 
scale.  Two  cars  at  opposite  points  on  an  endless  cable  are 
hauled  on  a  track  with  automatic  turnout  between  the  scale 
and  the  boiler  house  track  hoppers. 

Fig.   5   shows   a    typical   coal   storage    plant,   and   Fig.   C   a 


small  elevator  privately  owned.     The  large  elevators  inchule: 
Te.\as  &  Pacific : 

Elevator    A   D.'iO.OOO  bu.  ca)  acily  storage 

Elevator    B   1,0(1(1,(100  bu.  cajiacity  storage 

Illinois  Central : 

Elevator    C   350,000  bu.  cajjacity  storage 

Elevator    D   1,000,000  bu.  capacity  storage 

Elevator    E   1,500,000  l)u.  capacity  storage 

N.  0.  Terminal  Co. : 

Chalmette   Elevator 500,000  bu.  ca|  acity  storage 

These  elevators,  escejit  the  Illinois  Central  Railroad  local 
elevator  C,  which  is  assigned  to  local  use,  are  all  of  the  usual 
frame  type,  receiving  grain  from  cars,  storing  it  and  deliver- 
ing it  through  dock  galleries  on  board  vessels  at  the  wharves. 
The  Texas  &  Pacific  Railroad  Co.'s  elevators  A  and  B  are 


Fig.   11     Traveling   Electric   Crane   in    Public   Cotton  Warehouses 


floating  coal  elevator.  The  total  capacity  of  the  storage  plant 
illustrated  is  750  tons  per  hour;  the  hoisting  engine  is  35  h.p. 
and  the  trolley  engine  20  h.p.     The  clam  shell  is  2-ton  size. 


CAR  ferry  inclines 

On  account  of  the  variation  in  the  river  level,  car  inclines 
with  adjustable  tracks  are  required  for  delivering  ears  to  the 
lighters  or  ferries.  The  West  Side  roads  have  four  sets  of 
inclines,  the  most  recent  installations  being  for  the  Texas  & 
Pacific  R.  R.,  near  the  trans-Mississippi  Terminal,  and  for  the 
Southern  Pacific  Company  at  Harahan.  Such  an  incline  is 
shown  in  Fig.  7. 


GRAIN  elevators 

There  are  in  service  seven  gi-ain  elevators  of  standard  frame 
construction,   all   owned   by   railroad   companies,   excejit   one 


shown  in  Fig.  8,  and  the  Illinois  Central  R.  R.  elevators  D 
and  E  in  Fig.  9. 

In  addition  to  these  elevators,  there  are  at  present  under 
construction,  a  reinforced  concrete  elevator  of  200,000  bu. 
storage  cajjacity,  privately  owned,  and  the-  Public  Grain 
Elevator. 

The  Public  Grain  Elevator  is  being  constructed  by  the  Board 
of  Commissioners  of  the  Port  of  New  Orleans,  and  is  of 
modern  tyjje  of  reinforced  concrete.  This  elevator  will  have 
a  storage  cajsacity  of  1,000,000  bushels  and  will  include  some 
unusual  features,  being  specially  designed  for  rapid  handling, 
conditioning  and  blending  of  grain.  The  design  of  this  ele- 
vator is  shown  in  Fig.  10. 

It  will  be  noted  that  the  design  jirovides  unusual  facility  in 
the  receiving  of  grain  secured  by  the  three  distributing  belts 
and  their  equipment  of  Mayo  spouts  over  tank  storage.  The 
additional  height  required  for  this  special  equipment  has  been 
taken  advantage  of  in  providing  also  flexibility  in  distribution 
spouting  in  the  workhouse,  which  materially  increases  the 
S2)eed  of  opei'atiou. 
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Fig.  12    Automatic  Grapple  Above  Cotton  Bale 


1' iG.  13     AuTuii.vni;  (ji.-Arri.t,   Huluixg  Bale 


Fig.  14    Cotton  Bale  Puller  in  Position 


The  height  of  the  basement  permits  an  unusual 
amount  of  the  tank  storage  reaching  each  of  the  four 
shipping  belts  greatly  facilitating  the  blending  or  mix- 
ing of  grain.  In  addition  the  work  house  includes  the 
necessary  equipment  of  cross-conveyor  belts,  etc. 

The  drying  plant  is  a  distinct  feature:  besides  having 
2000  bu.  drying  capacity  per  hour,  the  building  pro- 
vides deposit  space  above  the  drier  for  a  full  day's  run, 
which  can  be  filled  from  three  different  parts  of  the 
storage  in  less  than  half  an  hour.  The  building  also 
provides  deposit  for  a  half  day's  run  below  the  drier. 

Special  attention  has  been  given  to  the  rapid  loading 
of  vessels,  the  plant  as  designed  having  four  46-in.  belt 
shipping  conveyors,  with  total  capacity  of  100.000  bu. 
per  hour,  all  of  which  can  l>e  used  to  load  one  to  four 
vessels  at  the  same  time. 

On  account  of  the  large  amount  of  grain  accessible  to 
the  Mississippi  River,  the  plant  is  being  equipped  with 
a  marine  tower  and  machinery  to  unload  ships  or  barges. 
To  more  readily  accommodate  the  great  variation  in 
water  level  and  the  varying  dimensions  of  the  vessels,  a 
pneumatic  unloader  has  been  adopted. 

In  addition  to  these  special  features,  the  plant  is  pro- 
vided with  safety  devices  of  latest  type,  including  a  com- 
plete dust  collection  system,  signal  systems,  strand  in- 
dicators, journal  alarms,  etc.  On  account  of  the  fire 
proof  construction  and  protection  apparatus,  it  is  ex- 
pected that  the  minimum  insurance  rate  will  apply. 


PUBLIC  cotton  warehouses 

The  Cotton  Warehouses  and  Terminal  plant  of  the 
Board  of  Port  Commissioners  is  of  particular  interest 
because  of  the  cotton  handling  machinery  with  which  it 
is  equipped,  and  because  of  the  consequent  unique  design 
of  the  buildings.  The  plant  has  an  annual  warehousing 
capacity  of  2,000,000  bales  and  is  composed  of  four 
large  warehouses,  a  compress  building  and  a  two-story 
wharf  house,  all  of  the  latest  type  of  reinforced  con- 
crete construction.  All  of  the  buildings  are  connected 
by  two-story  rvmways  or  bridges  upon  which  cotton  is 
transported  from  one  part  of  the  plant  to  another. 

Cotton  is  handled  in  the  warehouses  by  high  speed 
electric  traveling  cranes  which  are  operated  by  one  man 
who  rides  in  a  cab  attached  to  the  trolley.  One  of  these 
cranes  is  shown  in  Fig.  11.  The  span  is  28  ft.  6  in. 
The  hoisting  motor  is  20  h.p.  and  speed  of  hoisting  150 
ft.  per  min.  The  trolley  speed  150  ft.  per  min.  The 
travel  motor  is  10  h.p.  and  travel  speed  .500  ft.  per  min. 
The  capacity  is  2  tons. 

By  the  use  of  an  automatic  gi-apple,  this  same  oper- 
ator can  pick  up  cotton  from  the  platforms  or  from 
trucks,  and  place  it  at  any  desired  point  in  the  ware- 
house, or  can  load  it  on  a  truck  or  trailer  for  trans- 
portation to  the  wharf.  Fig.  12  shows  one  of  these 
grapples  above  the  bale,  and  Fig.  13  the  grapple  hold- 
ing the  bale. 

Ordinary  hooks  are  also  used  to  some  extent  instead 
of  the  grapples,  but  require  an  additional  man  to  place 
them  on  the  bales.  Where  it  is  desired  to  remove  a  bale 
of  cotton  from  the  pile,  a  specially  designed  bale  puller, 
Figs.  14  and  15.  is  used  in  connection  with  the  crane. 
This  requires  the  help  of  only  one  man  in  addition  to 
the   crane   operator,   but  will  remove   any   desired   bale 
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from  a  tier  any  number  of  bales  high  in  less  than  three 
minutes.  The  eost  is  25  cents  for  each  bale  actually 
pulled. 

The  cranes  can  be  transferred  from  one  warehouse 
compartment  to  another  on  transfer  tables,  Fig.  16,  thus 
avoiding:  the  necessity  of  supplying  a  separate  crane  for 
each.  The  traverse  motor  is  6  h.p.,  and  the  traverse 
speed  100  ft.  per  min. 

The  cranes  are  of  the  three-motor  type  and  are  rated 
at  two  tons  capacity,  operating  on  220-volt  direct  cur- 
rent. The  hoisting  motor  is  rated  at  20  h.p.  and  raises 
the  load  at  the  rate  of  150  ft.  per  min.  The  bridge  is 
moved  at  a  speed  of  500  ft.  per  min,  by  a  10-h.p.  motor 
and  the  trolley  150  ft.  per  min.  by  a  2-h.p.  motor. 

A  compress  building  contains  three  steam  presses 
of  the  usual  Morse  type,  one  having  a  90-in.  cylinder, 
one  an  86-in.,  and  one  an  84-in.,  and  a  hydraulic  press 
of  450  tons  capacity  has  been  contracted  for. 

Hand  trucks  are  used  to  some  extent  in  the  immedi- 
ate vicinity  of  the  compresses,  but,  for  the  most  part, 
the  cotton  is  handled  from  place  to  place  in  the  plant  on 
small  self-propelled  storage  battery  trucks.  Fig.  18.  The 
speed  of  these  trucks  is  6  to  8  miles  per  hour,  and  the 
capacity  2  tons.  The  batteries  have  24  cells,  U.  S.  Light- 
ing, 9  plates  per  cell.    The  motors  are  2  to  3  h.p. 

It  is  also  proposed  to  employ  electric  tractors  with 
trailer  trains  for  the  transportation  of  cotton  from  one 
warehouse  to  another  and  from  the  warehouses  to  the 
wharf.  Each  tractor  will  draw  three  trailers  holding  ten 
bales  of  cotton  each.  These  trains  are  to  be  operated 
on  the  overhead  rimways  and  will  travel  at  a  speed  of 
6  to  8  miles  per  hour.  A  number  of  gasoline  motor 
trucks  with  special  bodies  to  carry  17  bales  of  cotton, 
have  been  provided  for  the  transportation  of  cotton 
about  the  city.  Two  of  these  trucks  are  shown  in  Fig. 
19.  The  economical  sjseed  is  12  miles  per  hour  The 
capacity  is  4  tons  and  the  rated  horsepower  32.4. 

The  wharf  is  to  be  provided  with  single  leg  gantry 
cranes  for  loading  and  unloading  the  ships.  These  are 
to  be  two-ton  cranes  of  the  three-motor  type  with  a  luf- 
fing or  derricking  boom  giving  a  maximum  radius  of  50 
ft.  The  cranes  will  serve  the  apron  wharf  with  its  two 
railroad  tracks,  as  well  as  a  second  story  platform  of 
the  wharf  house  and  will  take  cotton  from  any  of  these 
places  and  lower  it  directly  into  the  holds  of  the  ships. 
They  can,  of  course,  also  be  used  for  unloading  cotton 
from  vessels  and  placing  it  on  the  wharf  or  platform, 
or  in  cars.  It  is  possible  that  a  continuous  belt  con- 
veyor similar  to  the  banana  conveyors  will  be  developed 
for  the  purpose  of  loading  the  vessels. 

Table  1  shows  the  labor  costs  at  the  Public  Cotton 
Warehouses. 


LOCOMOTIVE    CRANES 

Several  locomotive  ci'aue  installations  are  of  interest. 
In  one  plant  bricks  are  placed  in  crates  at  the  kilns, 
and  the  crates  loaded  on  barges.  On  arrival  the  crates 
are  removed  from  the  barge  by  crane  and  loaded  on 
teams  or  first  placed  in  storage;  the  bricks  remaining 
in  the  original  crates  from  the  kiln  to  the  consumer. 

Other  locomotive  cranes,  both  steam  and  electric 
di'iven,  are  used  for  handling  sand,  gravel  and  shells 
from  barges  to  and  from  storage  and  to  teams  or  cars. 


Fig.  15    Cotton  Bale  Removed  by  Pulli-.k 


Fig.  16    Transfer  for  Cotton  Warehouse  Cranes 
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T.\BLE  1     LABOR  COSTS  AT  COTTON  WAREHOUSES 


Fig.  1/     Stokage  Battery  Cotton  Trttcks  and  Trailers 
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Fig.  20  shows  a  locomotive  crane  handling  sand 
from  barges,  Fig.  21  an  eleeh'ic  locomotive  crane 
handling  shells  from  a  pile  and  Fig.  22  a  locomo- 
tive crane  handling  bricl^s  in  crates. 

The  barge  shown  in  Fig.  20  is  of  .300  yd.  capacity. 
The  2-yd.  clam  shell  handles  2.50  yd.  per  hour. 

FLOATIXG   DERRICKS 

Privately  owned  liy  individuals,  the  steamship 
companies  and  contractors  are  many  floating  steam 
ilerricks.  Fig.  23,  of  various  capacities,  there  being 
one  each  of  100,  50,  40  and  35  tons  and  a  eonsider- 
ahle  number  of  smaller  machines. 


Fig.    18     Storage   Batterv   Cottox   Truck:^ 


Fig.  19     Special  Gasoline  Trucks  for  Handling  Cotton 


SAND   AND   GRAVEL   HANDLING 

Special  elevators  are  used  for  imloading  sand, 
gTa\el  and  shells  from  barges  and  delivering  to  stor- 
age piles.  The  unloader  shown  in  Fig.  28  consists 
of  a  barge  carrying  a  revolving  crane  with  clam 
shell  bucket  which  delivers  the  material  to  a  hopper 
un  the  barge.  From  the  hopper  the  material  is 
spouted  to  a  belt  conveyor  on  an  adjustable  boom 
which  delivei-s  it  to  stock  piles  on  shore.  The  clam 
shell  is  of  1%  yd.  capacity  and  the  unloader  han- 
dles 150  yd.  per  hour. 

MISCELLANEOUS   EQUIPMENT 

In  addition  to  the  larger  equii^meut  already  men- 
tioned, manj-  smaller  devices  are  in  general  use.  In- 
cluded in  this  class  are  the  electric  and  hand  oper- 
ated portable  cranes,  electric  trucks  frequently  with 
trailei-s,  gasoline  trucks,  timber  jacks,  tiering  ma- 
cliines,  etc. 
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Fig.  24  shows  a  portable  ele\ator,  ieiiig  refrig- 
eiator  ears.  Fig.  25  shows  a  small  storage  battery 
crane  truck.  Fig.  26  illustrates  a  portable  crane 
handling  mahogany  logs.  Fig.  27  shows  a  timber 
jack. 


DISCUSSION 

W.  C.  Brintok.  Engineers  have  done  compara- 
tively little  thus  far  in  regard  to  freight  handling 
machinery  on  harbor  work.  Compared  with  the 
large  volume  of  miscellaneous  freight  handled,  the 
amount  of  machinery  in  use  is  very  small.  The  dif- 
ficulties connected  with  handling  freight  are  mostly 
not  due  to  engineei'ing.  In  many  cases  we  tind  tiiat 
customs  requirements  make  it  necessary  for  as  many 
as  five  different  organizations  to  handle  goods  be- 
tween the  shi)i  and  warehouse  or  street  and  freight 
car. 

At  one  large  terminal  in  New  York,  a  large 
amount  of  freight  was  recently  being  handled  five 
times  in  taking  it  from  the  ship  to  the  freiglit  ear. 
First  it  would  be  unloaded  from  the  ship  to  the 
pier.  Then  the  weighing  gang  would  come  along 
and  weigh  it,  laying  it  down  on  the  pier  again. 
Then  the  warehouse  gang  would  come  along  with  an 
entirely  different  operation,  take  it  up  and  put  it 
into  the  warehouse.  Coming  out  of  the  warehouse 
there  might  be  another  weighing  on  account  of  the 
merchant  wanting  a  public  weighmaster,  requiring 
a  distinctly  different  handling  of  the  goods  from 
what  was  done  by  the  warehouse  gang.  Then,  if  it 
was  loaded  on  the  freight  cars,  the  railroad  had  in 
many  cases  to  go  through  a  final  set  of  operations. 

In  such  handUng,  difficulties  are  magnified,  be- 
cause it  is  almost  impossible  to  put  in  machinery  to 
work  economically  if  one  gang  has  to  depend  upon 
another.  You  can  get  a  gang  of  men  to  take  the 
material  out  of  the  warehouse,  but  if  the  weigh- 
masters  are  not  there  the  work  of  the  weighing 
gang  is  held  uji. 

I  understand  that  in  New  Orleans  there  are  dif- 
ficulties in  api)lying  machinery  because  of  the  dis- 
agreements between  the  stevedores,  labor  miions  and 
steamship  companies.  But  if  machinery  was  aji- 
plied,  the  ultimate  gain  would  go  to  the  laborers  in 
many  cases.  It  will  take  considerable  study  and 
hammering  on  the  part  of  engineers  to  get  these 
types  of  machinery  used  so  as  to  get  the  ultimate 
benefit  possible.  There  is  no  doubt  in  my  mind, 
however,  that  we  are  still  in  advance  of  European 
conditions  in  this  country  in  handling  freight. 

Concerning  the  use  of  telphers,  tractors  and  trail- 
ers and  machines  which  will  carry  a  load  on  their 
own  backs,  a  very  nice  point  to  determine  is  which 
is  the  best  type  of  equipment.  There  is  no  doubl 
that  telphers  will  do  work  cheaper  where  you  have 
one  type  of  package  in  large  quantities.  If  you 
have  a  long  haul,  with  a  large  turning  radius, 
tractors  and  trailers  are  desirable.  If,  however,  you 
have  crowded  pier  conditions  and  constantly  chang- 
ing kinds  of  commodities  to  haul,  with  fairly  short 
hauls,  a  machine  which  will  carry  a  load  on  its  own 
back  will  do  it  more  cheaply  than  tractors  and  trail- 


FiG.  20    Locomotive  Crane  Handling  Sand  from  Barges 


Fig.  21     Electric  Locomotive  Crane 


Fig.  22    Locomotive  Crane  Handling  Bricks  in  Crates 
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ers.  That  must  be  qualified,  however,  by  taking 
into  account  all  the  work,  that  is  the  labor  of  load- 
ing and  unloading.  The  turning  radius  of  the  train 
of  tractors  and  trailers  is  so  great,  it  is  almost  im- 
possible to  get  the  trailers  delivered  immediately 
alongside  of  the  pile. 

Sometimes  the  problem  is  to  keep  a  short  turn- 
ing radius,  combined  with  a  platform  large  enough 
to  accommodate  the  bulky  material  used  in  steam- 
ship work.  It  is  easy  to  make  a  storage  battery 
tractor  which  will  carry  two  tons,  but  it  is  not  so 
easy  to  make  one  which  will  carry  two  tons  of  the 
kind  of  commodities  we  have  in  steamship  terminal 
work  without  piling  the  material  too  high.  If  you 
use  a  bob  truck,  6  or  7  ft.,  then  in  order  to  get  on 
two  tons  of  the  average  steamship  freight,  you  have 
to  pile  it  higher  than  it  is  economical  to  do  with  la- 
bor. If  you  have  a  platform  truck,  with  a  platform 
11  or  12  ft.  long — about  the  length  that  they  are 
using  on  their  largest  trucks  at  the  New  Orleans  cot- 
ton warehouses,  combined  with  the  ability  to  raise 
separate  plank  platforms  by  a  power  raising  mech- 
anism, you  can  get  the  combined  advantages  of 
tractors  and  trailers  and  a  machine  which  will  carry 
a  load  on  its  own  back.  That  must  be  done  with  a 
machine  of  a  uniform  turning  radius,  because  there 
is  allowed  a  fairly  large  turning  radius  for  all  the 
places  where  they  are  using  tractors  and  trailers  and 
the  tractors  and  trailers  can  be  left  outside  of  the 
buildings  and  the  goods  picked  up  with  a  crane  for 
removal  to  the  different  compartments.  However, 
on  many  classes  of  hauls  it  would  be  cheaper  to  do 
the  work  with  sej^arate  plank  platforms  and  pick 
up  the  platforms.  The  machine  wiU  then  not  be  de- 
layed while  loading  and  unloading  the  platforms. 

On  miscellaneous  steamship  freight  such  as  we 
have  along  the  river  front  in  New  Orleans  and  in 
New  York,  there  is  no  doubt  that  the  separate  plank 
jilatform  with  a  machine  which  will  pick  up  the 
plank  platforms,  will  do  the  work  cheaper  than  the 
tractors  and  trailers,  due  to  the  fact  that  you  have 
no  difficulty  in  getting  the  loading  done  immediately 
alongside  the  pier. 


Fig.  23    Floating  Derricks 


Fig.  24     Portable  Elevator  Icing  Refrigerator  Cars 


Fig.  25    Storage  Battery   Crane   Truck 


Frank  B.  Gilbreth.  In  this  matter  of  devices 
for  handling  materials  at  docks,  I  want  to  call  at- 
tention to  the  use  of  gravitation  for  this  purpose. 
I  have  been  advocating  such  use  for  many  years, 
and  my  successful  exijerience  with  gravitation  as  a 
transporting  force  will  perhaps  make  my  findings 
on  this  subject  of  some  value. 

Many  years  ago  we  utilized  this  force  by  invent- 
ing a  gravity  concrete  mixer,  the  principle  of  which 
is  now  being  widely  applied.  We  were  also  the  first 
to  transport  concrete  long  distances  by  gra\-itation 
from  a  large  sheet  metal  pipe,  the  lower  end  of 
which  could  be  swung  over  a  large  area.  This  was 
the  first  use  of  the  invention  of  "  spouting,"  or  con- 
veying the  concrete  long  distances  by  gravitation. 
It  was  ahead  of  its  time.  To-day  practically  all 
large  jobs  of  concrete  are  "  spouted." 

The  eflfieieucy  of  gravity  as  a  transporter  and  of 
handling  materials  in  different  parts  of  a  building 
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by  simply  hoisting  them  and  having-  them  descend 
by  gravitation  on  roller  conveyors  has  been  demon- 
strated time  and  again.  The  cost  of  this  method  is 
low.  Yet  in  spite  of  these  facts  not  over  one  tenth 
of  one  per  cent  of  all  buildings  under  construction 
use  roller  conveyors  for  transportation  purposes. 
In  the  public  cotton  warehouse  described  horizon- 
tal transportation  is  being  done  by  trucks.  This 
is  inefficient  and  is  wasteful  of  both  time  and  money. 
The  vertical  transportation  of  material  at  docks 
costs  very  little  comparatively,  for  the  reason  that 
it  can  easily  be  systematized,  standardized  and  con- 
trolled. Handling  materials  at  this  public  cotton 
warehouse  by  hoisting  vertically  by  iio\\er  and  dis- 
tributing horizontally  by  giavitation  would  reduce 
the  cost  to  a  point  that  would  be  surprising. 

A  further  reduction  of  costs  could  be  secured  by 
standardizing  the  handling  devices,  but  the  first  step 
is  an  appreciation  of  the  unusual  force,  of  the  avail- 
ability, and  of  the  eflflciency  of  gravitation  as  a 
transporting  force,  and  of  the  advantageous  by- 
products, as  well  as  products,  of  its  utilization. 

John  R.  Fordyce  did  not  wish  to  discuss  any 
feature  of  the  port  equipment  described  except  the 
cotton  handling  warehouse.  He  said  that  no  doubt 
the  warehouse  met  all  the  conditions  which  had  to 
be  contended  with,  but  he  would  like  to  give  the  re- 
sults of  some  of  his  own  experience  in  cotton  han- 
dling. 

Cotton  Storage  and  Piling. — The  compartments 
are  designed  so  that  four  rows  of  bales  are  ar- 
ranged with  two  open  aisles,  to  enable  access  to  the 
ends  of  each  bale,  so  that  any  bale  can  be  pulled 
out  of  the  piles,  and  also  that  water  from  the 
sprinkler  above  can  reach  the  origin  of  any  fire. 
The  height  of  the  compartments  are  I  believe  ap- 
proximately 35  ft.  from  the  floor  and  the  compart- 
ments near  the  wharf  are  to  be  40  ft.  The  two  piles 
of  bales  that  lean  against  the  wall  can  doubtless  be 
carried  up  to  twelve  bales  high,  or  about  20  ft., 
without  fear  of  toppling  over,  but  the  two  piles  in 
the  center  which  lean  on  each  other  cannot  safely 
be  carried  up  more  than  eight  bales  high  or  about 
14  ft.  (I  assume  the  thickness  of  a  compressed 
bale  as  20  in.)  Even  at  this  height  it  will  be  hard 
to  get  a  bale  out  of  the  lower  tiers  of  the  side  or 
wall  piles  because  of  the  great  weight  above  and 
the  rough  and  uneven  character  of  the  bales.  The 
pull  of  the  ropes  of  the  bale-puller  will  throw  the 
pile  over  against  the  wall  and  the  pile  will  of  course 
not  fall  down,  but  if  this  same  operation  were  tried 
on  the  middle  piles  there  would  be  danger  of  the 
whole  pile  being  thrown  over.  In  case  many  bales 
had  to  be  taken  out,  the  piles  would  no  doubt  have 
to  be  replied,  as  the  holes,  unless  filled,  would  cause 
the  collapse  of  the  pile.  A  system  of  jackscrews 
working  from  the  floor  could  raise  the  weight  of  the 
bales  above  and  enable  the  lower  bales  to  be  pulled 
out  just  as  easily  and  cheaply  as  the  plan  described. 

The  overhead  electric  crane,  while  ideal  for  ma- 
chine shops  and  other  places  where  the  packages 
have  to  be  carefully  handled  and  placed,  does  not 
seem  to  me  to  be  the  best  thing  for  cotton  handling. 


Fig.  26    Portable  Crane  Handling  Mahogany  Logs 


Fig.  27     Timber  Jack 


Fig.  28    Floating  Elevator  Unloading  and  Piling  Shells 
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However,  I  realize  that  if  tliis  warelioufe  system  is  likely  to 
be  used  for  other  commodities,  then  the  cranes  and  the  iiigh 
warehouses  will  probably  be  ideal.  For  cotton,  liowp\er,  you 
have  wasted  at  least  one  tliird  of  the  height  of  your  buildings, 
expense  of  preparing  your  craneways,  power  plant,  crane 
transfer  structure  and  maintenance  of  the  cranes.  The  cost 
of  these  is  out  of  proportion  to  the  benefits  gained,  in  han- 
dling a  slow  moving,  non-damageable  package  such  as  a  bale 
of  cotton.  —       ■-  ' 

Assuming  tha't'^'iO  ft.  is  the  practical  height  of  a  pile  of 
cotton.  A  building  25  ft.  high  would  give  ample  room  and 
clearance  for  the  automatic  sprinkler,  and  an  elevator  working 
from  the  floor'  of  the  aisle  would  hoist  bales  equally  as  well  as 
overhead  cranes,  and  at  the  same  time  could  be  arranged  to 
lift  oft'  the  weight  of  the  bales  abov'etbe  one  which  was  wanted. 
Thus  the  additional  cost  of  building  the  runways  and  all  the 
attending  apparatus  would  be  saved  and  a  cheap  elevator  used 
which  could  be  dragged  in  and  out  of  a  compartment  much 
quicker  than  a  crane  could  be.  Another  and  far  more  serious 
objection  to  the  overhead  electric  crane  is  the  danger  from 
fire.  I  tried  an  overhead  monorail  hoist  over  cotton  in  IflOl 
in  Little  Rock,  Ark.,  and  had  to  abandon  its  use  because  it 
set  fire  to  the  bales  below.  I  understand  that  several  fires 
have  already  occurred  in  these  New  Orleans  warehouses,  and 
have  before  me  a  pamphlet  issued  by  the  Louisiana  Fire  Pre- 
ventive Bureau  which  attributes  the  cause  to  defective  mech- 
anism in  the  cranes,  which  no  one  of  course  foresaw.  Even 
if  these  are  corrected  others  may  develop  and  I  believe  the 
only  safe  way  to  do  it,  is  not  to  ti-y  to  use  electricity  in  over- 
head apparatus.  Overhead  apparatus  operated  by  cables  sim- 
ilar to  aerial  trams  can  be  applied  and  the  winding  engines 
kept  on  the  outside  of  the  comjiartments.  I  have  devised  one 
for  the  warehouse  in  Galveston,  where  the  sheave  runs  on  a 
rope  so  that  the  entire  strain  is  taken  off  the  roof,  which  is 
too  light  for  any  increased  weight.  This  rope  can  be  shifted 
from  side  to  side  in  the  bays  and  thus  come  over  any  pile  of 
cotton.  The  bale  of  cotton  can  be  dragged  back  and  up  over 
a  pile  of  bales  when  no  aisles  are  left,  which  sometimes  occurs 
in  congested  times.  This  wliole  apparatus  is  cheap  and  can 
be  carried  out  of  one  compartment  and  erected  in  another  in 
a  short  time  and  at  little  cost.  The  necessary  rings  and  hooks 
which  have  to  remain  in  a  compartment  holding  one  thousand 
bales  cost  less  than  $.30.00,  so  that  the  amount  of  money  locked 
up  when  the  compartment  is  full  or  idle  and  not  being  worked 
is  a  minimum. 

Transportation  of  Bales. — Mr.  Brinton  stated  that  the  carry- 
ing of  bales  by  trailer  pulled  by  electric  storage  battery  trad- 
ers is  not  as  practical  or  economical  as  if  the  load  was  carried 
by  the  truck  itself.  Mr.  Gilbreth  has  said  that  a  slight  grade 
should  be  given  the  roadways  from  the  warehouse  to  the 
wharfs,  as  the  loads  were  always  to  be  in  the  same  direction. 
Here  again  the  designing  engineers  had  no  doubt  to  provide 
for  goods  from  ships  moving  in  as  well  as  cotton  from  ware- 
houses moving  out.  I  have  had  quite  a  lot  of  experience  in 
handling  cotton  by  trolley  systems,  and  have  found  that  a 
slight  fall  of  6  in.  per  100  ft.  in  the  direction  of  the  movement 
of  the  cotton  is  a  great  help.  In  Memphis,  Tenn.,  in  the  plant 
of  the  Memphis  Terminal  Corporation,  there  is  a  trolley  track 
with  that  fall  on  which  one  mnle  can  push  one  hundred  bales 
of  cotton  in  one  struig  of  trolleys.  His  work  in  one  day  at 
that  rate  would  be  the  delivering  of  4000  bales  in  ten  hours 
over  an  avei'age  distance  of  half  a  mile.  A  system  similar  to 
that  could  be  applied  very  easily  in  the  New  Orleans  plant 
for  you  already  have  all  the  headroom  needed.  The  bales 
hoisted  out  of  the  com]  artnients  on  to  the  ujijjer  runways  liy 


the  overhead  cranes  could  be  dropped  un  a  roller  platform 
which  could  be  easily  moved  along  opposite  the  oiiening  of 
each  compartment.  The  trolley  track  running  along  the  out- 
side of  the  posts  could  have  the  required  grade  and  the  bales 
hung  on  to  the  trolleys  as  they  were  rolled  past  this  roller  plat- 
form. They  could  then  be  gathered  into  strings,  and  pushed 
over  to  the  wharves  by  tractors.  The  same  tractor  which  could 
jndl  four  trailers  loaded  with  sis  bales  each  or  twenty-four 
Ijales  in  all,  could  push  one  hundred  bales  if  they  were  hung 
from  trolleys.  The  empty  trolleys  could  be  returned  to  the 
warehouses  along  the  outer  ranways  and  hoisted  to  the  upper 
levels  by  inclined  moving  chain  elevators  such  as  are  used  in 
packing  house  practise.  This  system  could  be  easily  designed 
to  carry  other  commodities  than  cotton  and  to  work  both  in 
and  out  with  loads. 

In  submitting  these  ideas  I  realize  fully  that  it  is  much 
easier  to  criticize  than  to  originate  and  that  not  knowing  all 
of  the  conditions  which  had  to  be  considered  By  the  designing 
engineers  I  may  have  of  course  arrived  at  a  different  con- 
clusion from  theirs. 

The  taking  advantage  of  the  pull  of  gravity  wherever  pos- 
sible for  moving  materials  is,  however,  a  subject  worthy  of 
careful  study.  It  has  worked  wonders  in  other  jilaces  and 
should  be  considered  here. 

Gardner  T.  Voorhees.  One  of  tlie  biggest  things  that  I 
have  seen  at  this  meeting  was  the  warehouse  receipt  of  the 
public  cotton  warehouse,  and  I  think  this  has  an  immense 
value  as  a  negotiable  matter.  I  am  confident  that  a  similar 
receipt  on  the  very  valuable  goods  tliat  have  to  go  into  cold 
storage  would  have  an  equally  gi'eat  value,  although,  of  course, 
the  goods  that  go  into  cold  storage,  more  particularly  in  tlie 
North,  the  butter  and  eggs,  form  the  big  things  on  wliicli 
money  is  loaned  by  the  banks.  But  in  the  future  a  warehouse 
receipt,  having  the  city  and  the  state  both  back  of  it,  the  same 
as  the  cotton  warehouse  receipt  inaugurated  in  this  i  ort, 
would.  I  believe,  be  of  great  value  to  the  users  and  producers 
of  any  material  jiassing  through  cold  storage. 

George  H.  Davis,  who  presented  the  paper  in  the  absence 
of  the  author,  emphasized  the  point  that  the  handling  ma- 
chinen'  of  a  port  is  not  an  engineering  problem  entirely.  It 
is  possibly  25  per  cent  engineering;  possibly  25  per  cent  busi- 
ness, 25  per  cent  policy  in  running — as  to  whether  this  will 
be  acceptable  or  that  will  be  acceptable — and  25  per  cent  mis- 
cellaneous. While  the  machines  themselves  are  simj^le,  and 
such  that  a  casual  observer  would  think  ought  to  be  used 
everywhere,  as  a  matter  of  fact,  it  is  rather  difficult  to  estab- 
lish machinery  handling  through  a  port  of  this  kind.  The 
matter  is  one  of  slow  development,  and  the  slowness  does  not 
come  from  the  engineering  side,  but  from  other  sources. 


Experiments  have  for  some  months  been  under  way  for  the 
production  of  a  high-speed  tool  steel  which  will  equal  any  at 
present  on  the  market,  but  which  can  be  easily  made  without 
tlie  use  of  alloys  dependent  ujjon  components  of  limited 
supply,  such  as  tungsten  and  molybdenum.  Such  an  alloy  has 
been  produced.  The  melting  is  done  in  an  ordinary  crucible 
furnace  capable  of  high  temperatures,  and  the  steel  is  then 
cast  to  the  desired  form  in  either  metal  or  sand  moulds.  Wlieii 
cold,  the  tools,  without  any  forging  or  heat  treatment,  are 
ground  on  an  emery  wheel  (dry)  and  finished  on  a  wet  grind- 
stone. As  the  tools  possess  the  correct  hardness,  various 
skilled  operations  are  eliminated. — Engineering,  May  2(i,  1910. 


A    NOVEL    METHOD    OF    HANDLING    BOILERS    TO    PREVENT 

CORROSION  AND  SCALE 


BY  ALLEN  H.  BABCOCK,'  SAN  FRANCISCO,  CAL. 
Non-Member 


THERE  \vill  be  described  in  detail  a  radical  departure 
from  the  conventional  methods  of  handling  boiler  trou- 
bles due  to  corrosion.  At  present  the  method  considered  most 
highly  scientific  is  to  send  samples  of  water  to  a  chemist  in 
order  that  a  proper  corrective  may  be  prescribed.  The  com- 
position of  the  corrective  is  usually  a  trade  secret,  jealously 
guarded,  which  the  purchaser  uses  blindfold.  On  the  other 
hand,  the  method  to  be  described  applies  one  corrective  to  all 
waters.  A  different  composition  of  feed  water  demands  not 
so  much  a  different  composition  of  corrective  as  a  different 
quantity  thereof.  A  simple  chemical  test,  made  by  the  engi- 
neer of  the  plant,  or  his  clerk,  gives  the  condition  of  the  water 
in  the  boiler,  under  steaming  conditions,  and  determines  the 
cjuantity  of  chemicals  to  be  applied.  The  piurchaser  now  works 
with  his  eyes  open. 

It  seems  from  all  that  can  be  ascertained  at  the  present  time, 
that  at  least  there  is  a  method  of  handling  boilers,  with  a  com- 
jiound  applicable  to  any  water  under  any  conditions  of  steam- 
ing, without  a  material  change  in  the  formula.  The  only  re- 
quii-ement  is  that  the  boilers  must  be  treated  individually;  it 
is  not  enough  to  treat  a  battery,  or  to  treat  the  feedwater  go- 
ing into  the  boilers  in  general. 

The  first  application  by  the  author  of  this  method  was  made 
at  the  Fruitvale  power  station  of  the  Southern  Pacific  Com- 
pany, the  boiler  equipment  of  which  consists  of  twelve  water 
tube  boilers,  each  of  645  boiler  h.p.  It  has  since  been  used  by 
the  Southern  Pacific  Company  in  stationai"y  plants  in  the  oil 
fields  and  on  locomotives  in  the  same  district. 
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The  method  is  in  no  respect  original  witli  the  author.  It  has 
been  his  good  fortune  to  be  able  to  apply  the  work  of  another 
who  was  similarly  situated,  but  who  solved  the  problem  for 
l-.imself.  The  results  have  been  such  that  it  seems  worth  while 
putting  them  on  record,  particularly  since  a  description  of  the 
method  has  lain  in  the  technical  literature  of  this  country  un- 
noticed for  about  three  years.  Apparently  it  has  attracted 
almost  no  attention  outside  of  a  very  limited  circle. 

The  first  inspection  of  the  boilers  of  the  Fruitvale  plant 
after  it  was  put  in  oijeration  showed  that  serious  corrosion 
began  a  very  short  time  after  the  plant  was  started,  although 
the  boilers  were  not  on  regular  load.  The  ordinary  remedial 
measures  produced  no  results  at  all.  Bearing  in  mind  that  the 
plant  was  put  in  service  to  haul  trains  in  the  fall  of  1911,  it  is 
significant  that  by  June,  1912,  the  feed  elements  of  the  boilers 
were  all  in  serious  condition.  With  a  total  of  33611  tubes  in 
all  boilers,  252  tubes  were  requisitioned  for  replacement  during 
practically  the  first  eight  months  of  operation.  By  the  end  of 
July,  1912,  the  trouble  was  extending  to  the  second  row  of 
tubes,  and  250  more  tubes  were  requisitioned  to  take  care  of 
the  trouble.  In  September,  inspection  showed  that  the  drums 
were  being  attacked.  In  October,  boilers  Nos.  1  and  3,  after 
having  been  equipped  with  new  tubes  and  placed  in  service  in 
August,  and  worked  entirely  with  water  treated  by  the  Ume 
I^rocess,  were  found  to  be  pitted  worse  than  ever,  and  this 
was  after  the  first  serious  effort  to  treat  the  water  had  been 
put  into  effect.  In  November,  1912,  the  piping  was  modified 
pceordiug  to  a  plan  sent  by  the  manufacturers  of  the  boiler, 
but  in  December  of  tiiat  year  the  inspection  showed  the  pitting 
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This  paper  gives  an  account  of  experiences  with  a  method  of 
preventing  corrosion  and  scale  formation  in  steam  boilers,  which 
differs  from  the  commonly  accepted  theory  of  boiler  water  treat- 
ment in  that  a  high  alkalinity  is  carried  in  the  boiler.  It  has  been 
commonly  considered  that  a  boiler  water  high  in  alkalinity  has  a 
decided  tendency  to  prime,  and  this  is  probably  Irne  if  no  anti- 
priming  substance  is  added.  L'nder  the  high  alkalinity  treatment 
described,  boilers  have  been  run  with  no  corrosion  for  more  than 
a  year,  and  the  normal  alkalinity  has  frequently  reached  10  per 
cent  without  any  tendency  to  prime. 

The  treatment  was  first  applied  by  the  author  to  twelve  64.1- 
h.p.  water  tube  boilers  at  the  Fruitvale  power  hoiise  of  the  South- 
ern Pacific  Company,  California,  which  presented  one  of  the  most 
pronounced  cases  of  localized  corrosion  on  record.  At  the  tini" 
the  treatment  was  commenced,  all  other  known  methods  of  treat- 
ment, including  observation  for  electrolysis,  had  failed  to  stop  the 
corrosion,  which  became  so  serious  that  eighteen  months  after  the 
boilers  were  put  in  service  one-third  of  the  tubes  had  been  replaced. 

The  treatment  consists  in  adding  to  the  hot-well  water  a  com- 
pound known  as  the  Navy  Standard  Boiler  Compound,  originally 
developed  by  Lieut. -Com.  Frank  Lyon,  T.'.  S.  N..  as  the  result  of 
numerous  investigations  and  experiments  on  the  corrosion  of 
boilers  and  piping.  The  ingredients  of  the  compound  are  sodium 
carbonate,  trisodium  phosphate,  dextrine  or  starch,  and  a  tannin 
compound,  such  as  cutch.  The  sodium  carbonate  is  the  main  in- 
gredient and  is  used  to  take  care  of  any  chemical  reactions  and 
render  the  solution  non-corrosive.  The  tannic  acid  and  starch 
throw  down  the  scale-forming  compounds  present  in  ordinary  feed 
water.     The  trisodium  phosphate  prevents  the  rise  in  surface  ten- 


sion of  the  solution  and  consequent  priming  which  would  be  caused 
by  the  original  impurities  in  the  water  and  by  the  application  of 
the  other  ingredients  in  the  compound.  In  using  the  compound  to 
prevent  corrosion  a  sufficient  quantity  must  be  added  to  the  water 
of  each  individual  boiler  to  render  the  alkaline  strength  or  tne 
solution  3  per  cent  normal  or  above. 

The  use  of  the  compound  at  Fruitvale  resulted  in  almost  com- 
plete cessation  of  troubles  from  corrosion.  Two  months  after  the 
first  boiler  at  the  station  was  placed  under  treatment,  the  tube  re- 
placements were  reduced  from  171  per  month  to  zero,  and  the  labor 
and  material  costs  were  correspondingly  reduced  from  over  ten 
thousand  dollars  a  year  to  twelve  hundred.  There  is  no  scale  in 
the  boilers;  they  are  absolutely  clean.  Below  the  water  line  they 
show  clean  black  iron  :  above  a  thin  coating  like  whitewash. 

Tile  results  were  so  satisfactory  that  the  method  was  extended  to 
locomotives  in  service  in  one  of  the  worst  locomotive  water  districts 
on  the  Southern  Pacific  Lines,  and  to  other  power  plants  of  the 
company's  s.vstem,  all  with  favorable  results.  In  one  particular 
case,  the  water  carried  2.30  grains  per  gallon  of  solid  matter  and 
nearly  every  known  variety  of  boiler  trouble  had  been  experienced, 
but  the  compound  eliminated  corrosion  and  precipitated  the  solids 
in  a  soft,  slushy  form  easily  washed  out. 

The  Associated  Pipe  Line  is  using  the  compound  successfully  in 
twenty-six  stations  in  the  San  Joaquin  Valley,  chiefly  for  the 
prevention  of  scale.  Most  of  the  stations  have  three  2.">0-h.p.  water 
tube  boilers  and  use  water  containing  solid  matter  varying  in 
amount  from  5  to  231  grains  per  gallon.  In  places  where  the  solid 
content  is  so  very  high  it  has  been  necessary  to  increase  the  quan- 
tify of  anti-foaming  chemicals  above  that  ordinarily  contained  in 
the  (ompound.  This  has  been  done,  not  by  changing  the  com- 
position of  the  compound,  but  by  adding  separately  a  (piantity  of 
the  non-foaming  ingredient,   trisodium   pliosphate. 


Presented    at    the   -\nnual    Meeting   of   The   .\MEiur.4X    SoriETY   of    Mech.\xic.m.  Exoineers,  New  York,  December,  1915.     Pamphlet  copies 
without   discussion    may   be   obtained  ;    price   10  cents  to   members ;    20  cents  to  non-members. 
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to  be  very  severe,  and  in  January,  1913,  300  more  tubes  were 
requisitioned.  This  made  a  total  of  1050  tubes  in  a  year  and 
a  half,  not  counting  about  ninety  which  were  put  in  by  the 
manufacturers. 

About  this  time  began  the  use  of  a  compound  furnished  by 
one  of  the  best  known  companies  in  the  business.  The  result 
was  apparently  to  transfer  some  of  the  trouble  from  the  tubes 
to  another  part  of  the  boiler  where  there  had  been  no  trouble 
before.  A  sediment  of  black  mud  formed  a  scale  which  caused 
blisters  and  tube  failures  at  those  i)oints.  In  June,  insjjection 
showed  bad  corrosion  and  pitting  in  all  parts  of  the  boiler, 
and  960  tubes  were  requisitioned.  By  October,  1913,  the  total 
work  orders  for  boiler  repairs  on  that  jslant  amounted  to 
$16,000,  or  nearly  12  per  cent  of  the  first  cost  of  the  boiler 
plant.  Three  different  special  formulae  for  compounds  sub- 
mitted by  Ihe  same  chemical  company  had  been  used,  but  as 
things  were  going  from  bad  to  worse,  the  use  of  the  special 
compounds    was   discontinued. 

In  the  fall  of  1913,  with  a  tine  steam  plant  in  a  very  critical 
condition,  1160  tubes  out  of  3360  had  been  replaced  and  there 
was  no  end  in  sight.  A  new  exjiert  was  called  in,  who  began 
by  suggesting  the  conventional  methods  of  zincs  and  paints, 
and  that  perhaps  electrolysis  was  to  blame,  although  every- 
thing had  been  kept  carefully  insulated.  The  result  was  no 
better  than  before. 


THE    NAVY    STANDARD    BOILER    COMPOUND 

About  that  time  the  author  was  handed  the  August  1912 
number  of  the  Journal  of  The  American  Society  of  Naval 
Engineers,  which  gave  an  account,  by  Frank  Lyon,  Lieutenant- 
Commander  U.  S.  Navy,  of  what  seemed  to  be  a  highly  sig- 
nificant development  in  boiler  trouble  treatment.'  In  the 
course  of  his  article.  Commander  Lyon  said :  "  The  writer  has 
no  hesitancy  in  saying  that  any  boiler,  using  any  water,  can 
be  kept  from  corrosion  for  any  length  of  time."  Having  been 
brought  up  to  understand  that  whatever  a  Naval  officer  says 
is  so,  without  qualification,  the  salvation  of  the  Fruitvale 
boiler  plant  appeared  to  be  within  reach. 

The  result  of  Commander  Lyon's  investigations  was  the  de- 
velopment of  the  Navy  Standard  Boiler  Compound.  This  com- 
pound is  composed  of  sodium  carbonate,  trisodium  phosphate, 
starch  and  tannic  acid.  The  sodium  carbonate  takes  care  of 
any  chemical  reactions  and  renders  the  solution  non-corrosive. 
The  tannic  acid  and  starch  are  added  to  prevent  the  formation 
of  scale,  the  action  being  to  hold  the  impurities  in  suspension 
in  a  colloidal  state.  The  trisodium  phosphate  prevents  the 
rise  of  the  surface  tension  of  the  solution  and  consequent 
priming  caused  by  the  impurities  in  the  water  and  by  the  ap- 
plication of  the  other  ingredients  in  the  compound.  In  using 
this  compound  to  prevent  corrosion  a  sufficient  quantity  must 
be  added  to  each  boiler  to  render  the  alkaline  strength  of  the 
water  in  the  boiler  3  per  cent  of  normal  or  above,  and  the 
alkaline  strength  must  be  maintained  in  each  boiler. 

The  compound  may  be  purchased  from  the  Government 
Contractor"  for  about  one-half  the  cost  of  the  ordinary  com- 
pounds. Various  proprietary  companies  also  supply  essen- 
tially the  same  material  under  their  own  trade  names,  but  at 
about  ten  times  the  price  of  the  real  article. 


^  Navy  Department,  Washington,  D.  C.  $1.30  postpaid.  Reprints 
of  the  article  are  also  available. 

=  Through  the  courtesy  of  Commander  Lyon,  the  Society  is  informed 
that  the  compound  has  been  made  up  by  Bird,  -ircher  &  Co.,  209  Wash- 
ington St.,  New  York,  and  Lord  &  Company.  Philadelphia.  i 


USE   OF   THE   NAVY   COMPOUND    IN    THE    BOILERS   OF   THE   FRUIT- 
V.iLE  STATION 

On  the  4th  of  March,  1914,  the  first  boiler  was  placed  under 
treatment  with  the  NaN-y  Standard  Compound.  By  the  26th 
of  March  it  was  in  use  in  all  of  the  boilers.  As  illustrating 
the  results,  the  record  of  tube  replacements  month  by  month 
is  most  significant.  In  1912,  690  tubes  were  replaced;  858  in 
1913.  In  January  and  February  of  1914  there  were  229  tubes 
replaced  in  the  two  months,  or  at  the  rate  of  1374  a  year. 
The  treatment,  as  stated  above,  was  begun  on  the  4th  of  March, 
and  was  in  all  the  boilers  on  the  26th.  Thence  the  record 
stands:  In  February,  171  tubes  replaced;  March,  24;  April, 
15;  May,  2;  and  from  May  1914  to  June  1915  (date  of  writ- 
ing), not  one  has  been  replaced  for  failures.  There  have  been 
13  tubes  replaced  since  May  1914,  but  they  have  all  been  re- 
placed because  they  had  to  be  taken  out  to  get  at  something 
else,  or  by  reason  of  obvious  defects. 

As  to  the  money  saved  by  the  introduction  of  this  method: 
In  1912  it  cost  in  labor  and  material  $5790 ;  in  1913,  $10,256 ; 
in  the  first  six  months  of  1914  it  was  $1579,  and  since  then  the 
expense  will  hardly  come  to  a  hundred  dollars  a  month  for 
everything  considered,  that  is,  the  ordinary  wear  and  tear  of 
the  plant,  washing  of  boilers,  etc.  In  addition  to  this,  extra 
labor  in  the  plant  (made  necessary  by  the  faUing  tubes),  to 
the  extent  of  $181  a  month^  has  been  discharged.  The  treat- 
ment as  practised  there  costs  about  $80  a  month,  depending 
upon  the  amount  of  compound  used.  There  is  no  scale  in  these 
boilers;  they  are  absolutely  clean.  Below  the  water  line  they 
show  clean  black  iron;  above,  a  thin  coating  like  whitewash. 


USE   OF  THE   NAVY   COMPOUND  IN  LOCOMOTIVE   BOILERS 

The  first  two  months'  operation  at  the  Fruitvale  power 
station  with  the  Navy  compound  in  use  showed  such  very  sat- 
isfactory results  that  the  management  ordered  a  trial  of  the 
method  on  probably  one  of  the  worst  locomotive  water  dis- 
tricts in  the  company's  service,  namely,  that  part  of  the  San 
Joaquin  Division  between  Bakersfield  and  Mojave,  known  gen- 
erally as  the  Tehachapi  Pass.  I\Ir.  R.  S.  Twogood,  assistant 
engineer  in  the  office  of  the  consulting  electrical  engineer, 
was  detailed  on  this  work  and  for  nearly  a  year  he  has  given 
practically  his  entire  time  to  this  demonstration.  The  follow- 
ing is  an  abstract  of  his  contribution  to  the  discussion  at  the 
December  (1914)  Meeting  of  the  San  Francisco  Section  of  the 
Society,  when  this  subject  came  up  for  a  general  discussion. 

On  July  21,  1915,  a  compound  test  was  started  on  freight 
MaUet  locomotive  No.  4031,  operating  over  the  Tehachapi 
Pass.  The  locomotive  was  just  out  of  shop.  It  had  a  new  set 
of  flues,  was  free  from  scale,  with  the  exception  of  a  thin  de- 
posit on  the  crown  sheet  and  crown  and  stay  bolts  that  were 
not  removed  during  back  shopping.  The  engine  was  left  in 
chain-gang  service. 

At  first  an  effort  was  made  to  carry  the  alkalinity  at  3  per 
cent,  but  so  far  the  best  results  have  been  from  0.5  per  cent  to 
0.7  per  cent  normal  alkalinity.  Several  things  in  the  design  of 
the  locomotive,  especially  the  Mallet,  contribute  to  this  result : 
for  example,  a  very  small  steam  space  and  steam  dome;  no 
perforated  drj*  pipe  to  collect  steam  from  all  parts  of  the 
boiler ;  constant  surging  of  the  water  due  to  the  motion  of  the 
locomotive;  sudden  opening  of  the  throttle  and  consequent 
great  demand  for  steam,  which  reduces  the  pressure  on  the 
surface  of  the  water  under  the  throttle  and  causes  it  to  rise  and 
pass  over  into  the  steam  pipes.    Also,  the  water  used  for  loco- 
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moti\e  purposes  in  this  district  coutaius  a  large  amount   of 
solid  matter  which  would  tend  to  cause  priming. 

One  point  constantly  in  mind  was  to  find  some  treatment 
in  which  one  man  could  be  made  responsible,  without  having 
to  depend  on  the  engineers  and  firemen.  This  means  that 
the  boiler  must  be  treated  at  engine  turning  points. 

At  first  the  chemicals  (enough  for  the  entire  trip)  were  put 
into  the  tender  tank,  thence  to  pass  with  the  feed  water 
through  the  injector,  feed-water  heater  and  into  the  boiler. 
By  this  method  the  desired  percent  of  normal  alkalinity  in  the 
boiler  was  not  reached  until  one  tank  of  water  (10,000  gal.) 
had  been  used.  Also,  considering  the  fact  that  the  tank  ca- 
pacity is  much  greater  than  the  boiler  capacity,  the  tank 
alkalinity  was  very  low.  This  low  alkahnity,  though  strong 
enough  to  bring  out  some  solid  matter,  did  not  furnish  suf- 
ficient tannic  acid  and  starch  with  the  standard  proportion  of 
chemicals  to  prevent  this  solid  matter  from  forming  scale.  In 
the  injector,  where  the  cold  water  came  in  contact  with  the 
steam,  and  later  where  the  warm  feed  water  came  in  contact 
with  the  hot  boiler  water,  some  scale  was  formed.  After  this 
was  noticed  no  more  compound  was  added  to  the  tank,  but  was 
pumjjed,  in  a  concentrated  solution,  through  the  injector.  This 
gave  at  once  the  desired  percent  of  normal  alkalinity  in  the 
boiler.    There  has  been  no  further  trouble  with  scale. 

The  water  from  Bakersfield  to  Mojave  averages  about  3  lb. 
of  scale-forming  matter  per  thousand  gallons.  A  Mallet  loco- 
motive in  a  helper  trip  from  Bakersfield  to  the  Summit  and 
return  will  use  from  30,000  to  35,000  gal.  of  water,  which  means 
about  100  lb.  of  scale  per  helper  trip.  With  the  present  method 
of  treating,  20  lb.  of  compound  are  pumped  into  the  boiler 
before  leaving  Bakersfield  yards.  This  gives  an  alkalinity  of 
about  0.6  per  cent,  and  as  this  percentage  remains  approxi- 
mately constant  between  engine  turning  points,  it  is  possible 
to  treat  the  boiler  for  an  entire  trip  before  it  leaves  the  round- 
house. 

If  too  little  compound  is  used  the  precipitate  is  fine  and 
does  not  settle  readily;  but  when  the  amount  is  sufficient  the 
precijiitate  is  large  and  flaky  and  settles  very  rapidly.  This 
makes  it  easy  to  clear  the  boiler  of  some  of  the  solid  matter  by 
blowing  down  after  the  engine  has  been  standing  on  the  siding 
a  few  minutes  awaiting  passing  trains. 

Present  practice  is  to  wash  the  boiler  every  second  trip.  A 
large  percentage  of  the  solid  matter  runs  out  with  the  water 
while  draining  the  boiler  and  the  rest  is  easily  washed  out. 
The  solid  matter  has  no  tendency  to  cake,  but  will  remain  in- 
definitely in  the  form  of  a  soft  brown  mud.  It  must  be  borne 
in  mind  that  the  frequency  of  washing  is  a  function  of  the 
amount  of  solid  matter  in  the  water  and  the  amount  of  water 
used. 

Prevention  of  corrosion  and  scale  formation  was  the  main 
endeavor  and  yet  another  result  was  obtained,  just  as  impor- 
tant. Absolutely  no  boiler  troubles  were  encountered  during 
the  first  four  months  of  the  test,  and  then  the  record  was 
broken  only  by  a  minor  leak,  a  record  that  gives  some  idea  of 
the  importance  of  keeping  the  boiler  free  from,  scale  and  thus 
prevent  the  high  and  uneven  temperatures  in  the  steel  which 
cause  the  opening  up  of  joints. 

It  is  standard  practice  to  carry  from  1000  to  1500  lb.  of  sand 
on  a  Mallet  locomotive  to  cut  the  soot  from  the  inside  of  the 
Hues.  Why  is  it  not  just  as  important,  for  good  steaming,  to 
use  some  method  to  keep  the  outside  of  the  flues  free  from 
scale? 

The  ingredients  of  the  Navy  compound  originally  were  pro- 
portioned for  use  in  stationary  and  marine  boilere,  and  at  an 


alkaline  strength  of  3  per  cent  normal.  The  In  per  cent  of 
trisodium  phosphate  was  added  to  prevent  light  water.  The 
locomotive  type  of  boiler,  in  general,  shows  a  greater  tendency 
to  foam  than  other  types  of  boilers  and  should,  therefore,  have 

0  stronger  non-foaming  reagent.  In  cutting  down  the  alka- 
linity from  3  per  cent  of  normal  to  less  than  1  per  cent,  the 
amount  of  trisodium  phosphate  has  been  greatly  decreased 
with  good  results.  The  amount  required  seems  to  vary  so  much 
with  different  runs  and  conditions  that  as  yet  no  decision  can 
be  made  as  to  a  definite  amount  for  general  use. 

A  new  water  was  obtained  at  Bakersfield  in  January  that  is 
a  great  deal  better  than  the  old,  as  far  as  content  of  incrus- 
tating  matter  is  concerned,  but  it  is  very  light.  Foaming  and 
priming  became  so  bad  in  one  of  the  passenger  locomotives 
that  the  water  in  the  glass  rose  as  much  as  8  in.  when  the 
throttle  was  ojaen.  No  compound  of  any  kind  had  been  used 
in  this  boiler.  Six  jsounds  of  trisodium  phosphate  (no  com- 
l)ound)  was  then  put  ill  the  boiler  through  the  injector  just 
liefore  the  engine  left  the  roundhouse  for  each  trip.  There 
has  been  no  foaming  on  this  locomotive  since. 

During  the  early  part  of  the  test  on  Mallet  No.  4031  some 
light  water  and  foaming  were  experienced.  It  was  feared  at 
that  time  that  water,  passing  over,  would  loosen  superheater 
units  and  high-pressure  steam  piping,  and  would  cut  cylinder 
bushings  and  packing,  but  these  fears  proved  to  be  un- 
grounded. The  engine  has  made  more  miles  between  shop- 
jjings  for  boiler  repairs  than  any  other  Mallet  operating  out 
of  Bakersfield. 

On  this  division,  where  the  water  is  poor,  practically  all  of 

1  he  locomotives  are  back-shopped  on  account  of  the  boiler 
and  not  the  machinei-y.  The  present  indications  are  that  the 
use  of  this  compound  will  make  the  life  of  the  boiler  longer 
than  that  of  the  machinery. 

During  the  last  month  the  use  of  this  compound  has  been 
extended  to  all  freight  Mallets  (seven)  operating  out  of 
Bakersfield.  Some  of  these  had  been  in  service  for  several 
months  and  large  quantities  of  scale  had  formed.  The  cut- 
ting of  this  scale  made  very  dirty  boilers,  causing  frequent 
blowing  and  boiler  washing.  After  two  or  three  weeks,  scale 
from  %  in.  to  %  in.  thick  came  off  in  large  quantities,  which 
lu'oves  that  the  compound  will  cut  the  old  scale,  but  this 
action  causes  such  dirty  boilers  that  such  procedure  cannot 
be  recommended.  By  the  practice  outlined  above,  a  clean 
boiler  can  be  kept  clean  and  operated  with  success,  using 
\rater  classed  by  boiler  jieojile  as  very  poor. 


USE    OF   THE    NAVY    COJIPOUXD    IX    .STATION'.S    OF   THE    ASSOCIATED 
PIPE   LINE   COilPAXY 

The  results  in  the  Fruitvale  po-vver  station  boilers  caused 
jirompt  steps  to  be  taken  to  extend  the  use  of  the  compound 
to  other  stations  either  operated  or  controlled  by  the  Southern 
Pacific  Company. 

The  Associated  Pipe  Line  Company  operates  an  oil  pipe 
line  from  the  oil  fields  in  the  southern  end  of  the  San  Joaquin 
Valley  to  tidewater  near  San  Francisco.  On  this  pipe  line 
are  30  steam  pumping  stations  equipped,  some  with  three 
and  some  with  four  250-h.p.  water-tube  boilers.  The  feed 
water  is  of  practically  every  known  grade  from  good  to  very 
poor,  and  nearly  ever>-  known  type  of  boiler  compound  has 
lieen  used  from  time  to  time  in  the  worst  of  these  stations. 
Mr.  E.  B.  Partridge,  Jr.,  superintendent  of  the  pumping 
plants  in  the  fields,  came  to  Fruitvale  power  station  for  a 
study  of  the  method.     He  began  his  investigation  in  the  most 
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skeptical  frame  of  miud  and  he  introduced  the  compound 
first  into  a  station  wliere,  as  he  said,  it  could  do  the  least 
harm.  Eight  months  later,  at  the  December  meeting  of  the 
San  rrancisco  Section  of  the  Society,  where  the  subject  was 
discussed,  he  gave  an  account  of  his  experience  which  is  here 
briefly  summarized :  In  tlie  thirty  different  pumping  stations 
there  were  thirty  different  kinds  of  water,  with  a  solid  con- 
tent running  from  6  to  230  gr.  per  gallon.  In  the  first  station, 
a  three  months'  trial  of  the  compound  showed  that  a  turbine 
tube  cleaner  was  no  longer  necessary,  because  the  boiler  was 
leadily  washed  out  and  cleaning  would  not  be  required  oftener 
than  every  three  months. 

These  results  were  confirmed  at  the  next  station  where  the 
compound  was  tried.  It  was  then  introduced  in  a  station 
which  most  of  the  feed-water  experts  in  the  State  had  turned 
down  as  impossible.  The  water  carries  230  grains  to  the 
gallon.  In  these  boilers  2i/2-in.  extra-heavy  boiler  blow-off 
nipples  con'oded  away  in  from  three  to  four  months  and  3-in. 
extra  heavy  feed-water  Imes  pitted  through  in  the  same  length 
of  time.  Nearly  every  known  variety  of  boiler  trouble  had 
been  experienced  at  this  plant,  but  the  Navy  compound  elimi- 
nated corrosion  and  precipitated  the  solids  in  a  soft  slushy 
form  easily  washed  out.  Owing  to  the  unusually  large  quan- 
tity of  solid  matter  in  the  water,  however,  it  was  necessarj' 
to  blow  the  boilers  every  hour  and  to  clean  every  ten  days. 

At  another  station  where  corrosion  very  similar  to  that  in 
the  Fruitvale  boilers  had  been  experienced  from  the  start  and 
all  kinds  of  compounds  had  failed  to  relieve  the  trouble,  the 
Navy  compound  was  introduced.  Up  to  that  time  they  had 
used  No.  9  gage  seamless  tubes  in  the  bottom  boiler  rows, 
and  No.  10  gage  special  spellerized  tubes  in  the  upper  rows, 
but  none  of  them  lasted  more  than  three  months.  Feed  lines, 
blow-off  pipe  lines,  boiler  drums  and  headers,  together  with 
the  tubes,  were  all  affected  by  corrosion;  but  the  Navy  com- 
pound straightened  out  all  their  trouble  in  this  station  pre- 
cisely as  in  all  the  others.  In  order  to  have  further  verifica- 
tion, pieces  of  new  tubes  were  hung  in  these  boilers  and  after 
three  months  they  showed  not  the  slightest  signs  of  corrosion. 

In  general,  Mr.  Partridge  found  that  when  he  commenced 
to  use  the  compound  there  were  a  great  number  of  tubes 
which  had  been  badly  pitted  and  that  these  failed  gradually, 
but  they  held  up  surprisingly  well,  considering  their  condi- 
tion. Only  a  vei"j'  few  of  these  old  tubes  have  been  lost  and 
r.one  that  were  put  in  just  prior  to  the  introduction  of  the 
Navy  comjjound  treatment.  He  found  that  to  get  results  it  is 
necessary  to  work  intelligently  and  .not  at  all  in  the  old  hap- 
hazard fashion.  He  detailed  an  inspector  on  the  work  who 
travels  from  station  to  station,  not  only  to  see  that  the  com- 
pound is  being  properly  used  and  in  sufficient  quantity,  but 
also  to  instruct  engineers  and  to  quiz  them  as  to  the  results 
they  obtain. 

At  every  pumping  plant  a  printed  form  is  filled  out  and 
mailed  to  the  general  office  every  morning.  From  these  Mr. 
Partridge  keeps  a  close  supervision  over  all  of  the  plants. 
The  reports  show  how  much  compound  is  used;  what  percent- 
age of  alkalinity  is  earned;  how  often  the  boilers  are  blown, 
that  is,  a  bottom  or  a  surface  blow;  when  any  particular 
boiler  is  cut  in  or  cut  out,  and  why;  and  the  condition  of  the 
boiler  when  it  is  opened  for  cleaning.  The  importance  of 
these  results  is  best  understood  by  engineers  who  know  the 
(ijierating  conditions  of  an  oil  pipe  line,  where  all  the  pump- 
ing plants  are  in  series  from  one  end  of  the  line  to  the  other, 
and  a  delay  or  a  stoppage  at  any  one  station  affects  the  out- 
put of  the  entire  line,  and  consequently  the  earning  capacity 
of  the  whole  property. 


USE  OF  THE  NAVY  COMPOUND  IN  SOME  VESSELS  OP  THE 
U.  S.  NAVT 

The  use  of  the  Navy  Standard  Boiler  Compound  was  dis- 
cussed in  a  preUminary  way  at  a  meeting  of  the  San  Fran- 
cisco Section,  after  which  it  was  suggested  to  the  author  that 
it  would  be  well  to  go  slow  in  using  Navy  compound,  for 
the  reason  that  some  vessels  had  experienced  such  serious 
damage  to  their  boilers  from  it  as  to  cast  discredit  upon  this 
method  of  boiler  treatment.  The  substance  of  the  statement 
was  that  for  some  years  evidence  has  accumulated  to  show 
that  under  certain  circumstances  the  use  of  sodium  carbonate 
or  sodium  hydrate  in  boilers  makes  the  steel  brittle  and  causes 
failure  of  the  joints  by  cracks;  that  at  present  it  is  impos- 
sible to  state  how  or  why  the  action  occurs,  but  it  is  possible 
to  name  the  circumstances  under  which  it  is  likely  to  occur, 
the  characteristics  of  the  cracking  when  it  does  occur,  and 
the  principal  cases  that  have  come  under  direct  notice. 

Briefly,  the  theory  advanced  to  the  author  as  to  the  trouble 
IS  as  follows:  That  sodium  carbonate  is  always  partially 
converted  into  sodium  hydrate  when  in  solution  under  boiler 
temperature,  so  that  it  makes  no  difference  whether  the  car- 
bonate is  used  in  the  beginning,  or  caustic  soda,  or  both,  as 
sodium  hydrate  will  always  be  present  sooner  or  later.  When 
either  of  these  substances  is  used  for  the  treatment  of  scale, 
no  trouble  from  the  cracking  of  the  steel  is  likely  to  occur, 
because  they  react  with  the  scale  and  there  is  little  or  no  ex- 
cess hydrate.  Where  cracking  has  occun-ed  it  has  always 
been  true  that  free  hydrate  has  been  present  in  the  boilers  in 
the  absence  of  sulphate;  so  that  the  statement  is  warranted 
that  whenever  sodium  carbonate  or  sodium  hydrate  is  in- 
troduced into  a  boiler  in  the  absence  of  substances  reacting 
with  them,  brittleness  wiU  result  sooner  or  later.  Cases  have 
been  known  in  which  the  brittleness  approaches  that  of  neat 
cement  of  the  same  thickness  as  the  plate.  It  occurs  only  in 
the  seam  of  the  boiler,  either  due  to  the  fact  that  the  joints 
are  at  higher  stresses  here  than  in  the  rest  of  the  plate,  or 
that  the  joints  are  the  only  place  in  which  this  solution  can 
concentrate,  and  it  is  known  that  unconcentrated  solution 
does  not  attack  steel  at  all.  The  cracks  that  result  are  dis- 
tinguished from  ordinary  forms  of  cracking  by  the  following 
characteristics : 

They  are  more  fully  developed  at  the  surfaces  of  the  con- 
tact of  the  joints  than  they  are  at  other  surfaces,  so  that 
a  crack  at  a  rivet  hole  will  often  measure  %  jn.  on  the 
contact  surface  of  a  %-in.  plate  without  showing  at  all  on 
the  other  surface;  in  other  words,  the  surface" of  the  crack 
itself  is  usually  triangular,  with  the  base  of  the  triangle 
on  the  contact  surface.  They  usually  originate  at  the  rivet 
holes  and  show  scarcely  any  tendency  to  follow  the  lines  of 
stress.  Running  from  adjacent  rivet  holes,  two  cracks  wiU 
often  pass  each  other  and  after  passing,  join,  leaving  an 
island  in  the  plate;  that  is,  the  cracks  show  no  strong  tend- 
ency to  join  each  other.  They  change  their  direction  sharply 
and  often,  to  an  extent  of  90  deg. ;  they  are  always  unaccom- 
panied by  any  elongation  of  the  plate;  and  finally,  they  are 
always,  of  course,  below  the  water  line. 

The  statement  made  to  the  author  gave  also  a  number  of 
cases  of  such  defective  plates.  Among  others  were  named  the 
boilers  of  the  U.  S.  Torpedo  Boat  Destroyer  Ayhvin,  wherein 
occurred  a  fracture  of  one  drum,  and  cracking  of  one  or 
more  drums  of  three  boilers  out  of  four;  also  the  U.  S. 
Coast  Guard  Cutter  Vnah/a,  where  a  cracking  of  one  drum 
out  of  two  in  a  period  of  operation  of  about  fourteen  months 
T/as  noted.     The  statement  concluded  bv  a  note  to  the  effect 
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that  ill  the  case  of  the  Coast  Guard  Seiviee,  aii  order  had 
been  issued  diseoiitiuuiug  the  use  of  tlie  Navy  coinpound. 

Because  the  treatment,  at  least  in  this  form,  originated  in 
the  Navy  Department,  because  the  Ai/lwin's  boilers  were  cited 
among  others  as  having  failed  from  this  cause,  and  because 
tlie  Navy  boilers  are  operated  in  general  with  water  that  is 
practically  free  from  suli>hates,  the  statements  with  refer- 
ence to  Navy  experience  were  investigated  as  fuUy  as  pos- 
sible, and  the  following  facts  were  developed : 

The  use  of  Navy  compound  has  not  been  discontinued  in 
the  Navy,  but  the  compound  is  used  ordinarily  only  in  suffi- 
cient quantity  to  maintain  the  water  in  the  boiler  at  a  Ioav 
tilkaline  strength,  and  not  above  V-,  of  1  per  cent  normal,  tlie 
point  at  which  corrosion  changes  iu  character  from  general 
corrosion  to  local  corrosion  or  pitting.  In  a  steaming  boiler 
no  difficulty  is  experienced  in  maintaining  the  alkaline 
strength  of  the  water  at  or  above  3  per  cent  normal ;  but 
naval  lioilers  are  idle  during  a  large  part  of  the  time,  and 
owing  to  the  fact  that  the  compound  does  not  remain  in 
solution  in  idle  boilers,  but  settles  to  the  bottom,  the  alkaline 
strength  of  the  water  in  the  upper  part  of  the  boiler  fre- 
quently falls  between  the  limits  of  1  per  cent  and  2.5  per 
cent  of  normal.  As  is  well  known,  the  effect  of  this  alkaline 
strength  is  to  promote  corrosion  iu  its  most  dangerous  form — 
local  corrosion  or  pitting. 

The  early  experiments  with  the  boiler  compound  deter- 
mined the  facts  that  good  steel  will  corrode  almost  evenly 
over  its  entire  wetted  surface  when  placed  in  distilled  water, 
and  that  as  boiler  compound  is  added  to  give  the  water  a  low 
alkaline  strength,  the  rate  of  corrosion  is  somewhat  decreased, 
but  the  character  of  the  corrosion  remains  the  same.  There- 
fore, low  alkalinity  inhibits  all  but  a  light  general  corrosion, 
which  is  so  small  in  amount  that  its  effect  may  be  disregarded 
for  practical  purposes. 

Further,  since  the  Navy  uses  distilled  water  to  a  large  ex- 
tent, only  small  quantities  of  scale-forming  substances  are 
ever  present  in  the  boilers,  and  hence  large  amounts  of  boiler 
compound  are  not  required  to  prevent  the  formation  of  scale. 

In  the  ease  of  the  Aylwin's  boilers  the  Naval  Engineering 
Experiment  Station  conducted  an  extensive  investigation  of 
the  rupture  of  the  drum,  and  authority  was  granted  for  a 
represenlative  of  the  manufacturer  to  be  present  duri'ig  t'le 
tests.  The  conclusions  of  this  investigation  were  that  no 
experimental  or  other  evidence  indicated  that  the  failure  of 
the  Af/lu-iii's  boiler  was  due  to  the  use  of  boiler  compound 
containing  sodium  carbonate  or  sodium  hydrate. 

It  is  needless  to  say  that  any  condition  of  design  or  con- 
struction that  causes  leaky  seams  which  can  be  made  tight 
only  by  excessive  caulking  might  possibly  produce  brittleness 
in  the  metal  of  the  jilate. 

The  White-Forster  boiler  installed  in  the  Ai/lwin  class  has 
D-shaped  water  drums,  similar  to  the  Yarrow  type.  In  prac- 
tice, it  was  found  impossible  to  keep  the  seams  of  the  White- 
Forster  boiler  tight,  owing  to  the  tendency  of  the  drum  to 
assume  a  circular  sliape  under  pressure.  The  manufacturers 
of  this  boiler  have  since  corrected  this  })y  placing  struts  in 
these  drums  across  the  long  diameter.  It  is  also  understood 
that  similar  trouble  has  not  been  experienced  with  Yarrow 
boilers. 

With  reference  to  the  Vnalga  as  another  vessel  having  had 
trouble  of  a  similar  nature,  not  enough  is  known  at  the  pres- 
ent time  upon  which  to  venture  a  statement  as  to  the  cause 
of  failure.  It  is  known,  however,  that  the  cracks  in  the  steam 
drum  plates  of  these  boilers  are  similar  to  those  observed  in 
the  A/jlicin's  lower  drum  plates;  that  the  manufacturer  of  th.e 


boiler  has  conducted  tests  of  the  material,  and  that  at  the 
suggestion  of  the  company  the  Naval  Engineering  Experiment 
Station  will  soon  begin  an  independent  examination  and  in- 
vestigation of  the  material  with  a  view  to  determining  the  cause 
of  the  peculiar  conditions  existing.  It  has  also  been  learned 
that  boiler  compound  in  considerable  quantity  was  used  in  this 
boiler,  and  that  another  vessel  with  a  duplicate  boiler,  but 
in  which  only  small  quantities  of  the  compound  were  used, 
has  not  had  trouble. 


APPENDIX 

.SYNOP.SIS   OF   INVESTIG.\T10NS    BY    FRANK    LYON,    LIEUTENANT- 
COJI.MANDER   U.    S.    navy' 

From  July,  1896,  to  August.  1809,  Commander  Lyon  was 
Assistant  Engineer,  U.  S.  S.  Oregon,  and  for  the  greater  part 
of  the  time  was  in  direct  charge  of  her  boilers.  The  feed  water 
was  kept  in  jiractically  an  open  tank  and  was  kept  so  strongly 
alkaline  as  to  render  it  unfit  for  ordinary  purposes.  In  this 
vessel  corrosion  of  boilers  was  almost  unknown. 

From  May,  1900,  to  JIay.  1000,  Mr.  Lyon  was  Senior  Engi- 
neer Officer  of  the  T\  S.  S.  Neic  Jersey.  Troubles  from  cor- 
rosion were  experienced  throughout  the  three  years.  The 
corrosion  was  most  noticeable  in  the  piping  in  which  the  water 
was  heated  more  or  less  between  its  entrance  to  and  exit  fi'oni 
the  system. 

The  Oregon  had  fire  tubular  boilers  and  the  Xeiv  Jersey 
Babcock  and  Wilcox  boilers.  The  water  in  the  latter  was 
kept  slightly  alkaline,  but  owing  to  fear  of  priming'  in  these 
small  drum  boilers,  it  was  never  kept  as  alkaline  as  that  in 
the  Oregon's  boilers.  It  was  felt  that  every  effort  to  prevent 
corrosion  and  to  keep  the  boilers  clean  had  been  made,  yet 
destructive  local  corrosion  was  going  on  and  increasing  in 
eft'ect  in  spite  of  the  zincs,  non-acidity  of  the  water,  cleaning 
and  other  efforts  to  stop  it.  The  Navy  regulations  had  been 
followed,  and  experiments  made,  yet  Mr.  Lyon  had  failed  in 
every  particular  to  stop  corrosion  of  metals  having  their  sur- 
faces iu  contact  with  water,  and  he  was  detached  from  that 
duty  and  left,  knowing  that  there  was  something  woefully 
wrong  in  the  methods  he  had  pursued  and  with  the  general 
methods  of  treating  corrosion  on  shijiboard. 

AVith  this  excellent  grounding  in  a  knowledge  of  the  effects 
of  corrosion,  he  began  at  the  Naval  Engineering  Experiment 
Station  an  exjieiimental  investigation  of  the  problem  of  i)re- 
venting  corrosion.  Tests  were  made  in  distilled,  sea  and  brack- 
ish waters,  in  diluted  ?;a  and  brackish  waters  with  jars  open 
and  closed ;  in  steel  pots,  glass  ,iars  and  in  a  boiler.  Very 
soon  after  starting  this  investigation  it  was  seen  that  in  the 
untreated  distilled  or  in  fresh  waters  the  siiecimens  of  steel 
corroded  all  over;  that  as  the  concentrations"  increased,  the 
rate  of  corrosion  at  fli'st  decreased  slightly  and  then  began  to 
increase.  In  the  concentration  where  the  rate  showed  an  in- 
crease there  were  always  evidences  of  local  corrosion  or  pit- 
ting, and  as  the  concentrations  increased  the  rate  of  loss  in- 
creased to  a  maximum,  then  fell  rapidly  to  zero  and  remained 
there,  the  areas  of  local  corrosion  becoming  smaller  and  more 
pronounced  until  they  disappeared  altogether  in  the  concen- 
tration in  which  the  loss  was  zero. 

The  concentration  whose  strength  is  just  below  the  one  in 
which  local  corrosion  or  i)itting  first  appears,  he  called  the- 
lower-limit  concentration;  the  one  in  which  the  rate  of  corro- 
sion is  a  maximum,  the  critical;  and  the  one  just  above  the 
one  in  which  the  last  signs  of  corrosion  appear  the  upper- 
limit  one  for  the  metal  tested. 

In  general  the  fundamental  fact  was  established  that  if  the,- 


•  Tlio  Journal  nf  tlio  .\meriinn  S(.<iotv  cit'  Xiival  Kiiginccrs  Vii'nist 
1912.  Navy  Department,  Washington,  li.  C.  Price  .t;i.;iO  postpaid, 
liepi-ints  of  tliis  article  are  also  available.  Many  of  llie  paragraiihs 
aliove  •wlilcli  refer  to  Mr.  Lyon's  work  are  abstracted  liberally  from  his 
article. 

=  In  this  discussion,  the  concentrations  mentioned  are  the  alkaline 
salts  in  the  water  expressed  in  percentages  of  "normal  solution." 
lOilual  volumes  of  normal  solutions  will  .just  satisfy  a  chemical  reaction 
inmpletely  without  any  surplus  of  reagents  remaining  on  either  side  of 
ll'e   efiualii  n. 
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solution  is  kept  suflficiently  concentrated  with  sodium  carbon- 
ate, corrosion  is  inhibited.   That  is  the  sum  and  substance  of  it. 

Also,  that  the  order  of  mapiitude  in  which  corrosion  occurs 
in  distilled-water  solutions  in  the  normal  concentration  of 
sodium  nitrate,  chloride  and  sulphate  was  in  about  the  order 
of  the  strength  of  the  acid  radicals. 

The  npper  and  lower  limit  concentrations  in  those  solutions 
in  which  they  are  found,  vary  with  the  metals  immersed,  and 
with  the  conditions  of  the  surface  of  the  metal  in  contact  with 
the  solution,  both  with  regard  to  impurities  in  it  and  to  the 
physical  treatment  it  has  received. 

The  last  two  points  are  very  imjjortant  to  remember  as  ac- 
counting for  local  corrosions;  and  also  this  vital  point: 

That  the  rate  of  loss  in  the  critical  concentration  is  gi-eater 
than  that  in  the  untreated  water.  In  other  words,  it  is  better 
not  to  treat  the  water  at  all  than  to  treat  it  near  the  critical 
values,  and  this  can  be  done  very  readily  by  pouring  compound 
into  a  boiler  without  paying  attention  to  what  the  concentra- 
tion is  in  the  boiler,  a  fact  that  demonstrates  the  necessity  for 
the  individual  testing  of  the  water  in  the  individual  boiler 
under  steaming  conditions. 

The  limit  and  critical  concentrations  of  the  following  solu- 
tions for  one  grade  of  steel  were  determined  very  carefully. 
Expressed  in  jiercentages  of  normal  strength  in  distilled  water, 
they  are: 


Solution 

Upper  limit 

Critical 

Lower  limit 

Soaium  carbonate  (calcined) 

2.  (J 

n.s 

O.li! 

Caustic  soda 

2.6 

0.8 

0.16 

Lime 

2.G 

0.6 

0.15 

These  are  the  three  salts  used  extensively  in  boiler  treatment. 
They  have  practically  the  same  characteristics  as  regards  solu- 
tion pressure,  which  is  the  measure  of  the  tendency  to  cor- 
rosion. 

Further  work  along  these  lines  with  open  jars  showed  that 
the  concentration  of  lime  solutions  weakened  very  rapidly, 
while  those  in  caustic  soda,  sodium  carbonate,  disodium  phos- 
phate and  the  ehromates  maintained  or  increased  their  con- 
<'entration  as  the  water  evaporated.  Solutions  of  lime  water 
exposed  to  the  air  may  be  non-corrosive  to  steel  one  day  and 
corrosive  the  next,  due  to  the  absorption  of  carbonic  acid  from 
the  air,  while  if  the  upjjer-limit  concentration  of  sodium  car- 
bonate is  made,  steel  thrown  in  it  will  not  corrode  until  the 
eoneeutratiou  is  brought  below  the  upjier  limit  by  some  exter- 
nal means. 

The  EngUsh  of  that  is,  use  sodium  carbonate  if  possible; 
do  not  use  lime  unless  forced  to,  and  when  lime  is  used  be 
careful  not  to  work  near  the  critical  value. 

Commander  Lyon  found  that  steel  connected  to  copper  by 
a  good  metallic  conductor  does  not  corrode  in  an  upper-limit 
concentration  of  sodium  carbonate,  lime,  caustic  soda  or  diso- 
dium phosphate.  In  similar  concentrations  air,  oxygen,  car- 
bonic acid  gas,  graphite,  zinc  oxide,  mill  scale,  and  other  sup- 
posed exciters  of  corrosion  have  no  effect  upon  steel  or  iron 
until  the  concentration  is  reduced  below  the  upper  limit  for 
that  steel.  Steel  was  susi:)ended  in  a  glass  basin  in,  and  above, 
the  limit  concentration  of  sodium  carbonate,  and  jiure  oxygen 
was  blown  under  it  in  such  a  way  that  sixty  bubbles  a  minute 
impinged  on  the  steel  and  passed  up  along  its  sides;  this  con- 
tinued for  eight  days,  and  no  signs  of  corrosion  were  evident, 
and  there  were  no  losses  of  weight.  This  was  continued  for 
fifteen  days  longer,  using  air  instead  of  oxygen,  with  the  same 
•result. 

Zinc,  being  of  higher  potential  than  iron,  will  corrode  in  an 
upper-limit  concentration  for  iron  or  steel. 

It  was  foimd  that  the  upper-limit  concentrations  for  all  irons 
and  steels  was  about  2.6  per  cent  normal  alkaline  strength 
of  sodium  carbonate  and  of  caustic  soda  solutions,  in  distilled 
and  in  sea-water.  The  highest  concentration  of  any  of  these 
chemicals  in  which  corrosion  was  found  is  2.5  per  cent  of 
normal. 

With  pure  feed  water,  sodium  carbonate  and  trisodium 
phosphate,  properly  jiroportioned,  will  stop  corrosion  and 
piiming  if  enough  of  the  mixture  is  used.  If  impure  water  is 
used,  then  sodium  carbonate,  trisodium  phosphate  and  cutch 
(containing  tannic  acid),  when  used  in  the  right  amounts, 
will  stop  corrosion,  prevent  priming,  and  also  prevent  scale 
from  forming  unless  the  saturation  of  sludge  gets  too  high. 
Such  a  mixture  is  the  Navy  Standard  Boiler  Compound;  and 


if  by  the  use  of  this  compound,  the  water  in  the  boiler  is 
always  kept  at  a  concentration  of  or  above  .3  per  cent  normal 
alkaline  strength,  no  corrosion  will  take  place,  no  scale  will 
form  and  the  water  will  be  no  more  likely  to  jirime  than  it 
would  be  if  it  were  untreated. 

The  ingredients  of  the  Navy  compound  are  intimately  united 
by  thorough  digestion,  dried,  finely  powdered,  and  well  mixed. 
They  are  readily  soluble  in  water.  The  compound  must  show 
on  analysis  at  least  76  per  cent  of  anhydrous  sodium  car- 
bonate (Na.COj),  10  per  cent  of  trisodium  phosphate  (Na,PO,. 
12H,0).  1  ]ier  cent  of  dextrine  or  starch,  and  sufficient  cutch 
to  yield  at  least  2  per  cent  of  tannic  acid,  the  remainder  to 
consist  of  water  and  only  such  impurities  as  are  common  to 
the  ingredients. 

These  investigations  demonstrated  why  the  boilers  of  the 
Oregon  showed  no  signs  of  corrosion  in  three  years,  and  why 
those  of  the  Sew  Jersey  were  considerably  corroded  in  the 
same  time.  In  the  one  the  corrosion  had  been  prevented  by 
keeping  the  water  strictly  alkaline:  in  the  other  it  had  been 
materially  aided  by  an  insufficient  degree  of  alkalinity.  Mr. 
Lyon's  conclusions  are  tersely  expressed  as  follows: 

"  The  writer  has  no  hesitancy  in  saying  that  any  boiler 
using  any  water  can  be  kept  free  from  corroding  for  any 
length  of  time  if  treated  with  soda,  and  if  its  concentration  is 
maintained  at  or  above  3  per  cent  normal  alkaline  strength. 
If  the  water  is  not  to  be  kept  sufficiently  alkaline,  it  had  bet- 
ter be  kept  neutral." — A  statement  that  is  absolutely  borne 
out  by  the  results  of  his  treatment  as  applied  at  the  Fruitvale 
power  j)lant  according  to  his  method. 


DISCUSSION 

W.vLTER  M.  McFaelaxd.  It  is  unpleasant  to  have  to  say  that 
a  number  of  the  statements  in  this  paper  (as  relating  to 
marine  boilers)  are  entirely  inaccurate. 

It  is  stated  that  the  White-Forster  boilers  were  of  such  de- 
sign that  it  was  impossible  to  keep  the  joints  tight  ordinarily. 
That  statement  is  incorrect.  The  company  with  which  I  am 
connected  has  built  all  the  White-Forster  boilers  constructed 
in  this  country,  and  I  know  of  a  large  number  used  in  the 
British  Navy ;  and  the  lioilers  have  given  satisfaction  gen- 
erally. 

A  great  deal  might  be  said  about  this  whole  soda  question, 
which  is  a  very  complicated  one.  I  do  not  propose  to  go  into 
it  at  length  now,  but  some  facts  should  be  brought  out.  The 
Unalga  was  mentioned  as  having  had  boiler  troubles,  and  it 
was  said  it  was  not  known  whether  the  trouble  was  due  to 
soda  or  not,  although  it  was  mentioned  there  was  some  dif- 
ference between  the  conditions  on  this  vessel  and  a  similar 
vessel. 

The  facts  are  that  two  vessels,  the  Unalga  and  the  Miami, 
were  built.  They  were  sister  ships,  with  identical  boilers,  and 
everything  else, — and  were  put  into  commission  at  the  same 
time.  After  the  boilers  of  the  Unalga  gave  trouble,  the  details 
of  which  I  will  not  go  into  now,  the  suggestion  was  made  to 
look  into  this  soda  question.  It  was  found  that  in  the  pre- 
ceding period  of  about  eighteen  months,  since  the  boat  had 
been  commissioned,  the  Unalga  had  used  3,300  lb.  of  soda  in 
her  boilers,  and  the  Miami  had  used  only  300  lb.  and  had 
never  had  any  trouble.  The  oflScials  of  the  Coast  Guard  de- 
cided that  it  was  undoubtedly  soda  which  caused  the  trouble. 
They  rescinded  at  once  the  order  requiring  soda  to  be  used  so 
that  the  strength  of  the  solution  should  not  be  less  than  3  per 
cent  of  a  normal  alkaline  solution ;  and  they  ordered  the  pres- 
ent practice,  which  makes  the  water  slightly  alkaline,  so  that  it 
is  only  a  little  more  than  neutral. — one-half  of  1  per  cent,  of  a 
normal  solution. 

The  drum  plates  of  the  Unalga  were  badly  cracked  and  the 
drums  were  condemned  by  the  Coast  Guard  officials,  removed, 
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and  replaced  by  new  ones.  Very  shortly  after  that,  this  mat- 
ter was  called  to  the  attention  of  the  Navy  Department;  and 
after  the  Navy  officials  looked  into  the  story  of  the  Unalga  and 
what  had  happened,  they  also  rescinded  the  order  that  not  less 
than  a  3  per  cent  of  normal  solution  should  be  used.  Since 
then  they  have  been  using  one-half  of  1  per  cent  solution. 

There  is  another  point  in  the  paper  to  which  I  object.  (I 
uudei-stand,  of  course,  tiiat  the  author  and  his  associates  got 
their  information  as  best  thej'  could,  but  it  is  unfortunate  that 
these  erroneous  statements  should  be  made.)  The  statement 
is  made,  in  the  case  of  the  Aylivin,  that  an  investigation  was 
made  by  the  Naval  Experiment  Station  at  Annapolis,  at  which 
the  manufacturer  was  permitted  to  have  a  representative 
present ;  and  it  was  settled  that  the  trouble  with  her  boiler  was 
not  in  any  way  due  to  soda. 

As  a  matter  of  fact,  there  was  a  preliminary  report  from  the 
physicist  of  the  Experiment  Station,  but  the  matter  is  still 
under  investigation  at  the  Experiment  Station  and  has  not  yet 
been  settled.  There  is  a  great  deal  to  be  said  about  the  matter; 
it  is  vei'y  complicated,  and  requires  the  most  careful  study  and 
investigation.  The  reason  for  this  is  not  because  there  is  any 
doubt  in  the  minds  of  those  who  have  studied  the  subject,  but 
the  deleterious  action  of  soda  comes  as  such  a  surprise  to  those 
who  encounter  it  for  the  first  time  that  they  want  to  investigate 
it  carefully  before  endorsing  this  explanation  of  the  phe- 
nomena. 

I  am  autliorized  to  say  that  later  on,  at  the  proper  time, 
men  who  have  made  a  very  exhaustive  study  of  this  whole  ef- 
fect of  soda  solutions  on  boiler  seams  will  prepare  a  paper, 
probably  for  this  Society,  wliicli  will  "ivp  the  latest  possible  in- 
formation on  the  subject. 

Geo.  pi.  Gibson  said  that  he  believed  that  the  return  to 
treating  feed  water  inside  the  boiler,  as  advocated  in  this 
paper,  is  a  step  backwards,  at  least  for  stationary  plants.  That 
corrosion  will  not  occur  in  a  solution  of  proper  alkalinity 
was  originally  demonstrated,  he  believed,  by  the  German  in- 
vestigators Heyn  and  Bauer.  Where  water  is  treated  exter- 
nally to  boilers,  a  greater  or  smaller  excess  of  reagent  is  em- 
ployed, which  accumulates  in  the  boilers,  and  the  concentration 
of  alkalinity  can  be  controlled  by  periodic  blowing  down.  If 
the  water  is  treated  cold,  however,  a  considerable  amount  of 
scale  and  sludge  forming  solids  fail  to  be  eliminated  in  the 
softening  system,  as  pointed  out  in  the  paper.  On  the  other 
hand,  if  the  water  is  treated  above  170  or  180  deg.  fahr.,  the 
reactions  are  practically  instantaneous  and  the  precipitate 
formed  is  coarse  and  settles  rapidly.  It  is  certainly  better  to 
remove  these  solids  before  the  water  enters  the  boilers,  as  prac- 
tised in  modern  hot  process  softening  systems,  wherein  the 
water  is  first  heated  and  de-aerated  by  spraying  through  a 
steam  bath  before  the  chemical  reagents  are  added.  The  pro- 
portions of  the  chemical  should  be  based  on  an  analysis  of 
the  water,  and  lime,  as  well  as  soda,  is  necessary  for  the  cor- 
rect treatment  of  many  waters.  In  this  way  practically  all 
of  the  scale  or  sludge-forming  substances  can  be  eliminated, 
as  will  be  seen  from  the  following  analyses  of  water  before 
and  after  treatment,  as  obtained  in  large  steam  plants. 

Grains  pee  U.  S.  Gallon 

Before  .Vtter 

Softening  Softening 

Total  dissolved  solids 21.49  18.25 

Total  incrusting   solids 18 .  28  1 .  35 

Total  dissolved   solids 19.44  21.01 

Total  incrusting   solids 9.04  0.32 


The  first  analysis  quoted  shows  that  the  water  before  treat- 
ment contained  over  eighteen  grains  per  gallon  of  incrusting 
solids.  After  treatment  it  contained  1.35  grains  and  the  ex- 
cess of  reagent  used  is  0.88  grain  of  sodium  carbonate  and 
1.22  gi-ains  of  sodium  hydrate.  The  second  sample  was  a 
water  which  not  only  deposited  scale  but  caused  corrosion, 
the  corrosion  being  due  to  the  presence  of  free  sulphuric  acid. 
Before  treatment,  this  water  contained  9  grains  of  incrusting 
solids  and  after  treatment  0.32  grain.  The  excess  of  treating 
reagent  used  was  3.18  grains  of  sodium  carbonate  and  0.33 
grain  of  sodium  hydrate.  He  could  give  further  examples, 
but  these  illustrate  the  point  at  issue. 

This  elimination  of  scale  and  sludge  forming  solids  is  found 
more  important  in  preventing  foaming  and  priming  than  is 
the  keeping  down  of  alkalinity  in  the  boiler,  as  pointed  out 
in  the  paper.  As  a  matter  of  fact,  boilers  can  be  operated 
successfully  at  heavy  overloads  with  high  alkalinity,  but  not 
with  high  alkalinity  combined  with  a  large  amount  of  sludge 
in  the  water. 

A  good  example  is  presented  by  analyses  obtained  at  one  of 
the  boiler  plants  of  the  U.  S.  Navy  Department.  Before  the 
water  softening  system  was  installed  at  this  plant,  a  great 
deal  of  trouble  was  experienced,  but  whether  the  Navy  com- 
pound was  tried  or  not  he  did  not  know.  The  total  incrusting 
solids  in  this  water  were  23.29  grains.  It  was  impossible  to 
operate  the  boilers  up  to  rating;  there  was  severe  priming, 
and  it  was  found  necessary  to  shut  down  part  of  the  plant 
and  turn  off'  a  number  of  lights  and  use  less  steam  in  order 
to  eari'y  the  balance  of  the  plant.  It  was  the  practice  to 
wash  the  boilers  out  every  24  hours.  After  the  water  soften- 
ing system  was  put  in,  treating  the  water  hot,  the  incrusting 
solids  were  reduced  to  1.75  grains,  and  the  boilers  operated 
successfully,  although  there  was  present  in  the  water  67.63 
grains  of  soluble  salts. 

The  elimination  of  sludge  is  also,  desirable,  because  of  the 
fact  that  sludge  is  carried  over  by  even  slight  priming,  and 
its  accumulation  may  cause  burning  of  superheating  surface, 
lubrication  troubles,  and  filling  up  of  turbine  blades.  Such 
removal  is  doubtful  where  the  precipitation  of  solids  is  brought 
about  in  tlie  boiler  itself,  as  advocated  in  this  paper. 

M.  F.  Newman  (written).  The  author's  comparison  of  the 
difference  in  operating  conditions  between  the  use  of  hard, 
corroding  feed  water,  and  when  subjecting  the  feed  water  to 
treatment  with  compound  within  the  boilers  is  merely  an  il- 
lustration of  changing  the  lime  and  magnesia  salts  into  pre- 
cipitates of  such  a  form  that  they  do  not  adhere  to  the  sur- 
faces within  the  boiler  and  the  effect  of  introducing  an  alkali 
to  combine  with  acid  radicals  that,  under  ordinary  circum- 
stances, would  be  free  to  attack  the  boiler  metal. 

The  action  of  boiler  compounds  for  the  precipitation  of  lime 
and  magnesia  and  the  neutralizing  of  harmful  acids  has  long 
been  thoroughly  understood,  and  it  is  well  known  that  the 
addition  of  starch  and  tannin  to  a  compound  consisting  prin- 
cipally of  sodium  salts  tends  to  prevent  the  adherence  of  the 
precipitated  lime  and  magnesia. 

While  the  method  described  by  the  author  may  be  consid- 
ered novel,  it  is  by  no  means  rational,  since  to  impurities  al- 
ready present  in  the  boiler  feed  there  is  being  added  more 
impurities,  so  that  the  final  effect  is  to  increase  the  impurities 
in  the  water  in  the  boiler  without  any  compensation  in  the 
way  of  removing  or  freeing  the  water  from  suspended  matter. 

The  application  of  precipitants  to  water  within  the  boiler 
is  irrational  and  at  the  best  is  a  mere  makeshift.  In  the 
process  of  generating  steam  nothing  but  pure  water  is  evapor- 


536 


PREVENTING  CORROSION  AND  SCALE  IN  BOILERS,  A.  H.  BABCOCK 


The  Journal 
Am.Soc.M.E. 


ated  so  that  there  is  a  constant  building  up  of  impurities  in 
the  water  remaining  in  the  boiler.  This  applies  to  the  soluble 
salts  as  well  as  the  suspended  matter. 

When  the  reactions  for  the  precipitation  of  lime  and  mag- 
nesia are  carried  on  within  the  boiler,  the  result  is  to  befoul 
the  water  with  suspended  matter  and  increase  its  density  with 
soluble  salts,  so  that  more  fuel  is  required  for  the  generation 
of  steam  and  a  more  frequent  changing  of  the  water  to  elimi- 
nate the  soluble  solids,  as  well  as  the  suspended  matter  col- 
lected. 

The  logical  method  of  overcoming  scale  and  corrosion  in 
steam  boilers  is  to  properly  soften  and  purify  the  water  by 
removing  all  permanent  hardness,  eliminating  or  neutralizing 
all  acids,  and  reducing  the  remaining  scale-forming  substances 
to  less  than  3  grains  per  U.  S.  gallon,  maintaining  the  al- 
kalinity in  the  purified  water  between  3  and  4  deg.  (1  deg. 
equivalent  to  1  gr.  calcium  carbonate  per  U.  S.  gal.)  with  the 
effluent  clear  and  free  from  suspended  matter.  Such  a  softened 
and  purified  water  constantly  supplied  to  boilers  will  not 
form  scale  or  cause  corrosion. 

As  an  illustration  of  the  results  accomplished  by  this  ra- 
tional method  with  a  projierly  designed  apparatus,  the  fol- 
lowing analyses  of  raw  and  softened  water  are  submitted  to 
show  water  from  widely  differing  sources  in  close  agreement 
as  to  alkalinity  and  softness. 


AX.VLtSES    OF    RAW    AND    SOFTENED    WATER 

A                       E  C  D 

Grains  per  V.  S.  Gallon 

Volatile  anJ   Organic   Matter 1.45            l..".i  .7.">  .6.5 

Silica    05              .45  .35  .45 

Iron  and  .Alumina   Oxides trace          trace  trace  trace 

Calcium   Carbonate 17.75            1.75  10.50  1.50 

Calcium    Sulphate 3.0(i           ....  ....  .... 

Magnesium    Carbonate .  ■  .  •  3.99  .... 

Magnesium   Sulphate 12.4a           ....  5.07  .... 

Magnesium    Chloride ....  .96  .... 

Magnesium    Nitrate ....  .21  .... 

Magnesium     H.vdrate .23  ....  .52 

Sodium    Sulphate 25.77          43.59  ....  6. IS 

Sodium   Chloride 16.15          17.63  .13  1.32 

Sodium    Carbonate .SO  ....  1.06 

Sodium    Hydrate .68  ....  .08 

Sodium   Nitrate ■  ■  •  .  -21  .24 

Total    Solids 77.25          66.4S  21.96  12.00 

Suspended  Matter 15          trace  .15  trace 

Free   Carbonic   -icid 44           none  .44  none 

Alkalinity    17.75            3.75  15.25  3.50 

Incrustirig   .Solids ■.  .    33.88            2.43  21.08  2.47 

Non-Incrusting    Soliils 41.92          62.70  .13  8.8S 

.\nalysis  .V     Water  from  Shallow  Creek  Bank  Well,  Enderlin,  N.  D. 
.Analysis  B     Same  water  as  A  after  softening. 
.\ual.ysis  C      Spring  water  from  Clarkdale.   .Ariz. 
Analvsis  D     Same  water  as  C  after  softening. 


Howard  Stillmax  (written). — Concerning  the  use  of  the 
3  per  cent  normal  alkalinity  and  the  Navy  compound  on  loco- 
motive boilers  in  main  line  service,  I  quite  differ  from  Mr. 
Babcock  as  to  results  obtained  on  the  locomotive  boilers  he  has 
experimented  with.  In  the  first  place  Conmiander  Lyon  states 
distinctly  that  very  rapid  local  pitting  and  corrosion  occurs 
with  alkaline  solution  under  2.6  per  cent,  placing  the  concen- 
tration of  3  per  cent  as  the  upi^er  limit  at  which  corrosion  will 
positively  stop.  This  concentration  is  equivalent  to  92.7  gr.  sodi- 
um carbonate  per  gallon,  or  12.2  lb.  per  1,000  gal.,  an  amount 
of  soluble  matter  locomotive  boilers  cannot  carry  without  exces- 
sive foammg  and  priming.  With  the  use  of  the  Navy  compound 
on  locomotives  Mr.  Babcock  is  maintaining  less  than  1  per 
cent  normal  alkalinity,  and  there  seems  to  be  no  reason  to  ex- 
pect a  decrease  m  corrosion  under  these  circumstances,  inas- 
much as  the  potential  of  the  liquid  is  considerably  less  than 
that  of  the  metal  with  which  it  is  in  contact.  The  evidence 
brought  out  by  Commander  Lyon's  paper  indicated  that  cor- 
rosion would   not   stop  until   the  jiotential  of  the   liquid   was 


in  excess  of  the  metal,  and  that  2.6  per  cent  normal  alkalinity 
was  required  to  produce  this. 

On  many  occasions  1  have  inspected  locomotive  boilers  using 
the  Navy  compound  and  as  yet  do  not  find  any  evidence  of  de- 
crease in  pitting  and  corrosion  in  bad  water  districts. 

The  Mallet  Consolidation  engine  4031  to  which  Mr.  Babcock 
refers,  was  first  placed  in  service  with  new  firebox  on  Dec.  20. 
1912.  The  Navy  compound  was  first  used  in  July,  1914,  and 
maintained  until  June,  1915.  when  the  engine  was  withdrawn 
from  service  and  condemned  for  new  firebox.  During  the  in- 
terval the  engine  ran  19,790  miles.  I  made  a  thorough  inspec- 
tion of  the  firebox  in  the  boiler  shop  after  it  had  been  removed, 
and  found  the  crown  sheet  badly  pitted  and  corroded  on  the 
water  side.  The  Navy  compoimd  was  used  for  a  i  eriod  cov- 
ering but  43  per  cent  of  the  engine's  mileage,  but  the  extent 
of  the  pitting  and  corrosion  appeared  to  exceed  that  shown 
by  the  fiiebox  of  an  engine  of  the  same  class  in  like  service 
on  the  same  district,  that  had  used  Navy  compound  only  4 
per  cent  of  its  mileage,  practically  none.  The  evidence  from 
engine  4031  does  not  appear  to  bear  out  Mr.  Babcock's  state- 
ment regarding  the  effect  of  the  compomid  in  lengthening  the 
life  of  the  boiler.  This  engine  was  shopped,  not  for  machin- 
ery, but  for  boiler  repairs,  with  a  firebox  mileage  of  but  45,501. 

Mr.  Babcock  states  that  the  new  water  at  Bakersfield  is  very 
light.  The  engineers  in  this  district  state  that  it  appears  to  be 
light  oulj-  when  used  with  Navy  compound.  On  engines  not 
using  Navy  compound  no  trouble  is  exjjerienced  with  "light- 
ness "  of  this  water. 

Nothing  new  is  here  brought  out  regarding  the  specific  ac- 
tion of  carbonates  or  phosphates  of  soda,  of  which  the  Navy 
compound  is  composed  chiefly,  on  such  solids  as  produce  per- 
manent hardness.  The  compound  is  effective  in  breaking  up 
and  decreasing  scale  formation,  throwing  out  such  matter 
within  the  boiler  as  insoluble  carbonates  or  phosphates  in  defin- 
ite proportion. 

The  tendency  for  boiler  water  to  foam  and  prime  is  a  di- 
rect function  of  the  rate  of  evaporation  demanded.  The  evap- 
oration of  the  Fruitvale  boilers  was  shown  by  official  test  to 
be  approximately  3.7  lb.  equivalent  per  sq.  ft.  of  heating  sur- 
face per  hour.  My  test  records  of  the  Mallet  locomotive  boil- 
ers show  the  corresponding  equivalent  to  be  at  the  rate  of 
7,937  lb.,  or  an  increase  over  the  stationary  practice  of  114 
per  cent.  There  is  a  great  deal  of  complaint  from  our  me- 
chanical department  on  the  district  over  which  the  Navy  com- 
pound has  been  used  from  foaming  and  priming. 

Mr.  Babcock  makes  reference  to  the  use  of  trisodium  phos- 
phate as  a  specific  against  foaming.  The  evidence  in  opera- 
tion of  our  power  does  not  show  this  to  be  true.  He  states  that 
trisodium  phosphate  prevents  the  rise  of  the  surface  tension 
of  the  solution  and  consequent  priming.  I  do  not  find  any 
verification  of  this  statement  in  principle. 

The  Navy  compound  is  being  applied  by  Mr.  Babcock  most 
generally  to  superheater  locomotives.  Superheaters  are  placed 
in  boilers  at  considerable  expense,  and  if,  owing  to  circum- 
stances, their  superheating  surface  is  converted  to  evaporating 
surface,  as  with  priming,  their  etiiciency  is  impaired  in  direct 
proportion. 

In  order  to  determine  the  loss  of  superheat  efficiency  from 
this  cause,  tests  were  made  with  Mikado  engine  3239  in  pas- 
senger service  between  Los  Angeles  and  San  Luis  Obispo,  a  run 
of  223  miles.  This  engine  is  one  of  our  latest  tyi)e  Mikados, 
26x28  in.  cylinders,  210,400  lb.  on  drivers,  and  63  in.  wheel. 
It  has  used  the  Na\-y  compound  and  trisodium  phosphate  smce 
July.  1915.  Full  details  of  these  tests  are  on  file,  and  a  sum- 
marv  of  them  is  here  siven. 


July 
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TABLE  1 


EFFECT  OF  NAVY  COMPOUND  IN  LOCOMOTIVE 
OPERATION 


Out  Trip— L.  A. 
to  S.  L.  0. 

In  Trip— .S.  L.  0. 
to  L.  A. 

Totals  and 
Averages 

Date   

9-23-15|fl-2S-15 

9-24-15  9-29-1.1 

with 

13.55 

221 

6.35 

12.99 

Navy  Comp.  &  Tri-Sod.  Phos. 
Gal.  fuel  oil  per  1000  ton-milea 
Average  superheat,  deg.  fahr... 
Per  cent  more  fuel  per  1000 

with 

17.59 

191 

7.78 
27.92 

without 

16.32 

265 

with 

11.26 

242 

4.45 

2. 81 

without 

10.78 

249 

without 

12.74 

254 

Per  cent  less  superheat 

The  excesses  shown  for  the  outward  trip  are  due  to  the 
treatment  with  5  lb.  Navy  compound  and  9  lb.  trisodium  jihos- 
phate,  given  at  Los  Angeles.  With  no  treatment  at  San  Luis 
Obispo  on  return  trip  the  losses  were  less. 

Regarding  the  instructions  that  engineers  operating  engines 
which  are  being  treated  with  this  compound  should,  as  often 
as  necessary,  avail  themselves  of  the  opportunity  to  use  the 
blow-oft'  cock,  heat  losses  from  blowing  off  are  directly  pro- 
portional to  the  volume  of  water  wasted  and  heat  units  there.- 
in  at  200  lb.  pressure. 


pound  is  used.  Neglecting  the  starch,  tri.sodium  phosphate  or 
tannic  acid  at  Fruitvale,  we  have  a  saturation  of  998.6G7  grains 
per  gallon,  corresponding  to  a  density  of  1.017.  Sea  water 
has  densities  ranging  from  1.026  to  1.03.  He  had  seen  tube 
after  tube  burned  out  in  cases  where  the  water  had  a  density 
of  1.0032.  Rather  than  take  any  chances  beyond  1.0032,  he 
would  use  barium  hydrate  to  precipitate  the  sulphate,  and  get 
rid  of  the  sodium  sulphate  end  product. 

Mr.  Babcock  speaks  of  loss  of  tubes  since  the  adoption  of 
the  Navy  compound,  from  other  causes  than  pitting  and  cor- 
rosion. To  him,  the  cause  is  excessive  density  of  the  water 
evaporated,  and  the  wonder  is  that  the  tube  loss  from  density 
is  not  greater  than  the  tube  loss  from  i^itting  and  corrosion. 

The  whole  tendency  of  the  times  in  boiler  practice  is  to  ob- 
tain pure  waters.  With  pure  water  high  evaporative  capacities 
can  be  obtained  without  trouble,  and  this  cannot  be  done  by 
using  Navy  compound.  With  boilers  constructed  of  pure 
metal,  waters  treated  hot,  and  low  excess  of  soda  ash,  much 
more  economical  boiler  performance  will  be  obtained,  and  no 
pitting  or  corrosion  due  to  auto-electrolysis  or  anything  else 
will  occur. 


r.  F.  Vater  contributed  a  written  discussion,  in  which  he 
stated  that  the  water  used  at  Fruitvale  is  not  a  bad  water;  as 
far  as  the  analysis  shows,  the  only  corrosive  elements  are 
nitrate  of  lime  and  chloride  of  magnesium.  In  any  properly 
operated  treating  plant,  these  two  substances  would  have  been 
changed  to  sodium  chloride  and  sodium  nitrate,  both  of  which 
are  inert.  The  analysis  says  nothing  of  the  dissolved  oxygen, 
which  may  or  may  not  have  been  present;  if  present,  it  would 
have  a  material  bearing  on  the  trouble. 

If  there  were  no  dissolved  oxygen  in  the  water  after  pass- 
ing through  the  softening  plant,  absolutely  nothing  of  a  cor- 
rosive nature  remained  in  the  water  after  treatment.  This 
being  true  beyond  argument,  he  suggested  that  the  cause  of 
the  pitting  and  coiTosion  lay  entirely  outside  the  quality  of 
the  water,  and  that  an  intelligent  search  would  have  developed 
the  cause. 

J.  H.  Andrew  has  definitely  shown  that  a  saturated  solution 
of  caustic  soda  will  embrittle  iron  and  steel  plates  by  occlusion 
of  hydrogen.  At  boiler  temperatures  it  is  well  known  that 
soda  ash  yields  up  its  carbonic  acid,  changing  to  caustic  soda. 
We  have,  therefore,  in  the  boiler  caustic  soda  in  a  dilute  solu- 
tion, knowing  that  caustic  soda  in  saturated  solution  crystal- 
izes  steel  and  iron. 

A  score  of  plants  use  in  tlieir  boilers  well  water  containing 
sodium  carbonate,  and  lia\e  had  trtiuble  with  cracked  plates, 
tears,  ruptures  and  boiler  explosions.  It  cannot  be  proven 
that  soda  ash  was  the  cause,  because  a  wide  gap  exists  between 
a  saturated  solution,  such  as  used  by  Mr.  Andrew,  and  a 
dilute  solution,  which  is  all  that  could  exist  in  the  boiler. 
We  kn«w  that  in  saturated  solution  the  crystallization  of 
the  metal  takes  place  in  short  periods  of  time,  numbered  by 
days.  We  know  further  that  several  yeare'  time  elapsed  be- 
tween the  introduction  of  the  water  contaiuiug  sodium  carbon- 
ate and  the  culmination  of  the  trouble. 

It  stands  to  reason  that  a  dilute  solution  will  bring  about 
the  same  effect,  given  sufficient  time,  that  a  saturated  solution 
will  bring  about  in  a  short  time.  In  none  of  the  cases  where 
trouble  came,  due  to  crystallized  plates,  did  the  alkalinity  of 
the  water  entering  the  boiler  equal  1/200  part  normal.  What 
then  will  occur  in  time  to  a  boiler  in  which  3  per  cent  nornial 
alkalinity  is  maintained? 

He  did  not  like  the  densitv  of  the  water  where  Navv  com- 


L.  M.  Booth'  (written).  It  is  surprising  that  Mr.  Babcock 
should  have  been  content  to  follow,  without  modification,  the 
error  of  Mr.  Lyon  of  feeding  to  boilers  a  substance  like  car- 
bonate of  soda  which  contains  over  41  per  cent  carbon  dioxide. 
— itself  a  fruitful  cause  of  corrosion.  It  is  safe  to  assume 
that,  by  the  use  of  such  a  large  quantity  of  soda  ash  in  boilers, 
he  has  transferred  some  of  his  corrosion  troubles  to  steam 
lines  and  other  surfaces  beyond  the  boilers. 

The  record  of  the  reduction  of  corrosion  is  important,  al- 
though the  author  would  have  had  greater  success  by  a  judi- 
cious use  of  caustic  soda  instead  of  sodium  carbonate.  It  is  a 
fact  that  sodium  carbonate  changes  to  caustic  soda  in  the 
boiler,  so  why  add  the  corrosive  carbon  dioxide  which  must 
necessarily  be  promptly  expelled  with  the  steam  to  get  in  its 
corrosive  work  elsewhere?  Besides,  the  water  m  question  is 
one  which  requires  a  caustic  treatment  instead  of  a  carbonate 
treatment. 

All  of  the  chemical  information  available  on  boiler  water 
treatment  is  none  too  much  to  command  when  tackling  a  cor- 
rosion problem,  so  it  seems  that  the  author's  "  one  corrective 
to  all  waters  "  is  an  endeavor  to  make  the  task  more  easy  and 
simple  than  it  really  is.  In  the  first  place,  let  it  be  understood 
that  by  the  elimination  of  the  lime  process — assuming  that  it 
was  efficiently  cai-ried  out — there  was  fed  to  the  boilers  of  this 
power  plant,  every  day  of  service  on  the  rating  basis,  608  lb. 
of  sludge  which  might  just  as  well  have  been  diverted  to  the 
sewer.  The  presence  of  this  suspended  matter,  1  lb.  per  1000 
gal.  of  water  evaporated,  increa.ses  the  tendency  of  foaming 
and  necessitates  more  blowing  off  than  if  Mr.  Babcock  had 
used  the  lime  process  on  the  feed  water  as  preliminary  to  tlie 
excess  soda  method  in  the  boilers. 

While  no  data  are  given  to  show  the  quality  of  the  water 
delivered  by  the  water  treatment  plant  which  was  abandoned 
for  the  Navy  compound  process,  it  is  to  be  assumed  that  the 
water  was  not  properly  treated,  since  in  Mr.  Geibel's  supple- 
ment are  recorded  unfavorable  results  in  transformer  cooling- 
coils,  etc.,  and  also  that  there  was  hard  soale  in  the  boilers. 

I  wish  to  endorse  the  general  plan  of  testing  the  boiler 
blow-off  water,  although  I  recommend  tests  be  made  to  deter- 
mine the  amount  of  si;speiided  matter,  in  addition  to  the  alka- 
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Unity  tests  described.  The  additional  information  is  valuable 
and  it  is  but  slight  trouble  to  obtain  it,  tlie  process  being 
much  quicker  and  simpler  than  the  alkalinity  test. 

William  Kext  said  it  seems  the  author  has  established  his 
point  in  regard  to  the  particular  water  dealt  with,  but  the 
paper  contains  no  reference  to  water  treatment  in  general. 

He  thought  several  terms  in  the  paper  should  be  made 
clearer,  for  instance,  "  3  per  cent  normal,"  "  back  shopping,'' 
"  engine  left  in  chain  gang,"  "  light  water,"  etc. 

Regarding  the  composition  of  the  Navy  compound,  he 
thought  the  expression  "  sufficient  cutch  to  yield  at  least  2  per 
cent  tannic  acid  "  should  be  translated  so  that  engineers  could 
go  to  the  chemical  manufacturer  and  buy  the  materials  for 
making  the  compound. 

E.  N.  Trump  thought  the  paper  implies  that  the  cracking  is 
due  to  excess  of  caustic  soda,  whereas  it  has  not  been  proven 
that  caustic  soda  is  the  cause  of  the  cracking  of  steel.  It 
may  be  the  cause  of  cracking  of  some  kinds  of  steel,  but  not 
enough  is  known  about  the  subject  to  make  exact  determina- 
tions. He  had  undertaken  many  investigations  and  performed 
various  kinds  of  experiments  to  tind  out  the  cause  of  the 
cracking  of  steel  in  contact  with  caustic  soda,  but  so  far  with- 
out result. 

He  thought  the  statements  made  in  the  paper  in  this  con- 
nection are  not  based  on  adequate  scientific  investigation. 
From  his  experience  there  certainly  existed  no  cracking  be- 
cause of  carbonate  of  soda.  An  excess  of  caustic  soda  ap- 
pears in  some  instances  to  give  trouble,  but  only  in  the  case 
of  certain  kinds  of  steel. 

Frederick  E.  Geibel  said,  in  reply  to  a  question  lay  E.  P. 
Bates,  it  was  found  in  experiments  that  corrosion  was  most 
rapid  with  a  temperature  of  190  deg.  fahr.,  and  results  with 
the  boilers  in  service  cheeked  with  experimental  figures. 

J.  F.  Walsh  explained  the  shop  terms  questioned  by  Pro- 
fessor Kent.  He  said  "  back  shopping  "  refers  to  putting  a 
locomotive  in  what  is  termed  the  "  back  shop "  after  it  is 
practically  worn  out.  In  this  shop  the  flues  are  ordinarily 
removed,  and  the  entire  engine,  boiler  and  parts  thoroughly 
overhauled. 

The  term  "  chain  gang  "  is  used  in  the  practice  of  running 
engines  with  other  than  regularly  assigned  crews,  where  the 
crews  vary  from  trip  to  trip.     A  chain  gang  is  such  a  crew. 

"  Light  water "  is  water  which  foams  easily.  Such  water 
is  likely  to  be  carried  over  into  the  cylinders  and  cause  much 
trouble. 

The  Author.  In  answer  to  those  advocating  pre-treating 
of  the  boiler  water,  I  might  say  that  any  method  of  purif  jong 
the  water  before  it  enters  the  boiler  is  certainly  preferable, 
all  things  considered.  The  hot  treatment  is  believed  to  be 
more  effective  than  the  cold,  but  is  necessarily  not  applicable 
to  water  for  locomotives.  The  cold  treatment  has  been  used 
yery  extensively,  but  imless  water  is  given  ample  time  to  settle, 
the  desired  results  are  not  obtained.  Recent  experience  with 
lime-treated  water  by  the  cold  process  bears  out  the  state- 
ment made  by  Commander  Lyon — that  lime  water  under  cer- 
tain conditions  is  highly  corrosive. 

Mr.  McFarland  promises  some  further  data  on  the  de- 
structive action  on  boilers  carrying  water  at  high  alkalinities. 
Since  our  experience  has  failed   to  develop  a  single  ease  of 


trouble  from  this  source,  his  piaper  will  be  received  with  much 
interest.  It  is  to  be  hoped  that  he  will  be  sufficiently  explicit, 
and  that  his  statements  will  be  sufficiently  supported  by  un- 
biased evidence  to  justify  his  charges  that  many  of  my  state- 
ments are  inaccurate. 

It  is  quite  evident  that  Mr.  Stillman  has  not  followed  per- 
sonally the  tests  on  locomotive  boilers  using  Navy  compound. 
Xo  attempt  has  been  made  to  carrj'  a  3  per  cent  solution  in 
locomotive  boilers,  but  only  a  sufficient  quantity  to  prevent 
scale  and  corrosion.  The  mileage  on  Engine  4031  given  by 
Mr.  Stillman  may  not  be  considered  as  a  very  good  record, 
but  it  is  59  per  cent  gi'eater  than  the  previous  record  of  this 
same  engine  not  using  the  compound.  His  statements  in  re- 
gard to  the  effect  of  the  compoimd  on  the  superheat  are  based 
only  on  one  round  trip.  Fuel  records  on  eleven  superheat 
engines  over  a  period  of  twenty  months  show  a  5  per  cent 
decrease  in  gallons  of  fuel  per  1000  ton-miles  in  favor  of 
the  engines  treated  with  Navy  compound.  And  he  persists 
in  a  total  lack  of  ajipreciation  of  the  well-known  fact  that  a 
boiler  can  better  be  blown  off  by  a  series  of  quick,  short 
blasts  than  by  opening  the  cock  wide  for  several  minutes. 
Furthermore,  he  fails  apparently  to  comprehend  the  meaning 
of  the  upper  and  the  lower  limits  fixed  by  Lyon's  investiga- 
tion, beyond  which  in  both  directions  corrosion  does  not  occur. 
The  zones  between  neutrality  and  the  lower  limit,  and  between 
the  ujiper  limit  and  any  higher  degree  of  alkalinity  yet  ob- 
served, are  those  of  no  corrosion.  (See  "  Effect  of  varying 
degree  of  concentration  of  alkaline  solutions,"  in  paper  by 
Lieut.-Com.  Frank  Lyon.') 

The  remainder  of  Mr.  Stillman's  discussion  is  foimded  on 
evidence  derived  from  sources  we  have  long  since  found  to  be 
unreliable. 


In  a  paper  before  the  American  Waterworks  Association  at 
its  Urbana  meeting  in  1915,  W.  A.  Pownall  covered  the  subject 
of  soda  ash  treatment  of  water  for  locomotive  use  in  a  com- 
prehensive manner.     The  paper  stated: 

••  The  prevention  of  scale  formation  may  be  accomplished 
by  using  water  softeners  which  remove  practically  all  of  the 
hardness  and  suspended  solids,  or  by  treating  each  supply 
of  water  with  enough  soda  ash  to  neutralize  the  sulphate  hard- 
ness and  provide  a  slight  excess  (of  soda  ash),  all  of  the 
scale  forming  solids  being  converted  into  a  soft  sludge  which 
can  be  i-eadily  blown  out  through  a  properly  located  blow-off' 
cock.  Soda  ash  or  sodium  eai-bonate  is  found  in  some  waters, 
and  imless  it  is  so  high  as  to  cause  foaming  trouble,  waters 
of  this  type  are  desii'able  for  boiler  purposes  in  that  they 
will  not  form  scale  and  require  no  treatment.  Tlie  Wabash 
Railroad  has  sodium  carbonate  waters  at  Mansfield,  Bement, 
Sidney  and  Stonington,  111.,  and  would  like  to  find  more  sup- 
plies like  them,  but  unfortunately  most  waters  contain  sul- 
phate hardness  and  must  be  treated. 

The  soda  ash  is  changed  to  sodium  sulphate  in  the  boiler, 
and  locomotive  boilers  worked  to  full  capacity  and  using  sur- 
face waters  will  usually  be  in  a  foaming  condition  when  this 
sodium  sulphate  (and  other  sodium  salts)  in  water  from  the 
boiler  are  over  2000  parts  per  million.  Where  only  clear  well 
waters  are  used,  this  limit  will  be  2500,  or  even  higher,  and 
in  stationan-  boilers,  with  their  lower  rate  of  evaporation  and 
greater  steam  space,  the  foaming  point  may  be  5000  to  6000 
parts  per  million.  The  mud  and  carbonates  precipitated  in 
the  boiler  maj-  cause  trouble  in  three  ways: 

1  The  foaming  tendency  of  the  water  in  the  boiler  increases. 

2  Heavier  scale  will  form  at  times  when  treatment  is  light. 

3  There  is  danger  in  mud-burning. 

It  is  essential,  therefore,  that  engines  using  soda  ash 
treated  water  be  equipped  with  suitable  blow-off  arrangements 
for  removing  the  sludge  from  the  boiler." 
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CAPACITY  AND  ECONOMY  OF  MULTIPLE  EVAPORATORS 


BY  E.  W.  KERR,  BATON  ROUGE,  LA. 
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DURING  the  last  few  years,  the  author  has  carried  on  a 
large  number  of  investigations  of  both  the  capacity  and 
economy  of  multiple  evaporators  and  vacuum  pans.  This  work 
has  been  done  in  the  laboratory  on  a  small  apparatus,  and  in 
sugar  factories  on  apparatus  of  commercial  size  and  under 


(if  experiments  made  since  the  first  paper  was    written,    to- 
gether with  certain  general  observations. 

The  process  of  evaporating  in  sugar  factory  work  consists 
of  two  distinct  parts :  First,  the  juice  with  a  density  of  12  deg. 
to  18  deg.   Brix"  is  concentrated  by  evaporating  off  part  of  its 
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regular  operating  conditions.  The  results  of  much  of  the  water  to  approximately  55  deg.  Brix  in  a  multiple  evaporator, 
laboratory  work  were  given  in  a  fonner  paper  before  this  Second,  the  syrup  produced  is  then  taken  to  a  vacuum  pan 
Society,'  and  the  object  of  the  present  paper  is  to  give  results       working  single-effect,  and  where  further  water  is  removed  by 


'  Tests    upon    the   Transmission    of    Heat   in    Vacuum    Evaporators, 
Trans.  Am.Soc.M.E.,  vol.  35,  p.  731. 


-  The  Brix  saecharometer  or  hydrometer  indicates  directly  the  per- 
centage of  sugar  dissolved. 


of  liquor  circulation,  density  and  puritv  of  liquor  and  height  of 

SYNOPSIS  OF  PAPER  boiling. 

This    paper    discusses    the    rapacity    and    economy    of    multiple  The  coefficients  of  heat  transmission  iu  the  factory  evaporators 

evaporators  used  in  the  process  of  manufacture  of  caue  sugar.    The  ""ere.   as  a   rule,   lower  than   those   obtained   with   the  laboratory 

paper  is  the  second  paper  presented  to  the  Society  by  the  author  apparatus,  previously  recorded,  and  higher  than  is  usually  obtained 

on  this  subject,  the  first  given  two  years  ago  dealing  with  laboratory  with  surface  condensers.     The  average  coefficients  obtained  in  the 

apparatus  of  the  same  type.     The  complete  results  of  the  author's  tests  of  different  types  were  as  follows,  the  coefficient  for  type  A 

tests  on  multiple  effect  evaporators  under  regular  operating  condi-  being  taken  as  lUO  : 
tions,  as  embodied  in  the  second  paper,  are  given  herewith,  together 

with  an  adequate  summary  of  the  balance  of  this  paper.  -'^    "^ 

In  the  tests  of  capacity  and  economy  recorded,  a  typical  log  in-  B    '. lOS 

eluded  observations  of  the  pressure  of  vacuum  iu  the  steam  or  vapor  q    199 

space  of  each  body ;  temperature  and  density  of  juice  entering  and  y.                                                                              ^g- 

leaving ;  weight  of  juice  entering  or  leaving ;  weight  of  condensed  

steam   from  the  first  body,   etc.     Tne  evaporators  tested  included  '^    -'■'-" 

double,  triple  and  quadruple  effects  of  the  vertical  submerged  tube.  F    255 

the  horizontal  steam  tube,  the  horizontal  film,  and  the  vertical  film  q    149 

types,  also   the   first   of   these   with   special   steam   distribution   and 

running  under  vacuum,  and  again  with  atmospheric  pressure  in  the  These,  however,  cannot  be  taken  as  an  absolute  measure  of  the  heat 

last  body,  and  lastly  vertical  steam  tube  evaporators  with  special  transmitting  capacity  per  unit  of  heating  surface  in  the  different 

means  for  venting  each  tube.     Various  methods  of  removing  con-  types,  because  conditions  were  not  equally  favorable  in  all  cases, 

densation  and  of  venting  the  incondensable  gases  were  employed,  j^  thirteen  of  the  tests,  the  steam  condensed  in  the  first  body  was 

and  the  tests  were  made  under  several  conditions  of  heating  surface  determined,  and  from  this  and  other  data,  the  thermal  efficiency  was 

The  types  of  evaporators  tested  were :     A,   vertica    submerged  ^^jpyi^ted.     The  thermal  efficiency  varied  from  85  to  07.5  per  cent, 

tube  (so-called  standard)  :  B.  horizontal  steam  tube ;  C,  |io"zontal  ^^^  .variation  being  due  to  difference  iu  the  radiation  losses  and  vent 

film:   D.  vertical  film;    E,  standard   type   with   special   baffle  and  j^^^^^     ^^^  radiation  loss  varied  with  the  capacity  of  the  evapora- 

uiider  vacuum ;  F,  same  as  E  but  no  vactuim;  and  G,  vertical  steam  ^^^^    ^^^   number  of  bodies,    the   proportion   of   external   surfaces 

tubes  with  special  means  for  venting  each  tube.  covered  and  the  difference  between  the  temperature  of  the  steam 

All  the  types  tested  are  illustrated  m  the  paper,  and  results  of  ^^.^^^  ^^^  ^^^  atmosphere  outside, 
all  tests  are  given  in  tables  and  curves.     Table  1  summarizes  the  ..,,,,,,                    •                 -j      ui     ■ 
principal  data  from  the  tests,  and  Table  5  gives  all  the  data  relative  The  discussion   which   follows   the  paper  gives   considerable   in- 
to economy  formation    on    sugar    evaporation,    with    special    reference    to    heat 

The  tests  showed  a  great  variation  in  the  coefficient  of  heat  trans-  transmission  in  multiple  evaporators.   In  one  discussion  the  author's 

mission,  not  only  for  different  types,  but  in  dift'erent  evaporators  of  results  are  compared  with  those  by  other  investigators.     Other  sub- 

a  given  type.     This  variation  was  due  to  difference  of  design  and  jects  of  discussion  are  loss  ot  siigar  due  to  entiainment    effect  of 

operation,  including  steam  velocity  and  density,  method  of  venting,  juice  scale  and  viscosity,  etc.     To  all  the  points  raised  the  author 

cleanliness  of  heating  surface  on  both  steam  and  juice  sides,  velocity  replies  in  his  closure. 

Presented   at   the   Spring  Meeting  of  The   American   Society   of  Mech.4Nical    Engineers,    New    Orleans,    La.,    April,    1916.      Pamphlet 
copies  without  discussioi  may  be  obtained  ;  price  15  cents  to  members,  30  cents  to  non-members. 
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evaporation  uutler  conditions  suitable  for  crystallizing  the 
sugar,  the  final  density  being  in  the  neighborhood  of  95  deg. 
Brix. 

This  paper  will  consider  the  fli-st  part  of  the  process,  name- 
ly, the  evaporation  in  multiple  effect.  Fig.  1  shows  diagram- 
matically  the  general  an  angemeut  of  a  quadruple  effect.  Steam 
is  admitted  to  the  first  body  and  is  condensed,  and  the  latent 
heat  is  transmitted  iu  succession  through  the  heating  surface  of 
the  four  bodies,  the  boiling  temperature  in  each  body  being 
lower  than  in  the  preceding  body. 

The  thin  juice  enters  the  first  body,  where  a  portion  of  the 
water  is  removed.     The  juice  then  passes  in  succession  to  the 


Fig.  2    One  Body  op  Vertical  Submerged  Tube  Evaporator 
WITH  Belt  Steam  Distribution.     (Ttpe  A) 


other  bodies,  in  each  of  which  a  portion  of  the  water  is  evapor- 
ated, and  leaves  the  last  body  at  a  density  which  is  hand-regu- 
lated by  means  of  valves  in  the  liquor  lines  entering  the  differ- 
ent bodies.  The  juice  entering  each  body,  except  the  first,  is 
hotter  than  the  boiling  temperature  in  that  body,  consequently 
some  heat  is  delivered  by  the  liquid  as  well  as  the  steam. 
Whether  heat  enters  the  fii-st  body  in  the  liquid  or  not  depends 
upon  the  temperature  of  the  entering  juice. 

capacity 

The  capacity  of  evaporators  depends  on  two  general  fac- 
tors: coefficient  of  heat  trfiiismission  and  temjieratiire  fall. 


The  factors  affecting  the  coefficient  of  heat  transmissior 
discussed  in  the  first  paper,'  may  be  enumerated  as 

1  a  Steam  distribution;  b  Steam  velocity 

2  Density  cf  beating  steam 

3  Quality  of  heating  steam  (whether  superheated  or  not) 


Fig.  3    Horizontal  Evaporator  (Type  B) 


4  Presence  of  air  or  other  incondensable  gases  in  the  steam, 

which    may    be    expressed    mathematically    by    the    ratio 

Ps  ^  Pi 

5  Presence  of  condensation  on  the  heating  surface 


'Tests    upon    ihe    Traasmission    ot    Heat    in    Vaiuum    Evaporators, 
Trans.  Am.Soc.M.E.,  vol.  35,  p.  731. 
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t)  Cleanliness  of  heating  surface  (steam  side) 

7  Material,  thickness  and  molecular  structure  of  tubes 

8  Cleanliness  of  heating  surface  (liquid  side) 

9  Velocity  of  liquor  circulation 

The  temperature  fall  depends  on  the  following  factors : 

10  Pressure  of  steam  supplied  to  first  body 

11  Vacuum  in  last  body 

12  Hydrostatic  head  (height  of  boiling) 

13  Presence  of  air  or  other  incondensable  gases  in  the  steam 

(see  item  4  above) 

14  Density  of  liquid  being  boiled 

15  Purity  of  liquid  being  boiled. 

The  heat  transmitted  from  steam  through  a  metal  wall  to  a 
liquid  being  boiled  takes  place  in  three  steps:  a  From  the 
steam  to  the  initial  surface  of  the  metal;  b  Fi'om  the  initial 
surface  thi'ough  the  metal  wall  to  the  cooler  surface;  c  From 
the  cooler  surface  to  the  liquid  being  boiled.  Items  1  to  0  af- 
fect a;  item  7  affects  b;  items  8  and  9  affect  c,  and  items  10  to 
15  affect  temperature  fall. 

The  paper  here  considers  the  effect  of  design  in  the  various 
types  of  evaporators  upon  these  several  factoi-s. 

TESTS  OF  EVAPOKATORS  IN   SUGAR  FACTORIES 

The  object  of  these  tests  was  to  gather  data  regarding  the 
capacity  and  economy  of  different  types  under  regular  oper- 
ating conditions.     Observations  were  made  of  joractically  all 


Fig.  4    Oxe  Body  of  Type  C  Evaporator 


factors  which  might  affect  the  results.  A  typical  log  included 
oliservations  of  the  pressure  or  vacuum  in  the  steam  or  vapor 
space  of  each  body;  temperature  and  density  of  juice  entering 
and  leaving;  weight  of  juice  entering  or  leaving;  weight  of 
condensed  steam  from  the  first  body,  etc.  This  form  of  log  was 
used  in  tests  where  data  regarding  both  capacity  and  economy 
were  sought.  It  was  not  possible  to  weigh  the  condensed 
steam  from  the  first  body  in  all  eases,  so  that  only  capacity 
data  were  obtained  in  many  of  the  tests.  In  the  logs  for  such 
tests  the  weight  of  the  condensed  steam  from  the  first  body 
was  omitted. 

The  weight  of  juice  was  determined  by  measuring  the  vol- 


ume in  factory  tanks  and  then  calculating  the  weight  from  the 
densities.  The  condensation  from  the  first  body  (steam  sup- 
plied) was  determined  by  weighing  or  by  a  venturi  meter,  the 
former  iu  most  of  the  tests. 

The  instruments  for  measuring  pressui'es,  vacuums,  tem- 
peratures, etc.,  were  calibrated. 


evaporators  tested 


The  evaporators  tested  included  double,  triple  and 
ruple  effects,  also  the  following  types : 


luad- 


FiG.  5    One  Body  of  Type  D  Evaporator 


A  Vertical  submerged  tube  (so-called  Standard,  Fig.  2). 

B  Horizontal  steam  tube  (Fig.  3). 

C  Horizonal  film   (Fig.  4). 

D  Vertical  film  (Fig.  5). 

E  Standard  type  with  special  bafHe  steam  distribution,  run- 
ning under  vacuum  (Fig.  6). 

F  Same  as  E  but  with  atmospheric  pressure  in  last  body,  no 
vacuum  apparatus  being  used. 

G  Vertical  steam  tubes  with  special  means  for  venting  each 
tube  (Double  Tube,  Fig.  7). 

Types  A  and  B  are  so  familiar  that  it  is  not  necessary  to 
describe  them.  It  may  be  well  to  state,  however,  that  the 
majority  of  the  sugar  house  evaporators  used  in  practice  be- 
long to  one  or  the  other  of  these  two  general  types. 

In  type  C  the  horizontal  tubes  are  expanded  at  one  end 
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into  a  thick  tube  plate,  and  at  the  other  are  closed  except  for 
a  small  vent  which  releases  the  incondensable  gases  into  the 
vapor  space.  The  water  of  condensation  leaves  the  tube  at  the 
end  where  the  steam  enters.  -Juice  is  supplied  by  centrifugal 
pumps  to  a  distributor  above  the  tubes  and  falls  in  a  film 
from  one  tube  to  another.  The  piping  is  such  that  the  juice 
may  be  recirculated  over  the  tubes  imtil  the  desired  concen- 
tration in  each  body  is  obtained. 

In  the  vertical  film  type  D,  the  juice  level  is  near  the  bottom 
of  the  tubes,  the  latter  being  approximately  20  ft.  long.  A 
rapid  current  of  steam  rising  through  the  tubes  sweeps  juice 
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Fig.  6    Steam  Distribution'  (Types  E  axd  F  Evaporators) 

along  with  it.  The  pressure  of  the  steam  on  the  interior  of  the 
tube  keeps  this  juice  as  a  film  (often  referred  to  as  climhing 
film)  on  the  tube  surface.  The  juice  thus  projected  upward,  on 
issuing  from  the  tops  of  the  tubes,  enters  a  special  separator 
w-hieh  separates  it  from  the  vapor.  The  juice  and  vapor  then 
pass  from  body  to  body  in  the  usual  manner. 

COXDITIOXS    OF   OPERATIOX 

In  order  to  interpret  the  results  of  the  tests,  it  is  import- 
ant to  note  some  of  the  details  of  conditions  of  operation.  The 
most  important  of  these  are : 

1  Method  of  removing  condensation 

2  Method  of  venting  the  incondensable  gases 

3  Condition  of  the  heating  surface. 

Referring  to  Fig.  1,  the  removal  of  condensation  from  the 
steam  compartments  may  be  effected  by: 
a  Pumps  from  each  body 
b  Siphoning  the  condensation   from   body  to   body,  a  pump 

being  used  to  remove  it  from  the  last  body 
c  Barometric  leg  pipe;  this  method  can  be  used  only  in  case 

the  evaporator  is  high  enough  to  give  a  column  of  water 

sufficient  to  balance  the  vacuum  in  the  space  being  drained. 
The  venting  of  incondensable  gases  may  be  effected  by : 
a  Small  pipes  tapped  through   the  shell  just   under  the  top 

tube  sheet 


b  Small  pipes  tapped  into  the  top  tube  sheet  and  located  near 
the  downtake.  Usually  two  or  four  of  these  tubes  are 
used,  which  are  connected  together  inside  of  the  vapor 
space  with  a  single  pipe  brought  through  the  shell  and  a 
valve  placed  on  the  outside  for  control 
c  In  horizontal  evaporators,  the  steam  chest  opposite  the  steam 

entrance  is  vented 
d  Special  metliods  depending  on  the  type  of  evaporator. 

In  all  of  the  above,  the  vented  gases  may  be  taken  direct  to 
the  condenser  or  to  the  nest  body,  though  so  far  as  heat  trans- 
mission is  concerned,  it  is  doubtless  better  to  vent  direct  to  the 
condenser.  Usually  valves  are  placed  in  vent  lines  in  order  that 
control  may  be  exercised.  In  some  cases,  the  venting  is  con- 
tinuous and  in  other  cases  intermittent,  depending  upon  the 
ideas  of  tlie  operator.     In  types  C  and  G  special  means  of 


Fig.  7    Double  Tube  Evaporator  (Type  G) 

See  also  Fig.  6,  Tests  upon   the  Transmission  of  Heat  in   Vacuum 
Evaporators,  Trans.  Am.Soc.M.E.,  vol.  35,  p.  731. 

venting  are  used  which  have  been  explained  above.    Data  re- 
garding the  methods  of  venting  are  given  in  the  tables : 


RESULTS  OP  tests 

Table  1  gives  the  more  important  data  from  the  tests  on  mul- 
tiple evaporators.    Fig.  8  is  a  graphical  log  of  a  typical  test. 
The  percentage  evaporation  by  weight  was  calculated  by 

(B— 6) 

means  of  the  formula  X  =  — ■ X  100,  in  which  B  is  the 

B 

Brix  of  the  juice  leaving,  b,  the  Brix  of  the  juice  entering,  X 
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tlie  per  cent  water  evaporated  in  terms  of  the  weight  of  the 
juice.  In  detemiining  the  percentage  evaporation  by  volume, 
the  formula  X=  100  —  100  (gb/GB)  was  used,  g  being  the 
speeifie  gravity  of  the  juice  entering,  and  G  the  specific  gravity 
of  the  juice  leaving.  In  most  cases,  the  volume  of  the  juice 
leaving  was  measured  in  factory  tanks,  the  weight  of  juice  en- 


vdlunie  of  juice  in  gallons  per  24  hr."  by  cah-uiatioii.  There 
seems  to  be  no  standard  unit  for  rating  evaporators.  Some- 
times an  evaporator  is  guaranteed  to  handle  a  stated  number 
of  gallons  of  juice  jjer  24  hr.  with  75  per  cent  evaporation, 
nothing  being  stated  as  to  the  temperature  of  the  juice;  in 
other  cases  the  temperature  of  the  juice  is  specified.     Prob- 


TABLE  1    PRINCIP.\L  DATA  FROM  TESTS  ON  SUGAR  HOUSE  EVAPORATORS 
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20.1 

3  3 

195 

131 

11.7 

58  5 

e 

none 

1 

79,9 

S3  1 

290 

130,669 

11.09 

22 

5.00 

B 

2 

100,000 

13 

VA 

1633.6 

15.5 

4.6 

172.7 

137.1 

16.2 

53.7 

e 

none 

10 

69  8 

74  3 

97.9 

116,729 

7.1 

23 

6,00 

C 

4 

400,000 

7>4 

Hi 

2570 

19  1 

5.9 

194 

141 

12.7 

53.2 

» 

spec. 

0 

76  1 

79  9 

94 

556,923 

3  71 

9.02 

96.9 

24 

6,00 

C 

4 

400.000 

7V4 

m 

2570 

17.7 

6,5 

191,8 

144 

13.1 

58.7 

g 

spec. 

0 

77  7 

81  7 

94 

553,877 

3.95 

8  98 

97.5 

25 

6.06 

C 

4 

400,000 

7M 

i'A 

2410 

17,9 

4.6 

188,8 

131 

12  7 

65  4 

a 

spec. 

0 

80,6 

84,0 

76 

450,293 

3  69 

7,71 

97.5 

26 

6 

C 

4 

275,000 

7H 

3 

1940 

9.4 

4.0 

199.3 

132 

14.9 

52.3 

f 

.spec. 

0 

71,6 

75  8 

62 

264,780 

5.68 

27 

7  13 

D 

4 

400,000 

4000 

17.9 

5.2 

205.0 

141,8 

11.6 

47.3 

1 

notes 

3 

75,5 

78  9 

138 

837,836 

4.21 

7.34 

97.2 

28 

6.03 

D 

4 

400,000 

4000 

17.9 

4.9 

207.7 

136.9 

12.6 

46.2 

! 

note  3 

2 

72.7 

76.7 

124 

748,958 

4  24 

7.76 

94  8 

29 

6 

D 

4 

400,000 

4000 

18.1 

5.2 

208,8 

132.6 

12.8 

45  4 

f 

notes 

0 

71.8 

75.5 

131 

790,172 

4,28 

8.23 

93.3 

30 

4 

D 

3 

200,000 

23 

2112 

14  8 

2,3 

212  2 

125 

16  5 

46,2 

1 

none 

64  3 

68.5 

93 

191,585 

2,91 

7.77 

86  5 

31 

5 

D 

3 

200,000 

23 

2112 

13  6 

2  3 

213 

123.1 

15.2 

50,1 

r 

none 

69.7 

73,0 

95 

247.400 

3.09 

7.81 

90  6 

32 

5.87 

D 

3 

145,000 

26 

2 

IS 

3,6 

175.4 

124.5 

16.5 

54.3 

/ 

none 

I 

69.7 

74,3 

85 

173,133 

6.26 

33 

6 

E 

3 

220,000 

4 

2 

3054 

14.6 

4  6 

171 

136 

14.9 

58 

1 

Fis.  6 

1 

75.4 

78,8 

105 

338,859 

2.49 

6.27 

97.4 

34 

5  39 

E 

3 

4 

2 

2683 

11  06 

5  0 

184,6 

129.2 

15 

51 

1 

note  4 

2 

70.6 

74. S 

190,517 

4.4 

35 

4 

i; 

3 

4 

2 

2683 

6,07 

3,2 

179 

14  7 

50-8 

1 

note  4 

7 

73 

75.2 

156,176 

5.3 

36 

0 

F 

2 

4 

2 

1003.1 

24 

30.0 

204.4 

15  2 

45.3 

e 

a 

0 

66  5 

70.5 

73,502 

6  11 

37 

6 

F 

2 

4 

2 

1007.0 

24 

30.0 

192  6 

15  9 

46,2 

e 

a 

1.5 

65.6 

69.8 

77,161 

6.43 

38 

5.89 

G 

4 

290,000 

4 

2 

1529 

15.4 

5  8 

ISS.l 

147.4 

15 

64  2 

e 
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3 

76  7 
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51 
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?ide: 


*  a  — through  shell  at 
barometric  leg  pipe. 

Note  1  — •  vented  through  12H6-in.  holes  direct  to  vapor  space 
Note  2  —  centrifugal  pumps,  each  body. 
Note  3  —  2-in.  vent.'*  at  side,  bottom  and  top,  body  to  body. 
Note  4  —  see  Fig.  6. 


through  top  tube  sheet;    (  —  direct  to  condenser;  d  —  body  to  body; 


-  pumps,  each  body;  /-■  siphon,  body  to  bod.\-,  g  — 


tering  and  the  weight  of  water  evaporated  being  calculated  by 
the  use  of  the  first  formula  above. 

It  is  customai-y  to  make  e\aporator  guarantees  on  a  basis 
of  75  per  cent  evaporation  by  volume.  As  the  initial  and  final 
densities  of  the  juice  are  seldom  such  as  to  give  exactly  75  per 
cent  evaporation,  it  is  nece,ssary  to  determine  the  ''  equivalent 


ably  the  best  standard  rating  would  be  "  eijuivalciit  gallons  of 
juice  handled  per  24  hr.  with  75  per  cent  evaporation."  Prim- 
arily a  multiple  evaporator  is  supposed  to  evaporate  and  not 
heat;  actually,  however,  the  juice  may  enter  the  first  body  at 
a  temperature  lower  or  higher  than  that  of  boiling. 

Tlie   following  example  shows  the   method   used  in  calcu- 
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lating  "  eqni\alent  juice  treated  with  75  per  eeut  evaporation  " 
(see  Table  1). 

Boiling  temperature,   first  body,   deg.   fahr 194.07 

Temperature  juice  entering  flrst  body IT'J.Tl 

Temperature     rise 21. .36 

Specific  beat  juice  entering 0.889 

B.t.u.  per  liour,  first  body,  for  lieating  41,S32  X  21.36  X 

0..SS9    794,349 

Latent  lieat  at  194.07  deg 981.35 

794.349 

Equivalent  evaporation,  lb..  =  809. 4 

981.3.5 

Total  per  24  lir..  lb 19,423.1) 

Actually  evaporated  per  24  hr.,  lb 605,174.4 

Equivalent,  had  all  heat  been  expended  in  evaporating,  lb.  624,600.0 

Equivalent  gallons  at  194  deg 73,456.3 

Equivalent  juice  at  75  per  cent  evaporation,  73,456  -f-  0.75  =  97.941.0 

na'ed  capacity,  gallons  per  24  hr 100.000 

Per  cent  rated   capacity  actually  <IeTeloped 97.9 


Fig.  8    Graphical  Log  of  Typical  Evaporator  Test 


The  term  thermal  efficiency  (Table  1,  last  column)  is  used 
to  indicate  the  heat  etticieucy  of  the  evaporator  as  a  whole.  It 
may  be  determined  by  dividing  the  actual  weight  of  water 
evaporated  per  pouiid  of  steam  supplied  by  the  theoretical 
weight  of  water  that  would  be  evajjorated  per  pound  of  steam 
supplied  were  there  no  heat  losses. 

In  order  to  illustrate  the  method  used  in  calculating  effi- 
ciency, the  following  example  is  worked  out  for  a  double  ef- 
fect. The  general  data  used  in  working  out  the  heat  balance  on 
which  the  efficiency  determination  is  based  are : 

Total  juice  fed.  lb 94.706.9 

Total   steam   condensed,   lb 36,302.0 

Brix   of   juice   entering 12.2 

Specific    heat ' 0.919 

Temperature  juice  entering 186.06 

Calandria.   first   body 

Steam   pressure,   lb.   abs 15.46 

Steam    temperature 214.56 

Total  heat  above  32  deg 1.131.33 

'  The  values  for  specific  heat  of  sugar  solutions  with  varying  density 
were  taken  from  Kopp's  tables. 


.7  nice  side,  first  i>oily 

Vapor  pressuri'.  in.  mere,  abs 25.65 

Vapor    temperature 204 

Total  heat  above  32  deg 1,147.3 

Latent  heat  above  32  deg 975.18 

Juice  side,  second  body 

Vapor  pressure,  in.  mere,  abs 7.94 

Latent  heat  above  32  deg 1,006.2 

The  heat  balance  was  calculated  as  follows  : 

First  liodi/ 

B.t.u.  entering  in  steam,  36.302  X  1,151.33  =  41,793,581.6 

B.t.u.  entering  in  juice,  94,706.9  X   154.06  X   0.019  =  40S.710.S 

Total 55,204,292.4 

B.t.u.  leaving  in  condensation,  36,302  X  182.56  —  6,627.293.1 

B.t.u.   in  juice  in   body,   94,706.9    X    0.919    X    172.32   —  14,997.981.0 

Sum     21,675,274  7 

B.t.u.  leaving  in  vapors  (55,204.292.4  —  21,625,274.7)  =  33,579.017.7 

Vapor  leaving,  lb.,  33,579,017  -;-  975.18  =  34,433.7 

Juice  to  second  body,  lb.,  94,706.9  —  34.433.7  =  60,273.2 

94.706.9  \  12.2 

Brix  of  juice  entering  second  body,    ■  =  19.17 

00,273.2 

Specific  heat  at  19.17  Brix 0.874 

tiCrOHfl  Bttilji 

B.t.u.  entering  in  vapors.  34,433.7  X  1,147.4  =  .39,510,260.4 

B.t.u.  entering  in  juice,  60,273.2  X  172.32  X   0.874  =  9.077,606.8 

Total     48,587,867.2 

B.t.u.  leaving  in  condensation.  34,433.7  X  172.32  =  5.933.615.2 

B.t.u.  in  juice  in  body,  60,273.2  X  120  X  0.874  -  6,321.453.2 

B.t.u.   leaving  in  vapors 36,332,798.8 

Vapors  leaving,  lb.,  36.332,798.8  -^  1006.2  =  36,108.9 

Juice  leaving  second  body,  lb 24,164.3 

60.273.2  X  19.17 

Brix  leaving  second  body, =  47.8 

241,164.3 
Total    water    evaporated,    lb.,    theoretical,    34. 433. S  -1- 

36,108.9  =  70,542.7 

Per  cent  of  total  evaporation,  in  flrst  body 48.8 

Per  cent  of  total  evaporation,  in  second  body 51.2 

Total  water  evaporated    i  theoretical)    per  lb.  of  steam 

70.542.6  -^  36,302  =   1.9432 

Total  water  evaporated  (actual i   per  lb.  of  steam 1.9108 

1.9108 

Thermal  efficiencv 100  =  98.33 

1.9432 


HEAT    ISALAXCE    OF    DOCBI.E    EFFECT 

Heat  entering  in  steam,  B.t.u 41,795.581.6 

Heat   entering  in   juice 13,408,710.8 

Total    55,204,292.4 

Heat  leaving  in  condensation,  first  body 6,627,293.1 

Heat  leaving  in  condensation,  second  body 5,933,615.2 

Heat  leaving  in  vapors,  second  body 36,332,798.8 

Heat  leaving  in  syrup,  second  body 6,321,45.3.2 

Total    .55,215,164.3 

The  coefficient  of  heat  transmission,  the  B.t.u.  transmitted 
per  square  foot  of  heating  surface  per  hour  per  degree  differ- 
ence in  temperature,  is  obtained  for  each  body  by  dividing  the 
heat  in  B.t.u.  transmitted  during  the  test  by  the  number  of 
hours,  by  the  number  of  square  feet  of  heating  surface  and  by 
the  apparent  temperature  fall  in  that  body.  The  coefSeients 
of  heat  transmission  obtained  in  the  tests  are  given  in  the 
paper  for  each  body,  also  the  average  for  all  bodies.  As  the 
apparent  temperature  fall  was  used,  the  coefficients  are  termed 
apparent. 

The  coefficients  for  all  tests  are  plotted  against  pressure 
of  steam  in  Fig.  9.  The  variation  is  shown  to  be  very  wide,  the 
principal  value  of  this  plot  being  to  fix  limits.  Similarly  Fig. 
10  gives  the  results  of  the  laboratoiT  tests  given  in  the  former 
paper.  It  will  be  noted  that  the  coefficients  for  the  laboratory 
tests  are  higher  than  those  from  the  fuU  size  factory  evapora- 
tors. This  is  doubtless  due  to  the  fact  that  the  heating  sur- 
face in  the  laboratory  apparatus  was  always  clean,  and  that 
there  was  a  better  distribution  of  steam  with  the  smaller  calan- 
dria. Some  of  the  tests  were  made  with  the  apparatus  oper- 
ating under  conditions  so  poor  that  to  consider  the  data  from 
tliem  in  comparing  types  would  be  unfair.    In  nearly  all  cases 
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the  tests  were  luatle  without  special  piepaiatioii,  the  time 
since  cleaning,  etc.,  varying  considerably.  It  is  interesting  to 
note  that  the  coefficients  obtained  are  higher  than  with  ordinary 
surface  condensers  and  equally  as  high  as  with  modern  types 
of  high  vacuum  surface  condensers. 

Table  2  gives  the  coefficients  for  each  body  for  quadruples 
of  the  different  types.  Table  3  gives  the  average,  maximum 
and  minimum  coefficients  for  each  type  taken  from  the  same 
tests.    It  will  be  noted  that  the  liighest  actual  coefficients  were 

TABLE  2     COEFFICIENT  OF  HEAT  TRANSMISSION 
(Actual) 


1st 

2d 

3d 

4th 

Type 

Body 

Body 

Body 

Body 

.1 

410 

340 

265 

145 

B 

400 

330 

240 

135 

C 

680 

630 

525 

220 

D 

430 

395 

320 

ISO 

P 

685 

400 

G 

682 

571 

365 

136 

obtained  from  type  F  (atmospheric  double  effect).  These 
high  coefficients  were  doubtless  due  to  the  high  steam  pressure 
and  the  coiTesponding  high  density  of  the  steam.  As  appar- 
ent temperature  fall  was  used  in  determining  the  coefficients, 
they  not  only  indicate  the  relative  heat  transmitting  ability  of 
the  heating  surface  in  the  different  types,  but  include  also  the 
effect  of  peculiarities  due  to  type,  such  as  hydrostatic  head, 
method  of  removing  condensation,  method  of  venting,  etc.  It 
wiU  be  noted  that  the  film  evaporators  (types  C  and  D)  gave 
coefficients  considerably  higher  than  did  the  submerged  tube 
types. 

Comparing  types  A  and  B  it  will  be  noted  that  the  latter 
has  some  advantage,  the  average  actual  coefficient  for  type  B 
being  some  8  per  cent  greater  than  the  average  for  type  A. 
The  tests  of  type  E  show  an  average  coefficient  of  248,  which 
is  some  25  per  cent  greater  than  the  average  for  type  A.  Com- 
paring types  C  and  D,  the  average  coefficient  for  the  former  is 
392  which  is  some  47  per  cent  greater  than  that  of  the  latter. 
Type  C  requires  centrifugal  circulating  pumps  for  haudlin^j 
the  juice,  something  not  required  by  other  types.  Tests  of 
motors  driving  these  pumps  showed  0.1  h.j).  per  1000  gal.  of 
juice  treated  per  24  hr.  This  should  be  kept  in  mind  in  com- 
paring this  type  with  others.  Only  one  test  was  made  upon 
type  G  and  this  under  conditions  which  could  hardly  be  calle  1 
favorable,  the  amount  of  juice  supplied  being  far  below  its 

TABLE  3     COEFFICIENT  OF  HE.\T  TRANSMISSION 
(Actual) 


rated  capacity  and  the  juice  heml  greater  tiian  wciuld  have 
been  used  had  it  been  operated  with  an  aninunf  of  juice  nearer 
its  normal  capacity. 

AVith  type  A  only  four  evaporators  out  of  a  total  of  eleven 
gave  coetlicients  above  200.  In  these  four  the  conditions  of 
operation  were  fair  as  regards  cleanliness,  drainage  and  vent- 
ing. The  number  of  days  since  cleaning  is  given  in  the  paper 
for  each  test,  though  this  can  hardly  be  relied  upon  to  give  an 
accurate  idea  of  the  condition  of  the  heating  surface,  for  the 
reason  that  all  of  the  evaporators  had  not  been  cleaned  with 
equal  thoroughness.  In  practice,  the  time  consumed  in  boiling 
out,  also  the  strength  of  the  soda  and  acid,  vary  greatly.  In 
some  cases,  the  thoroughness  of  cleaning  is  not  suffiiiient  to 
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Sugar  House  Evaporators 
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Fig.  10     Coefficients  of  Heat  Transmission,  Laboratory 

Tests 


No.  of 

Relative 

Relative 

Tests  In- 

Coefficient 

Coefficient 

Type 

Average 

Maximum 

Minimum 

cluded  in 
.\verage 

(Actual) 
Standard  =  100 

(Corrected) 
Standard  =100 

A 

197 

289 

172 

7 

100 

100 

B 

213 

291 

130 

5 

108 

74 

C 

392 

449 

334 

3 

199 

160 

D 

266 

353 

190 

6 

135 

119 

E 

248 

284 

190 

3 

126 

l.<!0 

F 

503 

509 

498 

2 

255 

131 

G 

293 

1 

149 

139 

prevent  a  progressive  fouling  of  the  heating  surface  toward  the 
end  of  the  season. 

It  will  be  noted  that  practically  all  of  the  tests  on  type  A 
were  made  with  very  low  steam  pressure  in  the  first  body, 
usually  near  atmospheric  pressure,  and  in  some  eases,  less  than 
atmospheric  pressure.  With  most  of  the  other  types,  the  pres- 
sure was  higher,  which  puts  type  A  at  a  disadvantage  in  mak- 
ing comparisons  with  the  average  coefficients  given.  Accord- 
ing to  laboratory  tests,  the  coefficient  of  heat  transmission 
varies  according  to  the  expression  U  =  225  +  17,500  D, 
wliere  D  =  density  of  heating  steam  in   pounds  per  cubic 
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foot.  This  t'urmula  was  used  iu  i-alculatiiig  the  corrected  eo- 
effieients  given  in  the  last  column  of  Table  3.  These  corrected 
coefficients  may  perhaps  give  a  better  means  of  comparing 
types  than  the  actual  eoetticients,  especially  as  regards  types 
A  and  B.  However,  too  much  dependence  should  not  be  placed 
on  these  corrected  coefficients,  as  the  correction  formula  was 
determined  from  laboratory  experiments. 

Considering-  the  four  tests  giving  the  highest  coefficients  for 
types  A  and  B,  the  rating  is : 

(Actual) 

Type  A 100 

Type  B 106 

(Corrected  for  difference  in  initial  steam  pressures) 

Type  A 100 

Type  B 96 

The  fairest  comparison  of  types  C  and  D  will  be  obtained 
by  using  only  tests  23  to  25  and  27  to  29.  which  were  made  on 


the  widely  varying  steam  pressure  and  vacuum.  An  attempt 
has  been  made  to  determine  the  equivalent  evaporation  that 
would  have  resulted  had  all  tests  been  made  with  a  steam 
pressure  of  5  lb.  gage  in  the  first  body  and  a  vacuum  of  26 
in.  in  the  last  body.  This  equivalent  value  is  termed  corrected 
water  evaporated  per  square  foot  of  heating  surface  per  hour. 
The  method  of  calculating  the  corrected  value  is  as  follows : 

For  example,  in  test  27,  the  total  temperature  fall  for  the 
conditions  of  the  test  w-as  87  deg.  and  for  the  corrected  condi- 
tions 102.5  deg.  were  assumed.  The  actual  average  coefficient 
for  the  conditions  of  the  test  was  325,  and  for  the  corrected 
conditions  343.    The  corrected  rate  sought  is 

8.75  X  102.5  X  343 

— — =  10.7 

87  X  325 

It  is  not  claimed  that  these  corrected  values  can  be  abso- 
lutely accurate,  but  rather  an  approximation  to  the  results 
that  would  be  obtained  with  the  conditions  assumed. 
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evaporators  at  the  same  factory  and  where  the  operating  con- 
ditions were  equally  favorable. 

(Actual) 

Type  C 117 

Type  I) 100 

The  evaporators  of  type  B  were  of  two  classes,  namely,  a 
with  small  tubes  (%  in.  and  Yg  i>i-)  and  &  with  larger  tubes 
(1%  in.).  Tests  15  and  16  with  small  tubes,  and  tests  20  and 
21  with  large  tubes,  were  made  under  conditions  that  should 
afford  a  fair  comparison.    The  ratings  are: 

(Actual) 

Small   tubes 100 

Large  tubes 142 

(Corrected  for  difference  in  initial  steam  pressures^ 

Small  tubes 100 

Large  tubes Ill 


rate  of  evaporation  per  square  foot  of  heatix^g  surface 

PER    HOUR 

So  far  all  comparisons  have  been  made  in  terms  of  the 
coefficient  of  heat  transmission.  The  unit  '"  pounds  of  water 
evaporated  per  square  foot  of  heating  surface  per  hour "  is 
convenient  for  rating  evaporatoi-s,  and  is  fairly  satisfactory 
provided  the  steam  pressure  and  the  vacuum  do  not  vaiy 
greatly.  Table  4  gives  averages  of  water  evaporated  per  square 
foot  of  heating  surface  per  hour  for  each  type  tested.  The 
actual  values  do  not  furnish  a  fair  comparison  on  account  of 


In  thirteen  of  the  evaporator  tests  recorded  in  Table  1.  the 
condensed  steam  from  the  first  body  was  weighed.  Partial  data 
regarding  steam  consumed  for  these  tests  are  given  iu  the  same 


TABLE  4     WATER  EVAPORATED  PER  SQUARE  FOOT  OF  HEATING 
SURFACE  PER  HOUR 

From  tests  plotted  in  figcres  in  the  paper 


table.  Table  5  gives  more  complete  data  relating  to  steam 
consumption  in  these  tests. 

The  factors  which  affect  the  weight  of  steam  required  to 
evaporate  a  given  weight  of  water  are:  number  of  bodies; 
radiation  losses;  losses  due  to  vents;  method  of  handling  con- 
densation; temperature  of  juice  entering. 

One  pound  of  steam  entering  the  first  body  of  a  multiple 
evaporator  causes  the  evaporation  of  approximately  1  lb.  of 
water  in  each  body,  that  is.  1  lb.  of  steam  evaporates  approxi- 
mately 2  lb.,  of  water  in  a  double  effect ;  3  lb.  in  a  triple  ef- 
fect; and  4  lb.  in  a  quadruple  effect.  This  relation  does  not 
hold  exactly,  for  reasons  which  will  be  discussed  later. 

The  loss  due  to  radiation  varies  directly  as  the  difference 
between  the  temperatures  inside  the  evaporator  and  the  atmos- 
jihere  outside.  This  temperature  difference  is  of  course  greater 
with  atmospheric  evaporatoi-s  than  with  vacuum  evaporatoi-s. 
It  is  also  greater  in  the  fii-st  body  of  a  vacuum  evaporator  than 
in  succeeding  bodies.     The  radiation  loss  also  varies  directly 


July 
1916 


MULTIPLE  EVAPORATORS,  E.  W.  IvERR 


547 


as  tlie  ratio  of  radiating  surface  to  water  evaporated.  This 
ratio  ivill  be  less  with  lai'ge  evaporators  than  with  small  ones, 
and  is  affected  by  type  also.  Reference  to  Table  5  will  show 
something  regarding  the  value  of  this  ratio  for  the  evapora- 
tors tested.  Naturally  the  radiation  loss  is  affected  by  the  kind 
and  amount  of  insulating  covering  used.  The  loss  due  to  radia- 
tion in  the  first  bodies  of  an  evaporator  is  multiplied ;  for  ex- 
ample, the  loss  from  the  first  body  of  a  quadruple  is  multiplied 
by  4;  that  from  the  second  body  is  multiplied  by  3,  etc.  In 
view  of  this,  it  is  evident  that  the  total  radiation  loss  from  a 
quadruple  will  be  greater  than  that  from  a  triple,  etc.,  other 
conditions  being  the  same.  A  theoretical  calculation  will  show 
that  this  loss  should  be  relatively  small.  A  rough  calculation 
based  on  an  average  coefficient  of  radiation  of  about  2.8  B.t.u. 
per  square   foot   of   radiating   surface   per   hour   per   degree 


called  to  the  fact  that  this  has  been  attempted  in  types  C,  E,  F 
and  G. 

Of  the  three  general  methods  of  handling  the  condenseil 
steam  from  exaporators,  b  (see  footnote,  Table  1)  evidently 
should  be  most  economical  for  the  reason  that  all  of  the  con- 
densation leaves  the  last  body  at  the  lowest  possible  tempera- 
ture, the  saving  due  to  this  arrangement  being  multiplied 
in  all  except  the  last  body.  It  is  common  practice  to  use  the 
condensation  from  the  first  body  for  boiler  feed,  though 
tlieoretically  it  would  pay  to  run  this  water  from  body  to 
l)ody  along  with  that  from  later  bodies. 

Primarily,  evaporators  are  designed  to  vaporize  water, 
though,  in  fact,  some  heating  is  generally  done  in  the  first 
body  because  the  temperature  of  the  juice  entering  is  lower 
than  that  of  boiling.    It  is  evident  that  the  amount  of  heating 


TABLE  5    DATA  FROM  TESTS  RELATIVE  TO  ECONOMY 
See  foot  notes,  Table  1 


Steam  * 

Test 

No. 

Type 

No.  of 
BotficM 

Rated 

Capacity, 

Gal.  per 

24  hr. 

Actual 
Capacity, 
Per  Cent 
of  Rated 

Surface  per 

100.000  Gal. 

per  24  hr.. 

Actually 

Evaporated, 

sq.  ft. 

Radiating 
Surface 
Covered, 
Per  Cent 
of  Total 

Steam 
Tempera- 
tnire  lat 

Body, 
Deg.  Fahr. 

Method  of 
Venting 

Method  of 
Removing 
Condensa- 
tion 

.Supplied 

to  1st  Body 

for   Heating 

Per  Cent 

of  Total 

Water 
Evaporated 
per  Lb.  of 
Steam,  Lb. 

Thermal 
Efficiency, 
Per  Cent 

2 

125,000 

145 

212  5 

nd 

-6  13 

2  09 

14 

B 

145,000 

100 

1921 

73.50 

234  9 

d 

note  2 

8  9 

3  52 

85.1 

15 

1! 

, 

145,000 

174 

1207 

73  50 

232  S 

d 

note  2 

5.89 

3,7 

89  1 

17 

B 

250,000 

S6 

17S0 

0 

224  5 

c 

e 

11  73 

3.4 

90-5 

23 

C 

400,000 

94 

832 

100 

225.4 

spec. 

s 

8  06 

3.71 

96.9 

24 

C 

400,000 

94 

832 

100 

221,5 

spec. 

s 

7  83 

3  95 

97  5 

25 

C 

400,000 

76 

1026 

100 

222.0 

spec. 

s 

9  67 

3  69 

97.5 

27 

D 

400,000 

13S 

694 

95 

222  0 

note  3 

f 

1  19 

4  21 

97.2 

28 

D 

400,000 

124 

774 

95 

222.1 

note  3 

f 

-0  50 

4.24 

94  8 

20 

D 

4 

400,000 

131 

734 

95 

222  8 

notes 

f 

-2  37 

4  28 

93.3 

30 

D 

3 

200,000 

93 

946 

0 

212  4 

none 

f 

-12.98 

2  91 

86. 5 

31 

D 

3 

200,000 

95 

923 

0 

208.3 

none 

f 

-9  85 

3.09 

90  6 

33 

E 

3 

220,000 

105 

990 

40 

211.9 

Fig.  6 

r 

7.40 

2  49 

97  4 

*  Minus  values  are  for  initial  juice  temperatures  higher  than  the  boiling  temperature. 


fahrenheit  difference  shows  the  following  losses  in  percentage 
of  the  heat  delivered  in  the  sleam  to  the  first  body: 

Fully     Three-fom-ths 
Uncovered    Covered      Covered 

Double 1.06  0.26  0.46 

Triple 4.2  1.05  2.07 

Quadruple 9.8  2.7  5.0 

These  figures  are  for  a  10-ft.  standard  effect  including  the 
vapor  pipes,  with  steam  at  5  lb.  gage  and  a  vacuum  of  27  in. 

Primarily,  vent  pipes  are  for  the  purpose  of  removing  in- 
condensable gases  only.  If  this  were  carried  out,  the  vent 
losses  would  be  small,  in  fact  they  are  probably  small  in  gen- 
eral practice,  even  though  some  steam  is  vented  with  the 
gases.  This  loss,  like  the  radiation  loss,  is  multiplied  for  all 
bodies  except  the  last.  The  vents  may  be  connected  to  the 
next  body  or  to  the  condenser  direct.  The  former  is  probably 
more  economical,  though  the  latter  is  better  as  far  as  heat 
transmission  is  concerned.  This  loss  is  apt  to  be  greatest  in 
the  early  bodies,  especially  if  the  vent  openings  are  too  large. 
In  order  to  reduce  losses  due  to  venting,  it  is  important  to  de- 
sign evaporators  so  that  effective  separation  of  gases  from 
steam  mav  be  brought  about.     Attention   has   already  been 


done  in  this  manner  will  affect  the  weight  of  water  evaporated 
per  pound  of  steam  supplied  to  the  first  body.  It  should  be 
remembered  also  that  the  steam  supplied  for  heating  in  this 
manner  does  not  work  multiple  as  does  that  used  for  evapora- 
tion. 

Table  5  gives  the  results  of  the  tests  as  regards  economy. 
It  also  includes  information  regarding  the  main  test  conditions 
which  affect  economy.  A  unit  commonly  used  for  measuring 
economy  is  "  pounds  of  water  evaporated  per  pound  of  steam 
supplied  to  the  first  body."  This  unit  does  not  furnish  a  fair 
means  of  comparing  the  economy  of  different  evaporators, 
however,  for  the  reason  that  it  does  not  account  for  variation 
in  conditions.  Thermal  efficiency  is  more  accurate,  and  the 
method  of  calculating  this  item  has  already  been  given.  It  will 
be  noted  that  it  varies  from  a  minimum  of  85.06  to  98.3,  the 
average  being  94  per  cent.  The  table  shows  that  the  efficiency 
of  type  C  was  higher  than  type  D,  although  the  water  evapor- 
ated per  pound  of  steam  supplied  was  greater  in  the  latter 
than  in  the  former.  This  apparent  contradiction  is  due  to  two 
things:  (1)  the  temperature  of  the  juice  entering  the  first 
body  in  the  tests  on  type  D  was  higher  than  in  those  on  type 
C,  more  steam  being  required  for  heatmg  in  type  C;  (2)  the 
condensation  in  type  D  was  taken  from  body  to  body,  begin- 
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iiing  with  the  second,  whereas  it  was  drained  away  separately 
from  each  body  of  type  C.  The  low  efficiencies  obtained  in  the 
tests  on  type  B  quadruple,  tests  14  and  15,  are  probably  due 
to  the  small  size,  whereas  both  the  C  and  D  quadruples  were 
of  large  size.  Attention  is  called  to  the  data  in  Table  5  re- 
garding the  ratio  of  radiating  surface  to  water  evaporated  in 
the  different  types. 

Type  17  on  a  type  B  quadruple  evaporator  gave  an  effi- 
ciency of  90.48  per  cent.  This  is  relatively  low  for  an  evapo- 
rator of  this  size  and  is  doubtless  due  to  the  fact  tliat  it  was 
not  insulated.  The  low  efficiencies  obtained  in  tests  30  and  31 
on  a  type  D  triple  is  doubtless  due  also  to  the  fact  that  it  was 
not  insulated.  These  tests  were  made  soon  after  the  apparatus 
had  been  installed  and  before  the  covering  had  been  applied. 
An  inspection  of  this  table  will  show  the  effect  of  high  rates 
of  evaporation  in  increasing  heat  efficiency;  in  fact  some 
of  the  irregularity  in  the  results  can  only  be  explained  in  this 
way. 


DISCUSSION 

M.  B.  De  Pass'   (written).     The  process  of  sugar  making 
is  divided,  we  might  say,  into  four  parts : 

1  Extracting,  by  crushing  process,  of  juice  from  the  cane 

2  Clarification  by  defecation  and  sometimes  filtration 

3  Evaporation  (the  subject  under  consideration) 

4  Granulation  and  drying. 

The  capacity  and  economy  of  any  of  the  stages  depends 
very  materially  on  the  efficiency  of  the  preceding  stage. 

In  some  climates  during  the  crushing  stage,  a  larger  volume 
of  water  must  impregnate  the  crushed  cane  to  dissolve  the  sugar 
that  is  not  in  solution.  Tliis  reduces  the  density  of  the  juice 
and  increases  the  volume  of  water  that  must  needs  be  evapor- 
ated from  it. 

One  factor,  the  paper  tells  us,  is  the  fouling  of  the  heating 
surface  in  effects  which  is  caused  by  foreign  substance  that  has 
not  been  eliminated  during  the  clarification  stages — in  fact 
some  of  it  is  injected  during  this  stage;  hence  the  amount  of 
water  added  in  crushing  and  the  nature  of  the  juice  clarified 
entering  into  the  effects  largely  determines  the  size  and  style 
that  is  to  be  adopted  and  should  govern  the  manufacturer's 
guarantee. 

Tb.ere  are  two  factors  governing  the  capacity  and  economy 
of  multiple  effects  which  are  not  refeiTed  to  in  the  paper.  One 
of  these  is  very  important  and  that  is  the  size  of  the  vapor 
pipes  and  save-alls;  these  regulate  the  velocity  and  vapor 
tension  and  fix  the  boiling  point  in  each  effect.  Faulty  vapor 
pipes  cause  entrainment  and  loss  in  capacity. 

As  the  efficiency  of  a  multiple  effect  depends  very  largely 
on  the  vacuum  in  the  last  body,  and  this  in  turn  on  the  com- 
pleteness of  the  condensation,  attention  to  the  design  of  the 
condenser  is  important.  Owing  to  the  low  boiling  point  in  the 
last  vessel,  the  velocity  of  the  vapors  is  greater  and  therefore 
the  greater  the  chance  of  entrainment.  Any  sj'rup  thus  car- 
ried off  into  the  condenser  is  never  reclaimed,  as  is  not  the  case 
in  the  other  vessels  where  the  sweet  water  may  be  trapped  and 
re-evaporated  or  used  in  the  first  stage  of  extraction  for  satur- 
ation. So  not  only  is  a  good  condenser  required  on  the  last  pan 
but  also  a  good  save-all  that  will  completely  strain  the  syrup 
from  the  vapor  before  it  enters  into  the  condenser.  The  writer 
has  seen  a  "  save-all "  that  reclaimed  from  200  to  300  gallons 
of  syrup  in  twenty-four  hours,  wliich  would  have  been  lost  if 
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permitted  to  pass  into  the  condenser  with  tlie  vajjore  and  out 
into  the  hot  well. 

The  standard  type  of  vertical  tube  submerged  calandria 
is  the  most  popular  of  all  multiple  evaporators,  and  by  the  aid 
of  such  papers  and  experiments  as  are  being  made  by  Profes- 
sor Kerr  and  other  prominent  engineers,  the  manufacurers  are 
learning  how  and  where  to  overcome  all  defects.  The  vapor 
velocity  is  controlled,  entrainment  is  prevented,  perfect  conden- 
sation is  accomplished,  air  pockets  are  done  away  with  and 
the  condensed  waters  are  properly  drained  from  the  calandrias. 
In  dealing  with  the  problem  of  heat  transmission,  various 
means  are  advocated  by  different  manufacturers.  Some  use 
baffle  plates  and  different  an-angements  to  control  the  direction 
of  the  steam,  some  leave  out  tubes,  and  others  both.  The  trouble 
to  overcome  in  large  bodies  is  that  some  parts  get  more  heat 
than  others,  causing  unequal  boiling  and  dead  spaces  in  the 
calandrias. 

In  the  earlier  apparatus,  steam  was  i.dmitted  around  a  cir- 
cular steam  jacket,  on  the  outside  of  the  calandria,  and  the 
drains  were  also  on  the  outside  directly  under  the  steam  en- 
trance. The  consequence  was  that  all  the  ebullition  or  boiling 
took  place  on  the  periphery  of  the  calandria  where  the  heat  re- 
mained and  a  dead  space  formed  in  the  center.  Mistaking 
the  ebullition  at  the  periphery,  caused  by  the  heat  remaining 
at  that  point,  for  circulation,  someone  conceived  the  idea  that  if 
there  was  a  central  down-take  to  aid  the  circulation  of  the 
liquid  to  work  from  the  center  to  the  periphei-y,  that  would 
aid  the  evaporation;  and  on  experiment  it  apparently  proved 
a  success  and  the  liquid  actually  appeared  to  work  down 
through  the  down-takes  and  up  through  the  tubes  from  center 
to  circumference,  while  tlie  fact  of  the  matter  was  that  the 
down-take  filled  the  void  and  dead  space  in  the  center  of  the 
calandria,  and  it  was  still  found  that  there  was  air  and  gas 
pockets  in  the  center  of  the  calandria  which  retarded  exapora- 
tion.  Something  had  accordingly  to  be  done  to  relieve  this  and 
make  the  vapor,  or  steam,  find  its  way  to  the  center,  this 
brought  about  the  use  of  baffle  plates,  or  deflectors,  an-anged 
so  as  to  admit  the  vapor  at  one  side  and  deflect  it  around  in  two 
directions  to  the  other  side,  and  thence  to  the  center,  as  shown 
in  Fig.  6  of  the  paper. 

This  was  tried  years  ago  at  the  American  Sugar  Refining 
Co.'s  Plant  in  the  city  of  New  Orleans,  where  one  of  its 
Standard  Triple  Evaporators  was  equipped  with  deflecting 
plates,  exactly  as  shown  in  Fig.  6.  The  plates  deflected  when 
the  steam  was  first  turned  on,  but  after  the  entire  calandria  is 
filled,  the  pressure  becomes  equal  and  the  plates  of  no  further 
use. 

In  connection  with  these  plates,  however,  the  drain,  gas  and 
air  pipes  are  connected  as  near  to  the  center  of  the  calandria 
as  possible,  where  a  partial  vacuum  is  formed  causing  the  re- 
moval of  the  pocket,  or  dead  space,  and  the  steam  to  be  drawn 
to  the  center;  thus  utilizing  heating  surface  that  heretofore 
was  idle  and  now  becomes  effective.  Large  16-ft.  diameter  ef- 
fects, built  last  year  in  Cuba,  without  the  plates,  but  with  the 
drains  to  sweet-water  pump,  also  gas  and  air  pipes  all  con- 
nected in  the  center  of  the  calandria,  have  proven  by  good  re- 
sults that  plates  are  not  necessary. 

From  1834,  when  Norbert  Rillieux  invented  and  put  into 
use  in  Louisiana  the  first  multiple  evaporator,  which  was  of  the 
horizontal  type,  to  the  present  day,  many  changes  have  taken 
place  in  the  design  and  style,  economy  and  efficiency,  all  of 
which  are  fast  coming  to  perfection  through  the  efforts  of 
learned  and  practical  men,  who  give  the  results  of  their  labors 
to  the  trade  and  craft. 

Professor  Kerr  has  given  us  tests  taken  on,  most,  if  not  all 
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of  the  various  types  of  evaporators  now  on  the  market.  It  is 
hard  to  form  a  comparative  conclusion  as  conditions  alter  and 
govei-n  each  test,  which  is  proven  by  the  fa"f  that,  the  same 
man  on  the  same  type  of  machine  obtains  different  results  at 
different  centrals.  The  rating  of  any  evaporator  is  computed 
by  the  number  of  pounds  of  water-evaporation  per  square  foot 
of  heating  surface  as  a  basis.  A  multiple  of  four,  or  a  quad- 
ruple effect,  is  now  conceded  to  be  the  most  economical  and  is 
being  adopted  by  most  all  large  houses.  The  following  list 
shows  how  even  the  test  of  different  experts  varies  in  a  quad- 
ruple effect : 

Hausbrand    5.2  lb.  per  square  foot 

Kerr    5.5  lb.  per  square  foot 

.Jones  &   Scard ....  6.0  lb.  per  square  foot 

Wallis  &  Taylor...  7.5  lb.  per  square  foot 

Hind   8.0  lb.  per  square  foot 

Deen- 9.0  lb.  per  square  foot 
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Fig.   12     Comparison   of  Author's   and  Parr's   Formulae 
FOR  Coefficient  of  Heat  Transmission 


We  are  indebted  to  our  great  Louisiana  State  University 
for  the  interest  it  is  taking,  through  Professor  Kerr,  in  carry- 
ing out  such  tests  as  are  described  in  the  paper,  which  are  of  so 
much  value  and  interest  to  all  concerned. 

George  A.  Okrok  (written).  Professor  Kerr  has  under- 
taken the  investigation  of  one  of  the  most  complicated  prob- 
lems in  the  heat  transmission  field,  and  the  results  obtained 
show  the  difficulties  which  he  has  encountered.  Theoretically, 
the  case  is  that  of  the  transfer  of  latent  heat,  introducing  two 
dianges  of  state,  in  consequence  of  which  both  upper  and  lower 
temperatures  are  constant  and  fixed  by  the  pressures  employed. 
The  question  is  complicated  by  the  presence  of  both  air  and 
water  films  on  the  gas  side,  with  approximately  similar  con- 
ditions on  the  lic|uid  side  of  the  tube  walls.  Moreover,  there  is 
lack  of  control  of  film  thickness  because  the  circulation  is  nega- 
tive or  self  induced,  and  an  increase  of  certain  film  thickness 
(i.e.  gas  on  the  water  side  and  water  on  the  gas  side)  with  an 
increase  of  circulation.  When  we  added  to  this  the  scale  and 
oil  troubles  on  the  gas  side  of  the  tube  and  the  gumming  of  the 
surface  from  impure  juice  on  the  liquid  side,  it  seems  remark- 
able that  so  consistent  results  should  have  been  obtained. 

The  author  has  plotted  in  Fig.  10  the  results  of  all  his 
laboratory  tests  given  in  his  former  paper.  I  have  plotted 
(Fig.  12)   across  these  points  the  line  f7  =  225  -f  17500  d 


wliich  he  has  given  as  best  representing  them.  1  have  also  plot- 
ted a  line  U  =  1,290  V  pd,  Parr's"  formula,  in  which  the 
coefficient  was  obtained  from  tlie  authoi-'s  figures.  These  two 
lines  cross  at  approximately  700  B.t.u.  and  8  in.  of  vacuum. 
It  would  appear  that  variations  as  wide  as  800  to  1370  B.t.u. 
at  about  3  lb.  per  sq.  in.  pressure  and  400  to  1070  B.t.u.  at 
10  in.  of  vacuum  could  hardly  be  expressed  by  either  curve,  and 
therefore  the  use  of  either  as  a  correction  fonnula  would  be 
inadmissable. 

It  is  curious  that  all  the  performance  curves  in  the  paper 
inclusive  cut  the  X-axis  to  the  left  of  22  in.  of  vacuum. 

While  the  author  has  done  some  exceedingly  good  work  iu 
these  tests  of  multiple  effect  evaporators  which  will  enable  the 
designer  better  to  meet  the  demands  upon  tliis  type  of  appa- 
ratus, the  heat  transmission  problem  for  this  particular  case  is 
likely  to  be  troublesome  for  some  time  to  come.  It  is  highly 
probable  that  consistent  results  with  multiple  tube  apparatus 
are  only  accidental  and  the  simplest  apparatus  that  will  give 
the  proper  conditions  will  usually  give  the  most  consistent  re- 
sults. 

Clark  D.  Libermuth.''  The  fouling  of  the  heating  surface 
by  scaling  is  one  of  the  most  important  of  the  practical  con- 
siderations of  the  sugar  apparatus. 

Although  it  has  been  known  that  pressures  above  the  at- 
mosphere can  be  used  in  the  first  body  of  the  evaporator,  the 
high  pressure  has  been  brouglit  into  use  only  recently.  At  pres- 
ent in  Cuba  there  are  many  evaporators  in  which  steam  under 
pressure  is  used  in  the  first  body.  There  being  no  sulphuration 
and  little  liming,  no  difficulty  is  met  with.  These  higher  pres- 
sures are  now  being  used  in  Louisiana.  More  scale  will  be  pre- 
cipitated in  the  first  body  due  to  the  higlier  temperature  which 
may  result  in  fouling  the  first  body  and  cutting  down  the 
steam  supply.  The  author  is  asked  to  investigate  the  effect  of 
this  condition  in  the  first  body  witli  the  Louisiana  juices  of 
high  salt  content. 

Last  year  a  rather  peculiar  situation  presented  itself  over 
the  State  as  a  whole.  The  juices  were  of  a  higher  purity  than 
normal,  yet  the  boiling  took  a  longer  time.  There  was  general 
complaint.  It  was  found,  however,  that  the  proportion  of 
salts  was  much  higher  than  usual,  resulting  in  a  high  boiling 
point.  The  author  is  asked  to  investigate  the  relative  effects 
of  dissociable  salts  and  organic  compounds  upon  the  elevation 
of  the  boiling  point. 

W.  H.  P.  Creighton.'  I  agree  with  Mr.  Orrok.  that  the 
question  before  us  is  extremely  complicated.  The  theory  of 
an  engine  condenser  is  simplicity  itself  wlien  compared  with 
that  of  the  multiple  effects  used  in  the  evajroration  of  sugar 
juices.  The  eva];)oration  of  sugar  juices  is  an  extremely  im- 
portant problem  to  us  in  Louisiana.  Ten  cubic  feet  of  juice 
in  the  multiple  effect  will  evaporate  to  two  cubic  feet,  and 
in  the  vacuum  jian  will  evaporate  to  one  cubic  foot.  This 
cubic  foot  is  an  half  and  half  mixture  of  molasses  and  sugar, 
and  the  apparatus  must  be  designed  to  boil  this  mass.  A 
1,000-ton  house  will  have  about  1,000  tons  of  juice  to  get  rid 
of,  because  maceration  water  and  milk  of  lime  will  be  added 
to  the  juice  to  be  evaporated.  To  evaporate  this  water  eco- 
nomically is  a  problem.  There  are  temperature  limitations; 
too  high  a  temperature  will  spoil  the  sugar,  while  the  low 
temjierature  is  limited  by  the  amount  of  vacuum  obtainable. 
The  apparent  range  is  about  103  deg.     Hut  this  is  only  ap- 
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parent.  The  difference  in  temperature  in  tlie  iirst  body,  added 
to  that  in  the  second  and  in  the  thii-d  will  not  total  103  deg., 
because  sugar  solutions  and  water  do  not  boil  at  the  same 
temperature,  under  the  same  pressure.  Then  there  is  the  loss 
due  to  hydrostatic  head,  the  difference  in  juice  height,  which 
increases  the  pressure  on  the  juice  at  the  bottom  of  an  effect. 
Hence,  in  the  triple  effect,  2  or  3  deg.  may  be  lost  in  the  first 
body,  4  or  6  in  the  second,  and  10  or  12  deg.  in  the  third. 
These  added  together  reduce  the  apparent  temperature  range 
materially. 

Table  1  may  be  correctly  interpreted  only  by  an  expert  in 
order  to  detei-mine  which  of  several  causes  were  responsible 
for  the  variance  in  the  amounts  of  water  evaporated  per  sq. 
ft.  of  heating  surface  in  evaporators  of  the  same  type.  Dif- 
ferent evaporators  working  under  identical  conditions  will 
give  different  results.  Personally.  I  am  veiy  much  interested 
in  the  evaporator  in  Fig  6,  as  it  was  due  to  a  suggestion  of 
mine  that  Mr.  Weber  designed  it.  The  entering  steam  was 
to  sweep  over  tubes  through  a  gradually  diminishing  area  to 
maintain  its  velocity  and  keep  the  air  movmg  with  it  to  the 
very  end  where  it  is  taken  out  by  an  air  pump.  In  the  ordi- 
nary standard  evaporator,  there  is  no  way  of  telling  if  the 
air  is  being  removed.  There  is  violent  evaporation  in  spots, 
indicating  inefficiency,  a-s  the  heat  transfer  is  confined  prac- 
tically to  such  spots  and  they  need  high  temperature  differ- 
ences to  be  effective.  Whereas  if  the  air  is  removed  and  tlie 
steam  sweeps  through  a  fixed  channel,  a  less  temperature  dif- 
ference will  be  necessary  in  the  evaporator.  This  is  illustrated 
in  experiment  3.5,  Table  1.  Here  the  pressure  in  the  first  ef- 
fect is  only  6  lb.  per  sq.  in.  absolute,  and  in  the  last  is  3  lb. 
per  sq.  in.  absolute,  a  total  pressure  difference  of  only  3  lb. 
per  sq.  in  This  means  that  if  the  amount  of  steam  admitted 
to  the  first  effect  had  been  large  enough,  the  pressure  would 
have  been  greater  and  hence  there  would  have  been  a  greater 
capacity.  The  author  should  say  that  capacity  depends  upon 
three  factors:  quantity  of  heat  supplied  to  the  first  effect,  co- 
efficient of  heat  transmission  and  temperature  fall.  Scientific 
research  in  this  field,  considering  each  of  the  problems  sepa- 
rately and  as  they  affect  the  whole,  is  going  to  be  of  great 
value  to  the  manufacturer  and  should  result  in  the  saving  of 
an  enormous  amount  of  copper  in  the  construction  of  evap- 
orators. 

E.  H.  Rousseau.'  I  had  the  pleasure  of  making  experiments 
on  a  small  experimental  evaporator  with  Mr.  A.  L.  Weber. 
Heat  transmission  depends  upon  a  difference  in  temperature. 
For  an  effective  temperature  drop  from  one  side  of  the  tube 
to  the  other,  there  umst  be  a  rapid  replacement  of  the  hot 
particles  of  juice  by  colder  particles,  so  that  the  more  rapidly 
cold  juice  can  be  brought  to  the  heating  surface,  the  more 
rajiiil  will  be  evaporation.  I  refer  you  to  evaporator  D  for 
the  juice  side  of  the  evaporator  and  to  evaporator  E  for  the 
steam  side.  These  I  wish  to  combine  in  evaporator  A  which 
is  our  standard  evaporator. 

Viscosity  increases  with  the  concentration  of  a  solution. 
As  the  viscosity  increases,  the  size  of  bubbles  formed  in  ebulli- 
tion becomes  greater  in  proportion  to  their  weight  and  they 
are  carried  along  more  rapidly  with  the  vapor  currents  formed. 
In  the  first  body  of  a  quadruple  effect  evaporator  will  be  found 
conditions  of  high  temperature  and  low  density  of  juice.  This 
is  favorable  for  heat  transmission.  In  the  last  body  the  condi- 
tions are  low  temperature  and  liigh  density  of  juice.  This  is 
not  favorable  for  heat  transmission,  but  as  the  viscosity  of 
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the  juice  is  high,  the  upward  velocity  of  its  bubbles  is  high 
and  the  temperature  dift'ei-ences  between  the  sides  of  the  tubes 
are  great,  equalizing  the  rate  of  evaporation  in  the  last  -with 
that  of  the  first  body. 

In  making  these  experiments,  there  was  used  an  evaporator 
with  a  steam  belt  2  ft.  in  diameter  and  3  ft.  high,  with  2  in.. 
No.  17  gage,  standard  copper  tubes.  Steam  was  under  10  lb. 
per  sq.  in.  pressure  and  juice  under  atmospheric  pressure. 
Steam  distribution  was  as  given  in  type  E.  With  each  new 
density,  the  level  of  the  juice  was  varied  from  0  to  36  in.,  and 
it  was  found  that  at  6  deg.  Brix,  the  highest  rate  of  evapora- 
tion was  when  the  liquor  was  at  V,  the  height  of  the  tube. 
At  55  deg.  Brix,  the  highest  rate  was  with  the  liquor  at  V„  the 
height  of  the  tube,  showing  that  with  equal  conditions  of 
temperature,  the  density  and  viscosity  of  the  juice  increasing 
gave  better  results  with  a  low  height  of  liquor. 

In  these  tests,  steam  was  used.  The  air  eliminator  was 
closed;  the  heat  transmission  was  250  B.t.u.  Opening  the  air 
eliminator  and  drawing  out  all  of  the  air,  the  heat  transmission 
was  increased  to  1000  B.t.u.,  an  increase  of  400  per  cent.  Uni- 
form steam  pressure  can  be  maintained  by  high  velocity  of 
steam,  by  means  of  baffles,  or  by  removing  some  of  the  tubes  at 
the  entrance,  allowing  the  steam  to  enter  the  bulk  of  the  heat- 
ing surface,  a  pocket  bemg  provided  from  which  to  draw  the 


Leo  Loeb  (written).  Another  application  of  the  multiple 
effect  evaporator's  is  the  use  for  producing  fresh  water  for 
drinking  or  boiler  feed  purposes  from  water  containing  a 
large  amount  of  soluble  salts.  Compared  with  the  sugar 
evaporators,  the  coil  pressures  in  the  first  stages  are  generally 
higher,  the  heating  surface  is  seldom,  if  ever,  totally  sub- 
merged, and  the  removal  of  the  concentrated  brine  is  governed 
by  considerations  of  capacity  and  fouling  of  the  heating 
surface  and  shell  in  contact  with  the  brine. 

The  purity  of  the  fresh  water  should  be  such  that  less  than 
one  grain  of  chlorine  per  gallon  can  be  detected  by  the  silver 
nitrate  test.  It  is  therefore  necessary  in  some  types  of  com- 
mercial evaporatoi-s  to  expose  a  portion  of  the  heatuig  surface, 
slightly  heating  the  ascending  vapors,  and  giving  the  particles 
of  solid  salt  an  opportunity  to  separate.  However,  if  proper 
attention  be  given  to  baffle  and  separator  design,  it  is  possible 
to  operate  the  evaporator  with  submerged  heating  surface  at 
high  rates  of  evaporation  and  obtain  distillate  of  required 
purity. 

The  usual  installation  on  shipboard  consists  of  duplicate 
sets  of  three  evaporators,  so  piped  as  to  be  operated  in  triple 
effect  or  single  effect,  depending  upon  the  immediate  demand 
for  fresh  water. 

Of  the  various  factors  mentioned  in  the  paper  as  affecting 
the  capacity  of  evaporators,  the  most  important  in  the  design 
and  operation  of  salt  water  evaporators  are : 
5     Presence  of  condensation  on  the  heating  surface, 
8     Cleanliness  of  heating  surface  (liquor  side), 
14     Density  of  liquor  being  boiled. 

Air  and  other  incondensable  gases  have  less  effect  in  the 
salt  water  evaporator  where  higher  steam  pressures  are  used 
than  in  the  sugar  evaporators  under  vacuum,  providing  they 
are  not  permitted  to  blank  off  a  portion  of  the  heating  surface. 

The  great  loss  in  capacity  due  to  condensation  on  the  heating 
surface  was  clearly  illustrated  by  recent  tests  on  two  horizontal 
tube  evaporators.  One  consisted  of  IVo  in.  brass  tube  heating 
surface  arranged  in  eight  horizontal  rows  and  connected  by 
return  bends.  Thus  the  condensate  traveled  the  entire  length 
of  the  eight  tubes  before  being  vented,  with  the  result  that  the 
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coefficients  of  heat  transmission  were  low.  ranging'  from  115  to 
323  B.t.u.  per  sq.  ft.  per  lir.  per  degree  dilfereaee  in 
temperature  between  steam  at  entrance  to  coils  and  vapor  in 
shell.  When  operating  in  single  effect,  the  temperature  of  con- 
densate at  the  vent  was  from  32  to  176  deg.  below  the  tem- 
perature of  saturation  of  steam  entering  the  coils,  and  the 
evaporating  capacity  of  the  heating  surface  was  from  7.7  to 
19.9  lb.  of  vapor  per  sq.  ft.  with  brine  at  180  deg.  fahr. 

A  modified  design  having  nine  rows  was  provided  with  a 
header  so  that  the  condensate  from  any  tube  could  reach  the 
vent  by  traveling  through  only  one  cooling  coil.  With  the 
same  steam  and  vapor  pressures  as  in  the  first  type,  the  co- 
efficients of  heat  transmission  were  from  387  to  719  B.t.u. 
per  sq.  ft.  per  hr.  per  degree  temperature  difference  between 
steam  at  entrance  to  coils  and  vapor  in  shell.  The  amount 
of  subcooling  of  brine  never  excee '.ed  90  deg.  and  the  evaporat- 
ing capacity  of  the  heating  surface  was  from  17.2  to  81.4  lli. 
of  vapor  per  sq.  ft.  with  brine  at  180  deg.  fahr. 

The  reduction  in  capacity  of  the  salt  water  evaporator  when 
the  concentration  of  the  brine  is  increased  from  twice  to  three 
times  that  of  normal  sea  water  is  about  10  per  cent,  amounting 
to  fully  15  per  cent  if  the  concentration  be  further  increased 
to  four  times  that  of  sea  water. 

It  would  be  interesting  to  know  how  Professor  Kerr  cal- 
culated temperature  difference.  In  salt  water  evaporatois, 
the  temperature  gradients  on  the  two  sides  of  the  heating  sur- 
face are  complex.  A  portion  of  the  surface  in  contact  with 
the  heating  medium  destroys  the  superheat  which  may  result 
from  throttling  at  the  inlet  vah~e,  a  great  portion  of  the  area 
is  effective  condensing  surface  and  the  final  portion  is  water 
cooUng  surface.  On  the  brine  side,  these  states  are  reversed, 
a  part  of  the  surface  acting  as  feed  heating  surface,  the  major 
portion  as  evaporating  surface  and  a  small  portion  at  times  as 
superheating  sui'face.  Under  these  circumstances  it  has  been 
the  practice  to  consider  temperature  difference  as  indicated 
above  to  be  the  difference  between  the  saturation  of  steam  to 
coils  and  saturation  temperature  of  the  vapor  in  the  evaporator 
body. 

The  Author.  I  wish  to  call  attention  to  the  preliminary 
statement  I  made  when  this  paper  was  presented — that  it 
should  be  looked  upon  as  a  survey  rather  than  as  a  research. 
The  tests  recorded  were  made  on  full-size  sugar  hou.se  evapor- 
ators operating  under  regular  conditions,  therefore  there  was 
little  opportunity  to  control  conditions  as  would  be  required 
for  research  work  in  the  fullest  sense.  A  former  paper'  by 
the  author  giving  the  results  of  a  series  of  experiments  on  a 
laboratory  evaporator  is  better  entitled  to  consideration  as 
research  work,  and  I  would  respectfully  direct  the  attention 
of  Mr.  t'reighton,  who  mentioned  in  his  discussion  the  need  of 
research  along  these  lines,  to  this  paper.  The  tests  recorded 
in  the  pi'esent  paper  give  data  onh'  on  the  subject  of  rates 
of  heat  transmission,  nothing  having  been  said  relative  to  the 
cost  of  heating  surface,  the  cost  of  operation,  maintenance, 
etc.  The  proper  selection  of  an  evaporator  for  a  specific  in- 
stallation should  of  course  include  a  consideration  of  all  of 
these  points. 

Mr.  De  Pass  calls  attention  to  the  loss  of  sugar  due  to  en- 
trainment.  This  bears  on  the  present  paper  only  indirectly 
because  of  the  fact  that,  in  order  to  separate  the  entrained 
juice,  save-alls  must  be  installed  and  the  friction  of  the  vapors 
passing  through  them  may  result  in  pressure  losses  which  in 
turn  reduce  capacity  by  reducing  temperature  fall.  In  elabo- 
rate tests  made  by  the  author  on  a  laboratorv*  evaporator,  data 


were  obtained  which  seemed  to  show  that  entrainnicnt  is  prin- 
cipally affected  by  the  height  of  boiling  and  by  the  rate  of  boil- 
ing. In  other  words,  the  higher  the  boiling  and  tlie  greater 
tiie  rate  of  boiling,  at  least  in  the  standard  type,  the  greater 
the  amount  of  entrainment.  Pi-actice  seems  to  show  that  it  is 
difficult  to  design  save-alls  that  are  efficient  as  separators  that 
do  not  offer  excessive  friction. 

Several  references  were  made  by  those  discussing  the  paper 
to  type  E,  which  makes  use  of  a  set  of  baffle  plates  in  the 
calandrias  to  give  a  long  and  gradually  narrowing  steam  path. 
This  type  was  originally  developed  in  Europe  many  years  ago, 
but  was  recently  introduced  into  this  country  by  Mr.  A.  L. 
Weber. 

It  will  be  seen  in  the  paper  that  (lie  average  coefficient  of 
heat  transmission  for  tests  33,  34  and  35  of  type  E  was  248, 
whereas  the  average  for  the  standard  evaporator,  type  A, 
was  197,  which  seems  to  show  that  the  higher  steam  velocity 
and  possibly  the  better  removal  of  incondensible  gases  due  to 
the  baffle  plates  have  resulted  beneficially.  It  may  be  well  to 
state  that  this  is  only  one  of  a  considerable  number  of  different 
arrangements  of  baffle  jilates  that  have  been  used  or  suggested 
for  distributing  steam  in  calandrias.  The  increase  of  steam 
velocity  in  such  an  arrangement  will  naturally  result  in  pres- 
sure drop,  which  must  be  overcome  by  means  of  a  ])uni|i.  The 
jiower  required  to  operate  such  a  pump,  however,  is  not  so 
important  in  connection  with  an  evaporator  as  in  the  case  of 
a  surface  condenser  for  the  reason  that  the  exhaust  steam 
from  the  evaporator  pump  can  be  utilized. 

Mr.  Orrok  calls  attention  to  the  fact  that  all  the  perform- 
ance curves  in  the  paper  cut  the  X-axis  to  the  left  of  22  in. 
of  vacuum.  I  will  call  his  attention  to  the  fact  that  the  co- 
efficients plotted  weie  apparent,  that  is,  they  were  determined 
by  dividing  the  heat  transmitted  by  the  apparent  temjierature 
fall.  In  other  words,  the  temperature  fall  was  obtained  by 
subtracting  the  saturation  tempeiature  of  the  steam  corre- 
sponding to  the  ))ressure  in  a  body,  from  the  saturation  tem- 
perature corresponding  to  the  pressure  in  the  preceding  body. 
Due  to  the  effect  of  hydrostatic  head,  viscosity  of  juice,  the 
presence  of  air  in  steam,  etc.,  the  actual  temperature  fall  is 
less  than  the  apparent  fall.  As  is  well  known,  also,  the  dif- 
ference between  actual  and  appari:nt  fall  is  greater  in  the  last 
bodies.  Consequently  a  curve  representing-actual  temperature 
falls  would  be  nearer  horizontal  than  those  given  in  the  paper. 
Tiie  above  will  answer  Mr.  Loeb's  question,  regarding  the 
method  of  determining  temperature  fall. 

The  effect  of  juice  scale,  as  Mr.  Libermuth  points  out,  also 
the  effect  of  juice  viscosity  discussed  by  Mr.  Rousseau,  are 
important,  and  while  some  work  has  been  done  along  these 
lines  by  the  author,  we  hope  to  make  experiments  in  the  future 
that  will  enable  us  to  form  more  definite  conclusions  regarding 
these  points  than  we  now  have. 


'Trans.  Ani.Sop.M.E.,  Vol.  35,  page  ~?,\. 


The  principle  upon  which  the  Diesel  engine  operates  has  not 
to  date  been  successfully  adopted  for  use  with  the  commercial 
motor  truck.  It  is  more  than  probable  that  such  a  develop- 
ment will  occur,  and  should  it  do  so  it  will  provide  a  very 
useful  alternative  as  an  offset  to  gasoline,  the  cost  of  which  for 
trade  vehicles  is  a  considerable  item  in  the  running  expenses. 
There  is  no  doubt  that  a  vehicle  propelled  by  an  engine  of 
the  Diesel  type,  using  heavy  oil  as  fuel,  would  be  a  boon  to 
users  of  that  class  of  machine. 

Suggested  modifications  of  the  present  Diesel  engine  for 
the  end  in  question  are  described  and  illustrated.  — T/ie  Com- 
mercial Motor,  XXIII-578,  April  6,  1910. 


ITEMS  OF   INTEREST 


The  use  of  alumimiin  wlieii  filed  to  a  powder  is  little  under- 
stood. In  this  condition  it  forms  part  of  two  of  the  most  de- 
structive of  agents,  one  of  which  is  known  as  ammonal,  a 
.  mixture  of  five  or  eight  parts  of  ammonium  nitrate  with  one 
part  of  finely  powdered  aluminum,  and  used  to  charge  shells. 
Its  explosive  -s-iolence  is  tremendous,  and  it  is  one  of  the  few 
explosions  that  have  never  been  used  as  propellants,  as  its 
suddenness  would  smash  the  explosion  chamber  of  any  gun 
known  to  warfare. — The  Brass  World,  XII-5,  May  1916. 


From  an  engineering  standpoint,  intense  heat  can  be  used 
for  carrying  out  many  industrial  processes  to  which  at  present 
other  means  are  applied.  Ordinary  fuel  furnaces  can  seldom 
be  raised  to  a  high  temperature,  but  oxy-aeetylene  furnaces 
are  capable  of  giving  out  great  heat.  One  of  the  most  inter- 
esting and  industrially  useful  ])roeesses  for  which  a  high  tem- 
perature is  necessai-y  is  the  fusing  of  quartz,  which,  when 
brought  to  a  fluid  state  by  means  of  an  oxy-acetylene  blow- 
pipe, is  moulded  into  flasks,  bowls,  tubes,  and  other  vessels 
for  chemical  purposes  and  for  domestic  applications  of  elec- 
tricity, cooking  utensils,  etc. — Acetylene  Lighting  and  Welding 
J  OK  mat,  February,  1916. 


While  the  use  of  the  electric  one-direction  drive  for  rolling 
mills  is  not  new,  when  it  comes  to  the  reversing  mill  the  steam 
engine  is  probably  still  largely  considered  the  better  adapted 
prime  mover. 

Nevertheless  in  a  paper  by  William  Sykes  and  David  Hall, 
before  the  A.I.E.E.  at  this  year's  Cleveland,  Ohio,  meeting, 
on  "  Electric  Drive  for  Reversing  Rolling  Mills  "  the  authors 
state  that  within  the  last  few  years  the  electrically  driven  re- 
versing mill  has  been  considerably  developed  and  a  number 
of  installations  made  with  gi'eat  success;  and  as  an  indication 
of  the  position  which  the  electrical  form  of  drive  has  reached, 
the  engineers  of  one  of  the  large  steel  comjianies  stated  that 
the  electric  drive  would  undoubtedly  in  the  verj-  near  future 
entirely  supplant  the  revei-sing  steam  engine,  except  in  per 
haps  certain  peculiar  cases. — Pruc.  A.I.E.E.,  XXXV-6. 


Spur  Gearing  is  the  subject  of  a  paper  by  Daniel  Adamson, 
read  before  the  Institution  of  Mechanical  Engineers. 

The  difference  between  cycloidal  and  involute  shapes  for 
teeth  are  mentioned,  the  advantage  claimed  for  the  latter 
being  that  it  lends  itself  better  to  satisfactory  production  by 
generating  machines. 

The  proportions  of  length  of  tooth  to  pitch  and  also  the 
angle  of  obliquity  are  considered. 

The  various  materials  used  in  the  construction  of  gearing 
are  named,  leading  up  to  the  present  practice  of  using  steel 
almost  universallj". 

'  Allowable  working  stresses  are  reviewed,  beginning  with 
data  published  by  Walker  in  1868,  upon  which  were  based 
later  what  is  known  as  the  "  Lewis  "  formula.  Permissible 
working  speeds  are  given  ranging  from  600  ft.  per  min.  up  to 
5000  ft.  per  vaiw.—Jour.  Inst.  Mech.  Eng.,  May  1916. 


Tests  of  a  surface-combustion  type  of  furnace  for  labora- 
tory use  were  recently  made  by  E.  Schramm  and  J.  R.  Cain. 
Measurements  were  made  coincidently  of  the  consumptions  of 
air  and  gas,  the  compositions  of  the  flue  gas,  and  the  tem- 
perature resulting  from  different  rates  of  combustion. 

Observations  were  made  of  the  varying  temperature  due  to 
altering  the  ratio  of  air  to  gas. 

It  was  clearly  established  that  such  a  ratio  of  5.5  gives 
most  nearly  the  ideal  condition  of  perfect  combustion  without 
any  excess  of  oxygen;  and  it  was  seen  that  a  20  per  cent 
excess  of  air  caused  a  lowering  of  the  furnace  temperature 
of  100  deg.  cent  (180  deg.  fahr.). 

A  temperature  of  about  1650  deg.  cent.  (.3000  deg.  fahr.) 
was  reach^  in  a  little  over  half  an  hour  and  maintained  for 
10  minutes,  when  the  alundum  muffle  caved  in. — Jour.  Ind. 
and  Eng.  Chem..  VIII-4. 


Stresses  in  connecting  rods  are  set  forth  in  a  paper  by 
Lieutenant  Karl  F.  Smith,  before  the  American  Society  of 
Naval  Engineers. 

Tension  stresses  are  not  considered,  failure  due  only  to 
compression  and  the  stresses  of  centrifugal  force  is  dealt  with. 

In  the  plane  parallel  to  the  shaft,  the  rod,  due  to  the  form 
of  the  wrist  and  crank-pin  bearings,  may  be  considered  as  a 
column  with  -fixed  ends,  while  in  the  plane  of  oscillation  it 
is  a  column  with  pin  ends,  and  free  to  take  up  any  angular 
position  in  this  plane,  and  as  all  theories  and  experiments 
show  that  the  collapsing  load  is  much  greater  for  fixed  ends, 
it  is  necessary  to  consider  only  yielding  by  bending  in  the 
plane  of  oscillation. 

Stress  diagrams  are  given,  and  it  is  isointed  out  that  one 
stress  has  generally  been  neglected,  though  of  extreme  im]ior- 
tance. — Jour.  Am.  Soc.  Xav.  Eng.,  May  1916. 


In  a  lecture  before  The  Royal  Institution,  Professor  E.  G. 
Coker  dealt  with  "  Polarised  Light  and  its  Application  to 
Engineering."  He  said  that  the  remarkable  discovery  of  Sir 
David  Brewster,  made  in  1816,  that  transparent  materials 
when  stressed  became  doubly  refractive,  might  well  have  been 
more  frequently  juessed  into  service.  The  discoverer  pointed 
out  that  the  stress  in  arched  rings  of  bridges  could  be  rendered 
visible  in  a  glass  model. 

Professor  Coker  stated  that  in  applying  this  discovery  to 
cases  of  jiraetical  importance  it  was  evidently  necessary  that 
that  material  used  should  have  physical  characteristics  similar 
to  steel,  iron  and  other  materials  of  general  use  by  engineers, 
and  in  this  respect  glass  has  many  desirable  qualities,  but  that 
little  success  has  resulted,  due  mainly  to  the  difficulties  ex- 
perienced in  shaping  glass  models;  but  that  when  these  are 
overcome  the  value  of  the  information  gained  is  very  great. 

Nitro-cellulose  preparations  afford  a  material  having  nearly 
all  the  desirable  features  of  glass  and  some  other  properties 
which  make  it  in  some  respects  superior  thereto. 

The  lecturer  showed  a  model  of  an  arch-ring  which,  when 
loaded,  glowed  with  color  in  the  polariscope  and  gave  a  readily 
interpretable  picture  of  the  state  of  internal  stress. — Cassier's 
Engineering  Monthly,  vol.  49,  no.  4,  April  1916. 
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DRAINAGE  PUMPING 

Discussion  on  the  Evolution  of  Low-Lift  Pumping  Plants    in    the    Gulf   Coast   Country 

Given  at  the  Si>ring  Meeting  in  New  Orleans 


THE  paper  entitled  The  Evolution  of  Low-Lift  Pumping 
Plants  in  the  Gulf  Coast  Country,  presented  at  the 
Spring  Meeting  held  in  New  Orleans,  xVpril  11  to  14,  by  W. 
B.  Gregory,  Mem.Am.Soc.M.E.,  was  published  in  the  May 
issue  of  The  Journal.  This  pajier  showed  the  part  that  pump- 
ing machinery  has  had  in  the 
development  of  the  City  of  New 
Orleans  and  in  the  reclamation 
of  the  fertile  wet  prairie  lands 
of  Louisiana  and  Texas;  also 
the  importance  of  pumping 
plants  to  the  rice  industry  of 
the  Southwest.  To  this  end  the 
history  of  pumping  in  this  sec- 
tion was  briefly  related  and  ex- 
amples of  typical  pumping 
plants  given. 

About  ten  years  ago  a  move- 
ment was  started  by  Edward 
Wisner  to  reclaim  the  wet 
prairie  lands  lying  at  or  near 
Gulf  level.  The  work  is  now 
being  carried  out  on  an  exten- 
sive scale.  More  than  a  quar- 
ter of  a  million  acres  of  agricul- 
tural lands  have  been  reclaimed 
or  are  at  present  in  the  process 
of  reclamation  in  the  state  of 
Louisiana.   The  land  reclamation 

has  been  of  such  recent  development  that  there  is  no  ade- 
quate record  of  the  magnitude  of  the  pumping  plants,  such 
as  was  furnished  by  the  Special  Censors  of  1910  for  irriga- 
tion, and  this  the  paper  aimed  to  furnish. 

The  paper  drew  out  some  very  valuable  discussion,  not  in 
criticism,  however,  but  containing  supplementary  data  of  in- 
terest and  importance  in  connection  with  the  author's  his- 
torical record  of  the  development  of  low-lift  pumping  machin- 
ery and  his  presentation  of  test  results.  The  paper  and  dis- 
cussion furnish,  therefore,  an  adequate  source  of  reference  on 
reclamation  work  as  developed  in  the  Mississippi  Valley. 

DESCRIPTION    BY    JOHN    J.    HARMAN    OF    THE    PLANTS    IN    THE 
UPPER    MISSISSIPPI    VALLEY 

John  J.  Harman  (written).  In  the  Upper  Mississippi 
Valley  drainage  pumps  of  other  than  the  centrifugal  type 
have  hardly  been  used  at  all,  although  there  has  been  quite  a 
variety  of  different  kinds  of  prime  movers.  The  most  pre- 
dominant type  of  macliinery  used  in  the  earliest  plants  was 
the  low  head  centrifugal  pump,  driven  by  simple  slide  valve 
engine,  the  steam  being  supplied  at  about  100  lb.  pressure 
from  a  fire  tube  boiler.  The  machinery  in  these  plants  was 
far  from  being  high  grade  in  materials  and  workmanship,  and 
often  the  pumps  did  not  have  sutHcient  capacity  to  handle 
the   drainage  water  under  wet   weather  conditions.     Another 


Professor  Gregory's  paper,  the  discussion  of 
which  is  here  presented,  related  the  history  of 
low-lift  pumping  in  the  Gulf  Coast  country  and 
gave  examples  of  typical  pumping  plants. 

The  discussion  supplements  the  author's  rec- 
ord by  examples  of  })lants  in  the  Upper  Mis- 
sissippi Valley. 

It  includes  additional  information  regarding 
the  unique  low-lift  screw  pumps  recently  in- 
stalled by  the  Neiv  Orleans  Sewerage  a/tid  Water 
Board.  Each  of  these  pumps  has  a  capacity  of 
225,000  gal.  per  min.,  and  the  pumps  have  an 
efficiency  of  over  TO  per  cent  for  lifts  between 
3.5  and  10.5  ft. 

The  discussion  also  includes  supplementary 
data  on  low-lift  pump  details,  and  considers 
types  of  pumping  units  other  than  those  treated 
in  the  paper. 


common  fault  was  that  the  power  units  were  not  properly 
proportioned  to  the  loads  imposed  ujjon  them,  so  that  in  some 
cases  where  the  pumps  were  abundantly  large,  the  engines  and 
boilers  were  too  small  to  carry  the  load  when  the  river  was 
at  a  high  stage.    Add  to  this  unstable  foundations  and  poor 

management,  and  we  have  a  fair 
conception  of  these  earlier 
plants.  Some  of  them  were  com- 
plete failures,  and  the  ones 
which  handled  the  water  success- 
fully were  very  expensive  to  op- 
erate, diflScult  to  keep  in  repair 
and,  like  most  agricultural  ma- 
chinery, very  short-lived.  A 
number  of  these  plants  have 
been  completely  rebuilt,  long  be- 
fore the  bond  issue  covering  the 
original  cost  of  installation  was 
paid  oft".  The  great  benefits  de- 
rived by  drainage,  due  to  the 
high  fertility  of  the  reclaimed 
lands,  however,  oft'ered  a  reward 
so  tempting  that  the  develop- 
ment went  on  apace  in  spite  of 
the  difficulties  encountered. 

The  quality  of  machinery  in- 
stalled has  gTadually  improved. 
Centrifugal  pumps  especially 
designed  to  meet  the  peculiar 
requirements  of  this  service  have  been  developed,  which  show 
an  efficiency  of  from  65  to  80  per  cent,  or  even  higher,  through- 
out the  working  range.  Careful  designs  of  suction  and  dis- 
charge pipes  have  been  made,  reducing  the  total  pipe  friction 
and  velocity  head  losses  to  a  mere  fraction  of  the  losses  in 
the  earlier  plants.  The  power  producing  equipment  has  been 
vastly  improved,  both  in  quality  of  workmanship  and  ma- 
terials and  in  economy  of  operation.  Foundation  designs  of 
a  highly  permanent  character  and  fireproof  building  construc- 
tion have  been  introduced. 

These  improvements  in  pumping  plant  construction  have 
not  been  accomplished  without  much  persistent  effort  on  the 
part  of  the  engineering  profession  and  the  more  far-sighted 
land  owners.  In  many  cases,  of  course,  it  has  not  been  pos- 
sible to  design  in  accordance  with  the  dictates  of  engineei"ing 
judgment  ajiplied  to  the  problem  on  account  of  first  cost 
restrictions  placed  by  the  land  owners  and  district  officers. 

Although  there  is  a  rapidly  growing  trend  toward  high 
grade  pumping  plant  construction,  there  are  stiU  a  gi'eat 
many  who  willfully  close  their  ears  to  the  advantages  of:  a 
reduction  in  the  perjjetual  yearly  ojierating  cost  of  50  per 
cent  or  more;  permanent  foundations  having  a  life  of  100 
years  or  more,  particularly  the  part  below  normal  water 
level,  which  offers  great  construction  difficulties;  a  substantial 
fireproof  building  having  a  life  of  50  years  or  more;  high 
grade  heavy  type  machinery  on  stable  foundations,  ha\ang  a 
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life  of  30  years  or  more;  a  substantial  reliable  confidence- 
breeding  pumping  plant,  the  heart  of  the  reclamation  project, 
which  adds  dollars  to  the  value  of  every  acre  of  land  in  the 
district.  It  is  encouraging  to  note  that  dui'ing  the  past  five 
or  six  years  a  number  of  this  type  of  high  grade  pumping 
plants  have  been  constructed. 

As  typical  of  these  high  grade  plants,  a  brief  description 
of  three  plants  is  given  below,  together  with  a  statement  of 
the  economy  guarantees  and  the  results  of  the  acceptance 
tests. 

Elsberry  Drainage  District. — The  Elsberry  Drainage  Dis- 
trict is  located  in  the  State  of  Missouri  on  the  west  bank  of 
the  Mississippi  River,  about  70  miles  above  St.  Louis,  Mis- 
souri. It  contains  25,000  acres  of  reclaimed  land.  About 
113.000  acres  of  hill  drainage  is  diverted  to  the  Mississippi 
River  above  and  below  the  district  by  means  of  diversion 
channels. 
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Fig.  1    PusiPixG  Plant  of  the  Elsberry  Drainage  District 


The  pumping  plant  contains  the  following  principal  equip- 
ment : 

Two  4S-in.  Alberger  low  head  centrifugal  pumps 

Two  21  in.  X  26  in.  Fleming-Harrisburg  Heavy  Duty  Vniflow  Engines 

Two  American   jet   condensers  driven   by  silent  chain   drives   from  the 

main  engine  shafts 
Two  16S-h.p.  Heine  water  tube  boilers,  equipped  with  shaking  grates, 

soot  blowers  and  induced  draft  apparatus 
One   Webster    open    feed    water    heater,    together    with    miscellaneous 

auxiliaries  and  appurtenances. 

Fig.  1  shows  the  general  layout  of  this  plant,  while  Fig.  2 
shows  on  a  larger  scale  the  suction  intake  arrangement.  Par- 
ticidar  attention  is  directed  to  the  permanent  character  of 
this  design,  the  intakes  being  built  in  solid  concrete  and  the 
discharge  pipes  being  encased  in  concrete  below  normal  water 
level.  The  friction  loss  in  this  intake  is  so  small  as  to  be 
almost  immeasurable,  and  the  total  friction  and  velocity  head 
loss  in  the  intake  and  discharge  pipes,  with  the  pumps  oper- 
ating at  normal  capacity,  is  less  than  one  foot. 

Ajiother  feature  of  this  design  is  the  cross-connection  of 
the  two  units,  so  that  one  or  both  pumps  may  be  operated 
from  either  engine.  For  ordinary  pumping  heads  up  to  about 
7  ft.  both  pumps  are  operated  by  one  engine,  thus  securing 
much  better  engine  economy  at  the  low  heads. 


The  acceptance  test  of  this  plant  was  made  in  1915.  The 
pumping  head  during  the  test  averaged  7.52  ft.,  and  by  con- 
verting the  data  to  giiarantee  conditions  the  following  results 
were  secured: 

a     Pounds  of  lO.SOO  B.t.u.  coal  per  acre-foot  of  water  pumped 

against   a    6-ft.    static    head 36.6 

h  Pounds  of  10,800  B.t.u.  coal  burned,  per  useful  water  horse- 
power          4.43 

f     Contractor's    guarantee :      Pounds    of    lO.KOO    B.t.u.    coal    per 

acre-foot  of  water  pumped  against  a  6-ft.   static   head....        38 

'Muscatine-houisa  Drainage  District  Xo.  13. — The  Musca- 
tine-Louisa Drainage  District  No.  13  is  located  in  the  State 
of  Iowa  on  the  west  bank  of  the  Mississippi  River,  just  below 
Muscatine.  Iowa.  It  contains  21,400  acres  of  reclaimed  land, 
and  30,000  acres  of  additional  land  drains  into  the  district 
and  has  to  be  pumped.  Much  of  the  land  is  of  a  sandy  nature, 
so  that  the  run-off  is  delivered  slowly  to  the  ditches.  The 
plant  contains  the  following  principal  equipment: 

Two  54-in.  Worthington  low  head  centrifugal  pumps 

One  36-iu.  Worthington  low  head  centrifugal  pump 

Two  20  X  30  Filer  &  Stowell  Uniflow  engines,  direct  connected  to  the 
54-in.   pumps 

One  14  X  30  Filer  &  Stowell  Unifiow  engine,  direct  connected  to  the 
36-in.  pump 

Two   7-in.    Schutte-Kocrting  Eductor  Condensers 

One  5-in.  Schutte-Koerting  Educi:or  Condenser 

Two  200-h.p.  and  one  lOO-h.p.  water  tube  boilers,  equipped  with  Heine 
superheaters,  shaliing  grates,  soot  blowers  and  induced  draft  ap- 
paratus 

One  Cochrane  feed  water  heater  and  purifier,  together  w'ith  miscella- 
neous auxiliaries  and  appurtenances. 

The  steam  is  generated  at  175  lb.  pressure  and  carries  100 
(leg.  superheat.  The  condensers  produce  a  vacuum  of  26  in., 
the  circulating  pumps  being  driven  by  silent  chain  drives 
from  the  main  engines. 

The  general  layout  of  this  plant  is  shown  in  Fig.  3,  p.  47, 
of  the  U.  S.  Department  of  Agriculture  Bulletin  304. 

The  contractor's  guarantees  on  the  economy  of  this  plant 
read  as  follows:  The  coal  per  acre-foot  when  pumping  against 
a  6-ft.  static  head  is  estimated  from  manufacturer's  guaran- 
tees not  to  exceed  46  lb.,  and  will  not  in  any  event  exceed  56% 
lb.  when  tested  as  required  by  the  specifications. 

The  acceptance  test  of  this  plant  was  conducted  in  Jime, 
1915.  The  pumping  head  at  the  time  of  making  the  test  was 
only  about  4  ft.,  but  by  converting  the  data  to  the  guarantee 
conditions  by  means  of  the  contractor's  efficiency  and  capacity 
curves,  the  final  results  secured  were  as  follows : 

a     Pounds  of  10.500  B.t.u.  coal,  per  acre-foot  of  water  pumped 

against  a  6-ft.  static  head 35.4 

6  Pounds  of  10,500  B.t.u.  coal  burned,  per  useful  water  horse- 
power         4.29 

c     Contractor's    guarantee :    Pounds    of    10..'iOn    B.t.u.    coal    per 

acre-foot  of  water  pumped  against  a  6-ft.  static  head 56.5 

Fabius  Eiver  Drainage  District. — The  Fabius  River  Drain- 
age District  is  located  in  the  State  of  Missouri  on  the  'west 
bank  of  the  Mississippi  River,  opposite  Quincy,  Illinois.  The 
district  contains  14.250  acres  of  reclaimed  land.  The  North 
and  South  Fabius  Rivers,  having  a  drainage  area  of  about 
1.000,000  acres,  are  diverted  around  the  lower  end  of  the 
district,  and  about  19,000  acres  of  hill  land  drainage  is  di- 
verted to  the  river  at  the  upper  end  of  the  district. 

The  pumping  plant  is  now  under  process  of  construction, 
and  when  completed  will  contain  the  following  principal  equip- 
ment: 

Two  42-in.  Southwark  double  suction  low  head  drainage  pumps 
Two  250-h.p.  .Southwark-Harris  valveless  oil  engines   (Dirsel  principle) 
One  60-h.p.  Winslow  high  pressure  oil  burning  steam  boiler  for  auxil- 
iaries.    The  layout  of  this  plant  is  very  similar  in  general  char- 
acter to  the  layout  of  the  Elsberry  Drainage  District  plant. 

While  this  plant  has  not  been  tested,  it  is  expected  to  meet 
the  contractor's  guarantees  without  difficulty.  The  guarantees 
are  as  follows : 

o     Pounds  of  18.500  B.t.u.  25  deg.  BaumS  fuel  oil,  per  acre-foot 

of  water  pumped  against  a  6-ft.  static  head 7.76 

b     Pounds   of   1S.500   B.t.u.   25  deg.   Baum«  fuel  oil   burned   per 

useful    water   horsepower 0.94 
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•Another  phase  of  the  problem  of  drainage  pumping,  fully 
as  important  as  design  and  construction,  is  the  proper  main- 
tenance and  economical  operation  of  the  plant  from  day  to 
day  and  from  year  to  year.  Reclaimed  lands  of  this  type 
are  encumbered  perpetually  to  the  extent  of  this  maintenance 
and  operation  cost.  Like  interest,  it  runs  on  forever,  but  un- 
like interest,  it  is  far  from  being  a  fixed  charge  In  some 
districts,  through  uneconomical  operation,  mismanagement 
and  other  causes,  this  has  become  a  very  serious  burden, 
amounting  in  one  instance  to  considerably  over  $3.00  per 
acre,  per  year,  as  compared  with  30  to  60  cents  per  acre  in 
fair  sized  districts  having  economical  and  well  managed  plants. 
There  are  a  great  many  factors  affecting  the  cost  of  operation 
which  cause  the  operating  cost  to  vary  quite  materially,  even 
when  the  plant  is  well  operated  and  maintained,  such  as  size 
of  district,  kind  of  plant,  exceptionally  long  periods  of  high 
water  in  river,  exceptional  heavy  rainfall,  rainfall  not  well 
distributed,  seepage  through  leaky  levees,  and  last  but  by  no 
means  least,  spring  water. 

Experience  along  the  Illinois  and  Upper  Mississipjii  Rivers 
has  demonstrated  that  spring  water  may  easily  add  100  per 
cent  to  the  normal  yearly  pumping  requirements.  The  un- 
avoidable variations  in  operating  cost  from  year  to  year  make 
it  too  hazardous  for  the  operation  to  be  contracted  on  the  lump 
sum  basis,  and  the  only  plan  which  has  been  used  to  any 
extent  in  this  region  to  increase  the  operating  efficiency  of  the 
plants  is  to  employ  a  supervising  engineer,  who  makes  tests 
at  the  plant  under  various  operating  conditions  and  deter- 
mines the  most  economical  pump  speeds  throughout  the  range 
of  pumping  head.  He  also  keeps  in  touch  with  the  plant  by 
means  of  daily  reports  from  the  station  engineer,  containing 
data  which,  combined  with  the  pump  ratings,  will  give  a 
complete  plant  test  for  each  operating  day.  If  anything  goes 
wrong  with  the  machinery  in  any  way,  it  is  thus  discovered 
at  once  and  corrected  before  any  material  amount  of  money  is 
wasted  in  inefficient  oi)eration. 

The  matter  of  proper  pump  speed  is  of  much  gieater  im- 
portance in  the  Upper  Mississippi  Valley  than  in  the  Gulf 
Coast  Region  on  account  of  the  very  much  greater  variation 
in  pumping  head,  and  consequent  losses  when  the  pumi:)s  are 
operated  at  the  wrong  speeds. 

Another  common  cause  for  inefficiency  is  the  partial  ob- 
struction of  the  waterways  in  the  pumps  or  pipes  by  some 
foreign  substance.  Instances  of  this  kind  have  been  found 
where  the  obstruction  had  seriously  reduced  the  pump  capacity 
for  a  long  period  of  time  without  being  discovered  and  re- 
moved. The  pump  capacity  is  also  oftentimes  seriously  re- 
duced without  the  knowledge  of  the  attendant  by  air  pockets 
in  the  summit  of  the  discharge  pipes.  The  data,  contained  in 
the  daily  operating  rejiorts  would  immediately  disclose  troubles 
of  this  kind  to  the  supervising  engineer. 

Another  valuable  service  rendered  by  the  supervising  engi- 
neer is  in  seeing  to  the  proper  maintenance  of  the  plants  and 
making  the  necessary  repairs. 

These  plants  always  have  a  season  during  the  summer  and 
fall  when  they  are  completely  shut  down  for  long  periods, 
and  this  affords  an  excellent  opportunity  for  overhauling  the 
plant,  making  any  necessary  repairs  and  putting  all  the 
equipment  into  first-class  operating  condition  for  the  next 
pumping  season. 

Engineering  supervision  insures  reliable  pumping  sei'vice, 
economical  operation  and  proper  plant  maintenance,  results 
which  are  of  far  more  value  to  the  drainage  district  than  the 
cost  of  the  service. 

As  previously  stated,  the  experience  in  the  region  under 


discussion  seems  to  indicate  that  engineering  su])ervision  of 
operation  is  fully  as  important  to  the  continued  success  of 
these  pumping  plant  projects  as  engineering  design  and  super- 
vision of  construction,  but  it  would  appear  that  the  general 
run  of  landowners  and  district  officials  must  be  educated  con- 
siderably before  engineering  service  will  be  employed  in  this 
connection  to  any  great  extent.  The  writer  feels  that  the 
Drainage  Investigation  Division  of  the  U.  S.  Department  of 
Agriculture  might  very  properly  make  this  matter  of  pump- 
ing plant  operation  and  maintenance  the  subject  of  a  thor- 
ough investigation  and  bulletin. 
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JIASIMUJI    ULTIMATE    ECONOMY    OF    THE    WOOD    SCREV7    PUMP 
POINTED   OUT   BY    S.    L.    MENGE 

S.  L.  Menge  (written).  The  function  of  a  drainage-pump- 
ing station  is  to  maintain  the  water  level  on  its  suction  side 
lower  than  the  water  on  its  discharge  side.  When  it  has  just 
ceased  to  do  this,  it  becomes  an  obstruction  instead  of  an 
asset,  and  its  crucial  test  is  its  capacity  to  discharge  more 
and  more  water  with  less  and  less  power  per  unit  discharged 
as  the  lift  decreases  and  the  necessity  to  pump  therefore  is 
most  urgent.  At  the  most  crucial  point,  if  the  power  and 
tlie  piunping  capacity  are  properly  adjusted,  one  will  be  able 
to  pump  with  the  same  power  expenditure  from  three  to  five 
times  as  much  water  per  applied  brake  horsepower  with 
jnimps  having  the  characteristics  of  the  new  Wood  screw 
l>umps  as  with  pumps  having  characteristics  of  the  earlier 
type  of  pumps  installed  in  New  Orleans — or  with  the  best 
design  of  centrifugal  units. 

The  development  of  low-lift  pumping  machinery  has  neces- 
sarily been  undertaken  principally  by  the  large  i)ump  manu- 
facturers where  competition   involved  simply   the  reliability, 
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economy  and  first  cost  of  the  pumps  only,  without  considera- 
tion of  the  other  essential  features,  which  must  be  considered 
in  the  ultimate  system. 

The  experience  heretofore  of  the  Sewerage  and  Water 
Board  has  been  that  during  great  storms,  when  lifts  were 
much  below  the  rated  lifts,  the  older  forms  of  pumps  over- 
loaded their  motors  and  also  overloaded  the  power  stations, 
.so  that  all  pumping-station  units  could  not  be  maintained  in 
service.  With  the  eleven  additional  screw  pumps,  which  the 
Sewerage  and  Water  Board  proposes  to  install,  and  less  than 
enough  additional  power  to  operate  them  at  their  rated  lift, 
because  the  flow  at  rated  lift  can  never  supply  all  pumps,  this 
condition  will  be  reversed.  The  decreasing  amount  of  power 
required  to  operate  the  new  pumps  as  their  lift  decreases  will 
more  than  compensate  for  the  excess  amount  required  by  the 
old  ones  when  their  lift  decreases  and  the  necessitj-  to  pumj) 
is  at  its  greatest. 

According  to  a  test  conducted  by  Prof.  W.  H.  P.  Creighton, 
Dean   of  the  Department  of  Technology,   Tulane   University, 


Fig.  3    Section  through  12-ft.  Screw  Pump 

New  Orleans,  the  Wood  screw  pumps  of  the  New  Orleans 
Sewerage  and  Water  Board  give  their  best  efficiency  at  7  to 
8-ft.  lift,  and  show  a  better  figure  for  71/2  ft.  than  the  best 
of  the  Board's  old  centrifugal  pumps  at  its  best  point,  11  ft. 
The  advantages  of  accessibility,  operation,  first  cost,  etc.,  are, 
however,  more  than  sufficient  to  dictate  the  use  of  the  screw 
pump  even  if  the  power  consumption  characteristics  were  the 
same  as  those  of  the  centrifugal. 

Passing  over  the  improvements  which  are  apparent  in  the 
examination  of  the  diagram  of  the  comparative  efficiency 
curves,  it  seems  that  the  local  benefit  is  best  illustrated  by 
comparing  the  cubic  feet  per  second  discharge  per  applied 
brake  horsepower  of  the  76  r.p.m  screw  pump  than  for  the 
other  groups  of  pumps. 

The  best  of  these  pumps,  measured  by  this  yardstick,  adds 
only  50  per  cent  to  its  capacity  per  applied  brake  horsepower 
as  its  lift  drops  from  its  point  of  maximum  efficiency,  which 
is  11  ft.,  down  to  zero,  while  the  new  screw  pump  increases 
its  capacity  per  applied  brake  horsepower  300  per  cent  from 
its  lift  for  maximum  efficiency  at  IVo  ft.  down  to  zero. 

In  a  system  like  that  in  New  Orleans,  operated  electrically 
with  power  and  pump  capacity  designed  to  give  the  required 
outjiut  under  those  low-lift  conditions  which  require  the 
greatest  quantity  of  discharge,  the  power  requirement  t^i 
operate  all  units  will  be  much  less  with  screw  than  with  cen- 


trifugal pumjis.  Since  as  the  lift  increases,  the  available  flow 
approaching  the  stations  decrea.ses  and  fewer  j^umping  units 
have  to  be  operated,  the  power  required  to  operate  the  pumps 
at  a  low  lift  will  still  suffice  to  operate  enough  units  as  the 
lift  increases  to  take  care  of  the  decreasing  flow.  With  pumps 
driven  by  power  units  capable  of  some  speed  variations,  the 
characteristic  of  the  screw  pump  is  such  that  available  power 
can  be  utilized  at  an  increased  speed  at  lifts  far  below  the 
rated  lift,  without  the  serious  sacrifice  of  efficiency  which  an 
increase  of  speed  entails  with  centrifugal  pumps. 

Professor  Creighton's  test  was  made  with  a  view  towards 
determining  the  amount  of  water  that  one  of  the  new  12-ft. 
Wood  screw  pumps  could  lift,  and  the  efficiency  of  perform- 
ance. The  result  shows  that  the  pump  raised  .5.59  cu.  ft.  per 
sec.  through  a  height  of  5.6  ft.  and  519.8  cu.  ft.  per  sec.  to 
7.6  ft.,  the  pump  making  between  75  and  76  r.p.m.  and  the 
efficiency  varying  between  76  and  80  per  cent. 

It  should  be  noted  that  these  pumps  are  not  designed  to  fit 
a  certain  condition  of  lift,  which  maj'  be  more  or  less  arbitrary 
and  theoretical,  but  are  designed  to  work  with  the  maximum 
economy  on  widely  varying  lifts,  such  as  actually  obtain  in 
service  on  practically  evei-y  drainage  problem. 

The  New  Orleans  units,  with  capacity  of  .500  to  600  cu.  ft. 
per  sec,  can  be  advantageously  installed  in  a  space  only 
slightly  wider  than  the  suction  bells  themselves  (22  ft.)  and 
depth  of  building  of  50  ft.  inside.  They  are  particularly  free 
from  any  vibration  and,  therefore,  require  little  foundation 
mass.  They  operate  at  relatively  high  speeds,  being  particu- 
larly suited  for  direct  connection  to  electric  motors  at  con- 
stant speed.  They  are  entirely  self-oiling,  no  bearing  coming 
in  contact  with  the  water  or  subject  to  giit  and  wear.  A 
section  of  one  of  these  pumps  is  given  in  Fig.  3. 


ABDITIONAL    DATA    BY    B.    S.    NELSON    RELATING    TO    PIPE    ENDi,, 
SUCTION    BASINS,    ETC. 

B.  Stanley  Nelson  (written).  The  author  shows  clearly 
the  importance  of  enlarging  the  ends  of  the  suction  and  dis- 
charge pipes  to  recover  velocity  head,  because  this  head,  un- 
less converted  to  pressure  head,  and  so  recovered,  represents 
a  considerable  portion  of  the  total  lift. 

An  important  feature  in  the  design  of  these  expanding  ends 
on  the  suction  pipes  is  the  angle  of  the  plane  of  entrance 
with  relation  to  the  water  line.  The  center  line  of  the  suc- 
tion usually  makes  an  angle  of  from  30  to  60  deg.  with  the 
water,  and  three  types  of  ends  naturally  suggest  themselves, 
as  shown  in  Fig.  4,  A  being  where  the  end  is  at  right  angles 
to  the  center  line.  B  at  right  angles  to  the  water  and  C  paral- 
lel to  the  water. 

The  writer  has  had  occasion  to  design  and  obser\e  the  be- 
havior of  a  number  of  installations  where  one  or  other  of  the 
three  forms  of  ends  or  modifications  of  them  was  used,  and 
the  conclusion  is  that  type  C  is  the  best.  Both  A  and  B 
(particularly  A)  cause  suckholes  to  be  formed, — sometimes 
with  a  considerable  depth  of  water  over  them,  while  with  C 
it  is  possible  to  jiump  down  to  within  a  few  inches  of  the  end 
of  the  pipe.  Suckholes  are  objectionable,  as  they  admit  air 
to  the  pump,  and  air  in  a  centrifugal  reduces  both  the  ca- 
pacity and  efficiency. 

The  design  of  the  discharge  end  of  the  pipes  is  not  so  im- 
portant other  than  the  ends  should  expand  sufficiently  to 
recover  velocity  head.  In  the  typical  drainage  plant  of  this 
region,  where  the  pumps  discharge  into  an  outfall  canal  close 
to  the  plant  foundation,  care  must  be  taken  to  direct  the  flow 


JDLY 
1916 


DISCUSSION  ON  DRAINAGE  PUMPING 


557 


of  water  so  as  not  to  cause  scourug  of  the  canal  bottom,  and 
tlie  design  shown  as  T),  Fig.  5,  works  very  well.  The  flattened 
end,  D',  is  used  on  large  pipes  to  reduce  the  depth  at  wliieh 
the  pipes  must  be  set  to  maintain  the  sii^hon  seal. 

In  his  description  of  the  test  of  the  Louisiana  Meadows  oil 
engine  driven  plant,  the  author  has  touched  on  a  feature  of 
the  typical  drainage  plant  of  this  region,  where  pumps  of 
large  size  with  very  short  suction  pipes  are  set  in  a  dam 
across  a  canal,  and  that  is  the  relation  of  the  suction  basin 
to  the  efficiency  of  the  pumps. 

At  first  thought,  it  would  seem  that  if  the  suction  basin 
were  deep  enough  at  the  end  of  the  pipe,  it  would  need  no 
further  consideration,  and  that  if  there  were  some  obstruction, 
the  only  effect  would  be  to  slightly  increase  the  friction  head 
due  to  restriction  of  area  at  entrance.  It  has  been  found, 
however,  that  where  the  suction  basin  is  too  shallow,  or,  if 
deep  enough,  through  some  irregularity  of  contour  causes 
greater  velocity  of  approach  at  one  side  than  the  other,  or 
if  there  is  a  mud  lump  in  front  of  the  suction,  the  effect  is 
not  only  to  reduce  the  capacity,  but  also  the  efiSciency  of  the 
pump.  This  is  probably  due  to  the  fact  that  any  disturbance 
at  entrance  goes  on  up  through  the  suction  into  the  pump 
impeller  because  the  pipe  is  too  short  to  allow  the  velocities 
across  a  section  of  the  pipe  to  smooth  out  before  reaching  the 
pump.  In  the  case  of  the  Citrus  plant,  tests  showed  an  in- 
crease in  efficiency  of  about  8.5  per  cent  after  dredging  out 
the  suction  basin.  The  remedy  is  to  give  more  thought  to 
the  design  of  the  suction  basin.  This  has  usually  been  given 
but  slight  consideration,  because  it  is  the  junction  point  of 
the  dredging  and  machinery  contractors,  and  each  feels  tiiat 
it  is  the  work  of  the  other. 

A  very  interesting  and  important  feature  of  two  of  the 
plants  mentioned,  namely,  the  motor  driven  Citrus  plant,  and 
the  oil  engine  driven  Raceland  plant,  is  the  power  character- 
istics of  the  pumps.  The  usual  centrifugal  pump  power 
curve  called  for  a  great  increase  in  power  at  heads  much 
lower  than  normal  working  head,  if  the  speed  were  kept  con- 
stant. This  presented  no  great  difficulty  in  the  case  of  the 
steam  engine  driven  unit,  for  the  steam  engine  is  flexible,  and 
the  speed  and  cut-off  could  be  varied  to  suit  the  head.  But 
in  the  case  of  the  motor  driven  plant  it  was,  for  obvious  rea- 
sons, preferable  to  use  a  constant  speed  induction  motor;  it 
was  also  desirable  to  have  the  motore  fully  loaded  at  normal 
head,  to  get  best  motor  eflficieney.  The  problem  was  to  design 
a  pump  which,  when  run  at  constant  speed  at  all  heads  by  a 
motor  which  would  be  fully  loaded  at  normal  head  would  not 
overload  that  motor  at  zero  or  intermediate  heads.  The  pump 
builders  met  these  conditions  by  using  an  impeller  which  is  a 
combination  of  the  centrifugal  types — the  pumps  have  a 
characteristic  such  that  the  ratios  of  the  power  input  at  2,  4, 
6,  8  and  10  feet  to  the  power  at  normal  head  of  6  ft.  are  as 
follows :  0.93,  1.00,  1.00,"  0.99  and  0.88. 

In  the  case  of  the  Raceland  plant,  the  pump  designer  had 
additional  problems  to  contend  with  in  the  characteristics  of 
the  oil  engine.  An  oil  engine  should  not  be  overloaded  be- 
yond about  10  per  cent  of  its  full  load  rating;  its  speed,  for 
best  results,  is  fixed,  or  nearly  so ;  and  in  this  size  unit,  this 
sjjeed  is  considerably  higher  than  the  usual  speed  for  a  ]^um]) 
with  4  or  5-ft.  lift.  Direct  connection  was  necessary  because 
the  initial  cost  of  the  oil  engine  precluded  the  use  of  a  gear 
reduction  such  as  was  justifiable  in  the  case  of  the  motor 
driven  plant.  By  the  use  of  the  combination  impeller  men- 
tioned, the  designer  has  I)nilt  these  jHimps  with  a  practically 
straight  line  power  curve,  the  variation  in  horsepower  at  all 


working  heads  between  zero  and  7-ft.  lift  being  about  5  per 


cent. 


INDORSES  MR.  GREGORY  S  PAPER  AS  SOURCE  OF  REFERENCE 

A.  M.  Shaw  (written).  The  author's  careful  exposition 
of  the  various  types  of  pumps  which  have  been  used  and 
the  description  of  the  conditions  under  which  they  have  op- 
erated will  do  much  toward  reducing  the  labor  and  annoy- 
ances of  engineers  engaged  in  preparing  plans  for  future 
installations  for  this  kind  of  service. 

Reference  to  this  paper  should  suffice  as  an  answer  to  many 
of  the  questions  over  which  we  are  now  wasting  time  and 
patience.  It  contains  much  valuable  data  which  have  hitherto 
been  unavailable,  and  its  net  result  will  be  a  benefit  to  the 
profession  and  a  still  greater  benefit  to  the  public,  as  it  will 
enable  their  designers,  the  engineers,  to  make  use  of  past  ex- 


LOtV   tvArcff 


Fig.  4    Typical  Suction  Pipe  Ends 


Fig.  5    Typical  Discharge  Pipe  Ends 


jierience  in  the  development  of  low-Uft  pumping  machinery 
and  to  avoid  the  errors  in  design  to  which  our  attention  has 
been  called. 


discussion  of  the  possibilities  of  other  types  of  pumping 
UNiT§  for  this  service 

Charles  C.  Trump  (written).  There  are  new  types  of 
jiumping  engines  already  entering  this  field.  The  four-stroke 
cycle  type  of  Humphrey  pump,  which  uses  internal  combus- 
tion in  direct  contact  with  the  Kquid  to  be  pumped,  is  hardly 
suitable  for  lifts  under  15  ft.,  on  which  it  depends  for  the 
compression  which  makes  for  efficiency  of  combustion.  A 
two-stroke  type  now  in  process  of  develojiment  gives  promise 
of  working  well  on  heads  of  8  to  10  ft.,  but  is  somewhat  high 
in  first  cost. 

An  entirely  new  type  of  pumping  engine,  known  as  the 
Tube  pump,  based  in  part  on  the  principle  of  the  Humphrey 
pump,  has  just  been  developed,  and  gives  promise  of  work- 
ing out,  not  only  for  large  volumes  with  low  lifts,  but  espe- 
cially for  small  plants  taking  water  from  wells  at  lifts  from 
50  to  100  ft.  or  more  for  irrigation.  This  type  of  pumping 
engine  may  be  driven  by  power  cylinders  using  either  inter- 
nal combustion  or  steam. 

As  has  already  been  discussed  in  recent  papers  before  the 
Society,  higher  steam  pressures  present  opportunities  for  im- 
proving the  economies  of  steam  power  plants.  Why  should 
not  such  improvements  be  made  as  well  in  pumping  engines? 
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It  would  seem  as  if  marine  engines  ada])ted  to  liigii  pressures 
would  be  suitable  for  driving-  screw  pumjis.  Even  steam  tur- 
bines might  be  used;  but  an  engine  still  better  adapted  to 
utilize  the  theoretical  advantage  of  higher  pressures  is  now 
available  in  the  unaflow  steam  engine. 

Designs  of  pumping  engines  on  the  unaflow  principle,  which 
uses  a  large  ratio  of  expansion  in  one  cylinder  without  conden- 
sation losses,  and  with  few  valves,  have  already  been  made  by 
the  Stumpf  Una-Flow  Engine  Co.  for  many  classes  of  service. 
A  flywheel  and  crank  engine  with  double  acting  plunger  pump 
and  steam  cylinder  with  but  tivo  steam  valves  of  the  poppet 
type;  a  screw  pumjj  with  vertical  shaft  and  engine  crank 
rotating  in  a  horizontal  plane;  a  marine  type  engine  for  high 
pressure  steam  (500-600  lb.)  for  driving  a  propeller  in  a  tube 
for  lifting  water  only  3  to  5  ft.,  and  power  cylinders  of  the 
unaflow  tyjie  for  Tube  pumjis  have  all  been  worked  out  and 
some  of  them  are  now  in  the  shop.  It  should  not  be  long, 
therefore,  before  some  of  these  modern  pumping  engines  are 
in  the  service  this  paper  describes. 

For  generating  high  pressure  steam  economically  in  large 
units  the  Winslow  Safety  High  Pressure  boiler  is  now  being 
built,  the  first  unit  of  500-h.p.  capacity  now  being  made  for 
the  City  of  Chicago.  A  small  unit  is  being  worked  out  with 
automatic  control  of  water  feed  pump  and  fuel  oil  burner 
for  use  with  a  Tube  pump  of  800  gal.  per  min.  capacity  at 
40  to  60-ft.  lift,  suitable  for  ii-rigation  from  artesian  wells 
on  individual  farms  without  the  need  of  skilled  mechanical 
attendance.  The  first  of  these  small  units  will  probably  be 
installed  in  the  Nueces  Valley  in  Texas  in  the  near  future,  not 
far  from  the  Gulf. 

When  some  of  the  above  pumping  engines  have  proved 
their  advance  in  economy,  measured  by  the  actual  total  cost 
of  pumping  under  conditions  of  which  I  hope  to  have  intimate 
knowledge,  it  would  be  a  great  pleasure  to  me  to  present 
before  the  Society  for  discussion  one  or  more  papers  on  this 
subject,  with  the  hope  that  they  may  prove  as  interesting  as 
this  one  by  Professor  Gregory. 

S.  T.  Wellhan  also  thought  that  the  conditions  described 
in  the  paper  were  ideal  for  the  working  of  the  Humphrey 
gas  pump  which  has  been  developed  in  England  and  in  which 
a  mixture  of  gas  and  air  is  exploded  in  direct  contact  with 
the  liquid  to  be  pumped.  In  this  type  of  pimip  heavy  moving 
pistons  are  avoided  and  the  only  moving  parts  are  the  valves. 
The  gas  is  made  in  a  common  gas  producer  and  does  not 
have  to  be  jiurified.  The  economy  of  the  pump  is  very  high, 
while  the  cost  is  very  low,  as  all  the  weighty  parts  are  not 
finished  at  all. 

W.  B.  Gregory  said  that  an  installation  of  the  Humphrey 
pump  for  irrigation  work  existed  at  Del  Rio,  Texas,  but  it 
did  not  yet  appear  that  this  type  of  pump  is  yet  suited  to 
the  low  lifts  in  drainage  work.  Most  of  the  pumping  in  the 
Gulf  Coast  country  for  drainage  and  agiieulture  is  done  with 
a  difference  of  level  of  from  3  to  5  ft.,  chiefly  of  the  former. 
There  are  great  differences  to  be  overcome  in  applying  the 
Humphrey  pump  t<)  these  low  lifts.  For  high  lifts  he  thought 
this  pump  had  a  future,  particularly  in  parts  of  Texas  and 
other  parts  of  the  country  where  lignite  and  cheap  fuels  from 
which  producer  gas  may  be  made  are  available. 


At  present,  some  form  of  internal  combustion  engine  seems 
to  offer  the  best  solution  of  the  power  problem  for  pumping 
plants  in  this  section.  Steam  plants  use  much  more  fuel  for 
an  equal  output  of  work  and  the  boiler  problems  are  often  per- 
plexing, especially  in  drainage  plants  whei'e  the  feed  water 
available  is  liable  to  cause  trouble.  Compound  condensing 
Corliss  engines  have  been  used  quite  generally  in  irrigation 
and  have  also  been  used  in  some  drainage  plants.  Super- 
heated steam  has  been  employed  only  in  a  few  cases. 

Designers  of  pumping  plants  must  keep  in  mind  the  service 
for  which  the  plant  is  intended.  If  the  operation  is  to  be  con- 
tinuous and  the  lift  is  through  a  considerable  height  it  will 
pay  to  embody  devices  to  save  fuel  and  superheaters,  econo- 
mizers, expensive  engines  and  all  other  refinements  may  be 
justified. 

Irrigation  plants  are  operated  but  7-5  to  80  days  per  year. 
Drainage  plants  are  often  operated  but  "20  days  per  year.  Due 
to  the  nature  of  the  work  the  operation  of  both  types  of  plant 
in  a  humid  country,  with  occasional  heavy  rainfall,  is  inter- 
mittent and  this  is  especially  true  of  drainage  plants.  The 
fuel  economies  for  these  short  runs  must  be  balanced  against 
the  interest  and  depreciation  of  the  more  expensive  plant. 
Furthermore,  reliability  of  operation  is  of  greater  importance 
than  economy  and  complications  decrease  reliability. 

The  rapid  development  of  internal  combustion  engines,  the 
varying  price  of  fuel  oil  and  the  troubles  incident  to  boilers 
and  to  steam  plants  generally  all  will  have  a  bearing  on  the 
future  pumping  plants  for  irrigation  and  for  drainage.  Doubt- 
less the  future  will  witness  changes  that  we  may  not  today 
foresee. 

At  present  pumps  of  the  centrifugal  and  the  screw  types 
appear  to  hold  undisjauted  sway  in  the  field  of  low-lift  pnmp- 


The  influence  of  pressure  on  the  explosibility  of  acetylene, 
as  investigated  by  the  U.  S.  Bureau  of  ]\Iines,  is  given  m  the 
Bureau's  Technical  Paper  No.  112,  prepared  bj'  George  A. 
Burrell  and  G.  G.  Oberfell  from  experiments  made  to  deter- 
mine the  limits  of  complete  propagation  of  flame  in  mix- 
tures of  acetylene  and  air. 

Acetylene,  not  mixed  with  air,  was  enclosed  in  over  mer- 
cui-y  in  a  100  c.c.  glass  vessel  and  its  pressure  slowly  in- 
creased by  means  of  a  column  of  mercury  until  a  maximum 
pressure  of  5  atmospheres  was  obtained.  There  was  no  ex- 
plosion. The  experiment  was  twice  repeated,  and  each  time 
under  a  pressure  of  5  atmospheres  a  mild  explosion  with  the 
formation  of  much  carbon  resulted  when  a  platinum  coil  in 
the  gas  was  electrically  brought  to  a  white  beat,  while  with 
the  spark  from  an  induction  coil  there  was  a  violent  explosion 
at  3  atmospheres. 

When  acetylene  was  mixed  with  air  so  as  to  form  10,  20, 
30,  40,  50,  60,  70,  80  and  90  per  cent  acetylene  mixtures,  there 
was  no  explosion  from  compressing  the  mixtures  to  1,  2,  3, 
4,  and  5  atmospheres.  There  was  no  use  of  any  means  of 
ignition  such  as  an  electric  spark  or  a  heated  jilatinum  coil. 

The  experiments  showed  that  the  smallest  proportion  of 
acetylene  capable  of  propagating  a  flame  in  a  mixtiu-e  of 
acetylene  and  air  was  2.53  per  cent;  the  largest  was  about  73. 
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THE  GREAT  DOMINION  TELESCOPE 

To  THE  Editor  : 

Many  atteiu])ts  by  the  writer  to  picture  mentally  the  distance 
to  the  nearest  fixed  star  ended  in  a  beggared  imagination,  until 
last  year  at  the  Spring  Meeting  of  the  A.  S.  M.  E.  he  heard 
"  L'ncle  John  "  Brashear  measure  the  millions  of  miles  with 
tons  of  iridescent  spider  web  1-5,000  inch  in  diameter. 

Recently  with  500  engineers  and  many  other  citizens  he 
viewed  the  new  72-in.  reflecting  telescope  temporarily  mounted 
in  the  works  of  The  Warner  and  Swasey  Company  in  Cleve- 
land. The  story  of  the  spider  web  came  back  with  many  other 
delightful  recollections  of  that  remarkable  triumvirate, 
Warner,  Swasey,  and  Brashear  who  share  the  distinction  of 
manufacturing  the  world's  greatest  telescope.    He  felt  that  in 


Fig.  1      72-ix.  Eeflecting   Telescope  in  Works  of   The 
Waener  &  Swasey  Company 

the  heart  of  the  crowd  was  a  desire  to  pay  tribute  to  the 
engineers  and  scientist  greater  than  to  see  the  engine  of  science 
wliich  may  push  back  the  celestial  veil  a  few  more  million 
miles  or  reveal  a  few  more  million  stars. 

The  telescope  is  for  the  Dominion  Astronomical  Observa- 
tory, Victoria,  Canada.  The  princijsal  mirror  or  sjDeculum  and 
all  optical  accessories  are  from  the  works  of  The  John  A. 
Brashear  Company,  of  Pittsburgh.  The  reflecting  surface  of 
the  72-in.  mirror  is  ground  with  such  precision  that  it  nowhere 
deviates  from  the  parabolic  theoretical  curve  more  than  two 


one-hundred-thousandths  of  an  inch.  The  mirror  is  a  casting 
of  glass  12-in.  thick  at  the  edge  and  weighs  two  and  a  quarter 
tons,  the  great  thickness  being  necessary  to  prevent  all  flexure. 
A  full-sized  model  was  on  exhibition  with  the  tube  and  may  be 
seen  near  the  right  edge  of  the  photograpli.  Fig.  1,  as  a  white 
disk  with  a  hole  in  the  center,  not  unlike  a  huge  gi'indstone. 
All  structural  parts,  including  the  revolving  dome  and  ob- 
serving bridge,  were  designed  and  constructed  by  The  Warner 
and  Swasey  Company.  A  working  model  was  made  in  the 
early  stages  of  manufacture  of  cast  aluminum  at  a  cost  of 
about  $10,000,  shown  in  Fig.  2. 


Fig.  2     Working  Model  of  Telescope 

The  telescope  is  of  the  equatorial-mounting  type,  supported 
at  the  north  and  south  ends  by  bearings  in  a  direction  parallel 
to  the  earth's  axis.  The  declination  axis,  to  which  the  tube  is 
attached  at  90  deg.  passes  rectangularly  through  the  central 
cubical  portion  of  the  polar  axis.  The  instrument  weighs  55 
tons  and  will  be  mounted  on  reinforced  concrete  piers.  It  may 
be  used  in  three  forms,  observations  being  made  at  the  Prime 
focus,  at  the  Newtonian  focus,  or  at  the  CassegTain  focus. 
The  principal  work  at  the  Cassegraiu  focus  will  be  to  analyze 
the  light  of  the  stars  with  spectogTaph.  The  resulting  photo- 
graphed spectra  not  only  tell  us  the  composition  of  the  stars' 
atmosphere,  but  give  by  their  flame  length  an  accurate  deter- 
mination of  their  velocity  toward  or  from  us. 

A  precision  driving-clock  moves  the  telescope  with  great 
accuracy.  With  the  Cassegrain  focal  length  of  108  ft.,  the 
guiding  speed  of  the  star  image  at  the  focal  plane  is  one  three- 
hundredth  inch  per  second. 
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The  engineering  and  mechanical  problems  involved  in  de- 
signing and  constructing  a  telescope  of  such  proportions  and 
accuracy  are  apparent  only  when  an  appreciation  is  had  of 
the  fineness  of  astronomical  work.  Accuracy  in  astronomy  is 
illustrated  by  the  study  which  accounts  for  the  motion  of  the 
perigee  of  the  moon  within  1-300,000  per  cent.  Also  by  the 
fact  that  astronomers  are  searching  for  the  cause  of  a  monthly- 
change  of  less  than  1-1.000  of  a  second  in  the  length  of  the 
month. 

D.  P.  Clevens. 

Cleveland,  Ohio. 


AMERICAN   GAS   CENTENARY 

To  THE  Editor: 

The  American  Gas  Centenary  was  celebrated  in  Baltimore 
on  June  16  and  17  in  an  interesting  and  impressive  manner. 
On  June  17,  1816.  the  Mayor  and  City  Council  of  Baltimore 
gi-anted  a  franchise  to  The  Gas  Light  Company  of  Baltimore 
to  lay  pipes  for  the  distribution  of  gas  in  the  highways  of  the 
city.  In  the  following  February,  the  General  Assembly  of 
Marj'land  granted  a  charter  to  The  Gas  Light  Company  of 
Baltimore.  This  pioneer  charter  devolved  upon  the  present 
Consolidated  Gas  Electric  Light  and  Power  Company  of  Balti- 
more. 

The  Gas  Light  Company  was  the  first  gas  company  on  this 
continent,  its  founding  following  only  a  few  years  after  the 
incorporation  of  The  Gas  Light  and  Coke  Company  of  Lon- 
don, the  premier  gas  undertaking  of  the  world.  Since  gas 
was  first  turned  into  the  pipes  in  Baltimore,  there  lias  never 
been  a  failure  in  the  supply. 

To  celebrate  the  introduction  of  gas  lighting  on  this  con- 
tinent, as  signalized  by  the  founding  of  the  first  gas  company 
in  America,  the  Johns  Hopkins  University  held  a  commemora- 
tive meeting  on  the  evening  of  June  16  at  McCoy  HaU.  Presi- 
dent Frank  J.  Goodnow  of  the  University  presided,  and  the 
speakers  were :  Arthur  Graham  Glasgow,  consulting  engineer, 
of  London,  England;  L.  H.  Baekeland,  past-president  of  the 
American  Electro-Chemical  Society;  Walton  Clark,  president 
of  The  Franklin  Institute;  J.  E.  Aldred,  chairman  of  the 
boai-d  of  directors  of  the  Consolidated  Gas  Electric  Light  and 
Power  Company  of  Baltimore;  and  Jansen  Haines,  president 
of  the  National  Commercial  Gas  Association.  President  Good- 
now read  a  message  of  congratulation  on  the  celebration  of 
the  American  Gas  Centenarj'  from  The  Gas  Light  and  Coke 
Company  of  London,  and  announced  the  receipt  of  trans- 
continental telephone  messages  from  John  A.  Britton,  vice- 
president  and  general  manager  of  the  Pacific  Gas  and  Electric 
Company,  San  Francisco,  Cal.,  and  E.  C.  Jones,  chief  engineer. 

On  the  afternoon  of  June  16,  a  meeting  was  held  of  841 
employees  of  the  Consolidated  company  whose  length  of  ser- 
vice covered  a  period  of  more  than  five  years.  A  number  of 
these  men  had  been  associated  with  the  company  for  more 
than  half  a  century.  Service  badges,  designating  the  length 
of  service,  were  awarded  to  all  of  these  employees,  including 
forty-one  men  who  have  been  retired  and  receive  service  an- 
nuities under  the  company's  pension  plan.  It  was  announced 
that  in  addition  to  the  present  plan  the  company  would  insti- 
tute a  sick  and  death  benefit  system,  under  which  all  of  its 
employees,  after  a  few  years  of  service,  would  be  assured  of 
a  certain  amount  in  the  event  of  illness,  and  that  payments 
would  be  made  to  their  relatives  in  the  event  of  their  death. 
Under  this  plan,  as  well  as  under  the  pension  plan,  no  con- 
tributions are  made  by  employees. 


On  the  morning  of  June  17,  a  tablet  was  erected  on  Peale's 
Museum,  still  standing  in  Baltimore,  where,  in  1816.  Rem- 
brandt Peale,  artist,  naturalist,  and  technologist,  gave  an  ex- 
hibition of  gas  lighting,  to  witness  which  he  charged  an  ad- 
mission fee  to  those  citizens  of  Baltimore  who  were  inter- 
ested in  viewing  the  new  light.  Later,  Rembrandt  Peale  in 
association  with  an  architect,  a  newspaper  man  and  a  banker 
formed  The  Gas  Light  Company  of  Baltimore,  and  introduced 
the  new  illuminant  to  America.  The  tablet  was  presented  by 
Charles  M.  Cohn,  Nace-president  of  the  Consolidated  company, 
and  accepted  by  the  officials  of  the  city. 

Following  these  exercises  there  was  given,  under  the  aus- 
pices of  the  Consolidated  company,  an  educational  and  his- 
torical pageant.  This  consisted  of  a  procession  four  miles  in 
length,  including  52  symbolic  and  allegorical  floats,  2500 
marchers,  200  motor  vehicles,  several  hundred  horses,  and  10 
bands.  The  purpose  of  the  parade  was  to  demonstrate  graphi- 
cally the  development  of  the  industi-y  and  the  plant  require- 
ments made  necessary  by  the  obligation  imposed  upon  a  gas 
com)iany  to  supjily  good  and  adequate  service  under  all  con- 
ditions. Thousands  of  people  lined  the  streets  to  witness  the 
procession,  which  was  reviewed  by  the  officials  of  the  city  and 
of  the  company. 

C.  C.  Thomas. 

Baltimore,  Md. 


STANDARDS   FOR   ABBREVIATIONS 

To  the  Editor: 

In  the  April  issue  of  The  Journal  on  pages  319  and  320, 
appears  a  short  article  headed,  "  Conference  on  Abbreviations 
and  Terminology."  The  following  is  quoted  from  this  article: 
'■  Careful  study  was  made  of  the  abbreviations  in  general  use, 
and  complete  agreement  was  reached  concerning  the  abbrevia- 
tions given  in  the  list  below.  All  abbreviations  upon  which 
unanimous  agTeement  could  not  be  had  were  omitted  from 
consideration." 

This  is  followed  by  a  list  of  words,  abbreviations  and  rules. 

May  I  ask  if  one  is  to  interpret  the  foregomg  to  mean  that 
this  list  is  hereafter  to  be  the  standard  for  The  Journal?  It 
shows  some  radical  dejiartures  from  the  forms  heretofore  used 
in  The  Journal  and  Transactions,  and  there  seems  to  be  no 
good  reason  for  the  change. 

In  this  connection  attention  should  be  called  to  the  Prelim- 
inary Report  of  the  Committee  on  Technical  Nomenclature  of 
the  Society  for  the  Promotion  of  Engineering  Education, 
which  appears  in  the  June  bulletin  of  that  society.  The  pur- 
pose of  the  latter  committee  is  to  secure  agreement  throughout 
as  wide  a  circle  of  technical  men  as  possible,  on  the  spelling, 
hyphenating  and  abbreviation  of  disputed  technical  terms. 

The  method  followed  by  this  committee  of  the  S.  P.  E.  E. 
was  interesting.  The  various  reports  of  the  other  national 
societies  of  engineering,  that  dealt  with  the  questions  of  tech- 
nical nomenclature,  were  compiled  into  one  list  of  words.  A 
number  of  inconsistencies  were  discovered,  as  would  be  ex- 
pected. The  list  was  then  published  in  June,  1915,  as  a  Pre- 
liminary Report.  It  was  sent  to  teachers,  writers  and  engi- 
neers all  over  the  country  with  a  request  for  criticisms  and 
suggestions.  All  criticisms  relating  to  a  given  word  were 
written  on  a  card  assigned  to  that  word,  with  the  names  of 
those  making  the  criticisms.  In  addition,  many  lists  of  rules 
and  suggestions  were  received  by  the  committee  from  technical 
writers  who  were  interested  in  technical  nomenclature.  The 
correspondence  relating  to  this  work  was  carried  on  for  over 
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a  year  and  the  conclusions  of  tlie  committee,  as  given  in  their 
report,  should  give  a  very  fair  idea  of  present  tendencies 
among  teclinical  men  in  this  country. 

An  effort  was  made  to  express  the  general  tendency  in  a  set 
of  rules,  although  the  variations  were  so  great  that  no  set  of 
rules  could  be  drawn  that  would  give  universal  satisfaction. 
A  great  variation  occurred  in  the  use  of  the  hyphen,  and  quite 
a  tendency  to  omit  hyphens  was  noted. 

To  attempt  to  quote  from  the  report  of  this  committee 
would  carry  one  out  of  the  bounds  of  a  short  letter,  and  a 
comparison  of  their  recommendations  with  the  practice  of  The 
American  Society  of  Mechanical  Engineers  would  he  out  of 
place  until  it  is  clear  just  what  the  practice  of  the  latter  so- 
ciety is  at  the  present  time. 

John  T.  Faig. 

Cincinnati,  Ohio. 

The  list  of  abbreviations  published  in  The  Journal  for  April, 
to  vchich  Professor  Faig  refers,  is  tlie  result  of  the  work  of  a 
committee  appointed  by  the  National  Electric  Light  Associa- 
tion to  consider  standards  for  "  electrical  measurements,  values 
and  terminology."  When  this  committee  met  to  consider  the 
subject  of  abbreviations,  invitations  to  attend  were  courte- 
ously extended  to  representatives  of  various  engineering  jour- 
nals. In  the  case  of  the  engineering  societies,  at  least,  these 
representatives  appeared  as  individuals  only  and  not  as  offi- 
cial appointees  by  these  societies.  The  findings  of  the  commit- 
tee, therefore,  are  not  applicable  to  the  publications  of  The 
American  Society  of  Mechanical  Engineers  excejit  in  so  far 
as  they  are  in  accord  with  the  standards  already  in  use. 

The  standards  now  followed  by  our  Society  are  based  on  a 
report  issued  in  1904  by  a  committee  representing  the  four 
national  societies  of  Civil,  Mechanical,  Mining  and  Electrical 
engineers.  As  a  matter  of  convenience  to  those  who  contrib- 
ute papers  and  discussions,  the  essential  parts  of  this  report 
are  reprinted  below.  The  chief  divergence  between  this  report 
and  the  list  of  the  National  Electric  Light  Association  is  in  the 
writing  of  compound  abbreviations.  For  example,  in  abbre- 
viating kilowatt-hour  our  practice  is  kw-hr. ;  while  that  of  the 
National  Electric  Light  Association  is  kw.hr. 

In  a  few  particulars  our  present  standard  departs  from  the 
report  of  the  four  societies,  notably  in  writing  large  numbers 
(see  12  below).  The  Mechanical,  Mining  and  Electrical  Engi- 
neers use  commas  to  separate  the  periods  of  figures,  while  the 
Civil  Engineers  adhere  to  the  rejiort  and  use  spaces  without 
the  commas.  In  some  particulars  this  report  needs  revision 
to  bring  it  into  accord  with  present-day  tendencies :  as,  for  ex- 
ample, it  is  now  quite  usual  to  write  horsepower  as  one  word 
instead  of  as  two  words  and  to  abbreviate  it  by  hp.  instead 
of  by  h.p. ;  and  indicated  horse)  ower  by  i.hp.  instead  of  i.h.p. 
— Editor. 


EXTRACT   FKOSr   REPORT  OF  THE  POUR  SOCIETIES 

1.  Use  abbreviations  only  after  nouns  denoting  a  definite 
quantity.  Example :  "  The  power  plant  has  a  capacity  of  10 
h.p.,"  not  "  10  horse  power;"  but,  "  The  capacity  of  the  plant, 
in  horse  power,  is  ten." 

2.  Do  not  abbreviate  abstract  or  descriptive  words.  Ex- 
ample: "horizontal  return  tubular  boilers,"  not  "  h.r.t.  boil- 
ers." 

3.  Use  lower-case  characters  for  abbreviations.  An  excep- 
tion to  this  rule  may  be  made  in  the  case  of  words  spelled 
normaOy  with  a  capital.  Example :  "  B.t.u."  and  not  "  b.t.u." 
or  "B.T.U,"  (British  thermal  unit);  "  U.  S.  gal."  (United 
States  gallon),  "  B.  &  S.  gauge"  (Brown  and  Sharpe  gauge). 


4.  Use  a  jieriod  after  each  abbreviation.  In  a  comjiound 
abbreviation,  do  not  use  a  space  after  the  period.  Example: 
"i.h.p."  and  not  "  i.  h.  p."  (indicated  horse  power). 

5.  Use  a  hyphen  to  connect  abbreviations  in  cases  where  the 
words  would  take  a  hyphen  if  written  out  in  full.  When  a 
hyphen  is  used,  omit  "the  period  immediately  preceding  the 
liyphen.  Example:  "3  kw-hr."  and  not  "3  kw.  hr."  (3  kilo- 
watt-hours). 

G.  Use  all  abbreviations  in  the  singular.  Example :  "  17  lb. ' 
and  not  "17  lbs."  (17  pounds),  "14  in."  and  not  "14  ins." 
(14  inches). 

7.  Never  use  "  p,"  for  "  per,"  but  spell  out  the  word.  Ex- 
ample: "  100  ft-lb,  per  ton  "  (100  foot-pounds  per  ton)  ;  "  60 
miles  per  hr."  (60  miles  per  hour). 

8.  Use  decimals,  as  far  as  possible,  in  place  of  vulgar  frac- 
tions.    Example :  "  1.25  ft.,"  not  "  11/4  ft." 

9.  In  general,  spell  out  an  adjective  qualifying  the  name 
of  a  unit.  Example:  "boiler  h.p."  (boiler  horse  power).  The 
exceptions  to  this  rule  are  "i.h.p."  (indicated  horse  power), 
"  e.h.p."  (electric  horse  power),  "  b.h.p."  (brake  horse  power), 
"e.m.f."  (electromotive  force),  "  m.m.f."  (magnetomotive 
force ) . 

10.  Use  "  Fig.,"  not  "  Figure."  Example :  "  Fig.  3,"  and 
not  "  Figure  3." 

11.  In  all  decimal  numbers  having  no  units  a  cipher  should 
be  placed  before  the  decimal  point.  Example :  "  0.32  lb,,"  not 
"  .32  lb." 

12.  In  the  notation  of  large  numbers,  use  "  en  "  spaces  in- 
stead of  commas.     Example:  "1  520  125,"  not  "1,520,125." 

13.  Use  the  word  "  by  "  instead  of  "  x  "  in  giving  dimen- 
sions.   Example :  "  8  by  12  in.,"  not  "  8  x  12  in." 

14.  Never  use  the  chara«ters  (')  or  (")  to  indicate  either 
feet  and  inches;  or  minutes  and  seconds  as  periods  of  time. 

The  following  forms  are  given  as  illustrations  of  these  rules, 
and  are  recommended  to  be  used: 

Name  Abbreviation 

Inches    i°- 

Feet    ft. 

Vards   yd- 

Miles    spell  out 

Pounds lb. 

Grains    gr. 

Tons   «Pell  out 

Uallons gal. 

Metres    m- 

Millimetres    mm. 

Centimetres     cm. 

Kilometres    km. 

Kilogrammes   kg. 

(Grammes    S- 

Milligrammes    mg. 

Kilogramme-metres    kg-m. 

Metre-kilogrammes    n-kg. 

Seconds    ^^C- 

Minutes   min. 

Hours hr. 

Linear    lin. 

Square   sq. 

Cubic    cu. 

Per   spell  out 

I'ahrenheit    ■  .  •  .  fahr. 

Centigrade  cent. 

I'er    cent %  or  per  cent 

Volts    spell  out 

Ohms   spell  out 

Watts   spell  out 

Kilowatts    kw. 

Kilowatt-hours    kw-hr. 

Watt-hours    watt-hr. 

Amperes     spell  out 

Brake  horse  power b.h.p. 

Electric   horse  power e.h.p. 

Indicated  horse  power i.h.p. 

British   thermal   units B.t.u. 

Gramme-calories g-cal. 

Kilogramme-calories    Kg-cal. 

Magnetomotive  force m.m.f. 

Electromotive    force e.m.f. 

Kevolutions  per  minute rev.  per  min. 

Circular   mils cir.  mils. 

Miles  per  hour  per  second miles  per  hr.  per  sec. 

Candle-power    c-p. 

Watts  per  candle-power watts  per  c-p. 

Mean  effective  pressure spell  out 

High  pressure  cylinder spell  out 

Diameter   spell  out 


COMMENTS  ON  RECLAMATION  PLANT 

To  THE  Editor  : 

The  writer  has  found  the  paper  by  Mr.  Noble  on  the  re- 
clamation plant  in   the   Sacramento  Valley'   of  great  interest 


'  The  Jodrnal,  Ma.v,   1910. 


562 


CORRESPONDENCE 


The  Journal 
AM.Sor.M.E. 


because  of  its  points  of  similarity  with  drainage  problems  of 
the  Gulf  Coast  country  and  especially  because  of  its  points  of 
dissimilarity.  The  heads  are  much  greater  than  in  Louisiana 
and  Texas  and  are  more  in  line  with  those  found  in  the  reclam- 
ation projects  of  the  Mississippi  Valley. 

With  a  normal  head  of  29  ft.,  perhaps  one  may  leave  out 
refinements  in  the  discharge  pipes.  While  the  suction  pipes 
seem  to  have  been  carefully  designed,  the  discharge  pipes  as 
shown  in  Figs.  7  and  9  are  not  so  easy  to  understand-^  In 
Fig.  8  there  is  shown  a  condition  where  the  water  level  is  at 
lea'st  6  ft.  below  the  bottom  of  the  discharge  pipe.  In  this 
part  of  the  country  it  is  usual  to  design  the  piping  for  drain- 
age pumping  plants  so  that  it  forms,  with  the  pump,  a  siphon: 
ilso  to  enlarge  the  discharge  end  until  the  final  velocity  is  low. 
In  this  way  the  pumps,  besides  overcoming  entrance  losses, 
friction  and  discharge  losses  have  only  to  elevate  the  water 
through  a  height  equivalent  to  the  difference  of  level  of  suction 
and  discharge  basins  and  the  energy  thrown  away  at  the  dis- 
charge is  small. 

When  each  of  the  units  is  pumpuig  175  sec-ft.  the  velocity 
in  the  50-in.  discharge  pipes  is  12.85  ft.  per  sec.  and  the  veloc- 
ity head  about  2.56  ft.,  while  at  the  final  discharge,  which  is 
78  in.  in  diameter,  the  velocity  is  10.5  ft.  per  sec,  correspond- 
ing to  a  velocity  head  of  1.72  ft.  It  would  be  interesting  to 
know  what  the  mean  head  pumped  against  amounts  to  or  what 
it  was  assumed  to  be  in  designing  the  plant.  Since  for  lower 
heads  than  29  ft.  the  discharge  velocities  would  be  greater 
than  those  given  above  and  the  losses  in  the  discharge  pipe, 
whether  running  the  pumps  singly  or  in  pairs,  must  be  a  fairly 
large  per  cent  of  the  total  head.  It  would  seem  to  be  worth 
while  to  have  carried  each  discharge  pipe  down  to  such  a  level 
that  the  end  would  be  water  sealed  except  possibly  at  extreme 
low  water.  It  would  also  seem  desirable  to  have  large  end 
areas  and  consequently  low  discharge  velocity. 

Each  discharge  pipe  is  provided  with  a  50-in.  gate  valve. 
Could  not  these  expensive  valves  have  been  eliminated  by 
carrying  the  discharge  pipes  over  the  levees  instead  of  through 
them?  The  writer  would  like  to  ask  Mr.  Xoble  whether  the 
advantages  of  a  straight  pipe  with  a  gate  valve  are  sufficient 
to  justify  the  added  expense. 

It  is  evident  that  conditions  are  quite  different  in  California 
from  those  in  the  South,  also  that  many  details  necessarj-  to 
a  thorough  understanding  of  the  problem  are  omitted.  For 
these  reasons  the  above  questions  are  raised  in  order  to  clarify 

the  problem. 

W.  B.  Gregory. 

New  Orleans,  La. 

ORIGIN  OF  UNIFLOW  ENGINE 

To  the  Editor: 

I  noticed  a  statement  in  the  April  issue  of  The  Journal 
that  a  paper  was  presented  before  the  Minnesota  Section  of 
the  Society,  consisting  "  mainly  of  a  description,  the  origin 
of  the  L'niflow  engine  in  Germany,  together  with  its  manufac- 
ture, etc."  I  presume  that  the  author  of  the  paper,  in  giving 
his  talk,  claimed  the  German  origin  of  this  principle  on  the 
basis  of  the  recent  work  by  Prof.  Johann  Stumpf,  of  Char- 
lottenburg,  on  the  development  of  the  Uniflow  engine.  It  is 
generally  conceded  that  the  uniflow  principle  was  invented 
in  England  by  L.  J.  Todd,  who  took  out  his  patent  for  this 
invention  in  1886.  Apparently  Todd's  invention  was  never 
put  into  practice,  but  on  December  10,  1895,  the  two  broth- 
ers  Cleveland  took  out  an  American   patent  for  a   uniflow 


cylinder,  which  was  first  put  on  a  traction  engine  and  later 
on  locomotive  No.  59  of  the  Canadian  Intercolonial  Railway. 

Some  time  since,  the  writer  had  occasion  to  look  into  the 
history  of  the  uniflow  engine,  and  found  an  early  American 
patent  showing,  although  not  claiming,  the  uniflow  itrinciple. 
The  date  of  this  patent  was  November  12,  1867,  and  the  patent 
was  granted  John  M.  Hiiiinger  for  an  Improvement  in  Steam 
Engines  (U.  S.  Patent  No.  70,841). 

Hirlinger's  invention  is  illustrated  in  Fig.  3.  It  consists 
of  a  steam  cylinder,  A,  with  both  ends  permanently  closed. 
Upon  one  side  is  formed  a  V-shaped  channel,  in  which  works 
a  similarlj'-shaped  slide,  n.  <?  is  a  bolt  which  passes  through 
H  and  has  its  inner  end  secured  fast  in  the  piston  B.  The 
steam  chest  has  within  it  a  cut-off  valve,  D,  which  has  on  its 
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Fig.  3     186 1    Ixvextiox  Showixg  Fxiform  Principle 

underside  a  pin,  E,  extending  into  the  cylinder  into  the  recess, 
C,  in  the  piston.  The  valve  D  has  two  steam  openings  com- 
municating with  the  steam  waj'S,  a,a,  which  admit  steam  to  the 
cylinder.  The  playing  of  the  piston  in  the  cylinder  causes 
the  valve  to  move  so  as  to  admit  steam  at  each  end.  This 
arrangement  of  valve  with  its  pin  and  the  piston  with  its 
recess  dispenses  with  the  necessity  of  having  cams  and  rods 
for  workmg  the  valve.  The  steam,  when  exhausted,  escapes 
through  the  openings  x,x,  and  d,  at  the  under  side  of  the 
cylinder. 

As  stated  above,  the  inventor  did  not  claim  the  embodiment 
of  the  uniflow  principle,  from  which  we  must  assume  that  the 
idea  of  exhausting  the  steam  from  a  cylinder  through  ports 
at  or  near  the  center  of  its  length,  and  of  controlling  the 
opening  of  the  exhaust  ports  by  the  ends  of  the  piston,  was 
not  patentable  (had  already  b^en  utilized)  in  1867,  or  was 
not  regarded  as  of  sufficient  merit  to  warrant  protection  by 
a  patent. 

WiLLiAii  E.  Bullock. 

Jamaica,  N.  Y. 
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SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Stmlent  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  ^lembership 


THE  total  number  of  applications  for  membership  listed 
in  The  Journal  this  month  is  23G.  This  rejjresents  an 
increase  of  124  over  last  month,  and  brings  the  total  number 
of  new  applications  since  the  beginning  of  the  current  fiscal 
year  up  to  913. 

The  main  activities  of  the  Sections  and  Student  Branches 
are  now  suspended  for  the  season.  The  year  has  been  a  record 
one  in  number  of  professional  and  social  meetings  held  and 
variety  and  value  of  topics  discussed.  The  work  of  the  Sec- 
tions for  the  year  is  summarized  below. 

The  plans  of  the  Committee  on  Meetings  for  the  Annual 
Meeting  to  be  held  in  Xew  York,  December  .5  to  8.  1916,  are 
beginning  to  assume  a  definite  form.  The  Committee  has  now 
practically  completed  arrangements  for  a  session  on  Valu- 
ation. 

The  Publication  Committee  met  jointly  with  the  Executive 
Committee  during  the  month  just  closed  and  voted  unani- 
mously to  include  in  the  volume  of  Condensed  Catalogues  now 
in  course  of  preparation  a  classified  index  of  manufacturers. 

The  Publication  Committee  has  approved  the  contents  of 
Volume  37  of  Transactions,  and  the  volume  is  now  being 
printed  and  will  be  issued  at  an  earty  date. 

The  President  has  appointed  E.  M.  Hen-,  Chairman,  Henry 
Hess,  S.  M.  Vauclain,  L.  D.  Burlingame  and  F.  A.  Halsey  as 


a  Committee  on  the  Metric  System  to  ascertain  the  views  of 
the  membershijj  regarding  the  adoption  of  this  system  as  a 
standard  in  this  country  and  to  represent  the  Society  in  con- 
ferences with  other  societies  upon  this  question. 

The  name  of  the  Committee  on  Flanges  for  Hydraulic  Work 
has  been  changed  to  Committee  on  Standard  Flanges  and  Pipe 
Fittings,  and  the  committee  enlarged  as  follows:  Henry  G. 
Stott,  Chairman,  A.  K.  Baylis,  Stanley  Flagg,  Jr.,  E.  M.  Herr, 
A.  M.  Houser,  Julian  Kennedy,  E.  A,  Stillman,  A.  M.  White, 
meetings  and  will  appear  in  the  Transactions. 

Upon  the  request  of  the  Organization  Committee  of  the  City 
of  New  York  on  the  celebration  of  the  bringing  of  water  from 
the  Catskill  Mountains  into  New  York,  the  following  com- 
mittee was  appointed  to  represent  the  Society  on  the  Mayor's 
Citizens'  Committee:  The  President,  Henry  R.  Towne,  Past- 
President,  who  originated  the  suggestion  for  the  celebration, 
John  R.  Freeman,  Past  President  and  Consulting  Engineer 
for  the  City  of  New  York  during  the  inception  and  construc- 
tion of  the  city's  additional  water  supply,  Fred  .J.  Miller  and 
Charles  Whiting  Baker. 

E.  G.  Spillsburj'  has  been  appointed  a  trustee  of  the  United 
Engineering  Societj'. 

Fred  J.  Sliller  has  been  appointed  on  the  Committee  on 
Engineering  Education. 


WHAT  THE  SECTIONS   HAVE   DONE   THIS  YEAR 


The  spirit  of  cooperation  among  engineers  has  influenced 
to  a  remarkable  degree  the  activities  of  the  Sections  during 
the  season  just  closed.  Local  jaroblems  of  atflliation  of  Sec- 
tions with  other  societies  have  been  successfully  worked  out, 
and  in  practically  all  of  the  fifteen  centers  of  established  Sec- 
tions joint  meetings  have  now  become  the  custom. 

Meetings  in  Atlanta  have  been  held  in  conjunction  with  the 
affiliated  technical  societies  in  that  city.  Cooperation  among 
the  engineering  societies  of  Boston  has  been  followed  from  the 
inception  of  the  Section  six  years  ago.  In  Buffalo  the  Sec- 
tion has  cooperated  with  the  Buffalo  Engineering  Society. 
The  meetings  in  Cincinnati  have  generally  been  joint  meetings 
with  the  Engineers'  Club,  as  also  in  Milwaukee  and  St.  Louis. 
A  recent  meeting  of  the  Los  Angeles  Section  was  held  with  all 
the  technical  societies  in  that  city,  the  meeting  being  under 
the  auspices  of  our  Section.  The  Minnesota  Section  has  held 
meetings  in  three  cities,  St.  Paul,  Minneapolis  and  Duluth. 
In  Philadelphia  joint  meetings  have  been  held  with  the  Engi- 
neers' Club  and  The  Franklin  Institute.  The  meetings  in 
Pro\idence  have  been  those  of  the  Providence  Association  of 
Mechanical  Engineers,  now  the  Providence  Engineering 
Society,  affiliated  with  our  Society.  In  New  York  there 
has  been  cooperation  with  other  organizations  and  a  number 
of  joint  meetings  have  been  held,  also  in  New  Haven. 

It  is  very  gratifying  to  note  that  in  this  matter  of  bringing 
the  local  societies  together,  our  Sections  have  in  many  cases 


taken  the  initiative.     The  Society  has  no  jealousies,  and  its 
fundamental  purpose  is  Service  to  the  engineering  profession. 


MEETINGS   AND   PAPERS 

In  all,  one  hundred  and  six  meetings  have  been  held  this 
season  and  all  have  been  reported  in  The  Journal.  Nineteen 
of  the  papers  presented  locally  have  been  published  in  The 
Journal  in  full  and  fourteen  others  will  be  published  in  due 
course.  Eight  papers  originally  presented  at  Section  meetings 
during  the  season  have  been  subsequently  delivered  at  general 
meetings  and  will  appear  in  the  Transactions. 

This  plan  is  a  definite  purpose  of  the  Meetings  Committee, 
approved  by  the  Council,  to  enhance  the  dignity  of  the  Sec- 
tion meetings  and  develop  the  interest.  On  account  of  the 
necessarily  crowded  program  of  the  Annual  Meetings  of  the 
Society,  for  which  there  is  no  relief  in  sight,  it  is  obvious  that 
a  more  extended  discussion  can  be  obtained  by  presentation  of 
papers  before  Section  meetings. 


THE  SECTIONS  AND  THE  SOCIETT 

The  same  cooperative  spirit  wliich  has  brought  the  Sections 
into  close  contact  with  other  local  organizations  is  now  mani- 
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fest  in  the  relations  between  the  Sections  themselves  and  the 
Sections  and  the  Society  proper,  and  also  between  the  National 
Engineering  Societies. 

The  first  Conference  of  Sections  was  held  at  the  1915  Spring 
Meeting,  and  was  such  a  success  that  a  second  Conference  was 
arranged  at  the  Annual  Meeting  in  New  York,  December. 
1915.  A  representative  from  each  of  the  fourteen  Sections 
then  established  was  present,  and  also  delegates  from  the 
Providence  Engineering  Society  and  from  several  industrial 
centers  where  members  of  the  Society  were  interested  in  the 
formation  of  Sections.  Three  business  meetings  were  held 
and  the  delegates  had  opportunity  to  discuss  matters  with  the 
officers  and  members  of  the  Council. 

The  Nominating  Committee  for  officers  of  the  Society  was 
this  year  chosen  by  the  Sections  at  the  request  of  President 
Jacobus.  The  report  of  this  Committee  appears  elsewhere  in 
this  issue  of  The  Journal. 

Two  very  fine  examples  of  cooperation  between  the  Sections 
and  the  parent  organization  were  the  receptions  accorded  the 
Society  at  San  Francisco  and  Birmingham,  the  former  on  the 
occasion  of  the  September,  1915,  meeting  of  the  Society  and 
the  latter  when  the  officers  and  members  were  en  route  to  the 
Spring  Meeting  in  New  Orleans. 


GOVERNMENT  OF  SECTIONS 

The  plan  for  having  all  the  Sections  elect  their  officers  at  a 
uniform  time  and  by  a  uniform  method,  either  by  vote  at  an 
open  meeting  or  by  letter  ballot,  has  now  been  consummated. 
and  the  officers  for  all  the  Sections  for  the  ensuing  year  will 
assimie  their  duties  on  July  1.  A  list  of  the  new  officers  ap- 
pears elsewhere  in  this  issue. 

There  has  been  evidenced  a  necessity  for  a  Code  which 
would  tend  to  put  the  activities  of  all  the  Sections  upon  a 
more  uniform  basis,  and  the  Committee  on  Sections  has  been 
engaged  in  formulating  such  a  Code.  The  Committee  is  hope- 
ful of  securing  the  cooperation  of  all  the  national  engineering 
societies  in  putting  their  respective  Sections  upon  the  same 
general  basis. 


NEW    SECTIONS 

A  new  Section  has  just  been  established  in  Detroit.  The 
first  meeting  of  this  Section  will  be  held  nest  September  and 
the  policy  will  be  to  cooperate  completely  with  the  Detroit 
Engineering  Society  and  the  Michigan  Society  of  Engineers. 

As  noted  in  the  last  issue  of  The  Journal,  plans  are  also 
now  under  consideration  for  the  establishment  of  a  Section  in 
Baltimore. 


THE    SECTIONS    .'VND    VISITS    OF    OFFICERS 

Probably  no  greater  series  of  receptions  have  ever  been  ac- 
corded the  officer  of  any  society  than  those  which  were  ex- 
tended to  Past-President  Brashear  upon  the  occasions  of  his 
visits  to  San  Francisco,  St.  Louis,  Milwaukee.  Washington  and 
the  many  other  cities  where  he  made  addresses  during  his 
term  of  office.  His  plea  for  the  development  of  the  "human 
factor  in  engineering  "  was  as  well  received  as  it  was  timely, 
and  he  brought  to  the  member.^  of  those  Sections  which  were 
fortunate  enough  to  arrange  to  have  him  visit  them,  a  better 


understanding  of  the  meaning  of  "  cooperation  among  engi- 
neers." 

During  the  current  year  President  Jacobus  has  similarly 
visited  the  Sections  at  Philadelphia.  Chicago.  Milwaukee  and 
St.  Paul  to  consult  the  members  upon  matters  of  import  to 
the  Society,  and  he  plans  to  extend  these  visits  in  the  forth- 
coming season  to  include  all  Sections  by  the  end  of  the  year 
if  possible.  The  Secretary  has  also  attended  meetings  of  the 
New  Haven.  Philadelphia.  Providence,  Buffalo,  Boston  and 
Birmingham  Sections. 


REPORTS   or   ACTIVITIES    FROM    CHAIRMEN 

Below  are  given  reports  from  the  Chairmen  of  the  Sections 
which  have  now  come  to  hand.  Other  reports  are  expected 
and  will  be  published  in  the  next  issue  of  The  Journal. 


EXPERIENCES    OF    BIRMINGHAM,    OUR    NEWEST    WORKING    SECTION 

To  THE  Secretary: 

The  Birmingham  Section  was  organized  in  November  1915, 
and  we  have  had  a  meeting  each  month  since  that  time.  Most 
of  these  meetings  were  given  to  the  details  of  complete  organi- 
zation and  preparing  for  the  entertaining  of  the  visiting  en- 
gineers who  stopped  over  to  visit  us  on  their  way  to  the  Spring 
Convention  at  New  Orleans  in  April. 

During  the  coming  year  we  do  not  expect  to  hold  meetings 
each  month  but  we  will  have  a  meeting  at  least  once  every  two 
months.  I  think  that  where  there  is  no  organization  of  all  the 
engineers  in  a  distinct  forming  a  general  engineering  associa- 
tion of  the  members  of  National  Societies  it  is  asking  too  much 
of  the  members  of  a  local  organization  to  meet  every  month 
and  at  the  same  time  try  to  have  some  specially  written  papers 
to  present  at  each  meeting. 

AU  of  otrr  meetings  have  been  well  attended  and  were  of  the 
nature  of  a  dinner  at  a  moderate  cost  preceding  the  regular 
business  meeting.  The  membei-s  were  given  their  option  of 
coming  to  the  dinner  or  reporting  later  for  the  business  meet- 
ing, and  we  are  happy  to  state  that  all  were  on  hand  for  the 
dinner  part  of  the  meeting.  "We  held  our  meetings  at  the  dif- 
ferent clubs  and  hotel  parlors  in  the  city,  not  having  any  regu- 
lar designated  place  of  meeting. 

I  believe  that  a  meeting  wluch  combines  the  social  with  the 
business  is  the  best  kind  of  a  meeting  for  all  concerned  and 
especially  so  for  those  Sections  not  located  in  the  big  cities. 
As  a  rule  the  members  composing  the  smaller  Sections  are  men 
who  are  busy  all  day  at  their  respective  work  and  do  but  little 
writing  and  are  entirely  out  of  practice  in  writing  for  publi- 
cation, and  therefore  hesitate  about  writing  a  paper  for 
presentation  to  the  Section  and  afterward  for  publi- 
cation in  The  Journal.  For  sections  composed  of  membership 
of  this  make-up  the  social  side  appeals  vei-y  strongly  as  it  af- 
fords another  way  of  getting  better  acquainted  with  one's 
fellow  engineers. 

I  believe  that  all  Sections  should  make  it  a  practice  to  invite, 
from  time  to  time,  the  more  prominent  business  men  and  the 
heads  of  manufacturing  establishments  in  their  district,  to 
their  meetings.  We  need  to  develop  a  better  and  more  in- 
timate acquaintance  among  those  who  require  the  advice  of 
engineers. 

I  think  that  the  plan  that  the  Society  has  for  loaning  out 
special  moving  picture  films  is  a  good  one  and  it  is  one  that 
the  Sections  ought  to  take  advantage  of.  I  might  suggest,  how- 
ever, that  it  would  be  much  better  in  the  case  of  some  films,  if 
the  makers  would  send  a  copy  of  the  lecture  with  them. 

Another  thing  which  I  think  is  vitally  needed  by  the  Sec- 
tions is  each  Section  should  be  visited  at  least  once  each  year 
by  the  President  of  the  Society.  In  fact  it  would  not  be  a 
bad  idea  if  the  President  and  Secretary  would  arrange  to  leave 
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New  York,  either  in  tlie  early  Fall  07-  early  Sjiring  and  visit 
each  Section,  allowing  the  Seotions  time  enough  in  advance  to 
properly  prepare  a  meeting  suitable  for  the  occasion.  I  be- 
lieve that  the  cause  of  engineering  would  be  given  a  great 
boost  and  certainly  the  members  of  Sections  would  feel  a 
greater  pride  in  their  membership  and  be  siJiirred  to  put  forth 
greater  efforts  in  behalf  of  the  Society  and  engineering. 

Our  Section  anticipated  with  much  pleasure  the  stop-over 
here  by  the  Society  on  its  way  to  the  Spring  meeting  in  New 
Orleans,  and  we  would  have  been  particularly  happy  had  Pres- 
ident Jacobus  been  able  then  to  visit  the  newest  Section  and 
the  greatest  industrial  district  of  the  South.  I  think  that  the 
Council  should  consider  making  some  arrangement  to  give  all 
Sections  the  pleasure  of  a  visit  by  the  President  every  year. 
Yours  very  truly, 

K.  E.  Brakeman, 
Chairman.  Birmingham  Section. 


THI!    BUFFALO    SECTION    AND    THE    ENGINEERING    SOCIETY    THERE 

To  THE  Secretary: 

During  the  last  year  we  had  only  one  distinct  local  meeting 
of  the  members  of  the  Society,  and  this  meeting  was  a  lunch 
meeting  at  noon.  We  had  only  twelve  members  present  at  this 
meeting,  which  was  called  for  the  purpose  of  determination 
regarding  chairmanship  of  the  Section,  and  the  motion  was 
carried  that  the  chairman  of  the  Buffalo  Section  would  be  the 
President  of  the  Engineering  Society  of  Buffalo,  providing  he 
was  a  member  of  the  Society.  The  election  is  to  take  effect  at 
the  annual  election  of  the  Engineering  Society  of  Buffalo. 

The  Engineering  Society  of  Buffalo  did  not  hold  an  annual 
meeting  this  season  for  the  reason  that  at  a  regular  meeting, 
it  was  decided  to  continue  the  present  officers  for  another 
year.  Therefore,  John  Younger  is  President  for  the  coming 
year  of  the  Engineering  Society  of  Buffalo. 
Very  truly  yours, 


D.  Bell, 
Chairman,  Buffalo  Section. 


CINCINNATI   HAS  ITS   MOST  SUCCESSFUL  YEAR.      LOOKS   FORWARD 
TO  SPRING  MEETING,  1917 

To  THE  Secretary: 

The  year  just  past  has  been  the  most  successful  in  the  life 
of  the  Cincinnati  Section,  since  its  organization  in  May  1912. 
Each  year  there  has  been  an  increase  in  interest  and  in  at- 
tendance at  the  meetings.  The  present  year,  however,  has  been 
characterized  by  more  ambitious  programs  than  in  the  past, 
particularly  the  March  program,  which  began  at  2:30  in  the 
afternoon  and  continued  until  10  o'clock  at  night.  Four 
papers  were  presented  on  this  occasion.  These  four  papers 
were  of  wide  variety  and  yet  all  were  of  general  interest.  The 
afternoon  session  of  the  meeting  on  March  16  was  an  experi- 
ment and  a  rather  slender  attendance  was  anticipated.  To  the 
surprise  of  the  members  of  the  Section  the  afternoon  session 
was  very  well  attended  and  the  session  proved  to  be  one  of 
the  most  enjoyable  of  the  year.  The  March  meeting  was 
notable  in  that  it  attracted  more  persons  from  out  of  town 
than  was  the  usual  experience. 

Meetings  of  the  Cincinnati  Section  are  held  as  joint  meet- 
ings with  the  Engineers'  Club  of  Cincimiati.  The  meetings 
are  held  in  the  handsome  rooms  of  the  Literary  Club  of  Cin- 
cinnati, which  are  on  the  tirst  floor  of  a  building  located  very 
close  to  the  center  of  the  city  and  within  easy  access  of  all 
parts  of  the  city.  About  four  times  a  year  the  Cincinnati 
Section  takes  over  the  program  and  arranges  the  entire  meet- 
ing. This  happened  to  be  the  case  in  March  and  also  happens 
to  be  the  case  in  June,  when  Major  P.  S.  Bond  of  the  Engineer 
Corps  of  the  United  States  Army  will  address  a  joint  meeting 
on    Preparedness  from  tlie   Point  of  View   of  the    Engineer. 


This  is  a  topic  of  unquestioned  timeliness,  and  will  probably 
result  in  a  definite  program  looking  toward  preparedness  on 
the  part  of  engineers  in  this  vicinity  under  the  auspices  of  the 
Cincinnati  Section,  Am.Soc.M.E. 

The  proposal  that  the  1917  Spring  meeting  of  the  Society 
be  held  in  Cincinnati  was  greeted  with  great  enthusiasm  by 
the  members  of  the  Section,  and  it  was  through  their  earnest 
cooperation  that  the  meeting  was  secured  for  the  Queen  City. 

Of  the  fact  that  Cincinnati  is  a  very  excellent  place  for  a 
Spring  Meeting  there  can  be  no  doubt.  Its  nearness  to  the 
center  of  population  of  the  country;  the  wide  variety  of  the 
industries  which  it  has  fostered ;  and  its  resources  from  an 
artistic  and  musical  point  of  view  all  combine  to  make  it  of 
interest  both  to  technical  men  and  their  relatives  and  friends. 
Cincinnati  is  witiiin  easy  distance  of  the  famous  Blue  Grass 
region  of  Kentucky,  and  there  is  no  doubt  that  an  opportunity 
for  a  visit  will  be  afforded  to  such  as  are  interested  in  this 
region  at  the  time  of  the  Spring  Meeting. 

Naturally  the  activities  of  the  Society  for  the  coming  year 
will  focus  about  the  Spring  Meeting  of  the  Society.  The 
formation  of  committees  to  handle  the  preliminaiy  work  which 
is  necessary  to  make  any  convention  a  success  and  the  work- 
ing out  of  a  program  for  the  outside  features  of  the  meeting 
will  require  much  time  and  thought.  There  is  no  doubt  that 
the  meeting  will  end  in  a  blaze  of  enthusiasm  as  far  as  the 
Cincinnati  members  are  concerned,  and  that  the  membership 
of  the  Society  will  be  greatly  increased  in  this  immediate 
vicinity. 

Very  truly  yours, 

John  T.  Faig, 
Secretary,  Cincinnati  Section. 


LUNCH    MEETINGS    SUCCESSFUL  AT  LOS   ANGELES 

To  THE  Secretary: 

Owing  to  our  limited  membership,  we  have  not  deemed  it 
wise  to  attempt  to  hold  a  large  number  of  professional 
sessions.  During  the  past  year,  in  addition  to  four  regiilar 
meetings,  we  inaugurated  the  weekly  luncheon  meeting  which 
has  met  with  remarkable  success.  These  meetings  were  started 
solely  for  the  purpose  of  bringing  the  members  together  once 
a  week  for  a  "  getting  acquainted  "  purpose.  We  later  began 
with  a  system  of  ten-minute  talks  which  increased  the  attend- 
ance materially  and  added  value  to  the  meetings.  These  talks 
are  very  informal  and  all  features  that  would  tend  to  place 
them  in  the  speech-making  categoi-y  have  been  barred.  The 
members  have  responded  ably  and  willingly  at  these  luncheon 
meetings  and  the  subjects  discussed  have  been  principally  in 
the  line  of  local  work  on  which  the  members  are  engaged. 
Many  of  these  little  talks  have  brought  out  original  data  and 
reports  on  investigations  which  might  never  have  been  heard  of 
otherwise. 

These  luncheon  meetings  have  served  another  purpose  of 
value  equal  to  those  previously  mentioned,  and  that  is,  the 
bringing  of  new  men  into  the  Society.  We  aim  to  take  up 
topics  of  local  interest,  and  that  attracts  always.  It  is  our 
intention  to  broaden  these  meetings,  and  with  this  in  view  a 
Committee  from  the  Local  Section  A.I.E.E.  is  to  meet  with 
us  shortly  to  discuss  the  joining  of  the  two  sections  at  these 
luncheon  meetings.  As  we  have  no  Engineers'  Club  in  our 
city,  we  feel  that  this  system  will  lead  up  to  such  an  organiza- 
tion. 

Next  to  the  success  of  the  meetings  above  mentioned,  comes 
our  work  in  connection  with  bringing  together  into  closer 
relationship,  the  several  engineering  organizations  of  the  city. 
During  the  past  year  we  held  two  joint  meetings,  the  first  one 
for  the  entertainment  of  General  George  Goethals,  and  the 
second  held  on  the  evening  of  June  1,  devoted  to  the  subject  of 
preparedness.  Tliis  led  up  to  our  being  part  of  the  big  Pre- 
paredness Parade  held  here  on  June  14,  marching  as  the  Joint 
Technical  Societies  of  Los  Angeles.  We  had  over  400  techni- 
cal men  in  line.  Such  affairs  as  these  aid  in  cementing  close 
ties  among  the  engineering  organizations,  and  our  Section  has 
been  particularly  active  in  this  work.  During  the  next  year 
we  hope  to  see  much  progress  in  this  affiliation  movement. 
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Our  exjjerieiice  indicates  that  we  must  combine  some  social 
time  with  the  technical  part  of  the  meetings.  Our  regular 
professional  sessions  are  well  attended  as  they  are  made  at- 
tractive by  social  features.  For  example,  one  of  our  best 
meetings  during  the  past  year  was  an  inspection  of  the  Mt. 
Wilson  Solar  Observatory  Laboratory,  Pasadena,  California, 
where  the  famous  100-in.  reflector  is  being  constructed,  with  a 
banquet  iu  the  evening  followed  by  a  lecture  on  the  engineer- 
ing and  constructional  features  of  this  wonderful  instrument 
and  the  building  whicli  is  to  house  it,  by  F.  G.  Pease,  Member 
of  the  Society,  and  engineer  and  astronomer  for  the  Mt. 
Wilson  Solar  Obsen-atory. 

We  take  this  occasion  to  suggest  that  the  Increase  of  Mem- 
bership Committee  be  consolidated  with  the  Committee  on 
Sections.  The  work  is  so  closely  allied  that  there  should  be  no 
dividing  line.  Let  the  Executive  Committee  of  each  Section 
recommend  the  member  to  serve  as  the  Chairman  of  the  In- 
crease of  Membership  Committee  for  that  particular  Section, 
he  to  be  a  member  of  the  Executive  Committee  and  to  report 
direct  to  the  Chairman  of  the  Section  who  in  turn  reports  to 
headquarters. 

Yours  very  tnily, 

W.  W.  Smith, 
Chairman,  Los  Angeles  Section. 


OUR   BIGGEST  SECTION  HAS  A  PROGRESSIVE  WINTER  AND   IS   CON- 
TINUING   DURING    SUMMER 

To  THE  Secretary: 

Meetings  of  the  local  members  of  the  Society  in  N"ew  Y'ork 
have  been  conducted  after  a  dilferent  plan  from  those  in  other 
cities,  until  comparatively  recently.  The  committee  having 
them  in  charge  was  known  as  the  Committee  on  Local  Meet- 
ings'in  New  York,  and  New  York  was  not  referred  to  or 
thought  of  as  a  Section  like  the  Sections  in  other  cities.  Now, 
however,  the  practice  has  been  changed  to  conform  with  other 
parts  of  the  country,  and  the  committee  of  five  formerly  ap- 
pointed or  self-perpetuating  is  being  elected  by  popular  vote, 
the  change  having  just  been  made  with  the  elections  of  last 
month. 

The  principal  difference  between  our  work  during  the  six 
months  previous  as  compared  with  the  preceding  year  is  that 
the  committee  of  five  was  augmented  by  the  appointment  of 
three  sub-committees,  one  of  Entertainment,  one  on  Excur- 
sions, and  one  on  Acquaintanceship,  of  upwards  of  ten  mem- 
bers each,  who  make  it  their  special  duty  to  look  after  these 
particular  features  of  the  section  work.'  The  results  so  far 
have  been  very  gratifying;  and  whereas  nothing  special  was 
done  for  either  entertainment  or  excursion  matters  piior  to 
this  time,  both  of  these  committees,  as  well  as  the  Acquaint- 
anceship Committee,  have  been  doing  splendid  work,  and  we 
feel  that  the  interest  in  and  attendance  upon  all  of  the  activi- 
ties of  the  Section  have  been  considerably  stimulated  by  this 
means. 

Our  technical  meetings  since  the  first  of  the  year  have  been, 
we  believe,  up  to  a  par  with  the  high  standard  "which  had  been 
prevailing  prior  to  that  time,  and  the  attendance  at  the  meet- 
ings has  been  very  gratifying,  being  usually  over  four  hun- 
dred. 

We  have  made  a  special  effort  to  have  joint  meetings  with 
other  societies  wherever  opportunity  afforded,  and  two  of  them 
in  the  last  few  months  have  been  of  that  order. 

Briefly,  our  program  since  the  first  of  the  year  has  been  as 
follows : 

January  11,  Standardization  of  Power  Plant  Operating 
Costs,  Walter  N.  Polakov.  This  meeting  brought  out  a  very 
lively  discussion  of  the  paper  and  thus  was  of  considerable 
value  to  those  who  attended. 

February  8,  Ways  of  Presenting  Data  for  Executive  Pur- 
poses, speaker  T.  Russell  Robinson,  Statistical  Engineer  for 
W.  S.  Barstow  &  Co.,  Inc.,  New  I'ork  City.  This  was  a  very 
profitable  if  luil  spectacular  meeting. 


March  14,  Joint  Meeting  with  the  Illuminating  Engineer- 
ing Society,  to  consider  the  Factory  Lighting  Code  formulated 
by  that  Society.  Prof.  C.  E.  Clewell  presented  the  Code  for 
the  Illuminating  Engineers  and  L.  P.  Afford  discussed  it  from 
the  standpoint  of  the  Mechanical  Engineers. 

Another  Joint  Meeting  was  that  held  April  21,  with  the 
Metropolitan  Section  of  the  Society  of  Automobile  Engineers, 
at  which  the  subject  of  the  power  plant  of  the  automobile  was 
discussed,  particularly  with  reference  to  the  four-cylinder 
motor.  Two  papers  were  presented,  one  by  F.  E.  Watts, 
Chief  Engineer  of  the  Hupp  Motor  Car  Corp.,  and  one  by 
Finley  Robertson  Porter,  of  the  Finley  Robertson  Porter  Co., 
Port  Jefferson,  L.  I. 

The  meeting  of  May  9  considered  a  paper  on  the  Report 
upon  Eftieiencv  Tests  of  a  30,000  kw.  Cross-Compound  Steam 
Turbine,  by  Henry  G.  Stott  and  W.  S.  Finlay,  Jr.,  of  the 
Interborough  Rapid  Transit  Co. 

It  has  been  the  practice  to  have  an  informal  dinner  before 
the  meeting,  usually  at  a  cost  of  about  75  cents  a  plate,  and 
these  dinners  have  been  very  well  attended. 

The  Entertainment  Committee  arranged  for  two  events 
which  have  already  transpired,  one  an  informal  dinner  at  the 
Machinerj-  Club,  March  29,  to  which  ladies  were  invited,  and 
which  was  followed  by  dancing.  A  very  representative  turn- 
out was  secured. 

The  latest  event  was  the  participation,  with  the  Brooklyn 
Engineers'  Club,  the  Municipal  Engineers'  Club,  and  the 
Harvard  Engineering  Society,  in  a  moonlight  sail  on  the 
Hudson  River.  About  a  hundred  members  of  our  Section 
participated  in  this  trip  on  June  15. 

The  Excursion  Committee  expects  to  maintain  its  activities 
throughout  the  Summer,  holding  technical  excursions,  usually 
on  Saturday  afternoons,  about  every  two  weeks.  So  far,  the 
only  two  held  have  been  those  to  the  Essex  Power  Station  of 
the  Public  Service  Company  of  New  Jersey  and  the  High- 
Pressure  Fire  Sen  ice  Station  at  Gansevoort  and  West  Streets. 
Another  event  contemplated  is  a  theatre  party  some  time  in 
July,  with  a  midnight  supper  and  dance  to  follow,  arrange- 
ments for  which  will  be  completed  if  enough  signify  an  inter- 
est. 

Our  Excursion  Bulletin,  second  issue,  is  an  indication  of 
how  thing's  are  moving  with  this  Section,  even  after  the  sus- 
pension of  the  technical  affairs  during  the  summer  months. 
Plans  for  the  Fall  are  already  quite  well  under  way,  and  more 
subjects  have  been  suggested  than  could  possibly  be  covered 
in  several  years. 

A  joint  meeting  of  all  of  the  committee  members,  held  a 
short  time  ago,  was  very  fruitful  in  getting  out  suggestions  for 
future  meetings,  and  this  Section  can  give  it  as  its  conviction 
from  experience  that  getting  a  large  number  of  people  to  work 
is  great  for  enthusiasm  and  the  bringing  out  of  suggestions 
for  new  things.  As  an  entertainment  feature  in  the  Fall  we 
are  planning  a  smoker,  for  we  believe  that  the  social  side  of 
the  engineer  must  not  be  neglected. 

We  do  not  like  the  idea  of  attempting  to  mix  the  social  and 
technical  too  intimately,  and  we  believe  that  on  our  regular 
meeting  nights  the  subjects  should  be  more  or  less  technical,  but 
that  some  extra  meetings  as  far  as  our  appropriation  will 
allow,  can  be  indulged  in  with  benefit  where  there  is  no  at- 
tempt to  do  other  than  amuse  and  entertain.  The  excursions 
so  far  have  been  practically  altogether  technical,  but  we  are 
hoping  that  there  may  be  some  element  of  the  social  mixed  in 
with  them  at  times.  They  always  afford  a  splendid  op- 
l)ortunity  for  extending  acquaintance,  which  is  one  of  their  big 
advantages. 

Our  Section  is  also  very  strong  for  joint  meetings,  and  we 
believe  the  intermingling  of  engineers  of  somewhat  different 
interests  is  broadening  to  all,  and  conducive  to  that  ultimate 
goal  which  so  many  of  us  hope  to  attain,  when  engineei-s  of 
all  persuasions  will  be  more  united,  all  to  the  greater  effective- 
ness of  their  influence  on  engineering  questions  affecting  the 
general  public  welfare. 

^'ery  truly  yours, 

H.  R.  Cobleigh, 
Chairman,  New  York  Section. 
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All  Welcome 


Technical  Excursion  June  10,  1916,  3:00  p.  m. 
Moonlight  Sail  and  Dance  June  15,  1916,  7:20  p.  m. 


TECHNICAL  EXCURSION 
June  10,  1916 

The  members  of  the  New  York  Section  and  their  friends  are  invite^  to 
visit  the  Gansevoort  High  Pressure  Fire  Service  Station  on  Saturday  afternoon, 
June  10,  1916,  at  three  o'clock  (3;00  p.m.). 

This  interesting  municipal  installation  is  located  at  Gansevoort  and  West 
Streets,  and  can  most  readily  be  reached  by  taking  the  14th  Street  Crosstown 
Car  to  10th  Avenue,  and  walking  South  four  blocks. 


MOONLIGHT  SAIL  AND   DANCE 
June  15,  1916 

All  the  local  members  of  The  American  Society  of  Mechanical  Engineers 
and  their  friends  are  invited  to  participate  in  a  moonlight  sail  and  dance  on  the 
Steamer    '.Vlandalay"  on  the  evening  of  June  15. 

By  co-opcrating  with  the  Brooklyn  Engineers'  Club,  the  Municipal 
Engineers  of  the  City  of  New  York  and  The  Harvard  Engineering  Society, 
the  entire  boat  (licensed  to  carry  3000  persons)  has  been  chancrcd  for  the 
exclusive  use  of  the  engineering  societies  and  as  only  750  tickets  will  be  sold 
there  will  be  no  crowding.  The  trip  itself  is  a  delightful  one  and  as  an  unusual 
opponunity  will  be  afforded  to  meet  engineers  of  various  interests  it  is  cer  ain 
that  those  who  can  avail  themselves  of  this  occasion  will  be  well  repaid. 

The  Steamer  "Mandalay"  will  leave  the  Banery'  Landing.  Thursday 
evening,  June  15  at  7:20  and  will  return  to  the  same  place  about  midnight. 

Tickets  arc  SI.  00  each  and  may  be  obtained  from 

James  W.  Nelson,  82  Hroome  St.,  New  York. 
(Telephone,  Orchard  2075) 

to  whose  order  checks  should  be  drawn. 

The  allotment  to  our  Society  is  only  250  tickets  which  will  be  issued  in 
the  order  the  requests  are  received,  accompanied  by  cash  or  checl* 


THEATRE  PARTY,  MIDNIGHT  SUPPER 
AND  DANCE 

The  Committee  has  under  advisement  the  holding  of  a  Theatre  Parly 
with  a  Mid-night  Supper  and  Dance,  and  would  like  to  know  whether  or  not 
the  New  York  membership  and  their  friends  would  support  such  a  venture. 
It  is  proposed  to  take  the  party  some  lime  during  the  first  half  of  July  to  the 
Winter  Garden  furnishing  the  best  seats  in  the  house  (S3. 00),  afterwards 
convey  the  party  to  Shanley's  where  a  table  d'hote  supper  (SI. 50)  will  be 
served  wiih  dancing  in  a  private  room,  at  a  total  cost  not  to  e-vcced  S2  50  per 
person.  All  those  who  would  like  to  avail  themselves  of  this  unusual  oppor- 
tunity should  send  their  names  and  addresses  to  Edwaru  Van  Winkle, 
90  West  Street,  New  ^'ork  City.  Should  a  sufficient  number  signify  their 
intention  of  attending,  the  date  will  be  6xed  and  a  subsequent  notice  will  be 
sent  out.    Forward  your  acceptance  not  later  than  June  10th. 


MR.  JAMES  W    NELSON 

S;^  Broome  St.,  New  York. 
Dear  Sin- 
Enclosed  please  find   |  rh\ck  f  ^^'^     .....       for  which  please  send  n 
tickets  for  the  Moonlight  Sail  and  Dance  to  be  held  June  15,  1916, 

Name 

Address 


MR    EDWARD  VAN  WINKXE 
80  Wen  St.,  New  York, 
Dear  Sir:- 

I  wish  to  panjcspate  in  the  Theatre  Patty,  Mid-night  Supper  and  Dance  to  be  held 
in  July 

I  will  desire  tickets  (or  persons  at  not  to  exceed  12,60  each  to  covet  the  entire 

expense  and  upon  notice  that  the  party  wlU  be  held,  will  forward  my  reraittance. 


Name 

Addreii.. 


(reproduction  of  the  2nd  esctrsiox  bulletin  issued  by 
the  new  york  section  which  has  extended  its  activ- 
itie.s  into  the  summer) 


PHILADELPHIA    HAS    CONSUMMATED    PLANS    FOU    COMPLETE 
COOPERATION 

To  THE  Secretary: 

In  arranging'  the  program  for  the  Philadeljihia  Section  for 
the  year  1915-1916.  special  attention  was  given  to  s^ecurin.sr 
subjects  of  general  rather  than  specifically  technical  interest 
in  order  to  stimulate  enthusiastic  support  from  tlio  entire  local 
membership.  With  this  in  mind  J.  A.  Steinmetz,  President  of 
the  Pennsylvania  Aero  Club,  and  a  member  of  the  Society, 
was  called  upon  to  present  the  first  paper  of  the  year  on  Aero 
Warfare  and  Some  Devices  Terrestrial  and  Submarine. 

At  the  second  meeting  held  on  November  23,  1915,  W.  P. 
Barba,  General  Manager  of  the  Midvale  Steel  Company,  pre- 
sented a  paper  on  Industrial  Safety.  The  Section  was  grati- 
fied to  hear  that  Mr.  Barba's  jiaiier  was  subsequently  chosen 
for  presentation  at  the  annual  meeting. 

Developments  of  the  Pumping  Eng'ine  was  the  sub.ject  of  a 
paper  presented  at  the  meeting  of  the  Section  on  February  .3 
by  Prof.  A.  M.  Greene,  Jr.,  of  Rensselaer  Polytechnic  Insti- 
tute, with  whom  many  members  of  the  Section  are  well  ac- 
quainted on  account  of  his  former  Philadelphia  associations. 
This  meeting  was  a  joint  one  with  The  Franklin  Institute  and 
was  held  at  the  Institute.  Before  the  meeting  Professor 
Greene  was  entertained  at  dinner  by  the  officers  of  the  two 
organizations. 

On  April  10  a  joint  meeting  with  the  American  Institute 
of  Electrical  Engineers  was  held  at  the  Engineers'  Club.  The 
general  subject  was  Some  Prime  Movers  Now  Under  De- 
velopment. Three  papers  were  presented  on  live  subjects, — 
The  Uniflow  Engine;  Future  Possibilities  of  the  Large  Steam 
Turbine  Generator  in  Electric  Generating  Service,  and  the 
Diesel  Engine. 

At  the  meeting  of  April  25,  the  Section  was  honored  by  the 
presence  of  Dr.  D.  S.  Jacobus,  President  of  the  Society,  who 
gave  the  members  of  the  Section  a  much  clearer  insight  into 
the  affairs  and  problems  of  the  Society.  The  President's  talk 
was  preceded  by  an  informal  dinner  which  was  well  attended 
by  the  members. 

"  The  last  meeting  of  the  sea.son  was  held  Tuesday  evening, 
May  23,  at  the  Engineers'  Club.  A  paper  was  presented  by 
Lieut-Com.  H.  C.  Dinger,  U.  S.  N.,  on  Efficiency  of  Propulsive 
Machinery  and  Late  Developments  in  Naval  Engineering. 
Besides  reviewing  in  an  able  manner  the  progress  of  engineer- 
ing in  the  Navy,  the  speaker  made  an  appeal  to  the  engineer- 
ing i^rofession  to  coiiperate  with  the  Navy  in  placing  our  coun- 
try in  a  better  state  of  preparedness.  In  expressing  apprecia- 
tion of  tlie  spirit  in  Avhich  this  appeal  was  made,  the  Secre- 
tai-y  of  the  Society,  Calvin  W.  Rice,  spoke  with  special  earnest- 
ness and  promised  the  fullest  cooperation  from  the  members 
of  the  Society.  Following  the  paper  the  Chairman-elect  of  the 
Section,  E.  B.  Carter,  who  also  has  the  honor  of  being  Presi- 
dent of  the  Engineers'  Club  for  the  present  year,  was  pre- 
sented and  expressed  his  belief  that  one  of  the  principal  obli- 
gations of  the  Philadelphia  Section  is  to  make  itself  especially 
useful  in  assisting  to  get  the  entire  engineering  profession  in 
Philadelphia  and  vicinity  to  center  around  the  Engineers' 
Club. 

As  an  earnest  of  this  cooperative  spirit,  the  retiring  local 
committee  gave  a  dinner  at  the  University  Club,  prior  to  the 
meeting,  to  which  invitations  had  been  extended  to  the  officers 
of  the  local  technical  organizations.  Mr.  Rice  was  also  present. 
The  occasion  was  vei"y  enjoy.able  and  presaged  a  successful 
fortlicoming  season. 

The  spirit  of  cooperation,  wliich  has  taken  such  a  positive 
hold  among  the  various  engineering  organizations  of  Phil- 
adelphia, is  bringing  the  engineers  of  this  community  closer 
and  closer  together  and  the  cjuestion  of  the  exact  field  for  the 
sections  of  the  various  national  societies  is  likely  to  change  as 
this  co6i)eration  progi'esses. 

At  the  present  time,  there  seems  to  be  a  feeling  that  the  more 
distinctly  technical  subjects  should  be  discussed  by  the  local 
sections  of  the  various  engineering  bodies  and  that  subjects 
of  general  engineering  interest  sliouhl  be  taken  up  by  tlie 
Kngineers'  Club  of  Philadelphia  which  is  the  main  body  about 
whu'li  the  various  local  sections  of  tlie  national  societies  center. 
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The  future  of  these  local  sectious  depends  also  upon  the  final 
plan  for  the  development  of  the  Engineers'  Club.  This  Club 
now  has  a  membership  of  apinoximately  2500  and  with  the 
affiliated  societies  the  total  membership  in  Pliiladelphia  ag- 
gi-egates  3800,  not  including  The  Franklin  Institute.  Within 
the  next  year  the  development  plans  of  the  Engineei-s'  Club 
will  undoubtedly  be  definitely  determined  and  the  relation  of 
the  Section  of  The  American  Society  of  Mechanical  Engineers 
and  other  similar  affiliated  societies  to  this  development  prob- 
lem will  unquestionably  be  of  interest  to  all  other  Sections  of 
the  Society. 

^'ery  truly  yours, 

R.  H.  Fernald, 
Chairman,  Pliiladelphia  Section. 


SAN  FRANCISCO  HAS  PROBLEMS  AND  APPARENTLY  WAYS  OP 
MEETING    THEM 


that  one  of  oiu'  Committee  is  a  director  of  the  Club  and  this, 
to  us  at  least  is  a  vei-y  attractive  arrangement,  of  advantage 
to  the  Club  and  to  our  Section  in  many  ways. 

The  Club  has  also  arranged  for  the  various  local  branch 
committees  to  meet  at  the  Club  quarters  if  they  so  desire  with- 
out expense. 

It  is  also  thought  advisable  to  offer  inducements  to  the 
younger  men  to  attend  our  meetings.  The  jn-esentation  of 
technical  papers  is  as  a  whole  probably  of  less  interest  to 
them  than  purely  social  gatherings.  This  is  our  reason  for 
planning  to  hold  alternate  formal  and  informal  meetings. 
This  also,  with  other  reasons,  has  led  us  to  meet  after  dinner 
rather  than  before.  It  is  planned  during  the  coming  winter 
to  have  informal  meetings  monthly  on  Saturday  afternoon 
preceded  by  a  buffet  lunch  without  cost  to  those  who  attend. 
Very  truly  yours, 

F.  W.  Gay, 
Chairman,  San  Francisco  Section. 


To  THE  Secretary  : 

Last  year  we  had  with  us  many  delegates  from  our  National 
Scientific  Bodies  and  one  International  in  scope.  With  the 
many  meetings  of  these  conventions  and  the  almost  innumer- 
able subjects  upon  which  papers  and  discussions  were  pre- 
pai'ed,  we  thought  it  best  to  postpone  all  meetings  of  our 
local  section  A.S.M.E.  until  early  in  1916.  However,  the 
Committee  met  from  time  to  time  and  made  plans  for  this 
year's  prograiii.  As  a  unit  the  Committee  decided  that  the 
quality  of  pajiers  presented,  four  in  all,  in  order  to  be  of 
the  highest  standard,  demanded  that  the  authors  should  be 
given  a  greater  length  of  time  for  preparation.  The  subjects 
therefore  were  all  selected  early  in  the  year,  and  the  authors 
except  one,  decided  upon. 

Last  year  we  discussed  the  advisabiUtv  of  having  joint 
meetings  of  the  A.I.E.E.,  A.I.M.E.,  A.S'.C.E.,  A.C.S.  and 
A.S.M.E.  The  fli-st  meeting  this  year  was  held  June  2  with  a 
large  attendance  representing  each  Society.  Short  talks  were 
given  by  representatives  from  each  branch,  corn-cob  pipes 
and  tobacco  were  distributed  gTatis,  and  a  half-hour  talk  given 
on  the  electrification  of  part  of  the  system  of  one  of  our  large 
railroads.  Later  we  had  beer,  crackers,  etc.,  unpretentiously 
and  wholly  informally.  The  Committee  in  charge  were  so  well 
pleased  "n-ith  the  attendance  that  other  meetings  of  similar 
character  are  planned  for  the  year.  We  feel  that  attendance 
will  be  larger  in  the  future,  as  several  said  they  had  no  idea 
what  a  good  time  they  would  have. 

We  therefore  plan  for  this  year  four  formal  pajsers  with 
discussions,  four  or  more  smokers,  and  a  number,  as  yet  un- 
determined, of  joint  meetings  of  the  five  Societies.  We  have 
also  arranged  to  notify  the  Secretaries  of  other  Societies  when 
we  are  to  hold  meetings  and  they  are  to  post  notice  and  in- 
vitation to  attend  on  their  bulletin  board.  Similar  notice  to 
be  posted  on  Bulletin  Board  of  the  Engineers'  Club. 

The  Engineers'  Club  is  the  logical  headquarters  for  our 
Section  as  well  as  for  the  other  engineering  societies  and  we 
feel  that  the  club  members  should  belong  to  the  various  soci- 
eties and  that  the  society  members  should  belong  to  the  Club. 
The  human  element  in  Engineers  collectively  is  just  as  strong 
as  in  members  of  other  professions,  but  we  think  the  individual 
does  not  know  this;  it  is  to  be  our  endeavor  to  prove  it. 

We  feel  that  a  larger  percentage  of  our  members  should 
attend  the  meetings.  Just  how  to  get  them  there  we  have  not 
as  yet  discovered.  W^e  have  frankly  asked  them  what  they 
want  in  the  line  of  papers  or  entertainment.  So  far  we  have 
not  received  any  definite  recommendations.  The  Committee 
has  decided,  however,  that  the  quality  of  a  paper  must  be  ex- 
cellent, the  subject  one  of  interest  to  tlie  majority  and  ample 
time  allowed  for  preparation.  It  is  our  hope  to  have  the 
papers  printed  and  distributed  before  presentation  in  the 
future  to  the  end  tliat  discussions  shall  represent  more  mature 
analysis  and  deliberation. 

It  is  proposed  to  indue*  the  Engineers'  Club  to  purchase  a 
moving  picture  and  stereopticon  outfit,  the  branches  of  the 
various  societies  to  pay,  say,  $10  for  the  use  of  the  machine 
at  each  meeting  until  cost  has  been  absorbed.  After  that  no 
charge  to  be  made  for  the  use  of  the  outfit.     It  so  happens 


REPORT  OF  NOMINATING   COMMITTEE 

The  Secretary  announces  the  receipt  of  tlie  report  of  the 
Nominating  Committee  charged  by  President  Jacobus  with  the 
duty  of  nominating  candidates  for  the  forthcoming  \acancies 
in  elective  offices.  It  will  be  recalled  that  the  Nominating  Com- 
mittee was  this  year  apjDointed  by  the  President  from  five 
groups  of  the  different  geographic  sections  of  the  Society 
with  the  object  of  securing  the  greatest  possible  democracy. 
The  Committee  consisted  of  Walter  B.  Snow.  Chairman,  repre- 
senting the  Boston,  New  Haven  and  Woi'cester  Sections;  H. 
M.  Montgomery,  representing  the  Chicago,  Milwaukee  and 
Minnesota  Sections;  E.  H.  Ohle,  representing  the  Atlanta, 
Birmingham,  St.  Louis  and  Cincinnati  Sections;  J.  T.  Whitt- 
lesej',  representing  the  San  Francisco  and  Los  Angeles  Sec- 
tions, and  D.  Robert  Yarnall,  representing  the  New  York, 
Philadelphia  and  Buffalo  Sections.  The  report  from  the 
Chairman  follows: 

To  THE  Secretary  : 

Dear  Sir:  Acting  for  the  Nominating  Committee,  which 
you  advised  upon  February  24,  1916  of  their  appointment  by 
the  President,  I  have  the  honor  to  submit  the  following  report. 

As  the  result  of  several  meetings  at  New  Orleans  in  April, 
and  subsequent  personal  interviews  on  the  part  of  individual 
members,  the  following  names  of  nominees  for  the  various 
elective  offices  next  falling  vacant  under  the  Constitution, 
together  with  the  written  consent  of  each  nominee,  are  here- 
with presented : 

For  President,  for  one  year: 

Iba  N.  Hollis,  Worcester,  Mass. 

For  Vice-Presidents,  for  two  years: 

Charles  H.  Benjamin,  Lafayette,  Ind. 
Arthur  M.  Greene,  Jr.,  Troy,  N.  Y. 
Charles  T.  Plunkett,  Adams,  Mass. 

For  Managers,  for  three  years: 

Robert  H.  Fernald,  Philadelphia,  Pa. 
William  B.  Gregory,  New  Orleans,  La. 
C.  R.  Weymouth,  Berkeley,  Cal. 

Fur  Treasurer: 

William  H.  Wiley,  New  Y'ork,  N.  Y. 
Respectfully  submitted, 

For  the  Co.mmittee, 
{Signed)  Walter  B.  Snow,  Cliairmnn. 
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ACKNOWLEDGMENT 


ROLL  OF  HONOR 


Attention  has  beeu  called  to  the  unfortunate  omission  from 
tlie  report  of  the  Committee  on  Standardization  of  Flanges 
as  jniblished  in  Volume  36  of  the  Transactions  of  the  Society 
of  the  name  of  the  National  Association  of  Master  Steam  and 
Hot  Water  Fitters.  Acknowledgment  is  hereby  made  by  the 
Committee  on  Standardization  of  Flanges  to  the  Association 
for  its  generous  support  and  work  in  the  preparation  of  this 
report,  and  the  name  of  the  Association  will  appear  hereafter 
on  any  publication  of  the  report  by  the  Society. 

It  wiU  be  found  that  the  dimensions  published  by  the  Master 
Ste.am  and  Hot  Water  Fitters  Association  under  the  title  of 
1915  U.  S.  Standard  are  identical  with  the  dimensions  in  the 
Auw^rican  Standard  published  by  the  Society. 


INDUSTRIAL  PREPAREDNESS 

Tiie  War  Department  has  detailed  five  officers  of  the  Regu- 
lar Army  to  duty  with  the  United  States  Naval  Consulting 
Boai'd,  to  assist  the  Committee  on  Industrial  Prepai'edness. 
of  which  Howard  E.  Coffin,  Mem.Am.Soc.M.E.,  is  Chair- 
man, in  mobilizing  for  war  purposes  the  various  munitions- 
making  and  other  industries  of  the  eounti-y.  These  officers 
are  Colonel  Abiel  L.  Smith,  of  the  Quartermaster  Corps; 
Major  William  D.  Connor,  of  the  General  Stail';  Captain 
Douglas  MacArthur,  of  the  Corps  of  Engineers  and  the  Gen- 
eral Staff;  Captain  Richard  H.  Somers,  of  the  Ordnance  De- 
partment, and  Captain  Charles  S.  Wallace,  of  the  Signal 
Corps. 

The  following  statement,  announcing  the  detail  of  the  army 
oflScers  to  aid  Mr.  CoflBn  and  the  committee,  was  issued  on  June 
23  from  the  office  of  the  Board  in  the  Engineering  Societies' 
Building : 

"  In  view  of  present  conditions,  the  Committee  on  Indus- 
trial Preparedness  of  the  Naval  Consulting  Board  of  the 
United  States  is  exerting  all  possible  pressure  to  complete  its 
great  industrial  survey,  and  is  rushing  its  work  to  the  limit. 

■'  Supervising  Director  W.  S.  Gifford  announces  that  the 
War  Department,  for  the  purpose  of  helping  rush  to  comple- 
tion the  nation-wide  inventory,  has  just  assigned  five  officers 
of  the  regular  service  to  duty  at  the  committee's  headquarters 
in  the  Engineering  Societies'  Building,  New  York.  Mr.  Gif- 
ford states  that  these  officers  will  immediately  begin  to  classify 
the  returns  now  coming  in  from  the  committee's  army  of  engi- 
neei-s  in  the  field,  particularly  with  reference  to  items  of  army 
supplies. 

"  The  Government  is  esjjecially  desirous  of  knowing  in  a 
specific  way  how  the  manufacturers  of  America  can  transform 
tlieir  plants  to  producing  munitions  of  war  and  the  thousand 
and  one  things  needed  in  an  miending  stream  in  a  modern  con- 
flict. Particular  attention  is  being  given  to  the  adaptability 
of  plants  along  this  line  in  the  Southwestern  States.  It  goes 
without  saying  that  the  Government  will  g'am  enormous  benefit 
by  receiving  at  this  time  the  vast  data  being  collected  by  the 
Committee  on  Industrial  Preparedness,  and  Secretary  of  War 
Baker  is  co-operating  with  Chairman  Howard  E.  Coffin  in 
every  way. 

"  The  business  men  of  the  country  continue  to  respond  in 
the  most  patriotic  manner  to  the  committee's  survey,  and  the 
returns  from  the  industrial  inventory  are  poui'ing  in  from 
every  part  of  the  Union." 

Through  the  efforts  of  the  members  of  the  national  engineer- 
ing societies  acting  as  State  Directors  on  the  industrial  census, 
the  names  of  more  than  100,000  American  manufacturing  con- 
cerns willing  to  aid  in  every  possible  way  in  the  manufacture 
of  mmiitions  and  supplies  of  all  kinds  that  will  be  needed  in 
the  event  of  war  have  been  secured. 


The  Society  is  compiling  a  list  of  all  membei's  enlisted  or 
contemplating  enlistment  in  the  National  Guard,  the  Regular 
Army,  the  Navy,  or  in  anj'  other  capacity  in  the  services  of 
the  country;  and  in  order  that  this  list  may  be  as  complete 
as  possible,  members  connected  with  military  or  naval  units 
are  requested  to  send  to  the  Secretary,  The  American  Society 
of  Mechanical  Engineers,  29  West  39th  St.,  New  York,  N.  Y., 
particulars  of  their  rank  and  the  unit  in  which  they  are  serv- 
ing or  expect  to  serve. 

As,  obviouslj',  on  account  of  their  being  in  the  service  of 
the  country,  some  men  may  not  see  this  notice,  every  member 
of  the  Society  who  knows  of  any  other  member  now  engaged 
or  about  to  be  engaged  in  the  service  of  the  country  in  any 
capacity  is  invited  to  notify  the  Secretary. 


DEATH  OF  DR.  CORTHELL 

It  is  with  profound  regi-et  that  we  record  the  death  of  Dr. 
Elmer  Lawrence  Corthell,  president  of  the  American  Society 
of  Civil  Engineers. 

Dr.  Corthell's  professional  activities  covered  a  remarkably 
wide  range — bridges,  railways,  terminals,  river  channel  recti- 
fication, harbors,  canals,  waterworks,  and  protection  of  sea 
coasts,  and  earned  for  him  a  brilliant  reputation  in  three  con- 
tinents. 

He  also  participated  actively  in  the  affairs  of  the  engineer, 
particularly  as  they  related  to  matters  of  public  policy.  He 
was  always  prominent  at  international  congresses  of  engineers, 
where  his  European  and  South  American  experience  made  him 
an  invaluable  member  of  committees. 

To  a  greater  extent,  perhaps,  than  any  engineer  living  today 
did  he  come  into  close  contact  with  important  men  and  pro- 
jects of  national  magnitude,  and  his  death  leaves  a  void  in 
the  profession  which  only  time  can  fill. 

Dr.  Corthell  was  a  member,  in  many  cases  honorary  or  life 
member,  of  nearly  sixty  engineering  and  scientific  organiza- 
tions. Before  his  death  he  not  only  gave  his  library  of  several 
thousand  volumes  to  Brown  University,  but  provided  for  the 
proceedings  of  these  societies  to  be  sent  in  perpetuity  to  Brown 
University. 

As  early  as  1893,  the  time  of  the  International  Engineer- 
ing CongTess,  of  which  he  was  general  chairman,  and  perhaps 
even  before  that  time.  Dr.  Corthell  had  the  desire  "  to  unite 
in  closer  social  and  professional  relations  the  engineers  of  the 
world."     This  was  stated  in  a  paper  he  prepared  in  189.5. 

Later  he  was  active  in  the  organization  of  the  International 
Association  of  Engineers  which,  with  headquarters  in  Brussels, 
is  realizing  Dr.  Corthell's  dream  of  twenty  years  ago. 

With  the  closer  cooperation  of  the  engineering  societies  in 
America,  in  which  he  was  active,  we  hope  still  further  to  con- 
summate  his  world-wide  ambition  of  the  engineering  pro- 
fession. 


COOPERATION  AT  LOS  ANGELES 

It  is  exceedingly  gratifying  to  note  the  hard  work  being 
done  by  the  Sections  to  coordinate  their  activities  with  those 
of  other  local  organizations.  Two  months  ago  we  were  able 
to  report  a  remarkable  meeting  of  the  New  Haven  Section 
in  which  seven  other  organizations  participated,  and  now 
we  are  advised  that  the  Los  Angeles  Section  held  on  June  1 
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a  joint  tlmnei-rueeting  with  the  local  branches  of  the  Ameri- 
can Soeietj-  of  Civil  Engineers,  the  American  Institute  of 
Mining  Engineers,  the  Ajnerican  Institute  of  Electrical  Engi- 
neers, the  American  Chemical  Soeietj'  and  the  Engineers  and 
Architects  Association.  As  in  the  case  at  New  Haven,  the 
joint  meeting  was  the  result  of  the  activity  of  the  Chairman 
of  our  Section. 

The  subject  of  the  meeting  was  Industrial  Preparedness, 
and  there  was  a  general  discussion  on  the  plans  of  the  U.  S. 
Naval  Consulting  Board  and  of  its  Associate  Members  to 
seciu-e.  through  the  Board's  Committee  on  Industrial  Pre- 
paredness, an  accurate  industrial  inventory'  of  this  country's 
manufacturing  and  producing  resources  for  the  purpose  of 
national  defense. 

Mr.  Arthur  Benton  jiresided  and  Dean  George  A.  Damon, 
of  the  Throop  College  of  TechnologT,  acted  as  toastmaster. 
The  speakers  of  the  evening  were :  Rev.  George  N.  Davidson ; 
Earle  Remington,  President  of  the  Aero  Club  of  Los  Angeles; 
Capt.  Charles  T.  Leeds.  U.S.A.  (retired) ;  Major  George  B. 
Pillsbury,  U.S.A.,  in  charge  of  fortifications,  San  Pedro; 
George  W.  Dickie,  Vice-President  Am.Soc.M.E.,  and  Willis 
H.  Booth,  Vice-President  of  the  Security  National  Bank. 


of  all  government  contractors.  The  credit  for  such  results 
belongs  not  only  to  the  Minister  of  Munitions  and  the  manu- 
facturers, but  iu  a  large  measure  to  the  workmen  and  esjjecial- 
ly  to  the  women  volunteer's. 

There  have  been  mustered  into  the  machine  shops  of  Great 
Britain  over  200,000  women,  who  are  largely  engaged  on  the 
most  intricate  processes  of  shell  making.  One  young  dress- 
maker who  volunteered  was  put  at  a  machine  which  was  sup- 
posed, in  the  hands  of  a  good  workman,  to  turn  out  thirty 
shell  parts  an  hour.  This  woman's  regular  outjsut  is  now 
seventy-five  an  hour.  Another  expert  is  a  young  typist  who 
had  five  brothers  in  the  army ;  one  was  killed,  another  was  dis- 
abled, and  the  others  still  bear  their  part  in  the  fighting.  Not 
to  be  behindhand  in  patriotism,  this  girl  desei'ted  the  office 
for  the  faetoi'y,  and  is  now  one  of  the  most  exjjert  machinists 
iu  the  empire.  Her  passionate  hatred  of  the  enemy  makes  her 
disobey  every  order  to  slow  down. 

Besides  heroic  women,  many  men  have  left  unnecessai-y  pro- 
fessions for  the  munitions  plants.  Several  members  of  the 
House  of  Lords  are  regular  machinists.  In  one  city  every 
lawyer  and  court  ofiicial  goes  on  Saturday  afternoon  to  a 
factory  and  works  steadily,  with  just  enough  time  off  for 
sleep,  until  the  sessions  are  resumed  on  Monday.  The  eli'cct 
of  this  industrial  mobilization  on  the  British  Ai-my  and  Navy 
may  in  a  sense  be  measured;  things  which  are  now  possible 
\\  ere  impossible  a  year  ago. 


VICE-PRESIDENT  DICKIE  DISCUSSES  PREPAREDNESS 

The  subject  of  Mr.  Dickie's  address  was  Industrial  Pre- 
paredness. Mr.  Dickie  outlined  the  Naval  Consulting  Board's 
plan  for  taking  the  industrial  census,  and  expressed  his  con- 
fidence that  the  members  of  the  organizations  now  being 
called  upon  to  render  service  in  connection  with  this  inventory 
would  welcome  the  opportunity  to  cooperate  in  this  important 
and  purely  defensive  work  undertaken  for  the  protection  of 
oiu'  country. 

He  drew  upon  the  European  VTar  to  emphasize  what  it 
meant  to  a  nation  to  be  prepared  and  what  imprepared. 
He  said  that  at  the  outbreak  of  the  war.  Great  Britain  was 
notoriously  short  of  munitions,  whereas  to-day  she  had  an 
abundance.  The  story  of  the  industrial  transformation  that 
made  such  a  change  possible  is  one  of  the  most  remarkable 
chapters  in  the  romance  of  motor-driven  automatic  and  semi- 
automatic lathes.  He  gave  the  following  unique  results  of 
urging  every  manufacturer  in  that  country  to  utilize  his  equip- 
ment for  the  service  of  the  army  and  navy. 


INTERESTING   EXAMPLES    FROil   EUROPE 

A  concern  engaged  before  the  war  in  preparing  infant's 
food  is  now  delivering  thousands  of  plugs  for  shell.  A  well- 
known  manufacturer  of  baking  machinery  has  become  an  ex- 
pert contractor  for  6-in.  high  explosive  shells.  A  jewelery 
house  is  devoting  itself  exclusively  to  the  manufacture  of 
periscopes.  Among  the  producers  of  finished  shell  are  found 
candle-makers,  flour  mills,  tobacco  manufacturers  and  makers 
of  sporting  goods. 

In  some  cases  the  adaptation  of  old  plants  and  their  tool 
equipment  to  the  making  of  munitions  has  been  incredibly 
rapid.  Thus  the  government  prevailed  on  a  firm  makmg 
textile  machinery  to  take  an  order  for  field-kitchens.  The  firm 
was  one  of  the  largest  and  best  known  in  Great  Britain  and 
employed  some  8000  hands ;  so  it  made  over  one  of  its  shops  to 
furnish  fleld-kitchens.  Their  men,  very  likely,  had  never  seen 
one  of  these  until  they  went  to  work,  but  iu  an  amazingly  short 
time  they  completed  the  delivery  of  what  quai-termasters  de- 
scribed as  the  fuiest  field-kitchens  they  had  ever  had.  Thus 
encouraged,  the  Minister  of  Munitions  prevailed  on  the  com- 
pany to  begin  the  manufacture  of  4..5  shell.  The  whole  plant 
was  readjusted  and  is  now  reckoned  one  of  the  most  reliable 


WHAT   THIS    COUNTRY    WOULD    NEED 

For  present  day  war  needs,  he  questioned  how  many  of  us 
realize  that  to  produce  the  gages  and  jigs  necessary  to  manu- 
facture the  200,000  shells  daily  required  by  an  adequate  artil- 
lerj'  force  in  action  would  swamp  the  facilities  of  the  three 
largest  plants  in  this  country  now  making  these  articles — 
swamp  them  from  now  until  the  year  1921,  and  that  prelimin- 
ary item  alone  would  cost  $18,000,000.  In  the  event  of  even 
a  medium-sized  war  with  a  first-class  power  we  would  need 
120  times  our  present  number  of  machines  fitted  and  instantly 
ready  for  munition  manufacture.  More  than  that  we  would 
need  three  men  sweating  in  a  factory  for  every  soldier  or 
sailor  at  the  front.  If  we  were  to  plan  for  an  army  of  a 
million  men,  and  that  is  not  big  compared  with  the  armies  now 
at  war  in  Eiu-ope,  we  must  also  plan  another  army  of  three 
million  men  to  supply  the  necessary  things  required  by  the 
million  in  the  field. 

To-day  the  Fraukford  arsenal  is  the  only  one  we  have  equip- 
ped for  the  making  of  field  gun  ammunition;  if  it  worked 
night  and  day  for  365  days  it  would  be  able  to  supply  just 
about  enough  shells  for  a  single  day's  shooting  by  an  army  of 
a  million  men  so  that,  in  the  event  of  war,  to  supply  ammuni- 
tion for  field  guns  alone  for  such  an  army  we  would  need  365 
duplicates  of  the  Frankford  arsenal. 

Years  ago  Germany  knew  how  many  shells  and  other  me- 
chanical thing's  that  were  necessary  for  war,  and  how  many 
jiarts  each  little  machine  shop  in  the  country  could  make,  and 
she  gave  these  shops  actual  practice  in  making  them,  so  that 
on  the  afternoon  of  July  28,  1914,  two  hours  after  the  declara- 
tion of  war,  every  concern  in  Germany  that  could  make  muni- 
tions was  working  full  capacity  on  such  ■work.  Great  Britain 
got  ready  in  about  a  year. 

Of  course,  merely  taking  an  inventory  of  our  manufac- 
turing plants  to  determine  their  possibilities  in  case  of  war 
would  in  itself  be  useless.  These  plants  must  be  furnished 
in  advance  with  all  necessary  designs  and  the  jigs  and  gages 
for  the  manufacture  of  such  war  material  as  they  are  fitted 
for,  and  they  must  be  reg'ularly  inspected  to  insure  their 
ability  to  shift  without  loss  of  time  from  the  products  of 
peace  to  the  products  of  war. 

Then    our   railroads   must   be   ready   for  the  job   that   war 
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would  bring  them,  should  the  misfoi'tuue  of  wai'  overtake  us. 
Our  250,000  miles  of  steel  highway  would  become  the  very 
backbone  of  our  power  to  stand.  Yet  how  little  are  we  jare- 
pared  to  care  for  the  extraordinary  quantity  of  traflSc  that 
would  be  headed  for  strategic  points  in  that  emergency.  He 
would  not  advocate  for  our  country's  railroad  tracts  to  be 
dedicated  to  the  promotion  of  war,  but  he  did  believe  that  if 
our  Government  would  begin  to  regard  our  railroads  as  a  link, 
the  most  important  link  in  the  chain  of  preparedness,  they 
would  soon  be  able  to  respond  with  increased  facilities  to  care 
for  extraordinarv  needs  the  Government  miaht  have  for  their 


BOILER  CODE  COMMITTEE 

The  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Anyone  desiring  information  as  to  the  application  of  the 
Code  is  requested  to  communicate  with  the  Secretary  of  the 
Committee,  Mr.  C.  W.  Obert,  29  AVest  39th  Street,  New  York 
City. 

Siuce  the  issue  of  the  first  edition  of  the  Code,  the  demand 
for  copies  has  averaged  almost  1000  a  month. 


DEDICATION  OF  NEW  TECHNOLOGY 
BUILDINGS 

The  dedication  of  "  New  Technology  "  at  Cambridge,  Mass., 
on  June  12-14  marked  an  epoch  in  the  history  of  technical 
education  in  this  country  and  in  the  fullest  sense  was  a  golden 
anniversary  for  the  Massachusetts  Institute  of  Technology 
and  the  many  alumni  and  friends  of  this  great  institution. 

In  1846  William  Barton  Rogers,  the  founder  of  the  In- 
stitute, enunciated  a  ''  Plan  for  a  Polytechnic  School  in  Bos- 
ton," which  comprised  the  study  of  physical  laws  and  scien- 
tific principles  as  the  basis  for  the  processes  of  the  in- 
dustries,— a  radical  conception  in  those  early  days  of  em- 
piricalism.  Exactly  fifty  years  ago,  in  1866,  his  life's  desire 
was  fulfilled  in  the  erection  on  Boylston  Street,  Boston,  of  the 
stately  "  Rogers  Building,"  the  first  home  of  the  Institute  and 
ever  since  its  main  or  administration  building. 

This,  and  the  other  buildings  occupied  by  the  school  in 
different  parts  of  the  city,  have  long  been  inadequate,  their 
arrangements  inconvenient,  and  with  all  there  has  been  no 
dormitory,  no  gymnasium,  and  but  little  opportunity  to  care 
for  the  social  and  physical  welfare  of  the  students. 

Now  aU  this  is  to  be  changed  and  in  accordance  with  a  plan 
so  complete  and  on  a  scale  so  great  as  to  partake  of  an  ele- 
ment of  grandeur  in  its  final  realization.  Through  the 
gifts  of  alumni  and  friends,  and  of  an  unknown  donor,  the 
"  mysterious  Mr.  Smith,"  it  has  been  made  possible  to  erect 
on  a  tract  of  land  bordering  on  the  Charles  River,  Cam- 
bridge, a  $7,000,000  group  of  buildings,  of  which  the  main 
or  educational  building  is  practically  completed  and  the  others 
are  in  process  of  construction. 

At  the  exercises  in  June  a  formal  farewell  was  paid  to 
the  old  Rogers  Building  wliich  has  meant  so  much  in  the  life 
of  the  Institute,  and  with  elaborate  ceremonies  and  a  wonder- 
ful pageant  the  new  buildings  across  the  river  were  dedicated 
to  the  continuation  of  the  work  of  education  and  enlighten- 
ment. 

After  a  long  study  of  the  problem  by  engineers,  notably 
by  John  R.  Freeman,  Mem.Am.Soc.M.E.,  and  finally  by  the 
architect,  Wm.  W.  Bosworth,  it  was  decided  to  adopt  a  single 


building  type  of  constraction  to  meet  the  educational  needs, 
instead  of  the  usual  group  of  detached  buildings. 

The  librai-y,  which  must  be  so  important  a  factor  in  any 
system  of  education,  has  been  made  the  central  feature  of  this 
building,  with  a  great  dome  nearly  two  hundred  feet  high. 
The  various  wings  are  grouped  about  a  great  court,  the  im- 
mense proportions  of  which  may  be  indicated  by  an  illustra- 
tive statement  which  seems  appropriate  under  present  con- 
ditions, that  it  would  easily  harbour  ten  of  the  largest  battle- 
ships of  the  U.  S.  Navy. 

The  building  is  of  concrete,  faced  with  limestone,  and  prob- 
ably is  the  largest  monolithic  structure  in  the  world.  Its 
fundamental  principle  of  construction  is  a  system  of  bays  of 
uniform  size   throughout,   which   constitute   units   for   growth 


Charles         River        Road  | 

Floor  Plan  or  New  Educatioxal,  Buildixg  of  Massachu- 
setts Institute  of  Technology 

and  future  extensions.  The  floors  are  supported  entirely  by 
the  exterior  walls,  independent  of  the  dividing  partitions,  and 
the  rooms  for  the  different  departments  can  be  changed  in 
size  at  will,  in  any  multiple  of  the  single-bay  unit,  to  suit 
conditions  of  development.  It  is  the  sectional  book  case  idea 
applied  to  architectural  planning. 

Like  the  stacks  of  a  book  case,  also,  the  building  may  be 
added  to  by  erecting  extensions  or  wings,  as  shown  in  the  plan 
view  herewith.  As  it  now  stands  it  will  accommodate  2000 
students  and  there  can  be  future  extensions  for  as  many 
more. 

The  classic  type  of  arcliictecture  has  been  followed  and  into 
it  has  been  moulded  with  rare  skill  an  adaptation  to  modem 
requirements  in  the  way  of  window  space  and  overhead  light- 


SOCIETY  AFFAIRS 


The  Journal 

Am.Soc  M.E. 


Courti'.sy    of   Stouc   &    WchsttT. 

New  Eduoatioxal  Butlding  of  the  Massachusetts  Institute  of  Technology 

There  are  IS  acres  of  floor  space,  ami  in  its  construction  were  used  itiS  carlumls  of  stone,  5,000,000  brick,  and  80,000  bags  of 
cement.  The  dome  is  ISO  ft.  high  and  the  great  court  would  hold  the  Boston  Public  Library,  with  room  for  a  city  street  on 
either  side.  The  power  house  has  2000  h.p.  steam  capacity,  and  there  are  2^  acres  of  drafting  rooms  and  large  laboratories  for 
the  various  departments,  including  a  hiidraulic  laboratory,  with  800  ft.  of  canals  and  pumps  of  22,000  gal.  per  mln.  capacity,  and 
an  aero-dynamic  laboratory,  with  ^-ft.  blowing  tunnel  of  Ifi  miles  an  hour  capacity. 


iag-  and  other  utility  features  such  as  are  usually  found  only 
in  the  most  recent  factory  type  of  building. 

Five  thousand  Technology  men,  hundreds  of  Technology 
women,  and  other  thousands  of  interested  friends  gathered 
from  far  and  near  for  the  dedication  exercises.  The  jubilee 
started  in  lively  fashion  with  the  amval  of  the  New  York 
contingent,  700  strong,  by  boat  on  Monday  morning. 

The  exercises  on  that  day  comprised  the  impressive  "  fare- 
well to  Rogers  "  at  which  James  P.  Munroe,  long  associated 
in  the  affairs  of  the  Institute,  was  the  orator;  the  laying  of 
the  cornerstone  of  the  Walker  Memorial;  and  in  the  interims 
the  various  luncheons,  inspection  of  the  new  buildings,  a 
water  festival  on  the  Charles  River  basin ;  and  class  dinners 
in  the  evening. 

No  incident  of  the  day  was  more  impressive  than  the 
gathering  late  in  the  evening  of  the  thousands  of  graduates 
and  undergraduates  in  front  of  the  Rogers  Building  to  bid 
final  adieu,  when  the  flag  was  lowered  for  the  last  time. 

Mr.  Munroe  in  his  address  likened  the  Rogers  Building  to 
a  Westminster  Abbey  for  Technology  and  pointed  out  the 
many  influences  which  have  contributed  to  build  up  its  power 
and  influence  over  its  men.  He  spoke  of  the  splendid  "  Spirit 
of  Technology"  which  had  developed  there  and  expressed  the 
belief  that  it  had  the  vigor  to  gTow  to  far  greater  proportions 
and  still  higher  fame  when  transplanted  to  the  Charles  River 
site. 

"  Into  the  Rogers  Building,"  said  Mr.  Munroe,  "  we  have 
builded  the  multiform  laboi-s  of  100  great  leaders  and  thou- 
sands of  their  neophytes,  all  seeking  the  one  enduring  thing 
in  life,  the  truth ;  all  scorning  to  reach  their  ends  by  any  other 
road  than  that  of  hard  work;  all  ambitious,  but  for  the 
general  good;  all  fired  with  the  desire  to  contribute  something 
toward  the  bettering  of  human  conditions  and  the  uplifting 
of  the  world;  all  striving  for  the  greatest  of  human  pos- 
sessions, character." 

"  But  the  soul  of  it,  the  legacy  of  Presidents  Rogei-s,  Runkle 
and  Walker  and  all  the  rest,  we  take  with  us,  not  in  memory, 
but  in  actuality,  and  we  believe  that  in  conveying  it  across 
the  Charles  we  are  leading  it  to  opportunities,  far  more  full 


of  promise  than   even  those  which  today  we  so  proudly  and 
gratefully  commemorate." 

On  Tuesday  throngs  of  the  visitors  went  by  boat  to  Nan- 
tasket  to  witness  the  class  stunts  and  in  the  evening  was  the 
wonderful  pageant  in  the  great  court  of  the  new  educational . 
building. 

Startin.:;-  with  the  formal  and  impressive  transfer  of  the 
cliarter  and  seal  of  the  Institute  from  the  old  to  the  new 
temples  of  learning,  by  the  State  Barge  "  Bucentaur  "  which 
proceeded  across  the  Charles  under  the  glare  of  searchlights 
and  fireworks;  and  continuing  with  the  several  episodes  of 
the  majestic  "  Masque  of  Power,"  it  constituted  an  elaborate 
and  brilliant  spectacle  of  surpassing  beauty. 

The  first  episode  of  the  Masque  of  Power  represented  Chaos ; 
the  second  the  Dance  of  the  Elements, — air,  water,  fire,  etc. 
Then  came  primitive  man  and  his  efforts  at  masterj'  of  the 
elements  portrayed.  But  man  alone  could  not  triumph  over 
nature  and  Will  and  Wisdom  appeared  and  led  historic 
groups  of  the  ages, — Egj'pt,  Greece,  Rome,  and  the  various 
Centuries  in  succession,  each  contributing  its  share  of  progri'ess 
under  gi'owing  enlightenment,  the  whole  making  a  most  im- 
pressive grouping  under  the  colored  lights  in  the  grand  court. 

Then  out  of  darkness  came  G-reed,  Selfishness  and  War,  and 
a  return  to  Chaos;  but  there  was  a  rift  in  the  clouds,  a  ray 
of  light  appeared,  and  Righteousness.  Will  and  Wisdom  swept 
irresistibly  forward,  breaking  the  war,  overcoming  the  ele- 
ments, and  finally  reigning  supreme. 

In  the  afternoon  were  the  formal  exercises  of  dedication 
with  addresses  by  Governor  McCall  of  Massachusetts,  Presi- 
dent Lowell  of  Hai-\'ard,  Henry  Cabot  Lodge  and  President 
Maclaurin  of  the  Institute.  There  were  in  attendance  the 
representatives  of  manj'  educational  institutions  and  a  very 
large  audience  in  the  great  Court  of  the  New  Technology. 
President  Maclaurin  fittingly  announced  the  purpose  of  Tech- 
nology as  that  of  "  strengthening  American  industry  at  its 
base  by  fixing  it  firmly  on  the  solid  rock  of  science." 

The  concluding  event  was  the  banquet  in  the  evening,  with 
a  combined  attendance  of  4000  diners  and  guests.  The  feature 
nf  the  occasion  was  telephonic  communication  for  every  one 
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present  and  for  2000  or  more  other  Technology  men  in  33 
other  cities,  with  the  speakers  at  the  banquet  and  with  those 
who  spoke  in  the  other  connected  cities.  Undoubtedly  this 
was  the  climax  of  the  many  similar  transcontinental  demon- 
strations which  have  been  arranged  through  the  courtesy  of 
the  officials  of  the  American  Telephone  and  Telegraph 
Company. 

At  exactly  9  o'clock  Eastern  time,  the  connections  were 
made  for  a  period  of  two  hours  and  without  interruption 
to  the  regular  service  of  the  several  cities.  In  rapid  suc- 
cession was  the  roll  call  of  the  cities,  with  prompt  I'esponse 
from  each.     There  followed  telephonic  addresses  by  President 


Stone  of  the  Alumni  Association,  Presi.Ient  Maclauriu,  J.  J. 
Carty,  chief  engineer  of  the  American  Telephone  and  Tele- 
graph Company,  and  others;  after  which  there  were  exchanges 
of  greetings  between  Dr.  Alexander  Graham  Bell,  Orville 
Wright,  Thomas  A.  Edison,  Theodore  N.  Vail  and  various 
speakers  in  Boston  and  other  cities.  It  was  a  remarkable  dem- 
onstration of  the  marvelous  advance  of  telephonic  science  from 
the  barely  audible  message  of  the  inventor,  Alexander  Graham 
Bell,  to  this  great  national  convocation,  made  possible  by  the 
vision  and  organizing  skill  of  Theodore  N.  Vail  and  the  en- 
gineering triumphs  of  J.  J.  Carty,  his  predecessors  and  as- 
sociates. 
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U.   S.  Engr.  Dept.,  War  Dept., 
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mote. Unless  objection  is  made  to  any  of  the  candidates 
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have  been  received  from  the  required  number  of  references, 
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September  15,  1916. 
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Grant  i'arn  Co..  Fitchburg,   .Mass. 

HALL,  John  A., 
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MUNSON,  Horace  D.,  Mech.  Engr., 
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Penn.  R.  R., 
OAKES.  William  H..  Yice-Pres., 

Buorkel  &  Co.,  Inc., 
OLDS,  Alfred  W., 

with  Power  Manufacturing  Co., 
PECK.  John,  Ch.  Insptr., 

Steam  Boilers  and  Mchy., 
POLK.   Roger  W..  Cons.  Gas.  Engr. 
PR.VTT.  Arthur  D..  Asst.  to  Advisory  Engr. 

The  Babcock  &  Wilcox  Co., 
PRINDLE,  Harry  B.,  Export  Dept., 
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Standard  Compress  &  Warehouse  Corp., 
SARGISSON.   Z.1CCHEUS   E.,  Designing  Engr., 

Illinois  Traction  System, 
SEYMOUR.  Charles  R.,  Chief  Draftsman, 

M.  D.  Knowlton  Co., 


Wilmington,  Del. 

Indianapolis,   Ind. 
New  York 

Jerome,  .\riz. 

Boston,  Mass. 

New  York 

Peoria,  III. 


Draftsman  and  Designer, 


Rochester,  N.  Y. 


SH.\LLCR0SS,  Augustus  W 

Layne  &  Bowler  Co., 
SMITH,  Herman  R.,  Mech.  Engr.. 

Raymond  Concrete  Pile  Co., 
SMITH,  Thomas  A.,  Works  Engineer's  Dept 

Union  Metallic  Cartridge  Co., 
SMITHWICK,  Nathaniel  A.,  Formerly  Chief  Engr, 

Goulds  Mt'g.  Co., 
STOCK,  William  A., 

Patent  -Attorney, 
TAUSSIG,  John  H.,  Engineer  of  Design, 

The  United  Gas  Improvement  Co., 
THORSBY.  Karl  J.,  Engineer. 

California  Corrugated  Culvert  Co., 
TOWNSEND,   Harry  W.,  Factory  Manager, 

Aldrich  Pump  Co., 
VAN  WORMER,  Ralph  B.,  Genl.  Foreman  Motive 

-Vtlantic  Coast  Line  R.  R., 
VOORHEES.  Lee  J.,  Designer, 

The  Celluloid  Co., 
VREEL.\ND,  Elmer  L.,  Genl.  Foreman, 

Melil  Machine  Tool  &  Die  Co., 
WALSH,  Francis,  Chief  Engineer.  S.  S.  Havana, 

Ward  Line, 
WEBER,  .\UGUST,  Jr.,  Vice-Pres., 

Weber  Electric  Co., 
WETMORE,  Wade  L..  Mech.  Engr.. 

Granby  Consolidated  Mining.  Smelting  •&  Power  Co, 

Anyox, 
WILSON,  James  H..  Formerly  Mech.  Engr., 

McCleary.  Wallin  &  Crouse,  Amsterdam,   N.  Y. 

WINE,  William  E.,  Pres.. 

The  Wine  Railway  Appliance  Co.,  Toledo,  Ohio 

riNGLING.  Frank;  B.,  Secy., 

The  Ceramic  Mchy.  Co.,  Hamilton,  Ohio 

FOR    consideration    AS    ASSOCIATE-MEMBER    OR    JUNIOR 


Houston,  Tex. 

New  York 

Bridgeport,  Conn. 

Seneca  Falls,  N.  Y. 

Oakland,  Cal. 

Philadelphia,  Pa. 

W.  Berkeley,  Cal. 

.\llentown,  Pa. 
Pwr., 

Waycross,  Ga. 

Newark,  N.  J. 

Newark,  N.  J. 

New  York 

Schenectady,  N.  Y. 


,  Ltd., 
B.  C, 


Canada 


AVNSOE,  OSKAE  O.  T.,  Mech.  Engr., 

The  lola  Portland  Cement  Co., 
B.\KER,  C.  T..  Chief  Engr., 

Southern  Utilities  Co., 
B.\.EANY,  Edmund,  Machine  Designer, 

Singer  Mfg.  Co., 
BIRKENBEUL,  Clarence  E..  Draftsman, 

The  Holt  Mfg.  Co., 
BROEKER,  Frederick  G.,  Mech.  Draftsman, 

Braden  Copper  Co., 
BRYSON,  Tandy  A.,  Engineer, 

Tolhurst  Machine  Works, 
BULL.\RD,  Maurice  L.,  Chief  Engineer, 

W.  H.  McElwain  Co., 
BYLUND,  Walter  R.,  Charge  Publicity  Dept, 

Hyatt  Roller  Bearing  Co., 
C.\BLE,  D-ivis  A..  Genl.  Supt.. 

The  United  States  Roofing  Tile  Co., 
CLEMMER,  David  P..  Asst.  Supt., 

Southern  Stove  Works., 
COLBY.  Clyde  W.. 

with  National  Regulator  Co., 
D.\GAV.\RI-\N.   NiSHAN  A.,  Mech.   Draftsman, 

Nordyke  &  Mannon  Co., 
nON.^HUE.  Bartholomew  A., 

with  Pratt  &  Whitney  Co., 
F.AG-\N,  Henry  E.,  Manager  Dublin  Branch, 

'    Atlantic  Ice  &  Coal  Corp., 
ESTWING.  Ernest  O.,  Industrial  Engineer, 

Remington  Typewriter  Co.,  Yost  Works, 
FE.\R,  Thomas  G..  Superintendent,  Bay  View 

Tenn.  Coal,  Iron  &  R.  R.  Co.. 


Div., 


lola,  Kan. 

Jacksonville,  Pla. 

Elizabethport,  N.   J. 

Stockton,  Cal. 

Raucagua,  Chile 

Troy,  N.  Y. 

Manchester,  N.  H. 

Newark,  N.  J. 

E.  Sparta,  Ohio 

Richmond,  Ta. 

Toledo,  Ohio 

Indianapolis,  Ind. 

Hartford,  Conn. 

Dublin,  Ga. 

Bridgeport,  Coun. 

Birmingham,  .\la. 
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FICKES,  Alfred  C,  Mecli.  Eagr.. 

Lancaster  Iron  Works,  Lancaster,  Pa. 

FISCHER,  Otto  W.,  Chief  Draftsman. 

L.  O.  Koven  &  Bro..  Jersey   City,   N.  J. 

FRANKEL,  Monroe  J.,  Asst.  Insptr.  Gas  &  Electricity, 

City  of  Louisville,  Ky. 
GATES,  S.iM  .T.,  Commercial  Engineer. 

Tlie  Milwaukee  Elec.  Rwy.  &  LigUt  Co..  Milwaukee,  Wis. 

GREGO,  Robert,  Secy., 

Atlantic  Steel  Co.,  Atlanta,  Ga. 

GEDDIS,  Robert  H., 

with  Jones  &  Laughlin  Steel  Co.,  Pittsburgh,  Pa. 

HANSEN,  Herbert  C,  Office  Engineer, 

City  Light  &  Water  Co.,  .•Vmariilo,  Tex. 

HARVISON,  Louis  H.,  Engineer. 

The  M.  W.  Kellogg  Co.,  New  York 

HENDRIE,  George  A.,  Plant  Supt.. 

Ammo-Phos  Corporation,  Warner's,  N.  J. 

HOOVER,  Ci.ATTON  A., 

with  Southwark  Fdy.  &  Mob,  Co..  Philadelphia.  Pa. 

JACOBSON,  Franz, 

with  Pressed  Steel  Car  Co.,  Pittsburgh,  Pa. 

KEHOE.  Daniel  E.. 

Kcboe's  Iron  Works,  Savannah,  Ga. 

L.iPH.iM,  JARED  S.,  Adjunct  Professor  of  Expor.  Engrg., 

Dniversity  of  Virginia,  University,  Va. 

LEWIS,  Warren  D.,  Asst.  Engr., 

Edison  Electric  Illuminating  Co..  Brooklyn,  N.  Y. 

LITTLE,  Edwin  R.,  Mech.  Engr.,  Member  of  Firm. 

Little  &  Shepard,  Mcch.  and  Elec.  Engrs..  Detroit,  Mich. 

McCORD,  Charles  D.,  Chief  Electrician. 

The  Carbon  Limestone  Co..  Edenburg,  Pa. 

MACKINTOSH.  Edward  B.,  Drafting. 

American  Brass  Co.,  Torriugton,  Conn. 

MALM,  Carl  P.  A.,  Marine  Draftsman, 

Newport  News  Shipbuilding  &  Dry  Dock  Co..   Newport  News,  Ta. 
MEYNCKE,  George  M..  Head  of  Educational  Dept.. 

The  Dayton  Engrg   Laboratories  Co.,  Dayton,  Ohio 

MEYER,  -\RTiiuR  E..  Sheet-Metal  Specialist. 

The  Pressed  Metal  Mchy.  Co.   (Owner).  Chicago,  111. 

MURRAY.  Ethan  F., 

with  Lummus  Cotton  Gin  Sales  Co..  Dallas,  Tex. 

OSBORNE.  Robert  E.,  Chief  Engineer, 

Bayard  Chemical  Co.,  Inc.,  Woodliridge.  N.  J. 

OWENS.  Robert  H.,  Instructional  Corps. 

Purdue  University,  Lafayette,  lud. 

P.^TERSON,  William,  Testing  Engr., 

Armour  &  Co.,  Chicago,  111. 

QUINLIVAN,  Edward  C,  Steam  Engr.. 

U.  S.  E.  D.  Troy.   N.  Y. 

ROBINSON.  Max  B.,  Shop  Co-ordinator. 

University  of  Cincinnati.  Cincinnati.  Ohio 

SANCHEZ.  Ji;les  A., 

with  W.  F.  Wendt  Publishing  Co..  Buffalo,  N.  Y. 

SCHULTZ,  William  W..  Asst.  to  Engr.  of  Constr., 

The  Barrett  Co..  New  York 

SEMANS.  Frank  W., 

with  Cambria  Steel  Co.,  Johnstown,  Pa. 

SERVICE.  Jesse  S.,  Draftsman, 

The  Babcock  &  Wilcox  Co.,  Bayonne,  N.  J. 

SHERM.^N,  Waldo  L.,  Asst.  Mech.  Engr.. 

Boston   Woven   Hose  &  Rubber  Co..  Cambridge,  Mass. 

SPENCER,  Furman  G.,  Efficiency  Engineer, 

The  Emerson  Co.,  Chicago,   111. 

STEPHEN.  Charles  W.,  In  charge  of  experimental  work. 

Crane  Co.,  Bridgeport,  Conn. 

SWAIN,  Philip  W.,  Instr.  in  Mech.  Engrg.,  S.  S.  S.. 

Yale  University,  New  Haven,  Conn. 

TURNER.  Channing,  Asst.  to  Indus.  Engr.,  Gun  Dept., 

Winchester  Repeating  .\rms  Co.,  New  Haven,  Conn. 

VENNEM.\,  Augustus  W.,  Engineer, 

The  Manhattan  Rubber  Mfg.  Co.,  Passaic,  N.  J. 

VOORHEES,  John  R.,  Service  Engineer, 

United  Piece  Dye  Works,  Lodi,  N.  J. 

WATTS.  Robert  B.,  Chief  Engineer, 

Eastern  State  Hospital,  Williamsburg,  Va. 

WEAVER,  Gilbert  G.,  Supervisor, 

York  Co-operative  Industrial  School,  York,  Pa. 

WEBER.  John,  .\sst.  Prof  Mech.  Engrg.. 

Univ.   of  Pittsburgh,  Pittsburgh,  Pa. 

WINTERCORN.  John.  Jr..  Machine  Designer. 

.Joseph  T.  Ryerson  &  Son.  Chicago,   111. 

WYMAN,  Laurence  W.,  Estimator  and  Designer. 

California  Corrugated  Culvert  Co.,  W.  Berkeley,  Cal. 


for  consideiution  as  junior 


ANDERSON,  Oscar  A.,  Office  Engrg., 
.\rmour  &  Co., 


Chicago,  111. 


BAXTER,  William  C,  Mech.  Engr., 

Wichita  Pipe  Line  Co.,  Bartlesville,  Okla. 

BIRDSEVE,  Garner  K., 

with  Remington  .^rms  Union  Metallic  Cartridge  Co., 

Bridgeport,  Conn. 
BONAWITZ,  David  J..  Designer, 

Pyrene  Mfg.  Co.,  New  York 

BORROMEO.  Caxuto  C, 

with  The  Vitter  Mfg.  Co..  Milwaukee,  Wis. 

BRAUER,  Rudolph  C,  Draftsmau, 

City  Engrg.  Dept.,  Richmond,  Va. 

BROWN,  Carlton  L.,  Safety  Engr.. 

The  B.  F.  Goodrich  Co..  Akron,  Ohio 

BROWN.  Edmund  K., 

with  Lake  Torpedo  Boat  Co..  Bridgeport,  Conn. 

CH.iPIN,  Harry  A.,  Asst.  to  Vlce-Pres., 

.\merican  Lead  Pencil  Co.,  Hoboken,  N.  J. 

CHAPIN,  Henrt  L.,  Grad.  Student, 

Purdue  University.  Lafayette,  Ind. 

COBB.  H.  Elmore,  Asst.  Engr.,  Dept.  of  Production  Control, 

Remington  Arms  U.  M.  C.  Co..  Bridgeport,  Conn. 

COLLYER.  William  C, 

with  Ingersoll-Rand  Co.,  Juneau,  Alaska 

CONNELL,  Earle  W.,  Asst.  Chief  Engr.,  Power  Plants, 

.American  Agricultural  Chemical  Co.  Pierce,  Fla. 

CROSS,  Charles  D., 

with  New  York  Central  R.  R.  Co..  Elkhart,  Ind. 

CURTIS,  Aaron  B.,  Jr., 

with  Crandall  Packing  Co.,  Cleveland,  Ohio 

D.\YTON,  BiRGE  S.,  Asst.  Mech.   Engr., 

The  Mechanical  Efficiency  Co.,  Akron,  Ohio 

DON.iTH,  William  T.,  Asst.  to  Asst.  Supt., 

Remington  Arms  U.  M.  C.  Co..  Bridgeport,  Conn. 

ELMENDORF,  H.irold  H., 

with  The  Aultman  &  Taylor  Mchy.  Co.,  Mansfield,  Ohio 

FISHER.  Sydney,  Electrical  Engineer, 

The  Remington  Arms  Co.,  Bridgeport,  Conn. 

FITZSIMONS.  John  E..  Draftsmau. 

Pyrene  Mfg.   Co..  New  York 

GOODIER,  Homer  W.,  Engrg.  Dept., 

Cayuga  Cement  Corp..  Portland  Point.  N.  Y. 

GRAY,  H.  Liggett, 

with  Valvoline  Oil  Co.,  New  York 

GUITERAS,  Julian  G.. 

Hall-Scott  Motor  Car  Co.,  W.  Berkeley,  Cal. 

HAWKINS.  Robert  D., 

with  Remington  Arms  Co.,  Eddystone,  Pa. 

HENRY.  .\LEXANDER  S.,  JR.,  Student, 

Columbia  University,  New  York 

HENRY,  Harold  W.,  Mech.  Engr., 

Sherman  &  Co.,  Mlneville,  N.  Y. 

KEELER.  Edwin  H.,  Engr., 

Ousatonic  Water  Power  Co.,  Derby,  Conn. 

KELLER,  Parry, 

with  Reed-Prentice  Co..  Worcester,  Mass. 

LAMOREE,  James  K.,  .\sst.  Master  Mech.,  Shenango  Wks., 

American  Sheet  &  Tin  Plate  Co.,  New  Castle,  Pa. 

LESCHINSKY,  Frederic  J.,  Student, 

University  of  Nebraska,  Lincoln,  Nebr. 

LINCOLN,  Clovis  W.,  Mech.  Engr.. 

Curtiss  .Aeroplane  Co..  Buffalo.  N.  Y. 

LOVE.  Thomas  J.,  Asst.  Mech.  Engr., 

The  Dodge  Sales  &  Engrg.  Co.,  New  York 

McCUE,  John  M.,  Draftsman,  Bridge  Dept., 

Chesapeake  &  Ohio  Rwy.  Co.,  Richmond,  Va. 

MANIER.  Ralph  L..  Machine  Insptr.. 

U.  S.  E.  D.,  Troy,  N.  Y. 

MENDEZ.  Ai.VARO, 

with  Pressed  Steel  Car  Co..  McKees  Rocks,  Pa. 

MOON.  Alfred  G., 

with  Hercules  Power  Co.,  Kenvll,  N.  J. 

MORRISON,  Barrett  W.,  -\pprentice, 

Westinghouse  Mch.  Co.,  E.  Pittsburgh,  Pa. 

NIELSEN.  Lawrence  H.. 

with  Public  Service  Electric  Co..  Newark,  N.  J. 

OCHTM.\N,  Leonard.  Jr.,  .\sst.  Engr.. 

Van  Blerck  Motor  Co.,  Monroe,  Mich. 

PETER.  Albert  G..  Efficiency  Engineer, 

Chain  Belt  Co.,  Milwaukee,  Wis. 

PETERS.  Clifford  H..  Engineer, 

The  L.  L.  Harr  Corp..  Cleveland,  Ohio 

PHELPS,  John  T., 

with  General  Electric  Co.,  Everett,  Mass. 

RAYSOR.  Earl  L.. 

Brier  Hill  Steel  Co.,  Youngstown,  Ohio 

ROGERS,  Theodore  B., 

witli  Buckeye  Cotton  Oil  Co.,  Jackson,  Miss. 
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Rll!S^<ELL.  TuoY, 

with  Tok'ilo  Furnace  Co., 
ST.  CLAIR,  Palmer,  Jr., 

with  E.  I.  du  Pont  de  Nemours  &  Co., 
SETH,  George  L., 

with  The  Leeds  &  Nortbrup  Co., 
SICKENBERGER.  Ernest  F..  .Ik., 

with    Western   Electric  Co., 
SMITH,  Peter  P.,  Jr.,  Engrg.  and  Drafting, 

Robert  Sayre  Kent,  Cons.  Engrs., 
STEM,  Clifford  H..  Asst.  to  City  Engr., 
STOLL,  John,  Jr., 

with  The  Remington  Arms  &  .Ammunition  Co., 
STRAUSS.  Jerome.  Chemist  and  Metallurgist, 

Western  Drop  Forge  Co., 
TEAGUE,  Newton  N.. 

with  Augusta-Aiken  Rwy.  &  Elec.  Corp., 
VAN  DENBURGH,  Otis  A..  Jr.,  Engrg.  Dept., 

Cambria  Steel  Co. 
VIEDT,  Harold  B.,  Cadet  Engr., 

Public  Service  Electric  Co., 
W.ALLACE.    Robert  H..  Exper.   Engr.. 

Remington  Arms  &  Ammunition  Co., 
WIGHTMAN,  George  A.,  Asst.  to  Chief  Engineer, 

Hawthorne  Paper  Co., 
WISSCHUSEN,  Walter,  Erper.  Engrg., 

The  Barrett  Co., 
WOOD,  Harold  J., 

with  Remington  Arms  t".  M.  C.  Co., 
WORK,  Clayton  W.,   Erecting  Engr., 

Westinghouse  Elec.  &  Mfg.   Co., 
YAGER.  John  E.,  Draftsman, 

Bucyrus  Co., 


Toledo,  Ohio 

City  Point,  Va. 

Philadelphia,  Pa. 

New   York 

Brooklyn,   N.  Y. 
New  Orleans,  La. 

Bridgeport,  Conn. 

Marion.  Ind. 

.Augusta.  Ga. 

Johnstown,  Pa. 

Jersey  City,  N.  J. 

Bridgeport,  Conn. 

Kalamazoo,  Mich. 

New  York 

Brid^-eport.  Conn. 

New  York 

So.  Milwaukee,  Wis. 


APPLICATIONS  FOR  CHANGE  OF  GRADING 
promotion  from  associate-memuer 

IiOWD,  Bernard  J., 

with  Royal  Typewriter  Co.,  Inc..  Hartford,  Conn. 

SEATON,  Rov  A.,  Prof,  of  .Applied  Mechanics  and  Mch.  Design, 

Kansas   State   Agri.    College,  Manhattan,   Kan. 

promotion  from  .tumor 

BORCHARDT.  ALBERT  H., 

with  Wortbington  Pump  &  Machy.  Co.,  Harrison.  N.  J. 

DOOLITTLE.  Harold  L..  Asst.  Constr.  Engr., 

Southern  California  Edison  Co.,  Los  Angeles,  Gal. 

DUDLEY.   Samiel  W.,  Chief  Engineer, 

Westinghouse  Air  Brake  Co..  Wilmerding,  Pa. 

FARR.  Arthur  V..  Tech.  Publicity  Mgr., 

S  K  F  Ball  Bearing  Co..  Hartford,  Conn. 

GR.ANT,  Albert  W.,  Jr., 

with  The  United  Gas  Improvement  Co.,  Philadelphia,  Pa. 

HATMAN.  Julius  G.,  Efficiency  Engr., 

Senet  Solvay  Co.,  Ensley,  Ala. 

WILBUR.  Ralph  S.,  .Asst.  Prof,  cf  Steam  Engrg., 

State  Univ.  of  Iowa,  Iowa  City,  la. 

SUMMARY 

New   Applications 236 

-Applicatitins  for  change  of  grading  : 

Promotion  from  Associate-Member 2 

Promotion   from  Junior 7 

Total 245 


GEOGRAPHICAL   LIST 
tApplii-ntiOi}f;  for  promotion  from  onii  t/rade  iritl  be  indicated  hy  the  initiafs  of  that  (iradii 


Alabama 

Birminaham — Chamberlain,  F.  H. 
Fear,  T.  G. 
Middleton,  H.  A. 
EnsUii — Hatman.  J.  G.   <J.) 
Alaska 

Juneau — Collyer,  W.  C. 
Arizona 

■Jerome — Rotierts,  T.  C. 
California 

CoiveJI — Quinn,  E.  O. 

Los  Angeles — Doolittle.  H.  L.    ij.) 

Oakland — Bunker,  W.   D. 

Stock,  W.  A. 
San  Franeisco — Belcher,  P.  W. 
Stockton — Birkenbeul,  C.  E. 
W.  Berkeley — Guiteras.  J.  G. 
Thorsby.  K.  J. 
Wyman,  L.  W. 
Canada 

Anvox — Wetmore,  W.  L. 
Montreal — Bristol,  C.   F. 
New  Westminster — Peek,  J. 
St.  John — Benjamin,  L.  S. 
Toronto — Gaby,  F.  A. 

Larsen,   O.   I. 
Vandreuil — Hutchinson,  H.  H. 
Connecticut 

Bridgeport — Birdseye,  G.  K. 
Brown,  E.   K. 
Cobb,  H.  E. 
Donath,  W.  T. 
Estwing,  E.   O. 
Fisher,  S. 
Smith,   T.   A. 
Stephen,  C.  W. 
Stoll,  J..  Jr. 
Wallace.  K.   H. 
Wood,  H.  J. 
DerVy — Keeler,  E.  H. 
Hartford — Baldwin,  H.  G. 

Donahue,  B.  A.   (-A.  M.) 
Dowd,  B.  J. 
Farr,  A.  V.   (J.) 
Meriden — Johnson.  N.  C. 
New  Haven — Swain.  P.  W. 

Turner.  C. 
Quinehntiii — Cleveland.  C.  E. 
Torrintttim — Mackintosh,  E.  E. 
Delaware 

Wilminiiton — Field.  F.  C. 

Ramsay.  W.  0. 
District  of  Colombia 

Washinf/ton — Adeiman,  .\. 
Florida 

Ft.  Pickens — Corput.  R.  V. 
Jacksonville — Baker,  C.   T. 
Pierce — Conncll.  E.  W. 
(ieorgla 

Atlanta — Cook.  J.  C. 
Gregg.  R. 
Nalon,  T.  M. 
Augusta — Teague.  N.  H. 
Duil/in — Eagan,  H.  E. 
Savannah — Kehoe,  D.  E. 
Wayoross — Van  Wormer.  R.  B. 
West  Point — Clark.  W.  L. 


Illinois 

Aurora — Bodinson.  L.  W. 
Chicago — Anderson,  O.   .\. 
Ralph,  P.  J. 
Durbin.  F.  M. 
Meyer,  .A.  E. 
Niemeyer,  J. 
Paterson,   W. 
Spencer.  F.  G. 
Wintercorn,  J.,  ,7r, 
Decatur — Lucas.  C.  W. 
Peoria — Sargisson,  Z.  E. 
Indiana 

Elkhart — Cross,  C.  D. 
Indianapolis — Dagavarian.  N.  .A. 

Reed.  W.  S. 
Lafayette — Chapin.   H.   L. 
Owens.  R.    H. 
Marion — Strauss,  J. 
Iowa 

loira  City — Wilbur.  R.  S.  (J.) 
Lonisiana 

Neic  Orleans — Eayner,  C.  T.,  Jr. 
Stem,  C.  H. 
Kansas 

Hutchinson — Lee.  G.  T. 
lola — .\vnsoe.  O.  O.  T. 

Kirk.  J.  B. 
Manhattan — Seaton,  R.  A.    (.A.  M.) 
Kentucky 

Louisrillc — Fortnev,  C.  P. 

Frankell,  M.  J. 
Pitcher — Lawrence,  S.  E. 
Maryland 

fsaltimore — Conn,  T.  D. 

McGahey.  C.  R. 
Massachusetts 

Boston — Oakes,  W.  H. 
Robers,  C.  O. 
Cambridge — Sherman.  W.  L. 
Everett — Phelps,  J.  T. 
Fitehbura — Grant.  G.  P.,  Jr. 
Pittsfteld — Crawford,  T.  G. 
Turners'  Falls — Dunbar,  H.  F. 
Worcester — Collins,  P. 

Higgins.  A.  C. 
Keller.  P. 
Maine 

Portland — Merrill,  C.  J. 
Michigan 

Detroit — Little.  E.  R. 
Kalama:soo — Wightman,  G.  A. 
Monroe — Ochtman,  L.,  Jr. 
Muskegon — Dickerson,  W.   H. 
Hunter,  D.  E. 
Mississippi 

Jaekson — Rogers,  T.  B. 
Nebraska 

Lincoln — Leschinskv,  F.  J. 
Omaha — Horbach,  P.  W. 
New  Hampshire 

Berlin — Moore,  H.  K. 
Manchester — Bullard,  M.  L. 
New  Jersey 

Bayonne — Service,  J.  S. 
Chrome — Brower,  C.  L. 


Elizahethport — Barany,  E. 
Harrison — Borchardt,  -A.  H.   (J.) 
Hoboken — Chapin.  H.  .A. 
Jersen  Citif — Fischer.  O.  W. 
Kellv,  W.  M. 
Viedt,  H.  B.    . 
Kenvil — Moon.  A.  G. 
Lodi — Voorhees,  J.  R. 
Newark — Bylund,  W.  R. 
Nielsen.  L.  H. 
Voorhees.  L.  .1. 
Vreehand.  E.  L. 
New  Brunstc^ek — Carpender,  S.  B. 
Passaic — Vennema.  .A.  W. 
Warner's — Hendrie,  G.  .A. 
Woodbridge — Osliorne,  R.  E. 
New  York 

A7nsterdam — Wilson.  J.  H. 
Brookli/n — Bisbee,  D.  A. 
Fisher.  W.  C. 
Helwig.  A. 
Lewis.  W.  D. 
Smith.  P.  P..  Jr. 
Bujjalo — Lincoln,  C.  W. 
Sanchez.  .1.  .A. 
E.  Rochester — Harris,  .A.  J.  B. 
Ithaca — Garrett.  S.  S. 

Ham.  C.  W. 
Newburgli — Lindberg,  I.  J. 
Middletown — Hampson.    D.   -A. 
Minerille — Henry.  H.  W. 
New  York — Bonawitz.  D.  J. 
Davol.  F.   H.,  Jr. 
Fitzsimons.   J.   E. 
Grav,   H.   L. 
Hall.  J.  A. 
Harvison.  .1.  H. 
Henry,  A.  S..  Jr. 
Hood.   R.    H. 
Kenfleld,  L.  E. 
Love.  T.  J. 
Meisterbutt.   H. 
Merkt,  O.  L. 
Pratt,  .A.  D. 
Prindle.  H.  B. 
Rider,  J.  B. 
Rowlev,  H.  T. 
Schultz,   W.   W. 
Sickenberger,  E.   F..  Jr. 
Smith.  H.  R. 
Walsh,  F. 
Wisschusen.   W. 
Work.  C.  W. 
Portland  Pt. — Goodier,  H.  W. 
Rochester — Seymour,  C.   R. 
Scheneetadii — Weber.  .A.,  Jr. 
Seneca — Smithwick,  N.  A. 
Troy — Brvson.  T.  -A. 
Ma'nier,  R.  L. 
Quinlivan.  E.  C. 
Ohio 

.Akron — Brown.  C.  L. 
Dayton,  B.  S. 
Bucyrus — Brown.  D. 
Cincinnati — Robinson,  M.  B. 
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Cleveland — Champ,  J.  H. 

Cook,  G.  W. 

Curtis,  A.  B..  Jr. 

Monroe,  F.  A.,  Jr. 

Peters,  C.  H. 
Cuyahoga  Falls — Jenks,  W.  H. 
Dayton — Meyncke,  G.  M. 
Hamilton — Yingling,  F.  B. 
Lima — Olds.   A.  W. 
Mansfield — Bliss.  A.  L. 

Elmendorf,  H.  H. 
Sparta — Cable,  D.  .\. 
Toledo — Colby.  C.  W. 
Russell,  T. 
Wine.   W.   E. 
Younffstown — Raysor,  E.  I^. 
Zanesmlle — Munson,  H.  D. 
Oklahoma 

Bartlesville — Baxter,  W.  C. 
Blockwell — Egleston,  O.  J. 
Pennsylvania 

AUentown — Townsend,  H.  W. 
Beaver  Falls — Bentley,  L.  L. 
B.  Pittshurgh — Morrison.  H.  W. 
Edenburg — McCord,  C.   P. 
Eddystone — Bilger,  H.  E. 

Hawkins,  R.  D. 


Johnstown — Semans,  F.  W. 

Van    Denburgh,   C.    A.,   Jr. 
Lancaster — Fickes,  A.  C. 
McKees  Rocks — Mendez,  A. 
New  Castle — Lamoree,  ,T.  K. 
Philadelphia — Bergman,  L.    H. 
Evans,   1'. 

Grant,  A.  W.,  .Tr.   ^.T.) 
Hoover,  C.  A. 
Hughes,  ,T.  W. 
.Tobnson,   E.   R. 
Taussig.  3.  H, 
Pittshurah — Jacobson,  F. 
Seth,  G.  L. 
Weber,  J. 
Port  Carbon — Lotz,  C.  W. 
Renovo — Noble.   H.  S. 
Williamsport — .Tones,  L.  B. 
Wilmerdmg — Dudley,  S.  W.    (J.) 
York — Weaver,  G.  G. 
Rhode  Island 

Providence — Polk.  R.  W. 
South  Carolina 

Georgetown — Darlington,  W. 
Tennessee 

Chattanooga — Hazlehurst,  .1.  N. 
Muryvillc — Biggs,  W.  E. 


Texas 

Amarillo — Han.sen.  H.  C. 
Dallas — Murray,  E.  F. 
Houston- — Shallcross,  A.  W. 
McKinney — Mcl^enney.  P.  K. 
Virginia 

City  Point — St.  Clair,  P..  Jr. 
Newport  News — Malm,  C.  P.  A. 
Monroe — Fuqua,  L.  M. 
Richmond — ijrauer,  R.  C. 

Clemmer.  D.  P. 
McCue,  J.  M. 
University — Lapham,  J.   S. 
WilHamshurg — Watts,   R.  B. 
West  Virginia 

Wheeling — Field,  H.  E. 
Wisconsin 

Milicaukee — Borromeo.  C.  0. 
Gates,  S.  J. 
Goetz,  J. 
Peter,  A.  G. 
Yager,  J.  E. 
Oshkosh — Kimberley,  J.  A.,  Jr. 
Chile 

Raueagua — Broeker,  F.  G. 
England 

London — Keith,  J. 


PERSONALS 


fN  these  columns  are  inserted  items  conoerning  members 
-*  of  the  Society  and  their  professional  activities.  Mem- 
bers are  ahcays  interested  in  the  doings  of  their  felloxc- 
members,  and  the  Society  xcelcomes  notes  from  members 
and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to 
the  Secretary  and  items  should  be  received  by  the  ISth 
of  the  month  in  order  to  appear  in  the  succeeding  issue 
of  The  Journal. 

CHANGES  OF  POSITION 

Herbert  J.  White  has  accepted  a  position  with  the  Ross  Rifle 
Company  of  Quebec,  Canada. 

Edward  Schildhaxjer  has  assumed  the  presidency  of  the  .Vrtillery 
Fuse  Company  of  Wilmington,  Del. 

Hugh  L.  Thompson  has  accepted  a  position  with  the  A.  S.  Cam- 
eron Steam  Pump  Works,  St.  Louis,  Mo. 

Walter  J.  Sykes  has  accepted  a  position  with  the  Canadian  Cop- 
per Company,  Copper  Cliff,  Ont.,  Canada. 

LoT-'is  MARi>At;A  has  become  associated  with  the  Mickb'-Milnor 
Engineering  Company  of  Philadelphia,  Pa. 

David  B.  Morta.n  has  become  affiliated  with  the  Carolina  Wood 
Products  Company,  Asheville,  N.  C. 

Bl'rt  C.  Wear,  formerly  connected  with  the  Youngstown  Sheet  and 
Tube  Company,  Youngstown.  O..  has  entered  the  employ  of  the  Gary 
Tube  Company. 

Arthi'r  S.  Hawks  has  accepted  a  position  with  the  Biiseh  Sulzer 
Bros. -Diesel  Engine  Company.  St.  Louis,  Mo.,  in  the  capacity  of 
assistant  chief  engineer. 

Stevenson  Taylor,  until  recently  vice-president  of  the  Quintard 
Iron  Works  Company.  New  York,  has  assumed  the  presidency  of  the 
American   Bureau  of   Shipping.   New  York. 

Franklin  W'.  Gilman.  now  associated  with  the  B.  F.  Sturtevant 
Company,  Chicago,  III.,  was  formerly  connected  with  the  Sanford 
Riley  Stoker  Company,  Ltd.,  of  Worcester,  Mass. 

Perry  R.  Cassidy.  formerly  assistant  professor  of  thermodynamics, 
University  of  Kentucky,  Lexington,  Ky.,  has  accepted  a  position  with 
the  Babcock  and  Wilcox  Company.  Barberton,  O. 

L  S.  VoiGT.  formerly  mechanical  engineer  with  the  Hydraulic 
Press  Manufacturing  Company.  Mt.  Gilead.  O..  is  now  empUiyed  in  the 
coke  and  by-products  departiucnt  of  the  Illinois  Steel  Company  of 
Gary,  Ind. 

Lloyd  W.  Ganschow.  formerly  electrolysis  engineer  of  the  Central 
Union  Telephone  Company.  Columbus.  O..  has  become  associated  with 
the  Western  ITnion  Telegraph  Company,  Cleveland.  O..  in  a  similar 
capacity. 


Archer  Davidson,  district  engineer  of  the  Westinghouse  Machine 
Company,  Atlanta.  Ga.,  is  now  connected  with  the  Westinghouse  Elec- 
tric and  Manufacturing  Company,  Boston,  Mass.,  in  the  capacity  of 
salesman. 

Albert  W.  Grant.  Jr.,  formerly  identified  with  the  photometrical 
department  of  the  United  States  Improvement  Company,  Philadelphia, 
Pa.,  has  accepted  a  position  with  the  H.  Koppers  Company  of  Pitts- 
burgh, Pa. 

F.  Donald  Fenhagen.  formerly  associated  with  Henry  .\dams, 
consulting  engineer  of  Baltimore,  Md.,  as  assistant  engineer,  has  be- 
come designing  engineer  with  the  Barrett  Company  of  Frankford, 
Philadelphia.  Pa. 

A.  L.  G.  Fritz  has  assumed  the  position  of  general  superintendent 
of  construction  of  the  Oliver  and  Hill  Construction  Company,  Kings- 
port,  Tenn.  He  was  until  recently  connected  with  Ford,  Bacon  and 
Davis  of  the  same  city. 

Frederic  O.  Ebeling,  formerly  engineer  and  draftsman  of  the 
Robins  Conveying  Belt  Company,  New  York,  has  become  associated  with 
the  engineering  department  of  the  Gi£Eord-Wood  Company,  Hudson, 
N.  Y.,  as  sales  engineer, 

D.  Raymond  McNeal  has  resigned  his  position  with  the  Westing- 
house Machine  Company,  East  Pittsburgh,  Pa.,  and  has  entered  the 
employ  of  the  Dravo-Doyle  Company  of  Pittsburgh.  Pa.,  with  head- 
quarters in  the  Philadelphia  office. 

Harold  K.  Beach,  until  recently  connected  with  the  staff  of  Lock- 
wood.  Greene  and  Company,  New  I'ork.  has  accepted  the  position  of 
mechanical  superintendent  of  the  Bronze,  Copper  and  Brass  Rolling 
Mills,  New  Toronto,  Ont.,  Canada. 

Walter  P.  .\le.xander  has  resigned  as  engineer  and  works  man- 
ager of  the  Providence  Engineering  Works.  Providence,  R.  I.,  to  become 
steam  and  mechanical  engineer  of  The  Moulton  Engineering  Corpora- 
tion, consulting  engineers  of  Portland,  Me. 

Frederick  R.  Pratt,  formerly  in  the  employ  of  the  Berkshire 
Cotton  Manufacturing  Company,  Adams.  Mass.,  as  master  mechanic 
and  chief  engineer,  has  joined  the  staff  of  Bird  and  Sons  of  East 
Walpole.  Mass.,  in  the  capacity  of  mechanical  engineer. 

Fred  C.  Nichols  has  become  affiliated  with  the  engineering  de- 
partment of  The  Great  Western  Sugar  Company,  Denver,  Colo.,  in  the 
capacity  of  traveling  engineer.  He  was  until  recently  assistant  engi- 
neer of  the  department  of  terminal  construction  of  the  Panama  Canal, 
Balboa  Heights,  Canal  Zone. 

Sterling  H.  Bunnell  has  resigned  from  his  engineering  and  sales 
connection  with  the  Griscom-Russell  Company.  New  York,  which  has 
extended  over  the  past  nine  years,  and  has  become  chief  engineer  of 
R.  Martens  and  Company,  Inc..  the  New  York  connection  of  R.  Marten» 
and  Company,  Ltd.,  of  London. 


ANNOUNCEMENTS 

Theodore  A.  Leisen  was  elected  vice-president  of  the  .•Vmerican 
Water-Works  Association. 
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Leonard  Metcai.f  was  uuaulmously  elected  president  of  tlie 
American  Water-Works  Association. 

William  von  Phul  will  succeed  Cbarles  N.  Blake  as  vice-presi- 
dent of  the  United  Railways  of  San  Francisco. 

Arthur  M.  Waitt  lias  removed  his  offices  from  165  Broadway. 
New  York,  to  the  Putnam  Building,  2  W.  45th  St..  New  York. 

Wynn  Meredith  has  resigned  from  the  Electricity  Commission  of 
the  city  of  .\lameda,  Cal.,  because  of  the  pressure  of  other  business. 

Edwin  B.  Katte  was  elected  one  of  the  vice-presidents  of  the  New 
York  Electrical  Society  at  the  annual  meeting  in  New  York  City,  June 
14. 

William  Smith,  who  has  been  with  the  Pennsylvania  Steel  Com- 
pany since  leaving  the  Jones  and  Laughlin  Company  three  years  ago. 
has  resigned. 

J.  L.  Moore,  for  the  past  seven  years  chief  engineer  of  the  Kerr 
Turbine  Company,  Wellsville,  N.  i".,  has  severed  his  connection  with 
the  company. 

W.  II.  Van  Dekvoort,  president  of  the  Moline  Automobile  Com- 
pany, has  been  elected  president  of  the  National  Metal  Trades  Asso- 
ciation, New  York. 

Hardy  S.  Ferguson  of  New  York  is  engineer  in  charge  of  the  erec- 
tion of  new  pulp  mills  for  the  St.  Maurice  Paper  Company  near  Three 
Rivers,  Quebec.  This  is  to  include  both  sulphite  and  sulphate  mills  of 
considerable  capacity. 

Willard  F.  Rockwell,  consulting  engineer  of  Boston,  Mass..  has 
been  commissioned  to  equip  and  organize  a  plant  for  manufacturing 
automobile  parts.  Unless  a  suitable  location  can  be  found  and  leased, 
it  is  expected  that  the  new  company  w-ill  build  a  plant  to  be  ready 
for  occupancy  not  later  than  September  1.  The  location  will  be  Cleve- 
land. O..  or  vicinity. 

Frederick  C.  Moore  has  established  an  office  at  710  Engineers 
Building.  Cleveland,  0.,  as  consulting  and  executive  engineer.  He  will 
act  as  consultant  in  all  matters  pertaining  to  factory  or  foundry  opera- 
tion, organization,  production,  equipment  and  accounting  and  costs. 
and  will  make  special  investigations  and  reports  on  new  manufactur- 
ing projects  and  on  the  financial,  commercial  and  physical  condition 
of  established  concerns. 

W.  S.  Quigley  corrects  the  statement  in  the  June  Journal  that  the 
Quigley  Furnace  Specialties  Company.  Inc..  New  York,  recently  or- 
ganized, is  a  successor  to  the  Quigley  Furnace  and  Foundry  Company. 
The  Quigley  Furnace  and  Foundry  Company  is  still  operating  under 
the  name  of  the  Metals  Production  Equipment  Company.  Mr.  Quig- 
ley is  president  of  the  new  corporation,  which  comprises  two  depart- 
ments,  the  furnace  specialties  department  and  the  engineering  and  con- 
tracting department. 

APPOINTMENTS 

Fred.  H.  Hehemanx,  formerly  mechanical  draftsman  of  The  Lun- 
kenheimer  Company.  Cincinnati,  0.,  has  been  appointed  chief  drafts- 
man of  the  corapanj'. 

Albert  E.  Cluett.  member  of  the  firm  of  Cluett,  Peabody  and 
Company  of  Troy.  N.  Y.,  has  been  made  chairman  of  the  recently 
organized  harbor  and  dock  commission  of  that  city. 

Edwin  S.  Pearce,  special  engineer  of  the  Cleveland,  Cincinnati, 
Chicago  and  St.  Louis  Railway  at  Indianapolis,  Ind..  has  been  ap- 
pointed assistant  mechanical  engineer  with  headquarters  at  Beech 
Grove,  Ind. 

Henry  A.  Stringfellow,  consulting  engineer  of  Rochester,  N.  Y.. 
has  been  made  consulting  engineer  for  the  Sedgwick  Machine  Works 
of  New  York.  He  will  work  on  the  design  and  construction  of  elevators 
and  hoisting  machinery. 

(iEORGE  H.  Cunningham,  superintendent  of  construction  for  the 
Zinc  Electrolytic  Plants,  Washoe  Reduction  Works,  Anaconda,  Mont., 
has  recently  been  appointed  construction  engineer  in  charge  of  the  in- 
stallation of  equipment  in  the  new  100-ton  zinc  plant  which  the  Ana- 
conda Copper  Mining  Company  is  building  at  Great  Falls,  Mont 


AUTHORS  OF  PAPERS,  ETC. 

Roy  A.  Seaton  is  the  author  of  a  book,  recently  Issued,  on  Con- 
crete Construction  for  Rural  Communities. 

C.    H.   BiERBAUM    has   contributed   an   article   on   Graphite   as   a 
Lubricant  to  the  June  number  of  Machinery. 

An  article  on  The  Action  of  Air  in  Surface  Condensers  by  Paul 
A.  Bancel  appears  in  the  June  13  number  of  Potrer. 


Arthur  J.  Wood  is  the  author  of  a  book  recently  published  entitled 
Principles  of  Locomotive  Operation  and  Train  Control. 

LeRoy  a.  Quayle  has  contributed  an  article  on  Performances  of 
Uniflow  Engine  and  Turbine  Compared  to  the  June  6  issue  of  Power. 

John  Airey  has  contributed  an  article  on  .\utographic  Cross- 
Sectioning  by  a  New  Instrument  to  the  June  S  Issue  of  Engineering 
Neics. 

Determining  the  Capacity  of  Compressors  is  the  subject  of  an 
article  by  P.aul  Diserens,  which  appears  in  the  June  15  issue  of  The 
Iron  Age. 

B.  F.  Pohle  is  the  author  of  an  article  entitled  Jig  and  Fixture 
Details — Clamps  and  Straps,  which  appears  in  the  June  issue  of 
Machinery. 

William  P.  Kennedy  has  contributed  an  article  entitled  Central 
Station  Promotion  of  Electric  Vehicle  Use  to  the  June  1  issue  of  The 
Commercial  Vehicle. 

Dexter  S.  Kimball  is  the  author  of  an  article  on  Finding  the 
Financial  Basis  of  Special  Tools  which  appears  in  the  June  1  number 
of  the  American  Machinist. 

W.  DeWitt  Vosbury  has  contributed  a  paper  on  Conservation  of 
Operating  Head  Controls  Design  of  Oaklyn  (N.  J.)  Sewage  Plant  to 
the  June  17  issue  of  Engineering  Record. 

J.  S.  Unger  presented  a  paper  on  Effect  of  Sulphur  in  Steel  at  the 
June  19-20  convention  of  the  Boiler  Manufacturers"  Association  of  the 
United  States  and  Canada,  held  In  Cleveland.  O. 

Edward  C.  Worden  presented  a  paper  on  Recent  Developments  in 
the  Production  of  Nitrocellulose  at  the  June  14  to  17  convention  of 
the  American  Institute  of  Chemical  Engineers,  held  in  Cleveland.  O. 

Dabney  H.  Maury  presented  a  paper  on  Waterworks  Reservoirs  at 
the  June  7  meeting  of  the  .\merican  Water-Works  Association.  An 
abstract  of  this  paper  appears  in  the  .Tune  15  issue  of  The  Canadian 
Entjiveer. 

The  Distribution  of  the  Charge  Column  and  of  the  .\scending  Gas 
Column.  Is  the  subject  of  an  illustrated  article  contributed  by  J.  E. 
Johnson,  Jr.,  to  the  June  1  issue  of  Metallurgical  and  Chemical  Engi- 
neering. 


NECROLOGY 


ALPHONSO    H.    CARPENTER 


Alpbonso  H.  Carpenter  was  born  at  Ludlow,  Vermont,  on 
October  22.  18.50.  He  received  bis  education  in  tbe  ordinary 
bome  scbools  and  at  tbe  age  of  14  went  to  work  for  Helon 
M.  Carpenter  of  Grafton,  Vermont,  as  a  blacksmith,  remain- 
ing there  until  he  was  twenty.  The  rest  of  his  life  was  spent 
in  tlie  machinen*  manufacturing  and  foundry  business  as  com- 
mercial traveler  and  manager.  At  tbe  time  of  bis  death  he 
was  vice-president  of  tbe  Acme  Machinery  Company  of  Cleve- 
land, Ohio,  which  position  be  bad  held  for  many  years. 

Mr.  Carpenter  was  elected  to  membership  in  tbe  Society 
in  1895. 


JACQUES    HENRI  EDWARDS 

Jacques  Henri  Edwards  was  born  iu  Paris,  France  on  Feb- 
ruai-j-  11,  1889.  He  was  graduated  from  the  University  of 
Paris  in  1909  with  the  degree  of  B.S.  During  the  following 
year  be  worked  as  sales  and  technical  man  with  tbe  firm  of 
Jean  Horowitz  in  Paris,  exporting  automobiles,  steam  trucks 
and  herringbone  gears  to  Russia.  From  there  be  accepted  a 
position  with  tbe  American  Tobacco  Company  in  Montreal  for 
tbe  purpose  of  improving  bis  knowledge  of  the  English  lan- 
guage and  business  methods.  He  also  worked  in  Detroit  with 
the  Zenith  Carburetor  Company  as  assistant  manager  and  also 
for  the  Studebaker  Corporation  and  tbe  Nortbway  Motor  & 
Mfg.  Company  and  was  a  member  of  tbe  firm  of  Breeze  & 
Chapman,  carburetor  makers  of  Detroit.     In   October,   1913, 
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he  went  to  St.  Louis  on  special  efficiency  work  and  in  June, 
1914,  entered  the  employ  of  Stanley  G.  Flagg  &  Co..  who  sent 
him  to  London  and  Paris  as  sales  engineer,  which  position  he 
held  at  the  time  of  his  death  which  occurred  in  Paris  on  Feb- 
ruary 24,  1916. 

Mr.  Edwards  was  a  member  of  the  Automobile  Association 
of  America.     He  became  a  member  of  this  Society  in  191:!. 


WILLIAM   LAING    BUSS 

William  Laing  Buss  was  born  at  Correy.  Pa.,  on  November 
26,  1867,  and  died  on  May  3,  1916.  He  received  his  early 
education  in  the  public  and  high  schools  of  Troy,  N.  Y., 
following  which  he  engaged  in  the  drug  business.  In  1888, 
he  moved  to  Chicago  and  entered  the  Rush  Medical  College, 
but  at  the  end  of  two  years  he  left  to  go  into  business  with  his 
father  who  was  western  manager  for  the  Chapman  Valve 
Company  of  Springfield,  Mass. 

Upon  the  death  of  his  father  in  1903,  Mr.  Buss  succeeded 
him  as  manager  and  remained  there  until  1909.  From  1910 
to  1912  he  was  general  manager  of  the  Coffin  Valve  Company 
of  Neponset,  Mass.  From  there  he  returned  to  Chicago  to 
accept  a  position  as  sales  manager  for  the  Pittsburgh  Valve, 
Foundry  and  Construction  Company  of  Pittsburgh,  Pa.,  and 
remained  with  them  until  1915.  At  the  time  of  his  death 
he  was  a  manufacturers'  broker  with  offices  in  Chicago. 

Mr.  Buss  was  a  member  of  several  Masonic  lodges.  He 
became  a  member  of  the  Society  in  1912. 

GEORGE    GILMOUR 

George  Giknour  was  born  at  St.  Petersburg,  Russia,  on 
December  25,  1864.     He  received  his  preparatory  education 


in  the  public  schools  of  Russia  and  England  and  his  technical 
education  at  Anderson  College,  Glasgow,  Scotland.  He  learned 
his  trade  as  mechanical  engineer  with  John  Elder  and  Com- 
pany, shi])builders  and  engineers,  of  Glasgow,  Scotland,  and 
was  subsequently  sent  by  them  as  an  engineer  to  South 
America.  On  his  return  by  way  of  Panama,  he  was  engaged 
by  the  French  engineers  to  take  charge  of  the  mechanical 
department  of  the  work  on  the  Panama  Canal,  1883,  and  he 
afterwards  held  a  position  with  the  Atlas  Line  of  mail 
steamers. 

When  the  West  India  Improvements  Company  bought  tlie 
Jamaica  Government  Railway,  Mr.  Gihiiour  was  apjiointed 
master  mechanic  of  the  Jamaican  system,  1891,  and  he  later 
became  superintendent  of  motive  power,  and  consulting  en- 
gineer to  the  Jamaica  Light  and  Power  Company. 

After  eight  years  of  service  in  Jamaica,  Mr.  Gilmour  was 
appointed  mechanical  engineer  to  the  New  York  Telephone 
Company,  of  New  York  City;  and  after  eight  years  of  ex- 
perience in  this  capacity,  he  resigned  in  1905  to  become  chief 
engineer  of  the  Travelers  Insurance  Comjiany,  which  position 
he  held  at  the  time  of  his  death.  In  1910,  the  New  York 
Commission  on  Employers'  Liability  and  Causes  of  Industrial 
Accidents  appointed  him  its  consulting  engineer  and  in  that 
capacity  he  made  an  extended  tour  abroad  to  investigate  and 
rejiort  uiion  the  European  methods  for  lessening  the  number 
of  industrial  accidents. 

Mr.  Gilmour  was  a  charter  member  and  trustee  of  the 
American  Museum  of  Safety,  and  he  was  also  a  member  of  the 
American  Railway  Master  Mechanics  Association,  the  Inter- 
national Boiler  Makers  Association,  the  American  Society  for 
Testing  Materials,  and  the  Engineers'  Club  of  New  York.  He 
became  a  member  of  this  Society  in  1909.  Mr.  Gilmour  died 
at  his  home  in  Brooklvn  on  June  15.  1916. 


SOCIET^^    MEETINGS 


/T  is  of  the  highest  importance  in  the  development  of  the 
monthly  meetings  of  the  Society,  both  of  the  Sections 
and  of  the  Student  Branches,  that  comprehensive  reports  of 
these  meetings  be  published  in  The  Journal  regularly.  Sec- 
retaries of  the  sections  and  student  branches  are  urged  to 
make  every  effort  to  get  the  complete  reports  of  their  meet- 
ings to  this  office  as  quickly  as  possible  after  the  meetings 
are  held,  and  also  tvhere  possible,  copies  of  the  papers  pre- 
sented should  be  sent  in;  if  desired,  the  copy  of  the  paper 
■will  be  returned  after  examination.  The  reports  of  meet- 
ings in  order  to  appear  in  the  next  issue  of  The  Journal 
7nust  be  received  in  this  office  before  the  18th  of  the  month. 

CHICAGO,  MAY  15 

The  fourth  and  last  seasonal  meeting  of  the  Chicago  Section 
of  the  Society  was  held  on  May  15.  Following  the  dumer, 
H.  M.  Montgomery,  chairman  of  the  Section  read  the  report 
of  the  nominating  committee  for  the  officers  of  the  Section 
for  next  year,  as  follows:  Joseph  Harrington,  advisory  com- 
bustion engineer,  chairman;  Alexander  D.  Bailey,  assistant 
chief  engineer.  Station  2  and  3,  Commonwealth  Edison  Com- 
jiany, vi«e-chairman ;  Robert  E.  Thayer,  western  mechanical 
editor.  Railway  Age  Gazette,  secretary;  other  committee  mem- 
bers,  H.    T.   Bentley,  superintendent   motive   power  and   ma- 


chinery, Chicago  &  North  AVestern,  and  Charles  G.  Lord, 
general  patent  attorney.  International  Harvester  Company. 
The  report  was  approved  by  the  attending  members.  The 
meeting  was  attendc-d  by  191  members  and  guests,  among  the 
latter  being  included  a  representative  body  from  the  Inter- 
national Railway  Fuel  Association,  which  was  meeting  in  con- 
vention at  Chicago  at  that  time. 

After  the  dinner  the  speaker  of  the  evening,  Joseph  Har- 
rington, advisory  combustion  engineer,  of  Chicago,  was  in- 
troduced and  jiresented  a  paper  on  PoAvdered  Coal  as  a  FueL 
Tl  c  speaker  reviewed  the  history  of  the  use  of  jiowdered  fuel, 
s  .mmarized  the  requirements  for  pulverization,  described  types 
•  ,i  pulverizing  machinery,  discussed  the  objections  to  and 
difficulties  of  pulverization  and  enumerated  the  advantages. 
He  followed  with  examples  of  some  of  the  results  being 
(ibtained  in  stationary  and  locomotive  practice. 

The  paper  was  illustrated  by  a  series  of  slides  showing 
furnaces  in  which  powdered  coal  is  used  as  a  fuel. 

Among  those  who  took  part  in  the  discussion  which  followed 
were  J.  E.  Muhlfeld,  president  of  the  Locomotive  Pulverized 
Fuel  Company;  A.  G.  Barnhurst  of  the  Fuller  Engineering 
Company;  W.  L.  Robinson,  of  the  Baltimore  &  Ohio;  E.  H. 
Stroud,  A.  J.  Kinyon  and  others.  Mr.  Barnhurst  presented 
a  written  discussion  describing  the  pulverized  fuel  installation 
under  ten  250-h.p.  Heine  boilers  for  the  Missouri,  Kansas  & 
Texas   Railway    at    Parsons,    Kan. 

Mr.  Muhlfeld  explained  briefly  the  development  of  the  use 
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of  pulverized  coal  on  locomotives.  The  use  of  pulverized  coal 
in  this  service  permits  the  using-  of  cheaper  grades  of  fuel  with 
almost  perfect  combustion.  There  were  five  different  methods 
developed  for  burning  pulverized  fuel  in  locomotives,  and  the 
one  now  in  use  on  the  Chicago  &  North  Western  locomotives 
was  finally  adopted.  The  bituminous  coal  installations  have 
been  working  out  very  satisfactorily  and  experiments  are  being 
tried  with  a  mixture  of  anthracite  and  bituminous  coal.  So 
far  40  per  cent  anthracite  and  60  per  cent  bituminous  coal  has 
been  used  successfully,  and  it  is  believed  that  it  will  be  pos- 
sible on  further  experimentation  to  use  a  mixture  of  80  per 
cent  anthracite  and  20  per  cent  bituminous.  In  stationary 
practice  100  per  cent  anthracite  is  used  supcessfuUy. 

Regarding  the  accumulation  of  slag  in  the  powdered  fuel 
installations,  it  was  believed  that  those  coals  running  high 
in  iron  content  would  give  the  greatest  trouble.  It  is  necessary 
that  suflaeient  air  be  supplied  to  put  what  iron  there  is  in 
coal  into  its  ferric  state.  The  illustrations  shown  by  Mr. 
Harringion  on  the  screen  showed  the  very  interesting  and 
novel  ways  of  getting  away  from  this  trouble  of  slag.  The 
fusibility  of  the  ash  in  the  coal  is  also  a  factor  to  be  con- 
sidered. It  was  stated  that  lime  had  been  added  to  the 
powdered  fuel  to  assist  in  fluxing  the  slag  so  that  it  would 
flow  more  freely  to  the  slag  pan. 

CINCINNATI,  MAY  18      • 

A  meeting  of  the  Cincinnati  Section  of  the  Society  at  which 
there  was  a  special  program  for  the  entertainment  of  the 
ladies  was  held  on  May  18.  The  speaker  of  the  evening  was 
Prof.  John  M.  Burnham,  Professor  of  Latin  at  the  University 
of  Cincinnati,  who  gave  an  illustrated  address  on  Engineer- 
ing in  Antiquity.    An  abstract  of  his  remarks  is  given  here: 

Engineering  may  be  said  to  have  begun  when  early  man 
made  any  sort  of  implement  or  weapon,  however  crude  or 
simple  and  the  engineer,  at  least  the  artisan,  the  skilful  worker 
was  recognized  as  early  as  the  Neolithic  Period  (say  from 
7000  to  4000  years  ago). 

A  high  state  of  development  is  implied  by  the  Famous 
Seven  Wonders  of  the  World,  most  in  the  Classical  Greek 
domain,  and  in  the  Pyramids  and  the  Hanging  Gardens  and 
Walls  of  Babylon,  going  back  further  in  time  and  more  distant 
in  space.  One  must  also  remember  that  the  peoples  of  Assyria, 
Babylon.  Mesopotamia.  Syria.  Asia  Minor  and  Egypt  had 
elaborate  systems  of  drainage  and  irrigation  without  which 
comfortable  life,  sanitation  and  agriculture  would  have  been 
impossible;  they  also  had  canals  and  ditches  on  a  large  scale 
both  to  serve  internal  navigation  and  to  connect  large  bodies 
of  water.  For  instance,  Ferdinand  de  Lesseps  while  cutting 
the  Suez  Canal  found  the  traces  of  two  similar  projects  rang- 
ing back  several  centuries  B.  C.  The  cutting  around  Mt.  Athos 
by  Xerxes  and  the  running  of  tunnels  at  Jerusalem  are  sam- 
ples of  the  same  sort  of  activity ;  even  the  myth  of  the  cleans- 
ing of  the  Augean  Stables  implies  such  work  as  a  part  of  the 
very  ancient  Greek  life. 

Rome,  too,  had  her  system  of  engineering.  There  were 
drainage  and  irrigation  ditches  all  the  way  from  the  Trase- 
mene  to  the  Fucine  Lake.  Scaurus  in  110  B.C.  rehabilitated 
the  work  of  the  Etruscans  in  the  Po  Region  which  must  at  the 
latest  antedated  400  B.  C.  Dentatus  in  300  B.  C.  turned  a 
river  bed  and  directed  its  new  course  over  a  precipice  140  ft. 
high.  There  was  the  Alban  tunnel  which  was  1100  ft.  long 
and  also  fossae,  connecting  ditches  or  canals  uniting  for  in- 
stance the  Meuse  and  the  Rhine  or  the  Rhone  and  the  Medi- 
terranean Sea  which  were  built  in  the  early  years  of  A.  D. 
Caesar  revived  an  early  project  conceived  by  Periander  under- 
taken and  then  abandoned  by  Demetrius  Poliorcetes,  but  his 
death  prevented  the  completion  of  this  and  other  schemes. 
Caligula  again  took  it  up,  fixed  its  Hues  aiul  levels,  and  passed 
it  on  to  Nero  who  actually  began  it  but  death  once  more  inter- 
vened in  68  A.  D. 


One  may  refer  to  the  mighty  network  of  pikes  and  highways 
which  began  at  Rome  and  crossed  and  recrossed  the  Italian 
Peninsula.  These  were  connected  at  the  Northern,  Eastern 
and  Western  boundaries  with  similar  roads  reaching  into 
Thrace  to  Constantinople,  there  meeting  the  Asiatic  system 
which  extended  into  Northern  and  Central  Europe,  modem 
Switzerland  and  Austria,  into  France  and  reaching  the  Eng- 
lish Channel.  They  were  also  to  be  found  in  Southern  Eng- 
land and  Spain.  Besides  these  pikes  and  highways  there  were 
the  great  aqueducts,  wliich  according  to  one  text  numbered  19. 
There  were  also  numerous  bridges  spanning  the  Tiber  and 
many  another  river,  the  innumerable  colonnades  of  ancient 
Rome  (nine  miles  of  them,  according  to  Lanciani),  67  parks  of 
the  Capital  and  46,000  tenement  houses. 

The  social  standing  of  the  engineer  is  stated  by  Cicero  de 
Otflciis  1  150  to  have  been  that  of  the  teachers  and  physicians 
.  .  .  .  good  enough  for  people  who  adopted  such  a  career. 
However,  the  engineer  Frontinus  to  whom  we  owe  most  of  our 
information  about  the  water  supply  of  Rome  rose  to  the  con- 
sulate i.  e.  was  an  aristocrat.  In  fact,  under  the  Empire, 
certain  engineering  superintendencies  requii'ed  training  and 
were  granted  only  to  those  who  had  held  the  highest  political 
stations.  As  for  their  education,  Vitruvius  demands  an  almost 
encyclopedic  knowledge  of  the  architect ;  drawing,  geometry, 
history,  pliilosophy  music,  medicine,  law  and  astronomy  (Ln- 
cluding  meteorology). 


CHICAGO.  MAY  24 

A  special  meeting  of  the  Chicago  Section  of  the  Society  was 
called  on  May  24  at  the  Chicago  Engineers'  Club  to  meet  with 
President  Jacobus  and  to  talk  over  Society  affairs.  Dr. 
Jacobus  presented  some  slides  showing  views  of  the  Engineer- 
ing Societies  Building  in  New  York,  and  also  balance  sheets 
indicating  the  financial  condition  of  the  Society.  He  asked 
for  and  obtained  opinions  of  the  members  regarding  the  yearly 
Condensed  Catalogiies,  the  advisability  of  distributing  the 
papers  to  be  presented  at  the  various  meeting's  of  the  Society 
in  advance  of  the  meetings,  and  The  Journal. 

PROVIDENCE,  MAY  24 

The  first  meeting  of  the  Providence  Engineering  Society 
which  is  the  successor  to  the  Providence  Association  of  Me- 
chanical Engineers  was  held  on  May  24.  William  Pickersgill, 
designing  engineer  of  the  Providence  Water  Supply  Board, 
addressed  the  Society  on  The  Fiskeville  Weir  which  is  being 
used  in  connection  with  the  new  water  supply  system  of 
Providence.  His  talk  was  illustrated  with  charts  and  also 
with  an  experimental  weir  in  the  University  of  Brown  labora- 
tory. 

Following  Mr.  Pickersgill.  Prof.  A.  E.  Watson  of  Brown 
University  spoke  on  The  New  Wireless  Installation  at  Brown. 
Following  his  remarks  the  engineers  were  invited  to  the  elec- 
trical laboratoiy  and  were  shown  the  workings  of  the  new 
instiTiments. 

BIRMINGHAM,  MAY  30 

A  meeting  of  the  Birmingham  Section  of  the  Society  was 
held  on  May  30  at  which  pictures  showing  From  Ore  to 
Finished  Product  were  shown  by  the  National  Tube  Comiianj-. 
The  i)ictures  were  explained  by  Mr.  Schoekel  from  Atlanta, 
Ga. 

Following  the  presentation  of  the  pictures,  an  informal 
meeting  was  held  by  several  interested  in  forming  an  affiliated 
society  in  Bii-mingham.  Committees  were  appointed  to  re- 
port on  the  matter  and  the  local  Section  of  the  Am. Soc.M.E. 
jiledged  its  support. 
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LOS  ANGELES,  JUNE  1 

A  joint  meeting  of  the  Technical  Societies  of  Los  Angeles 
including  The  American  Society  of  Mechanical  Engineers,  the 
American  Chemical  Society.  The  Engineers  and  Architects 
Association,  the  American  Institute  of  Electrical  Engineers, 
the  American  Institute  of  Mining  Engineers  and  the  Ameri- 
can Society  of  Civil  Engineers  was  held  on  June  1.  The 
speakers  were  George  N.  Davidson,  rector  of  St.  .John's 
Church,  Earle  Remington,  i)resident  of  the  Aeronautical 
Society,  Capt.  Charles  T.  Leeds,  U.  S.  Army  (retired).  Major 
George  B.  Pillsbui-y.  in  charge  of  the  Fortifications,  San 
Pedro,  George  W.  Dickie,  of  the  California  Auxiliary  Naval 
Consulting  Board  and  Willis  H.  Booth,  vice-president  of  the 
Security  National  Bank.  An  account  of  this  meeting  appears 
elsewhere  in  this  issue. 


CINCINNATI,  .JUNE  15 

The  .June  meeting  of  the  Cincinnati  Section  which  was  a 
joint  meeting  with  the  Engineers'  Club  of  Cincinnati  was  held 
on  June  15.  The  speaker  of  the  evening  was  Major  P.  S. 
Bond,  Corps  of  Engineers,  U.  S.  A.  Major  Bond  is  an  Honor 
Graduate,  Army  Field  Engineer  College;  a  graduate  of  the 
Army  Staff  College;  author  of  The  Engineer  in  War;  and  the 
author  of  National   Defense  for  Engineer  and   Contractor. 

The  speaker  set  forth  in  a  clear  cut  and  convincing  manner 
the  duty  each  citizen  owes  to  his  counti-y.  He  alluded  to  the 
woeful  inadequacy  of  our  defenses  and  gave  in  detail  the 
requirements  of  the  men  of  even-  grade  in  the  engineer  corps, 
with  an  estimate  of  the  length  of  time  necessary  to  give  such 
men  the  necessary  training  in  tactics  and  in  technics.  He  dis- 
couraged the  rather  hysterical  forms  of  patriotism  and  urged 
the  solution  of  the  whole  problem  of  our  jii-eparedness  for 
offense  and  defense  in  a  calm  and  intelligent  manner.  He 
stated  that  the  details  that  are  being  so  eagerly  sought  by  the 
general  public  at  this  time  regarding  the  state  of  bur  pre- 
paredness had  been  a  matter  of  common  knowledge  among 
engineer  officers  for  many  years  and  that  it  was  only  recently 
that  the  general  public  could  be  induced  to  take  any  interest 
in  them  whatever. 

Major  Bond  gave  in  detail  the  tremendous  possibilities  for 
defense  which  exist  in  this  country,  both  in  numbers  of  men 
available  and  in  the  ability  of  our  countrj'  to  turn  out  needed 
supplies  and  munitions  at  the  proper  rate.  He  cited  an  in- 
stance from  one  of  the  warring  nations  of  Europe  where  a 
large  factory  concluded  its  work  upon  a  given  order  at  eleven 
o'clock  of  a  certain  morning  and  began  the  manufacture  of 
rifles  in  an  eflSeient  manner  at  two  o'clock  of  the  same  day. 

Mr.  Bond  then  outlined  the  general  plans  that  had  been 
proposed  for  surveys  of  our  industries  looking  toward  the 
supplying  of  the  necessai-y  materials  and  munitions  in  case  of 
war,  and  showed  how  necessary  it  was  to  prepare  for  the 
manufacture  of  these  supplies  of  munitions  in  time  of  peace. 
He  declared  that  so  large  a  time  is  required  to  prepare  for  the 
manufacture  of  materials  and  munitions  in  enormous  quanti- 
ties that  months  and  frequently  years  of  time  had  elapsed  be- 
fore a  reasonable  efficiency  could  be  obtained  in  the  manu- 
facture of  supplies  and  munitions.  The  fate  of  a  war,  he 
stated,  might  be  decided  before  a  reasonable  etiiciency  had 
been  obtained  by  a  factory  that  had  not  carefully  analyzed  the 
problems  that  it  would  have  to  meet  after  the  declaration  of 
war.  The  .speaker  stated  that  in  numbers  of  men  and  ability 
to   furnish  supplies  and   munitions,   our  country   was  so  far 


ahead  of  any  nation  that  the  mere  knowledge  of  the  fact  that 
our  resources  in  these  lines  were  being  made  directly  avail- 
able for  immediate  service  in  ease  of  necessity  would  almost 
certainly  insure  peace. 

The  lecture  was  concluded  by  an  exhibition  of  a  large 
number  of  carefully  selected  lantern  slides  and  a  running  com- 
mentary on  the  details  shown  by  these  showed  the  duties  of 
the  members  of  the  Engineer  Corps  in  the  field.  The  slides 
were  taken  from  actual  service  conditions  in  Mexico,  the 
Philippine  Lslands  and  the  European  war.  They  showed  the 
construction  of  bridges,  the  making  of  military  roads,  the 
making  of  trenches,  the  theory  of  trench  warfare,  the  char- 
acter and  purpose  of  the  various  kinds  of  guns  in  use  at  the 
present  time,  the  various  styles  of  clothing  and  of  implements 
that  are  required  for  the  soldier  in  the  trenches,  some  idea 
of  the  difficulties  encountered  in  transportation  and  in  feeding 
large  numbers  of  men,  and  of  the  enormous  amount  of  sup- 
l)lies  and  munitions  required.  The  speaker  touched  upon  a 
multitude  of  facts,  driving  home  the  points  they  were  intended 
to  emphasize  in  clear  and  forceful  language  and  withal  pre- 
sented the  subject  in  a  wonderfully  interesting  manner. 

At  the  conclusion  of  the  meeting,  a  motion  was  unamiously 
carried  that  a  committee  of  five  be  appointed  with  power  to 
act  in  the  matter  of  a  survey  of  the  industries  that  would  be 
called  upon  to  manufacture  supplies  and  munitions  in  case  of 
war.  This  committee  is  to  secure  the  services  of  twenty-five 
or  thirty  engineers  to  make  industrial  surveys  of  Cincinnati 
and  \  icinity  and  assist  the  committees  on  industrial  prepared- 
ness that  were  recently  apjiointed  by  President  Wilson. 

STUDENT    BRANCHES 

BUCKNELL    UNIVERSITY 

The  Bucknell  University  Student  Branch  of  the  Am.  Soc. 
M.  E.  held  its  last  meeting  of  the  school  year  on  June  5.  After 
a  short  business  session,  the  election  of  officers  for  the  ensuing 
year  took  place.  The  officers  elected  were  as  follows:  C.  D. 
Maurer,  '17,  chairman;  C.  C.  Kepple,  '17,  vice-chairman; 
C.  M.  Kriner,  '17,  secretary,  and  R.  E.  Sprenkle,  '17,  treasurer. 

COLUMBIA    UNIVERSITY 

The  following  officers  were  elected  at  the  annual  meeting 
of  the  Student  Branch  of  Columbia  University  on  May  16: 
J.  L.  Kretzmer,  president;  William  Henry,  vice-president; 
Edward  H.  Shea,  treasurer,  and  Ray  W.  Thompson,  secre- 
tary. 

CORNELL    UNIVERSITY 

.  The  new  officers  chosen  for  the  Cornell  University  Student 
Branch  are  as  follows:  Prof  R.  C.  Carpenter,  honorary  chair- 
man; William  Carter  Bliss,  chairman;  Ralph  Osgood  Conip- 
ton,  vice-president;  Samuel  Max  Barr,  recording  secretary; 
William  Wallace  Robertson,  Jr.,  treasurer,  and  Charles  Edwin 
Thomas,  corresponding  secretary. 

During  the  past  year  several  meeting's  of  the  Branch  have 
been  held  and  all  have  been  well  attended.  Lectures  have  been 
given  before  the  Branch  by  Prof.  Albert  W.  Smith  on  The 
Advantages  of  Engineering  Organizations:  by  Prof.  D.  S. 
Kimball  on  Efficiency;  and  by  Prof.  R.  C.  Carjienter  on  The 
Panama  Canal. 

LOUISIANA    STATE    UNIVERSITY 

A  meeting  of  the  Louisiana  State  University  Student 
Branch  was  held  on  April  11,  and  the  following  officers  were 
chosen:  T.  S.  Gnnby,  chaiiman;  S.  A.  Buckmaster,  vice-chair- 


582 


SOCIETY  AFFAIR.S 


The  Journal 
Am.Soc.M.E. 


man;  J.  A.  Nadler,  seeietary.  aud  R.  E.  H.  Blomley,  treasurer. 

Following  the  election  of  ofticers,  Mr.  Spence  gave  a  talk 
on  the  Westinghouse  Air  Brake. 

A  special  meeting  of  the  Branch  was  held  on  April  18.  At 
this  meeting  C.  C.  Allen,  construction  engineer  of  Stone  and 
Webster  Corporation,  gave  a  very  interesting  and  practical 
lecture  to  the  students  in  engineering.  He  urged  the  students 
to  take  a  four  years  ajiprenticeship  in  some  good  shop,  and 
laid  especial  stress  upon  the  value  of  practical  experience. 

The  third  regular  meeting  was  held  on  May  2,  at  which 
Maurice  Adam  addressed  the  Branch  on  the  Adaptability  of 
the  Internal  Combustion  Engine  to  Sugar  Factories  in  the 
Tropics  and  States,  and  M.  M.  Masson  gave  a  brief  discussion 
of  the  Spring  Meeting  of  the  Society  at  Xew  Orleans. 


6hio    st.\te  inivefsity 


as  follows :  L.  C.  McAnley,  chairman ;  J.  A.  Pearce,  vice- 
chairman;  H.  L.  Covert,  recording  secretary;  G.  A.  Ruess, 
corresponding  secretary;  A.  B.  Birtles,  treasurer,  and  J.  B. 
Madden  and  E.  R.  Wagstaft,  governing  council,  and  Prof. 
L.  V    Lndy.  faculty  member  of  the  governing  council. 


ST.^TE    UNIVERSITY    OF    lOW.A. 


A  meeting  of  the  Student  Branch  of  the  State  University 
of  Iowa  was  held  on  June  6,  at  which  the  officers  for  the 
coming  year  were  elected :  0.  H.  Beyer,  chairman ;  H.  V. 
.*^wanson.  vice-chairman;  F.  J.  Konvalinka,  secretary  and 
treasurer,  and  a  governing  committee  consisting  of  R.  S. 
Wilbur,  Rex  Harrington  and  S.  E.  Gibbs. 


The  last  meeting  of  the  year  of  the  Student  Branch  of 
Ohio  State  University  was  held  on  May  13,  and  was  in  the 
form  of  a  banquet,  following  which  there  was  a  discussion  of 
the  recent  eastern  trip  taken  by  the  engineering  students  with 
Professors  Marquis,  Judd  and  Brown. 

The  officers  for  the  coming  year  were  chosen  as  follows : 
Fred  W.  Kelly,  president;  I.  F.  Rehn,  vice-president;  G.  W. 
Geisinger,  secretary;  V.  N.  Braden,  treasurer,  and  Cecil  Mc- 
Guiley,  sergeant-at-arms. 

THE    PENNSYLVANIA    STATE    COLLEGE 

The  following  officers  of  the  Student  Branch  of  Pennsyl- 
vania State  College  were  chosen  at  a  meeting  of  the  Branch 
on  May  18:  F.  G.  Bright,  president;  R.  S.  Smith,  treasurer, 
and  R.  S.  Clark,  secretary. 

V.  D.  Longo  discussed  Ingersoll-Rand  Compressed  Air  Ma- 
chinery.   His  talk  was  illustrated  with  slides. 

PURDUE    UNIVERSITY 

The  officers  of  Purdue  University  Student  Branch  were 
chosen  at  the  meeting  of  the  Branch  held  on  May  9  and  were 


UNIVERSITY    OF    CINCINNATI 

At  a  meeting  of  the  Student  Branch  of  the  University  of 
Cincinnati  on  May  18,  1916,  the  following  officers  were 
elected:  W.  Cowell,  president;  L.  De  Quasie,  vice-president, 
and  E.  A.  Botts,  secretary  and  treasurer. 

R.  Rickwood,  student  member,  read  an  article  on  The  Im- 
portance of  English  in  Technical  Education,  written  by  Lytle 
Harrington,  who  is  a  consulting  engineer  and  a  member  of 
the  Executive  Council  of  Tau  Beta  Pi. 

C.  Joerger,  instructor  in  Mechanical  Engineering,  gave  a 
short  talk  to  the  men,  giving  a  number  of  excellent  sugges- 
tions for  the  Student  Branch. 


UNIVERSITY    OF    COLORADO 

At  a  meeting  of  the  L  niversity  of  Colorado  Student  Branch 
held  on  May  11,  Walter  F.  Mallory  read  a  paper  by  Luther 
D.  Burlingame  on  The  Evolution  of  the  Milling  Machine — 
Its  Place  in  History.  The  paper  was  illustrated  with  slides 
and  followed  the  development  of  the  milling  machine  from 
the  earliest  attempts  at  milling  metal  to  the  present  universal 
milling  machine. 


EMPLOYMENT   BULLETIN 

^ I  ^ HE  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Society 
-*  the  medium  for  assisting  members  to  secure  positions,  and  is  pleased  to  receive  requests  both  for  posi- 
tions and  for  men.  Copy  for  Bulletin  must  be  in  hand  before  the  18th  of  the  month.  The  notices 
appear   in   the   Employment   Bulletin    in   a   form   which  indicates  the  classification. 


POSITIONS  AVAILABLE 

These  advertisements  are  placed  ft//  members  of  the  Society  or  per- 
sons vouched  for  by  viembers.  The  Society  is  pleased  to  act  as  a 
"  clearing  house  "  but  is  not  resitonsible  for  results. 

In  forwarding  applications,  stamps  should  be  enclosed  for  transmittal 
of  applications  to  advertisers ;  applications  from  non-members  should 
be  accompanied  by  a  letter  of  reference  or  introduction  from  a  member, 
»uch  reference  letter  to  be  filed  by  the  Society. 

CADET  ENGINEERS:  Recent  graduates  of  tecbnical  schools,  foi- 
wort;  iu  connection  witli  studies  of  central  station  power  house  opera- 
tion, in  line  of  Improving  their  operation  and  methods.  Salary  starts 
at  $00  per  month.  Further  advance  entirely  a  matter  of  personal 
ability  to  fit  Into  the  organization.     Location  New  Jersey. — 37. 

DR.\FTSMAX,  experienced  in  heavy  machinery  work  and  if  possible 
on  chemical  apparatus.     Salary  $25-$30.     Location  New  Jersey. — 50. 

ASSISTANT  CHIEF  ENGINEER,  young  man  who  has  had  experi- 
ence, or  special  duty  in  the  operation  of  a  power  plant,  to  assist  in 
running  a  wood  working  factory  of  1000  h.p.  Knowledge  of  the  de- 
sign of  exhaust  steam  heating  on  a  large  scale,  a  desirable  asset.  An- 
swer, stating  age,  past  position  aud  salary  expected. — S3. 

DRAFTSMAN,  experienced  iu  design  of  heavy  machinery,  rolling 
mills,  etc.    Location  Connecticut. — 98. 


.ASSOCIATE     PROFESSOR     IN     EXPERIMENTAL     MECHANICAL 

ENGINEERING  in  large  engineering  school  in  .Atlanta,  Ga.,  wanted 
next  September.  Must  have  recognized  engineering  degree  and  teach- 
ing experience  or  extensive  practical  experience  in  experimental  and 
research  work.  Give  full  details  of  education,  post-graduate  work  and 
practical  experience,  including  references. — 293. 

SUPERINTENDENT  tor  plant  for  wood  chipping  machinery,  aud 
processes  for  oxidizing.     Location  near  New  York. — 319. 

ASSISTANT  SUPERINTENDENT  in  special  charge  of  production 
work  in  large  machine  shop  in  Middle  West,  manufacturing  locomotive 
and  wrecking  cranes.  It  is  desired  to  harmonize  present  methods  and 
supplement  tl:em  with  scientific  management  processes  as  far  as  pos- 
sible. Experience  along  these  lines  preferred.  Exceptionally  fine  open- 
ing for  the  right  man. — 33S. 

INSTRUCTOR  IN  ELEMENTARY  STRENGTH  OF  MATERIALS 
MECH.ANICS.  and  to  act  as  .Assistant  in  electrical  laboratory.  Pre- 
vious experience  in  teaching  not  necessary  but  two  or  three  years  Iu 
practice.  Salary  $1200  for  school  term.  Location  Pratt  Institute, 
Brooklyn.— 342. 

FIRST  CLASS  AND  EXPERIENCED  M.ACHl.NE  TOOL  DESIGNER 
capable  of  laying  out  tooling  aud  special  fixtures  for  quantity  produc- 
tion. Apply  P.  O.  Box  428.  Hazleton.  Pa.,  stating  experience  and 
salary  expected. — .344. 
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SALES  ENGINEER ;  a  young  mechanical  engineer  witli  three  to 
five  years  experience  in  both  shop  and  drafting  room,  preferably  In 
automobile  work,  to  train  into  sales  work.  Location  Detroit.  Write, 
giving  full  particulars  of  experience,  education  and  references. — 345. 

S.\LESM.VN,  experience  in  conveying  machinery  preferred  but  not 
essential.  Splendid  territory  with  branch  ofiBce  and  good  position  are 
offered  to  right  man.  Exceptional  opportunity  but  only  live,  energetic, 
successful  salesman  with  A-1  record  will  be  considered.  Replies  treated 
absolutely  confidential,  but  must  give  full  particulars  of  experience, 
amount  of  sales,  record,  salary  expected,  references,  etc.  Apply  through 
Society,  name  confidential. — .346. 

DRAFTSMAN,  on  multi-color  press  design.  State  experience,  age 
and  expected  salary.     Location  Rahway,  N.  J. — 349. 

PRODUCTION  ENGINEER  of  experience,  with  knowledge  of  con- 
veying machiner.v,  to  take  charge  of  constructing  details.  State  fully 
age.  experience,  education,  salary  wanted,  and  when  available.  Posi- 
tion offers  good  prospects,  but  only  man  who  can  produce  results  will 
be  considered,     .ill  correspondence  confidential. — 350. 


lowing  po.sitions  during  the  past  eleven  years — chief  draftsman,  produc- 
tion superintendent,  mechanical  superintendent,  efficiency  engineer. 
Present  salary  $30(10  per  year — G-247. 

MEMBER,  thirfy-two.  M.  I.  T..  wishes  position  with  an  eastern 
manufacturing  firm.  Experienced  in  design  and  application  of  mechan- 
ical conveyors  for  the  handling  of  materials:  special  machinery:  six 
.years  office  and  sales  experience.     Apply  through  Society. — G-248. 

DRAFTSMAN,  SALES  ENGINEER.  Experience  of  12  years.  Work- 
ing knowledge  of  steam  engines,  boilers,  electricity,  tools,  etc.  Con- 
ducted and  compiled  reports  of  tests.  Only  position  with  future  con- 
sidered. 32  years  old.  Technical  education.  Salary  moderate :  loca- 
tion immaterial. — G-249. 

SALES  ENGINEER.  MANAGER  or  SUPERINTENDENT;  age  35. 
15  years  experience  In  design,  manufacture  and  sale  of  electrical  ma- 
chinery. .\  capable  executive  and  organizer,  thoroughly  familiar  with 
modern  shop  practice  and  well  acquainted  with  trade,  desires  to  com- 
municate with  manufacturer  wishing  services  of  a  live  and  up-to-date 
executive,     .\ssoc.  Member  A.S.M.E.     Member  A.I.E.E. — G-2.50. 


HEATING  and  VENTILATING  ENGINEER  for  position  In  Toronto, 
Canada  (interview  through  New  York  office) — heating  and  ventilating 
systems.  Involves  getting  out  of  specifications  design  and  supervision  of 
Installations.     Technical  graduate  preferred — 358. 

SALESM.\N  having  experience  in  tool  steel,  alloyed  steels  preferred  ; 
opportunity  for  advancement,  .\ppllcant  must  state  age,  experience 
and  salary  expected.     Location  New  York. — 360. 

SALESMAN  with  technical  education  to  sell  high  grade  recorders  and 
efficiency  instruments.  State  age,  education,  experience  and  salary  de- 
sired to  start. — 362. 

.\SSISTANT  wanted  in  September  in  mechanical  laboratories  In  east- 
ern technical  school.  Must  have  been  out  of  college  at  least  a  year 
and  had  some  practical  experience  in  the  care  and  handling  of  mechan- 
ical equipment.  Give  full  details  of  education,  practical  experience 
and  references.     Location  near  New  York, — 366. 

CLERK  for  order  and  traffic  department.  Experienced  In  Iron  and 
steel,  particularly  tool  and  alloy  steels  and  specialties  preferred.  To 
receive  attention  state  age,  experience  and  wages  expected.  Location 
New  York, — 367, 

DR.\FTSM.\X  experienced  on  drawings  of  dies,  jigs  and  fixtures  for 
pressed  and  drawn  metal  work.  State  reference,  experience,  salary  ex- 
pected, etc.     Location  New  England. — 372. 

DRAFTSM.AX.  familiar  with  the  design  of  piping  and  the  layout 
and  equipment  for  power  plants.  State  training,  experience  and  salary 
expected.     Location  New  England. — 379. 

CHIEF  ENGINEER  for  Chemical  Works,  one  experienced  in  Power 
Plants,  capable  of  taking  full  charge.  Present  plant  of  3000  h.p. 
boilers  generating  power  for  electro-chemical  work.  Applicant  must  be 
not  less  than  thirty  years  of  age  ;  salary  to  start  about  $2400. — 376. 


MEN  AVAILABLE 

Onli/  meiiihers  of  the  Society  are  listed  in  the  published  notices. 
Notices  are  not  repeated  in  consecutive  issues  of  the  Bulletin. 

Members  sending  in  notices  for  the  Men  Available  section  are  par- 
ticularly requested  in  the  future  to  indicate  the  classification  under 
which  then  desire  their  notices  to  appear. 

S.\LES  ENGINEER.  MANAGER  or  MANUFACTURERS'  REPRE 
SENT.VTIVE  Graduate  In  mechanical  engineering,  Worcester  Poly- 
technic Institute  ;  age  36.  Thirteen  years  broad  practical  experience 
selling  and  managing  sales  in  New  York  City,  pumping  machinery,  air 
compressors  and  internal  combustion  engines  with  their  auxiliary 
equipment.  Good  business  record  with  leading  concerns  In  these  lines. 
— G-245. 

MECHANICAL  or  CHIEF  ENGINEER,  age  31.  four  years  experi- 
ence as  superintendent  of  erection  and  chief  operating  engineer  of 
large  power  and  industrial  plants  :  four  years  In  charge  of  design  and 
detailing  of  power  plants  :  good  executive  ability,  capable  of  assuming 
any  responsibility  in  power  plant  lines  and  getting  results  from  factory 
organization.     Location  in  V.  S.  A.  preferred.     Salary  $2500. — G-246. 

MECHANICAL  ENGINEER  and  EXECUTIVE.  Graduate  Stevens 
Institute  of  Technology,  member  .\.S,M,E.,  35  .vears  old,  orderly  minded, 
resourceful,  energetic,  desires  position  of  larger  executive  responsibilty 
and  future  so  that  the  location  may  be  a  permanent  one.     In  the  fol- 


PRODUCTION  ENGINEER:  34,  technical  graduate,  strong  dis- 
ciplinarian and  successful  handler  of  men,  with  organizing  and  ex- 
ecutive ability,  well  versed  in  efficiency,  rate  setting,  cost  accounting 
and  modern  shop  management,  desires  position  along  the  lines  of 
foundry,  machine  shop  or  sheet  metal  work.  Compensation  to  be  based 
on  results. — G-251. 

MECHANICAL  ENGINEER,  Columbia  1915,  with  good  shop  and 
drafting  experience,  seeks  a  position  in  or  around  New  York  City,  At 
present  employed.— G-252. 

ASSISTANT  ENGINEER  or  CHIEF  DRAFTSMAN  for  one  of  the 
largest  rubber  manufacturing  plants  desires  change.  Technical  gradu- 
ate, ten  years  experience,  five  in  above  capacity.  Would  consider  a 
position  similar  to  that  now  held  but  prefers  place  where  originality, 
organization  or  efficiency  are  required.  Can  make  change  in  a  reason- 
able length  of  time  after  engagement. — G-253. 

MAN.\GER  ;  mechanical  engineering  graduate  :  experience  in  marhiue 
shop  and  tool  room,  wishes  a  position  in  which  training  and  experience 
will  be  necessities.     Can  furnish   references. — G-254. 

JUNIOR  MEMBER,  age  30,  twelve  years  experience  in  patent  prac- 
tice. Inventing,  designing  and  developing  automatic  machinery ;  also 
executive  in  charge  of  manufacturing,  factory  and  stock  room  system  ; 
wants  opportunity  to  grow  according  to  ability.  Salary  about  C2500. 
— G-255. 

FACTORY  MANAGER  or  ASSISTANT  TO  EXECUTIVE  of  large 
corporation,  ten  years  work  In  costs,  statistics,  efficiency  engineering 
and  factory  management.  Technical  graduate,  M.E.  Experience  in 
belting,  office  furniture  and  hardware  lines.  Uniformly  successful  In 
increasing  output  and  decreasing  costs.  Desires  permanent  connec- 
tion at  a  salary  commensurate  with  training  and  ability. — G-256. 

EXECUTIVE,  ENGINEER  or  ASSISTANT,  familiar  with  large  and 
small  construction,  maintenance,  operations,  tests  and  Inspections,  com- 
petent to  give  or  carry  out  orders,  meet  emergencies  and  to  handle 
men.     Location  anywhere.     Reply  through  the  Society. — G-257. 

TECHNICAL  GRADUATE,  1911,  E.E.  and  M.E.,  Junior  Member. 
desires  to  make  a  change  to  position  In  the  engineering  department  of 
company  engaged  in  the  design  or  construction  of  power  plants  or 
with  a  consulting  engineer.  Location  in  or  near  New  York  preferred. 
— G-258. 

TE.iCHER  In  the  Department  of  Mechanical  Engineering  or  Physics 
in  a  technical  school  or  university.  Junior  Member,  E.E.,  M.E.,  Sc.D., 
with  some  commercial  experience  and  five  years  teaching  experience  — 
G-259. 

ASSISTANT  EXECUTIVE,  large  manufacturing  corporation.  In  ac- 
counting or  operating  department,  portion  of  duties  to  consist  of  In- 
creasing output  and  lowering  costs  through  Intensive  management 
methods  ;  age  31 ;  technical  graduate ;  past  seven  years  In  Industrial 
management  work,  as  employe  of  noted  efficiency  engineer,  later  con- 
nected with  large  corporation  as  special  investigator  and  manager  of 
plant.  Seeking  connection  with  company  that  is  aggressive,  success- 
ful and  broad-pollcled.     Initial  salary  secondary  consideration. — G-260. 

MECHANICAL  ENGINEER,  technical  graduate  In  mechanical  and 
electrical  engineering.  Junior  Member,  at  present  employed,  desires  to 
become  Identified  with  manufacturing  or  Industrial  plant  In  responsible 
position.  Thirteen  years  varied  experience  In  designing,  constructing 
and  operating  steam  and  Industrial  plants  :  piping  layouts,  structural 
designs,  thermal  Investigations  of  power  plants,  handling  men.  etc.  An 
efficient  executive  now  In  charge  of  steam  plants  and  of  construction 
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work  for  large  oorapany.     Prefers  Eastern  location  or  New  York  City. 
Salary  to  start  $175-$200. — G-261. 

ASSISTANT  TO  EXECUTIVE  OR  EXPERIMENTAL  ENGINEER. 
Junior  Member,  28.  Stevens  1911  graduate,  good  experience  in  power 
plant,  field  and  office.  Last  three  years  in  successful  executive  and 
experimental  work.  Possesses  initiative,  good  personality,  unusual 
mathematical  ability.  Open  for  engagement  with  concern  where  energy 
and  ability  will  win  advancement. — G-262. 

GR.iDL'ATE  ME.  with  engineering  and  commercial  practice ;  fa- 
miliar with  modern  methods  of  organization  and  the  management  of 
industrial    corporations    and    manufacturing    establishments.      Experi- 


enced in  the  design,  manufacture  and  sale  of  various  products  based 
on  cost  analyses ;  also  in  the  increase  of  efficiency  through  sanitation 
safety  provisions  and  proper  recognition  of  the  human  element. — G-263. 

CHIEF  ENGINEER,  Member,  successful  designer  of  automatic  ma- 
chinery, 2  years  experience,  desires  charge  of  maintenance  and  opera- 
tion of  industrial  plants.  At  present  employed  in  executive  position. 
Salary  $4000. — G-264. 

REPRESENTATIVE  ;  engineer  having  own  offices  in  Dayton,  Ohio, 
desires  to  add  additional  representation  for  manufacturers  in  connec- 
tion with  his  consulting  practice.  Will  be  glad  to  correspond  with 
any  manufacturer  for  that  purpose. — G-265. 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the  Society 
and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS   BY  THE   SOCIETY 


TRADE    CATALOGUES 


American   Wood   Preservers'   As.sochtion.      Report   of   Proceedings. 

12th  annual  meeting.     Baltimore,  1916.     Gift  of  Association. 
AUTOMOuir.E  Ignition,  Starting,  and  Lighting,  Charles  B.  Hayward. 

Chicago,  American  Techmcal  Society,  1916.     Gift  of  Publishers. 
This  volume  is  written  for  the  use  of  practical   men.  and  therefore 
has   much   elementary   matter.      Its   treatment   of  the  subject   Is   quite 
thorough.  W.  P.  C. 

Developme.nt  of  the  New  Bedford  Water  Stpplies.  By  R.  C.  P. 
Coggeshall.  (Old  Dartmouth  Historical  Sketches,  no.  42.)  New 
Bedford,  1915.     Gift  of  A.S.M.E. 

Electrical  Railways.  By  H.  M.  Hobart.  Being  the  "  James  For- 
rest "  Lecture,  1915.  delivereil  at  the  Institution  of  Civil  Engi- 
neers     London,  191S.     Gift  of  C.  W.  Rice. 

English   and  American   Tool   Builders.     By   Joseph   Wickham   Roe. 
New   Haven.  Yale  University  Press,   1916.     Price  $3.00.     Gift  of 
Publishers. 
"  Well  informed  persons  are  aware  of  the  part  which  machinery  in 

general  has  had  on  modern  industrial  life.     But  the  profound  influence 

which  machine  tools  have  had  on  that  development  is  scarcely  realized, 

even  by  tool  builders  themselves." 

This  opening  sentence  in   Professor  Roe's  book  indicates  the  object 

for  which  it   has   been   written,    to  show  in   detail   the   history   of   the 

machine  tool,   and  record   the  incidents  in   the  lives  of  machine  tool 

makers. 

The  book  is   one  of  peculiar  interest  to   mechanical  engineers,   and 

is  replete  with  information.  W.  P.  C. 

Industrial  Leadership.     By  H.  L.  Gantt.     New  Haven,  Y'ale  Univer- 
sity Press,  1916.     Price  $1.00.     Gift  of  Publishers. 
Lectures  given  before  the  Senior  Class  at  Sheffield  Scientific  School 

of  Yale  University  in  1915. 

The   lectures,   five  in   number,   are  devoted   to   the  higher  principles 

of  scientific  managenent.  especially  as  to  the  importance  of  vocational 

training.  W.  P.  C. 

PiBLic  Cotton  Warehouses,  Grain  Elevator  and  Terminal  of  the 
Board  of  Commissioners  of  the  Port  of  New  Orleans.  May 
1.  1916.     Gift  of  New  Orleans  Public  Cotton  Warehouses. 

ScHwEi.  INGENIEUR  UND  Architektenveeein.  Jahresheft  1915  und 
Mitgliederverzeichnis.  ZurckJi,  1916.  Gift  of  Schwei.  Ingenieur 
und  Architektenverein. 

Scientific  Management  and  Labor.  Robert  Franklin  Hoxie.  New 
York,  D.  Appleton  d  Co.,  1915.     Gift  of  Publishers. 

The  United  States  Commission  on  Industrial  Relations  empowered 
the  author  to  make  an  investigation  on  scientific  management  in  its 
relations  to  labor. 

In  the  present  work,  a  critical  examination  is  made  of  the  claims  of 
the  proponents  and  opponents  of  scientific  management,  and.  as  is  to 
he  expected,  the  decision,  so  far  as  any  decision  has  been  indicated,  is 
a  compromise.  W.  P.  C. 

Second  Pan  American  Scientific  Congress.  The  Final  Act  and  In- 
terpretative Commentary  Thereon.  Washington,  1916.  Gift  of  Sec- 
ond Pan  American  Scientific  Congress. 

The  Technical  Production  of  Hydrogen  and  its  Industrial  .Appli-. 
cation.  H.  L.  Barnitz.     Netc  York,  1916.     Gift  of  author. 

"What  is  an  Engineer?"  "Scientific  Research  in  America," 
A.  A,  Noyes.  Paj^ndcna,  1915.  Gift  of  Throop  College  of  Tech- 
nology. 


EXCHANGES 

Liverpool  Engineering  Society.  Transactions,  vol.  XXXVI.  Liver- 
pool, 1915. 

Society  of  Naval  Architects  and  Marine  Engineers.  Transac- 
tions, vol.  XXIII,  1910.     New  York,  1915. 


The  Colorado  Cclvert  &  Flume  Co.  Pueblo,  Colo.  Catalogue  16-A. 
Metal  Flumes  and  other  irrigation  supplies. 

Flannery  Bolt  Co.     Pittsburgh,  Pa.     Staybolts.     May,  1916. 

International  Motor  Co.  New  York,  N.  T.  Mack  Motor  Trucks. 
Model  "  AC,"  SVs,  5%,  l\l,  tons. 

Leeds  &  Northrup  Co.  Philadelphia,  Pa.  Bulletin  STo.  Potentio- 
meter system  of  pyrometry. 

New  London  Ship  &  Engine  Co.  Groton,  Conn.  The  Neseco  News. 
.ipril,  1916. 

Shepard  Electric  Crane  &  Hoist  Co.  Montour  Falls,  N.  Y.  Bulle- 
tin no.  60.     Monorail  hoist  types. 

Texas  Co.    New  York,  N.  Y.    Lubrication.    May,  1916. 

Trill  Indicator  Co.  Carry,  Pa.  The  indicator  book.  1916.  Gift  of 
Geo.  H.  Gibson  Co. 

Valley  Iron  Works  Co.  Appleton,  Wis.  The  Beater.  May-June, 
1916. 

Walworth  Mfg.  Co.     Boston,  Mass.     Walworth  Log.     May-June,  1916. 

Wiedeke,  Gustav  &  Co.  Dayton,  Ohi«.  Catalogue  no.  4.S.  Ideal  Tube 
expanders ;  Ideal  tube  cutters.    1915. 


ADDITIONS  BY  THE  UNITED  ENGINEERING  SOCIETY 

Die  Abwasser.  Ihke  beseitigung  und  reinigung,  J.  E.  Mayer. 
Leipzig,  1915. 

-Administrative  Report  of  the  State  Geologist  of  Virginia  Geo- 
logical Survey,  1914-15.     Charlottesville,  1916. 

.\EROPLANE.  -A  Concise  Scientific  Study,  A.  Fage.  ed.  2.  London, 
1915. 

-American  Association  of  University  Professors.  Report  of  the 
Committee  of  Inquiry  on  Conditions  at  the  University  of  Utah. 
July,  1915.    Gift  of  Association. 

-American  Manufacturers  Export  Association.  Year  Book,  1915. 
Neiv  York,  1915.     Gift  of  Association. 

The  Analysis  op  Permissible  Explosives.  U.  S.  Bureau  of  Mines. 
Bulletin  96.      Washington,  1916. 

The  Anthracite  Coal  Fields  of  Pennsylvania,  and  Their  Exhaus- 
tion.    Harrisburg,  1881. 

Appletons'  New  Spanish-English  and  English-Spanish  Diction- 
ary, Arturo  CuySs.     New  York,  1916. 

The  Athenaeum  Subject  Index  to  Periodicals,  1915.  Science  and 
Technology.     London,  1916. 

The  .Automobile,     vol.  1-3,  8-13.     New  York,  1899-1905. 

Bibliogr.u'Hie  der  WOnschelrute,  Carl  v.  Klinckowstroem.  Miin- 
chen,  1911. 

BlELIOGRAPHIE       DER       WHNSCHELRUTE       SEIT       1910       UND       NaCHTRAOE 

(1610-1909),  Der  Begriff  des  Erfolges  bei  Arbeiten  von 
WCnschelrutengangern.  Carl  von  Klinckowstroem  und  R. 
Weyrauch.     Stuttgart,  1912. 

BiBLIOflRAPHY     OF     THE     CHEMICAL     INFLUENCE     OF     LIGHT,     A.     Tucker- 

man.     Washington  City,  1891. 

Birds  of  North  and  Middle  .America.  Bulletin  no.  50,  U.  S.  National 
Museum.     Washington,  1916. 

British  Locomotives.  C.  J.  B.  Cooke.     London,  189S. 

Case  for  the  Shorter  Work  Day.  Supreme  Court  of  the  United 
States.  Brief  for  defendant  in  error,  vol.  1-2.  New  York.  1915. 
Gift  of  National  Consumer.?'  League. 

Catechism  of  Central  Station  Gas  Engineering  in  the  United 
States.     New  York. 

Centrifugal  Fans,  J.  H.  Kinealy.     Ncic  York,  1905. 

Die  Chemie  der  Kohle.  F.  W.  Ilinrlchsen  &  S.  Taczak.  ed.  ."..  Leip- 
zig, 1916. 


July 
1916 


SOCIETY  AFFAIRS 


585 


L'HEMiscHE  Techxologie,  Fi'.  Ileusler.     Leipzig,  I'.mr,. 

Civil  Engineers'  Cost  Book.  T.  E.  Coleman,     ed.  2.     London,  ISIS. 

Coal  Distillation,  Gasification  and  By-Prodccts,  J.  E.  Chris- 
topher.    Vigan,  ISIS. 

Coal  Mine  Fatalities  in  the  United  States,  1870-1914.  U.  S. 
Bureau  of  Mines.  Bulletin  115.     Washington,  ISIS. 

Coal  Mine  Fatalities  in  the  United  States,  1915.  List  ot  Per- 
missible e.vplosives,  lamps  and  motors  tested  prior  to  January  1, 
1910.      Washington,  ISK. 

Constitutions  of  Pennsylvania,  Constitution  of  the  United 
States.     Harrishurg,  1316. 

Construction  of  Improved  Ordnance,  Daniel  Treadwell.  Camiridge, 
1862. 

Description  of  the  Laboratories  of  the  Mines  Branch  of  the 
Department  of  Mines,  Ottawa.  Canada,  Department  of  Mines. 
Bulletin  no.  13.     Ottawa,  ISIS. 

Directory  of  the  Iron  and  Steel  Works  of  the  United  States 
AND  Canada,  1916.     ed.  18.     New  York,  1916. 

Effects  of  Atmospheres  Deficient  in  Oxygen  on  Small  Animals 
AND  ON  Men.  U.  S.  Bureau  of  Mines.  Technical  Paper  122. 
Washiriiiton,  ISIS. 

Die  Eisenbahn  Werkstatten  der  Gegenwart.  Bd.  I,  pt.  2.  ed.  2. 
Wiesbaden,  1S16. 

Electrical  Conductivity  and  Ionization  Constants  of  Organic 
Compounds,  Heyward  Scudder.     London,  ISU. 

Electrical  Engineering  First  Course,  E.  J.  Berg  and  W.  L.  Upson. 
New  York,  W16. 

The  Electron  Theory,  E.  E.  Fournier.     ed.  3.     London,  ISOS. 

Engineers'  Club.  Constitution,  Rules,  Officers  and  Members. 
1916.     New  York,  WIS.     Gift  of  Club. 

The  Engineers  Club  of  St.  Louis.     Yearbook,  1916.     .S'f.  Louis,  Mo. 

Les  E.xplosifs,  Henry  Le  Chatelier.     Paris,  1915. 

Federal  Reserve  Act.  The  National  Bank  Act.  1S12-1914.  New 
York.     Gift  of  National  City  Bank. 

Feldspars  of  ti5e  New  England  and  North  .irpALACHiAN  States. 
U.  S.  Bureau  of  Mines.     Bulletin  92.     Washington,  1916. 

The  Flotation  Process.  Compiled  and  edited  by  T,  A.  Rickard.  Stan 
Francisco,  1916. 

Foundryman's  Reference  Book,  .7.  F.  Bowe.     PittsfieM. 

Franklin  Institute  Report  of  Second  and  Seventh  Annual  Exhi- 
bition.    Philadelphia,  1825,  1831. 

Galvanizing  and  Tinning,  W.  T.  Flanders.     New  York,  1S16. 

Geology  and  Ore  Deposits  of  Rossland,  British  Columbia. 
Memoir  77.  Canada.     Dept.  of  Mines.     Ottniia,  1S15. 

Geology  of  Field  Map-.\rea,  B.C.  and  Alberta.  Memoir  55,  Canada. 
Dept.  of  Mines.     Ottawa,  1911,. 

Good  Roads  Year  Book,  1916.     Washington,  1S16. 

Handbook  of  Formulas  and  Tables  for  Engineers.  Compiled  by 
Clarence  A.  Peirce  &  W.  B.  Carver.     Nevi  York,  ISI!). 

Handbuch  der  Radiologie,  Erich  Marx.     Band  III.     Leipzig,  I'JIS. 

Die  Hygiene  des  Wassers,  Aug.  Giirtner.     Braunschwrig,  ISIS. 

Industries  des  Foils  et  Fourrures  Cheveux  et  Plumes,  .j.  g. 
Beltzer.     Paris,  ISli. 

Information  Annual,  1915.     New  York,  1S16. 

International  Engineering  Congress,  1915.  vol.  1() — Naval  .\rihi- 
tecture  and  Marine  Engineering.     San  Francisco,  ISIS. 

International  Engineering  Congre.ss.  vol.  11,  Waterways  ami  Irri- 
gation.    San  Francisco,  ISIS. 

Jahrbuch  der  Gastechnik.  1914,  H.  Strache.     Miinrlirn.  ISIS. 

Japanese  Society  of  Naval  Architects.  Journal,  vol.  xviii.  Tokyo, 
1916.     Gift  of  Society. 

Kraft'WAGEX  Betrieb  MIT  Inlands  Brennstoffen,  I'l-eilicrrn  v.  Low. 
Wiesbaden,  ISIS. 

Land  and  Marine  Diesel  Engines.  Giorgio  Supino.  Translated  by 
A.  G.  Bremner  and  James  Richardson.     London,  ISIS. 

Learned  Societies  and  Printing  Clubs  of  the  Unitkp  Kingdom, 
A.  Hume.     London,  1853. 

Limes  and  Cements,  E.  A.  Dancaster.    London,  isifi. 

Manual  del  Costruttore  Navale,  Giuseppe  Rossi.     Miluno,  1915. 

Marine  Steam  Turbine.  A  practical  description  of  the  Par.vons  and 
Curtis  Marine  Steam  Turbines,  J.  W.  M.  Sothern.  ed.  4.  London, 
1916. 

Maintenance  of  Way  and  Structures,  W.  C.  Williard.  \rw  York, 
1915. 

Mayor's  Committee  on  Unemployment.  Report,  January,  1916. 
New  York,  1916.     Gift  of  Committee. 

McGraw  Centiul  Station  List,  April,  1916.     New  York,  1S16. 

Memorial  on  the  Upward  Forces  of  Fluids,  and  Their  Applicabil- 
ity TO  Several  Arts,  Sciences  and  Public  Improvements,  E.  C. 
Genet.     Albany,  1825. 

Military  .Aeroplanes,  G.  C.  Loening.     ed.  2.     Boston,  1916. 

Miners'  Nystagmus.  U.  S.  Bureau  of  Mines,  Bulletin  no.  93.  Wash- 
ington, 1916. 

Modern  Guns  and  Gunnery,  1910,  H.  .\.  Bethell.     Woolwich,  ISIO. 

Natio.n'al  Banks  op  the  United  States.  Their  Organization,  Man- 
agement and  Supervision,  1812-1910.  New  York.  Gift  of  Na- 
tional City  Bank. 

Naval  Percussion  Locks  and  Primers,  Particularly  Those  of  the 
United  States,  J.  A.  Dahlgren.     Philadelphia,  J8S3. 


New  Castle  County  Highways,  Report  on.  Prepared  for  a  special 
committee  of  the  Chamber  of  Commerce.  Wilmington,  Delaware, 
Arthur  H.  Blanchard,  H.  G.  Shirley  and  G.  W.  Tillson.  April, 
ISIS.     Gift  of  Arthur  H.  Blanchard. 

New  International  Encyclopaedia,  ed.  2.  vols.  19,  20.  New  York, 
1S16. 

New  York  State  Public  Service  Commission  for  the  First  Dis- 
trict.    Report.  1914,  vol.  II.     New  York,  1S15. 

New  York  Times  Index.     January-March,  1916.     New  York,  ISIS. 

Ohio  Mining  Journal,  nos.  26,  27,  1897-98.  Columbus,  1S9S.  Gift  of 
Ohio  State  University. 

Oil  and  Gas  Map  of  Southwestern  Pennsylvania,  1915.  Harris- 
burg,  1916. 

Oil,  Paint  &  Drug  Reporter.  Green  Book  for  Buyers,  .\pril.  1916. 
New  York,  1916.     Gift  of  Oil.  Paint  &  Drug  Reporter. 

Ore  Deposits  of  the  Beaverdell  Map-Area.  Memoir  79,  Canada. 
Dept.  of  Mines.     Ottawa,  1S15. 

Overhead  Conductor  Electric  Railway  Co.  Description  of  J.  R. 
Finney  system.     Pittsburgh,  1887. 

Packing  House  and  Cold  Storage  Constrhction,  H.  P.  Henschicn. 
Chicago,  1S15. 

Pennsylvania.  Bureau  of  Engixeeri.vg.  1st  Annual  Report.  1914. 
Harrisburg,  1915. 

Pennsylvania.  Department  of  Agriculture.  20th  .\nnual  Report. 
1914.     Harrisburg,  1915. 

Linseed   Oil    Report,    1915.      (Bulletin    274.)         Harrisburg. 

1916. 

List  of  Fertilizer  and  Lime  Manufacturers  and  Importers. 

Bulletin.     Harrisburg,  191S. 

Pennsylvania.  Department  of  Labor  and  Industry.  2d  .Annual 
Report,  1914,  part  I.     Harrisburg,  191S. 

Photo-Electricity.  The  Libeilvtion  of  Electrons  by  Light,  H.  S. 
Allen.     London,  1913. 

Physical  Geography  of  Wisconsin.  Bulletin  no.  36,  Wisconsin  Geo- 
logical &  Natural  History  Survey.     Madison,  1S16. 

A  Practical  Guide  for  Russian  Consular  Officers  and  .All  Per- 
sons Having  Relation's  with  Russia,  A.  Heyking.  ed.  2.  Lon- 
don, 1916. 

Practical  Shaft  Sinking,  Francis  Donaldson.     Neir   York,  1910. 

Die  Prufung  von  Stampasphai.t  und  .Anderen  Strassexdekten  mit 
Bit:  minOsex  Bindemittelx.  Hugo  Schmidt  and  Paul  Herrmann. 
Berlin.  ISIS. 

Public  Utilities  Reports.     1916  -A.     Rochester,  1S16. 

Relativity  and  the  Electron  Theory,  E.  Cunningham.  London, 
ISIS. 

Report  on  the  Iron  of  Dodge  and  Washington  Counties,  State  of 
Wisconsin,  Jas.  G.  Percival.     Milwaukee,  185S. 

Report  on  Past  Experimental  Work  on  Cutting  Tools,  Dempster 
Smith.     Maiichester,  ISIS. 

Results  of  Observations  Made  at  the  United  States  Coast  and 
Geodetic  Survey  Magnetic  Observatory  at  Sitka,  Alaska, 
1913  and  1914.     Washington,  ISIS. 

Results  of  Observations  Made  at  the  United  States  Coast  and 
Geodetic  Survey  Magnetic  Observatory  Near  Tucson,  Arizona, 
1913  and  1914.     Washington.  1S16. 

The  Rise  of  Rail  Power  in  War  and  Conquest,  1833-1914,  E.  A. 
Pratt.     London,  ISIS. 

Sand  Test  for  Determining  the  Stren<;th  of  Detonators.  V.  S. 
Bureau  of  Mines.     Technical  Paper  125.     Washington,  1316. 

Seed  Report,  1915.  Pennsylvania.  Department  of  .Agriculture, 
Bureau  of  Chemistry.     Harrisburg,  1916. 

Sewer  Gas  and  Its  Dangers,  G.  P.  Brown.     Chicago,  18S1. 

Straight  Line  Engineering  Diagrams,  Manifold  &  Poole.  San  Fran- 
cisco, ISll. 

Study  and  Review  of  the  Problem  of  Passenger  Transportation 
IN  Philadelphia  by  a  Unified  System  of  Lines.  March  29, 
1916.     Gift  of  Department  of  City  Transit. 

Surface  Water  Supply  of  Virginia.  Virginia  Geological  Survey. 
Bulletin  no.  X.     Charlottesville,  ISIS. 

Text  Book  of  Paper  Making,  C.  F.  Cross  and  E.  J.  Bevan.  ed.  4. 
London,  1916. 

Transv.aal  Chamber  of  Mines.  Address  delivered  by  W.  H.  Dawe,  at 
annual  meeting  held  March  27,  1916.  Johannesburg,  1916.  Gift 
of  Transvaal  Chamber  of  Mines. 

Tunungwant  Coal  Field,  McKean  County,  Pa.  Reports  on  the 
Geology  of,  D.  D.  Owen  &  B.  Needham.     Buffalo. 

United  States  National  Museum.  Proceedings,  vol.  49.  Washing- 
ton. 1S16. 

Value  for  Rate  Making.  Henry  Floy.    A'eic  York,  ISIS. 

Versuche  aus  der  Warmelehke,  Gustav  Looser,  ed.  4.  Ilraunsch- 
weig,  ISIS. 

Waldwick  Mines.  Report  of  J.  W.  Foster.     Boston,  18SS. 


GIFT   OF    HILL    PUBLISHING    COMPANY 

A  collection  of  state  reports,  mining  companies  reports,  and   various 
pamphlets. 


THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 


OFFICERS  AND  COUNCIL,  1916 


President 

D.  S.  Jacobus 


Past- Presidents 

Members  of  the  Council  for  1916 

Jesse  M.  Smith 

Alex.  C.  Humphrbys 

W.  F.  M.  Go3s 

James  Hartness 

John  A.  Brashear 


Managers 

Terms  expire  December  1916 

Arthur  M.  Greene.  Jr. 

John  Hunter 

Elliott  H.  Whitlock 

Terms  expire  December  1917 

Charles  T.  Main 

Spencer  Miller 

Max  Toltz 


Treasurer 

William  H.  Wile? 

Honorary  Secretary 

Frederick  R.  Hutton 

Secretary 
CALVIN  W.  Rice 


Vice-Presidents 

Terms  expire  December  1916 

Henrt  Hess 
George  W.  Dickie 

James  E.  Sague 

Terms  expire  December  1917 

Wm.  B.  Jackson 

J.  Sellers  Bancroft 

Julian  Kennedy 


Terms  expire  December  191S 

John  H.  Barr 
H.  DE  B.  Parsons 
John  A.  Stevens 


Chairman  of  Finance  Committee 
Robert  M.  Dixon 


Executive  Committee  of  the  Council 

D.  S.  Jacobus,  Chairman 

John  H.  Barr 

Arthur  M.  Greene.  Jr. 

Henry  Hess 

Spencer  Miller 

James  E.  Saquk 


COMMITTEES,  ETC. 


STANDING  COMMITTEES 

Finance 

Robert  M.  Dixon  (2^,  Chairman;  W.  D.  Sargent 
(1).  W.  H.  Marshall  (3).  Alfred  E.  Forstall 
(4).  George  M.  Forrest  (5) 


Meetings 

H.  L,  Gantt  (1),  Chairman;  Robert  H.  Fernald 
(2),  John  H.  Barr  (3),  Leon  P.  Alford  (4). 
Dexter  S.  Kimball  (5) 


Publication 

Irvinh  E,  Mouttrop  (Dt  Chairman;  Fred.  R 
Low  (2),  Fred  J.  Miller  (3),  Henrt  Hess  (41 
C.  r.  Earll  (5) 


Public  Relations 

Worcester  R.  Warner  (1),  George  M.  Brill 
f2).  Morris  L.  Cooke  (3),  Spencer  Miller  f4) 
To  be  appointed  (5) 


oDStitutlon  and  By-Laws 

Jesse  M.  Smith  (1),  Chainnan;  Frederick  R. 
Hutton  (2),  Vice-Chairman;  James  E.  Saoue  (3). 
Geo.  M.  Basford  (4),  Ira  N.  Hollis  (o) 


Standardization 

Henry   Hess   (1),   Chairman;   H.   L.   Gantt   (2), 
Henrt  G.  Stott  (3),  Carl  Schwartz  (4).  Wm. 


F.  Kiesel,  Jr.  (5) 


Conference  Committee  of  National  Engineering 
I  i  £  Societies 

Ch.\rles  W.  Baker,  Arthur  M.  Greens,  Jr., 
D.  S.  Jacobus 


Conference  Committee   to   Determine  Coat  of 
Electric  Power 

D.  C.  Jackson,  A.  H.  Kruesi,  R.  J.  S.  Pioorr* 
John  A.  Stevens,  B.  F.  Wood 


Conservation 

George  F.  Swain.  Chairman;  Charles  W.  Bakbb. 
Luther  D.  Burlingame.  M.  L.  Holman,  Calvih 
W.  Rice 


Memb^'ship 

Henry  C.  Meyer.  Jr.  (1),  Chairman;  L.  R.  Pome- 
rot  (2),  Hose  A  Webster  (3),  Charles  E.  Luckf 
(4).  Fred  J.  Miller  (5) 


Library 

John  W.  Lieb  (1),  Chairman;  Leonard  Waldo 
(2),  Jesse  M.  Smfth  (3),  Walter  M.  McFap- 
land  (4).  The  Secretary. 


House 

William  N.  Dickinson  (1),  Chairman;  Frederick 
A.  Scheffleb  (2).  James  W.  Nelson  (3).  Orrie 
P.  CuMMiNGs  (4),  Maxwell  M.  Upson  (5) 


Research 

R.  J.  S.  PiaoTT  (3),  Chairman;  Richard  H.  Rice 
(1),  Ralph  D.  Mershon  (2).  Arthur  M.  Greene. 
Jr.  (4),  Carl  C.  Thomas  (o) 


SOCIETY  REPRESENTATIVES 


American  Association  Advancement  of  Science 

Wm.  B.  Jackson 


American  Society  for  Testing  Materials 
Modification  Brlggs  Standard  for  Pipe  Threads 

Stanley  G.  Flaqo,  Jr..  John  C.  Bannister 


Classification  of  Technical  Literature 

Fred.  R.  Low,  Chairman;  Willl\m  W.  Bird.  L.  P. 


Breckenbidge.  Alfked  E. 
Prtndle 


Forstall,  Edwin  J. 


Conference  Committee  on  Electrical  Engineer- 
ing Standards 

Henrt   G.   Stott,   Chairman;   Albert   F.   Ganz- 
Carl  Schwartz 


Engineer  Reserve  Corps 

WrLLL\M  H.  Wiley.  Chairman;  W.  F-  M.  Goas, 
H.  A.  Gillis.  Alex.  C.  Humphreys.  Wilfred 
Lewis 


Engineering  Foundation 

W.  F.  M.  Goss,  E.  Gybbon  Spilsburt 


Expert  Testimony  Committee 

Francis  H.  Richards.  Chairman:  Wm.  H.  Bobhm 
H.  DE  B.  Parsons 


John  Fritz  Medal 

John  R.  Freeman  (1),  Ambrose  Swaset  (2),  Job 
A.  Brashear  (3),  Frederick  R.  Hutton  (4} 


Joseph  A.  Holmes  Memorial 

John  A.  Brashear 


Note — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve 

586 


COM  MI  TTEES ,  ETC.—L  'ontinu  ed 


Naval  Consulting  Board  of  the  United  States 

W.  L.  R.  Emmet.  Spencer  Miller 


National  Museum 

G.  F.  KtJNz.  George  Mestv.  H.  G.  Reist.  Am- 
brose  SWASEY 


Student  Branchas 

Frederick    R.    HifTTON,    Chairman:   Georos    M. 
Brill.  Willi \m  Kent,  George  A.  Orrok 


Standardization  of  Pipe  and  Pipe  Fittinjjs  for 
Fire  Protection 
Chas.  a.  Olson 


Trustees  United  Engineering  Society 

E.  Gybbon  Spilsbury  (1),  John  R,  Freem.\x  (2), 
Henry  G.  Stott  (3) 


Nominating  Committee 

Walter  B.  Snow.  Chairman:  H.  M.  Montqomert. 
E.  L.  Ohle.  J.  T.  Whittlesey,  D.  Robert  Yvr- 
nall 


Patent  Laws 

Wm.   H.   Blauvrlt.   Carl  C.   Thomas,   Edward 
Weston.  W.  E.  Winship,  Benjamin  F.  Wood 


Tel'-ers  of  Election 

Robert  H.  Kirk,  Chairman;  Erwis  S.  Coolet. 
Hs.RRv  A.  Hey 


Tolerancei  in  Screw  Thread  Fits 

Luther  D.  Burlinqame,  Chairman;  Ell  wood 
BoTiDSALL,  Frederic  G.  Cobcrn.  Fred  H.  Colvto, 
.\.  A.  Fuller.  James  Hartness.  W.  R.  Porter, 
Frank  O.  Wells,  Walter  F.  Worthinoton, 
Chas.  D.  Young 


SPECIAL  COMMITTEES 


Administration 

Robert  M.  Dixon,  Chairman:  Leon  P.  Alford, 
Geo.  M.  Basford,  George  M.  Forrest,  Jos.  W. 
Roe 


Am.  Soc.  M.  E.  Junior  Prizes 

Robert  H.  Fernald,  Chairman:  Fred.  E.  Rogers. 
George  B.  Brand 


Am.  Soc.  M.  E.  Student  Prizes 

Frederick    R.    Hutton,    Chairman;    Robert    H. 
Fernald,  Dexter  S.  Kimball 


Boiler  Code  Committee 

John  A.  Stevens,  Chairman;  C.  W.  Obert,  Sec- 
retary; Wm.  H.  Boehm,  Rolla  C.  Carpenter. 
Frank  H.  Clark,  Francis  W.  Dean,  Tho%las  E. 
Durban,  Carl  Ferrari,  Elbert  Citrtiss  Fisher, 
Chas.  E.  Gorton,  Arthur  M.  Greene,  Jr., 
Richard  Hammond,  A.  L.  Humphrey,  Chas.  L. 
Huston.  D.  S.  Jacobus,  S.  F.  Jeter,  Wm.  F. 
Kiesel.  Jr.,  W.  F.  MacGregor,  Edward  F.  Mil- 
■LER,  M.  F.  Moore,  Irving  E.  Moultrop.  Rich- 
ard D.  Reed,  Henry  G.  Stott,  H.  H.  Vaughan 


Engineering  Education 

Frank  H.  Clark.  Fred  J.  Miller 


Filter  Standardization 

George  W,  Fuller,  Chairman;  J  as.  C.  Boyd- 
Arthur  M.  Crane,  Philip  N.  Engel,  Martin  F. 
Newman.  Wm.  Schwanhausser 


Increase  of  Membership 

Irving  E.  Moultrop,  Chairman;  Fred  H.  Colvin. 
James  V,  V.  Colwell,  Robert  M.  Dixon.  Wm. 
R.  Dunn.  Leioh  A.  Hunt.  John  P.  Ilsley,  Edwin 
B.  Katte,  Richard  B.  Sheridan 


Chairmen   of   Sub-Committees  on   Increase  of 
Membership 

Atlanta,  F.*.RK.  A.  Dallis;  Bosto7i,  A.  L.  Williston; 
Buffalo.  W.  H.  Carrier;  Chicago,  Philit'  N.  En- 
gel;  Cincinnati,  John  T.  Faig;  Cleveland,  Arthur 
G.  McKee;  Los  Angeles,  O.  J.  Root;  Michigan,  H. 
H.  Esselsttn;  Milwaukee,  Fred.  H.  Dorner- 
Minnesota,  Max  Toltz;  New  Haven,  E.  H.  Lock- 
wood;  New  York,  J.  A.  Kinkead;  Philadelphia,  T, 
C.  McBride;  Rochester,  LuciEN  Buck;  .S(.  Louis, 
John  Hunter;  San  Francisco,  WrNfi  Meredith; 
Seattle,  Robert  M.  Dyer;  Tennessee,  E.  C.  Patter- 
son; Troy.  Albert  E.Cluett;  WorcMier,  Edg\r  H. 
Reed 


Joint    Committee    on    Standards    for    Graphic 

Presentation 

Willard  C.  Brinton,  Chairman;  Leonard  P. 
Ayres,  N.  a.  Carle,  Robert  E.  Chaddock,  F.  A. 
Cleveland,  C.  B.  Davenport,  Loois  I.  Dublin, 
Roland  P.  Falkner,  W.  S.  Gifford,  J.  Arthur 
Harris.  H.  E.  Hawkes,  J.  A.  Hill,  H,  D.  Hub- 
bard. Robert  H.  Montgomery,  Alex.  Smith. 
JuDD  Stewart.  Wendell  M.  Strong.  Edward  L. 
Tqorndike 


Metric  System 

E.  M.  Herr.  Chairman;  L.  D.  Burlingame,  Fr'  n 
A.  Halset.  Henry  Hess.  S.  M.  Vauclain 


Pipe  Threads  International  Standard 

Edwin  M.  Herr.  Cknirman;  Wm.  J.  Baldwin. 
Geo.  M.  Bond,  Stanley  G.  Flaoo,  Jr..  L.  V. 
Benf.T,   Pari-;  Repre'^entative 


Power  Tests 

Geo.  H.  Barruj?,  Ch-iirman;  E.  T.  Adams.  L.  P. 
Breckenridoe,  D.  S.  Jacobus.  William  Kent. 
Edward  F.  Miller,  Arthur  West.  Arthur  C. 
Wood 


Refrigeration 

D.  S.  Jacobus.  Chairman;  P.  DeC.  Ball.  Edwahd 
F.  Miller,  Gardner  T.  Voorhees 


Research  Committee.  Sub-Committee  on  Bear- 
ing Metals 

C.  H.  BiERBvUM.  Chairman;  (Othi^r  members  to  be 
appninff'dl 


Research  Committee.  Sub-Committee  on  Fuel 
Oil 

Raymond  H.  Danforth,  Chairman;  Lee  E.  Bar- 
rows, Andrew  ^T.  Hunt 


Research    Committee,    Sub-Committee  on   In- 
vestigation of  the  Ctinkering  of  Coal 

Lionel  S.  Mvrk^.  Chairman;  F.  C.  Hurley.  A.  V. 
Bleininger.  O.  W.  Palmenberg,  S.  W.  Parr 


Research  Committee.   Sub-Committee  on  Lu- 
brication 

Albert  Kingsbury.   Chiirmin:  A.  E.   Flowers. 
Mayo  D.  Herset.  George  B.  Upton 


Research  Cjumtttee,  Sub-G>Ta'nUtej  on  Ma- 
chine To»!s 

Leon  P.  Alford.  Chairman;  A.  L.  DeLeeuw,  E. 
E.  Barney 


Research  Commitiee.  Sub-Committee  on   Ma- 
terials of  Electrical  Engineering 
R.\D.  Mershon 


Research  Committee.  Sub-Committee  on  Safety 
Valves 

Philip  G.   Darltng.   Henry  D.   Gordon,    Fred- 
FRirK  L.  Pryor.  Frederic  M.  Whyte 


Research  Committee,  Sub-Committee  on  Steam 
Flow  Meters 

R.  J.  S.  PinoTT,  Chairman.  (Other  members  to  be 
appointed) 


Research  Committee.  Sub-Committee  on  Worm 
Gearing 

FiiED.  A.  Halsey,  Chairman;  L.  D.  Burlingame 
Wilfred  Lewis,  Walter  Rautenstrauch 


Section? 

Elliott  H.  Whitlock.  Chairman:  W.  F.  M.  Goss. 
Louis  C.  Marburg.  Walter  Rvuten^trauch.  D. 
Robert  Yarnali. 


Standard  Flanges  and  Pipe  Fittings 

Henry  G.  Stott,  Chairman;  A.  R.  Bavlis.  Stan- 
ley G.  Flagq,  Jr.,  E.  M.  Herr,  Arthur  M- 
HOU.SER,  Julian  Kennedy,  E.  A.  Stillman.  A. 
S.  VooT.  W.  M.  WnrrE 


SUB-COMMITTEES  OF  THE  COMMITTEE  ON 
MEETINGS 

Air  Machinery 

Carl  C.  Thom.a.3,  Chairman;  B.  C.  Batchelder, 
Hugh  V.  Conrad,  Fred.  A.  Halsey,  O.  P.  Hood, 
Frederick  W.  O'Neil,  William  Prellwitz  , 
Richard  H.  Rice 


Cement  Manufacture 

H.  J.  Seaman.  Chairman:  G.  S.  Brown.  Vice- 
Chairman:  J.  G.  Bergquist.  W.  R.  Dunn.  F.  W. 
Kelley.  Morris  Kind.  F.  H.  Lewis,  W.  H. 
Mason.  R.  K.  Meade,  Ejnar  Posselt.  H.  Struck* 
MANN.  A.  C.  T.*.qge,  p.  H.  Wilson 


Fire  Protection 

John  R.  Freeman,  Chairman;  Edward  V.  French. 
V ice-Chairman:  Albert  Blauvelt,  F.  M.  Gris- 
wold.  H.  F.  J.  Porter,  T.  W.  Ransom.  Ira  H. 

WOOLSON 


Gas  Power 

H.  J.  Freyn.  Chairman;  George  F.  Gebhardt. 
Secretary;  Charles  J.  Bacon,  C.  H.  Benjamin. 
Alfred  D.  Blake,  W.  D.  Ennis,  Frederick  R. 
Hutton.  Wm.  T.  Magruder,  J.  M.  Spitzolass, 
H.  H.  Suplee 


Hoisting  and  Conveying 

C.  K.  Baldwin,  Alex.  C.  Brown.  Orton  G.  Dals 
P.  J,  FicKiNGER,  Frank  E.  Hulett.  Spencer 
Miller.  A.  L.  Roberts.  Harry  Sawyer.  Richard 
B.  Sheridan 


Industrial  Buildings 

F.  A.  Waldron,  Chairman;  Harry  A.  Burnham. 
Charles  Day,  William  Dalton.  J.  O.  DeWolf. 
Charles  T.  Main 


Machine  Shop  Practice 

H.  K.  Hathaway,  Chairman:  H.  P.  Fairfield. 
Secretary;  L.  D.  Burlingame.  E.  P.  Bullard.  Jr., 
Fred  H.  Colvin,  A.  L.  DeLeeuw.  W.  H.  Diefen- 
dorf,  F.  L.  Eberhardt,  Charles  Fair.  R.  E 
Fl\nders.  a.  a.  Fuller.  E.  J.  Kearney,  Wilfred 
Lewis.  Wm.  Lodge,  H.  M.  Lucas.  F.  E.  Rogers, 
N.  E.  Zusi 

Protection  of  Industrial  Workers 

■  John   H.    Barr.    Chairman:    Melville   W.    Mix. 
John  P.  Jackson,  John  W.  Upp,  William  A.  Viall 


Railroads 

Edwin  B.  Katte.  Chairman;  Geo.  M.  Basford. 
Frank  H.  Clark.  C.  E.  Eveleth.  W.  F.  M.  Goss. 
A.  L.  Humphrey.  Wm.  F.  Kiesel,  Jr.,  Geo.  W. 
Rink.  Norman  W.  Storer.  H.  H.  Vaughan. 
Rotden  V.  Wright 


Textiles 

Charles  T.  Plunkett.  Chairman:  Edward  W  . 
Thomas.  Secretary;  D.  M.  Bates.  Albert  G.  Dun- 
can, E.  D.  France,  Edwin  F.  Greene,  Franklin 
W.  Hobbs,  W.  E.  Hooper,  C.  R.  Makepeace, 
Charles  H.  Manning 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence  Engineering  Society 

J.  Ansel  Brooks,  President:  Robert  W.  Adams. 
W.  T.  Robertson.  Geo.  A.  Carpentfr,  Vtce-Presi- 
dents;  Wm.  A.  Kennedy,  Recording  Secretary;  Al- 
bert E.  Thornley,  Corresponding  Secretary;  A.  H. 
Wh\tley,  Treasurer 
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COMMITTEES,  ETC.— Concluded 


SECTIONS  COMMITTEES 

Atlanta 

Earl  F.  Scott.  Chairman;  Park  A.  Dallis,  Sec- 
retary; Oscar  Elsas,  Frank  H.  Neely,  L.  W. 
Robert,  Jr. 


Birmingham 

K.  E.  Brakem.vn,  Chairman;  C.  B.  Davis,  Vice- 
Chairman;  Paul.  Wright,  Secretary;  J.  Henrt 
Klinck,  Frank  G.  Cutler 


Boston 

A.  L,  WiLLiSTON,  Chairman;  A.  C.  Ashton.  Rich- 
ard H.  Rice,  Chas.  H.  Fish,  W.  G.  Starkweather 


Cincinnati 

Fred.  A.  Geier,  Chairman;  Geo.  W.  Galbraith, 
V ice-Chairman;  John  T.  Faig,  Secretary-Treasurer; 
Walter  G.  Franz,  George  Langen 


Detroit 

Coraniitt«e  to  be  appointed 


Los  Angeles 

W,  A.  E.  Noble,  Chairman;  Ralph  Sprado,  Vice- 
Chairrnan;  Ford  W.  Harris,  Secretary;  L.  D.  Gil- 
bert, O.  J.  Root 


Milwaukee 

Edward  Hutchens,  Chairman;  Fred  H.  Dorner, 
Secretary;  L.  E.  Strothman,  M.  A.  Beck,  W.  M. 
White,  L.  L.  Hebberd,  J.  W.  Peterson 


New  York 

H.   R.  Cobleigh,  Chairman;  Alfred   D.  Blake 
Secretary;  Edwin  J.  Prindle,  John  J.  Swan,  John 

H.    NORRIS 


Philadelphia 

E.  B.  Carter,  Chairman;  W.  R.  Jones,  Secretary; 
Chas.  L.  Bruff,  Robert  H.  Fernald.  Jab.  E. 
Gibson,  Jos.  A.  Steinmetz 


St.  Louis 

H.  R.  Setz.  Chairman;  h.  A.   Day,  Secretary  and 
Treasurer;  Edw,  Fl.4D,  F.  E.  Bausch,  L.  Gustaf- 

SON 


Buffalo 
John  Younger.  Chairman;  J.  G.  Melendt,  David 
W.  Sowers,  David  C.  Howard,  Willis  H.  Car- 
rier 


Minnesota 

J.  \'.  Martenis.  Chairman;  F.  A.  Otto.  V ice- 
Chairman;  D.  M.  Forfar,  Secretary;  W.  H. 
Kavanaugh,  C.  W.  Tubby 


San  Francisco 

F.  W.  Gay.  Chairman;  C.  F.  BraUN,  Secretary; 
Frank  H.  Varney,  Vice-chairman;  H.  L.  Ter- 
wiLLiGER,  J.  T.  Whittlesey 


Chicago 

Joseph  Harrington,  Chairman;  A.  D.  Bailey, 
V ice-Chairman;  Robert  E.  Thayer,  Secretary;  H. 
T.  Bentley,  C.  E.  Lord 


New  Haven 

H.  B.  Sargent,  Chairnuin;  E.  H.  Lockwood,  Sec- 
rttary;  F.  L.  Mackintosh,  J.  W.  Roe,  J.  A.  Nor- 


Worcester 

Paul  B.  Morgan,  Chairman;  Edgar  H.  Reed, 
Secretary;  Carl  F.  Dietz,  Howard  P.  Fairfield, 
Frederick  W.  Parks 
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ENGINEERING  SURVEY 

A  Review  of  Engineering  Publications  in  All  Languages.     All  the  leading  periodicals  of  the 

engineering  world,  embracing  over  1000  different  publications,  are  received  at  the  Library. 

These  are  systematically  examined  for  review  each  month  in  the  Survev. 


Arranged 

Air  Craft  Ballistics. 

Terminal  Velocitv  of  Falling  Bodies. 

Ballistic  Coefficient. 

Concrete  Aggregates  with  Limestone 
Screenings. 

Alloys,  Heat  Treatment. 

.\LL0TS,   Steel  and  Copper  Compared. 

Balsa  Wood  as  Insul.ation  Material. 

Portland  Cement,  Chemical  Consti- 
tution. 

Bag-House. 

Strainers,  Loss  of  Head  in. 

Orifices,  Loss  of  Head  in. 

Sand,  Loss  of  Head  in. 

Oil,  Flow  Through  Pipes. 

Oil,  Physical  Constants. 

Prime  Movers  in  the  Oil  Field. 


SUB,JECTS   OF  ABSTRACTS 

IN  THE  Order  op  Their  Appearance  in  the 

Internal  Combustion  Engine  in  the 
Oil  Field. 

Strickland  Double-Acting  Four- 
Stroke  Cycle  Engine. 

Oil  Engines  for  Pumping. 

Wire  Rope,  Lubrication. 

Oval  Flanges  for  Pipes. 

Steel,  New  High-Speed. 

Jig  and  Fixture   Standards. 

Hygrometer,   Crova   Simplified. 

Radiant  Energy.  Instruments  for 
Measuring. 

Spur  Gearing. 

Screws,  Errors. 

Pressure   Vessels,   Rectangular. 

Presses,  Friction  Screw. 

Presses,  Percussion,  Pressure  De- 
veloped BY. 

Electro-Pneumatic  Brake,  Goff. 


Survey. 

Hospital  Trains,  French. 

Beltzer  Frame  Support  for  Stretch- 
ers. 

Tires,  Locomotive,  Strength  and 
Wear. 

Cooling  Towers,  Theory. 

Ammonia  Condensers,  Dry  and 
Flooded. 

Gasoline  Fires  Caused  by  Sparks. 

Steel  and  Leather  Belts,   Safety. 

Hall  of  Records  Tests. 

HOBLiTT   Steamer    System. 

W.ATEK  Level   Indicators  for  Boilers. 

Flow  of  Heat  in  Metal  Sheets. 

Flow  of  Heat  in  Metals,  Indicating 
Materials. 

Flow  of  He.\t,  Solids  to  .\ir. 

W.ater   in  Coal. 


Ill  nothing-,  perhaps,  are  the  tendencies  of  modern  engineer- 
ing more  evident  than  in  the  present  methods  of  viewing  ma- 
terials of  construction.  Cement  was  cement  to  the  engineer 
of  yesterday,  but  the  Geojihysical  Laboratory  of  the  Carnegie 
Institution  in  Washington,  as  told  by  George  A,  Rankin  in 
an  abstract  in  this  issue,  has  just  carried  out  an  extensive  and 
thorough  chemical  and  optical  investigation  of  the  constituent 
jjarts  of  jiortland  cement,  and  discovered  which  of  these  con- 
stituents increase  or  decrease  its  strength  and  why,  and  inci- 
dentally shows  how  a  better  clinker  can  be  ultimately  pro- 
duced. George  H.  Ruhling  emphasizes  the  same  idea  in  The 
Michigan  Technic  by  maintaining  that  "  it  will  always  pay  to 
screen  aggregates  and  fhid  out  the  proper  combination  where- 
by the  densest  concrete  may  be  had."  This  is  particularly  sig- 
nificant, as  not  so  long  ago  American  engineering  was  accused 
of  being  excessively  conducted  along  cut-and-tr>'  methods. 
From  present  indications  it  is  permissible  to  look  forward  into 
a  not  distant  future  to  the  day  when  the  American  engineer 
will,  perhaps  in  a  higher  degree  than  his  European  colleague, 
know  exactly  wliy  and  how  he  achieves  those  results  of  which 
the  high  qualitj'  has  been  already  almost  univei'sally  acknowl- 
edged. 

THIS  month's  articles 

In  the  abstract  on  air  craft  ballistics  the  meaning  of  termi- 
nal velocity  of  bodies  falling  from  a  high  altitude  is  fully 
explained. 

A  general  discussion  of  the  heat  treatment  of  alloys  is  pre- 
sented from  a  paper  by  L.  Grenet  in  a  Trench  publication. 
Among  other  things  it  contains  an  interesting  comparison  be- 
tween steel  and  copper  alloys. 

The  thermal  properties  of  balsa  wood  are  discussed  by  R.  C. 
Cai'penter,  Mem.Am.Soe.M.E.,  who  also  compares  the  coeffi- 
cient of  heat  transmission  in  his  own  equation  with  the  spe- 
cific conductivitj'  e  of  insulating  materials  of  the  Bureau  of 
Standards. 


The  new  bag-house  at  the  Midvale  Smelter  is  described  by 
L.  S.  Austin. 

From  an  Englisli  publication  is  abstracted  a  report  on  ex- 
tensive tests  on  the  relation  of  viscosity  of  oil  to  the  rate  of 
flow  through  pipes  carried  out  at  the  National  Physical  Lab- 
oratory under  the  direction  of  Dr.  R.  T.  Glazebrook.  These 
tests  have  shown  clearly  that  the  ordinary  laws  of  viscous  flow 
hold  so  long  as  the  velocity  of  flow  is  below  critical  velocity 
and  that  above  that  figure  the  flow  becomes  turbulent. 

The  use  of  internal  combustion  engines  for  pumping  and  in 
the  oil  field  is  discussed  in  two  articles,  the  first  by  C.  R. 
Knowles  and  the  other  by  F.  G.  Rappoport.  In  the  same  sec- 
tion is  given  an  illustrated  description  of  the  Strickland 
double-acting  engine,  which,  while  working  on  a  four-stroke 
cycle,  gives  a  power  impulse  every  revolution  in  each  cylinder. 

A  statement  is  taken  from  an  English  publication  that  a 
new  steel  has  been  invented  in  England  which  contains  none 
of  the  usual  rare  metals  and  is  still  a  high-speed  tool-steel 
from  every  point  of  view. 

Studies  of  instruments  for  measuring  radiant  energy  are 
reported  from  a  publication  of  the  Bureau  of  Standards.  Such 
instruments  are  becoming  increasingly  important  partly  be- 
cause  they  may  be  used  as  pyrometers  in  certain  lines,  and 
also  in  connection  with  investigations  of  heating  systems. 

A  brief  abstract  is  given  of  a  jjaper  on  spur-gearing,  read 
by  D.  Adamson,  Mem.Am.Soe.M.E.,  before  the  Institution  of 
Mechanical  Engineers.  Among  other  thing-s  the  writer  men- 
tions the  case  of  a  pair  of  machine  cut  bevel  wheels  trans- 
mitting 1500  h.p.  with  a  pitch  line  velocity  of  3000  ft.  per 
minute. 

The  high  precision  of  screws  used  in  munition  work 
prompted  apparently  an  investigation  by  the  National  Physi- 
cal Laboratory  of  England  on  errore  of  screws,  in  which  is 
particularly  emphasized  the  influence  of  an  eiTor  in  one  of 
the  fundamental  elements  of  a  screw  thread  on  the  other  fun- 
damental elements,  and  the  maximum  admissible  error  in  any 
of  the  fundamental  dimensions. 
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Aeronautics 


Air  Craft  Ballistics 


The  article  treats  primarily  of  methods  for  determining  the 
successive  stages  in  the  ascent  and  descent  of  projectiles  fired 
vertically,  the  application  being  primarily  to  firing  against 
air  craft;  but  as  the  article  involves  considerations  applicable 
to  other  problems  it  is  of  general  engineering  interest. 

The  author  gives  two  diagrams,  one  showing  the  vertical 
heights  attained  by  projectiles  as  a  function  of  their  initial 
velocity,  and  another  the  striking  velocity  of  falling  bodies. 

He  emphasizes  the  fact  that  in  the  case  of  falling  bodies 
air  resistance  introduces  a  complex  disturbance,  since  accelera- 
tion in  the  rate  of  fall  is  restricted  to  the  initial  stages  of 
travel  where  the  force  of  gravity  is  greater  than  the  resistance 
of  the  air;  then  a  state  of  equilibrium  is  established  and  the 
body  continues  to  move  at  a  constant  velocity  known  as  ter- 
minal  velocity.  In  fact,  a  falling  body  may  attain  its  ter- 
minal velocity  at  a  considerable  height  from  the  ground,  and 
thereafter,  instead  of  an  increase  of  velocity,  there  will  be 
a  slight  decrease,  due  to  the  increase  of  resistance  as  denser 
layers  of  air  are  traversed.  The  terminal  velocity  is  a  func- 
tion of  the  ballistic  coefficient  C,  which  is  to  be  determined 
experimentally  and  is  in  turn  a  function  of  the  weight  and 
desig-n  of  the  falling  body.  With  C  =  1.0  the  earth  is  struck 
at  a  velocity  of  188  ft.  per  second,  no  matter  whether  the 
dropping  height  be  2000  or  12,000  ft.  (Arms  and  Explosives, 
vol.  24,  no.  284,  p.  67,  May  1,  1916.  3  pp..  2  figs.  pe). 


Engineering  Materials 

Laeoratokv    Tests    on    Concrete    Aggregates,    George    H. 

Ruhling 

The  author  made  tests  to  determine  the  physical  properties 
of  concrete  aggiegates.  In  his  work  in  Seneca  County.  Ohio, 
he  found  it  to  be  the  opinion  of  many  engineers  in  that  local- 
ity that  the  screenings  from  limestone  should  not  be  used  for 
fine  aggregate  in  concrete  because  it  was  alleged  that  the 
screenings  contained  too  much  fine  material.  Hence,  the  local 
specifications  stipulated  that  all  fine  aggregate  should  be  not 
less  than  50  per  cent  lake  or  clean  bank  sand,  this  stipulation 
being  always  a  source  of  argument  between  the  contractors  and 
the  engineer  for  the  county. 

The  writer  made  a  series  of  tests  to  determine  the  best  ag- 
gi-egate  and  found  that,  in  the  first  place,  it  will  always  pay 
to  screen  aggregates  and  find  out  the  proper  combination 
whereby  the  densest  concrete  may  be  had,  and,  second,  that 
concrete  of  stone  screeumgs,  if  properly  proportioned  and 
with  the  stone  screenings  well  graded,  will  make  just  as 
strong  and  probably  stronger  concrete  than  ordinary  lake 
sand  (Ihe  Michigan  Technic,  vol.  29.  no.  2.  p.  114.  May.  1916, 
7  pp..  8  figs.    e). 

General  CoNSiDEnATioxs  ox  Heat  Treatment  of  Allots, 
L.  Grenet 

The  paper  presents  a  general  discussion  on  the  heat  treat- 
ment of  alloys.  Because  of  lack  of  space,  only  the  conclu- 
sions can  be  presented  here. 

Within  the  limits  of  the  present  iiive;ligatiou.  various  lyi  es 
of  steel  may  be  considered  as  systems'  consisting  of  two  in- 
dependent components,  a  ferrous  component  (pure  or  nearly 
pure  iron)  and  a  carbide.  The  ferrous  component  is  mal- 
leable and  has  the  ability  to  resist  tensile  stresses:  it  endows 


with  these  properties  the  phases  a  and  y  which  contain  a 
large  proportion  of  it.  The  carbide  component  is  hard  and 
brittle  and  forms  (almost  entirely)  the  phase  t,  or  cemen- 
tite.  This  component  ti  affects  probably  the  mechanical  prop- 
erties of  steel  through  its  dissemination  through  it  and  through 
contact  action  between  it  and  the  phases  a  and  •/,  which  latter 
are  alone  malleable.  The  influence  of  the  phase  t,  or  eementite 
is  more  direct  in  the  matter  of  resistance  to  wear  or  scratch- 
ing than  in  tensile  stresses. 

The  copper  alloys  may  be  considered  as  being  formed  of  a 
cuprous  compound,  which  in  the  case  of  binary  alloys  is  pure 
copper,  and  the  alloying  compound.  The  cuprous  compound 
plays  the  same  part  as  the  ferrous  compound  in  steels,  and 
the  alloying  compound  the  part  of  the  carbide  in  steel. 

Steel  has  the  peculiar  property  that  all  of  its  phases  may 
or  may  not  be  magnetic  and  the  rapid  variations  of  mag- 
netism as  a  function  of  temperature  are  usually  accompanied 
by  rapid  variations  of  the  law  which  connects  the  other  prop- 
erties of  steel  with  temperature,  but  as  long  as  the  phase 
does  not  change  these  transformations  are  almost  entirely 
reversible,  and  the  temperature  at  which  they  occur  does  not 
have  to  be  considered  except  for  the  purpose  of  heat  treat- 
ment of  steel. 

From  the  point  of  view  of  heat  treatment  the  only  dif- 
ference between  steels  and  alloys  which  we  have  to  bear  in 
mind  is  that  the  phase  a  of  steels  is  derived  from  the  trans- 
formation of  the  solid  phase  y.  however  small  may  be  the 
caibon  content,  while  the  phase  a  of  copper  alloys  can  be 
derived  from  the  transfonnation  of  a  solid  phase  v  only  when 
the  proportion  of  the  metal  allied  to  copper  is  sufficiently 
large. 

The  hardening  by  tempering  bound  by  the  conditions  of 
transformation  of  the  solid  phase  y  into  the  solid  jihase  a  is 
observable  up  to  the  limit  of  pure  iron,  but  not  up  to  the  limit 
of  pure  copper  alloys.  But  in  all  cases  where  it  is  possible 
to  carry  through  this  transformation  with  a  change  of  phase 
while  in  the  solid  state,  the  phenomenon  of  tempering  of  al- 
loys is  identical  to  that  of  tempering  steels.  The  tempering  of 
a  solid  metal  which  on  cooling  undergoes  a  transformation 
with  a  change  of  phase  does  not  differ  from  the  tempering  in 
a  chill  mold  of  a  melted  alloy,  except  by  the  greater  intensity 
of  the  effect  of  tempering  and  the  ability  to  carry  through  this 
operation  without  simultaneous  deformation  of  the  piece. 

The  hardness  of  an  alloy  is  determined  by  the  "  heat  his- 
tory"  of  the  phases  of  which  it  is  composed.  [Generalites 
sur  les  traitements  thermiques  des  alliages,  L.  Grenet.  Bulletin 
et  Comptes  rendits  mensuels  de  la  Societe  de  I'Industrie- 
Minerale,  October-December  1915.  8]  pp.,  21  figs.  etA). 

The  Properties  of  Balsa  Wood,  R.  C.  Carpenter 

Balsa  wood,  which  grows  extensively  in  the  Central  Amer- 
ican and  northern  South  American  states,  is  the  lightest  wood' 
known,  and  has  been  used  quite  extensively  for  life  pre- 
servers and  fenders  of  life  boats  and  rafts.  It  ai>pears  also 
that  it  has  important  insulation  qualities  for  heat.  Only  the 
latter  will  be  discussed  here. 

The  Bureau  of  Standards,  Washington,  D.  C.  has  deter- 
mined the  specific  conductivity,  e,  of  Balsa  wood,  and  found 
it  to  vary  from  0.3C4  to  0.403  B.t.u.  per  sq.  ft.  per  in.  of 
thickness  per  deg.  fahr.  of  difference  in  temperature  between 
the  surfaces  for  untreated  wood,  and  from  0.424  to  0.383  B.t.u.. 
for  treated  wood.  Table  1  gives  the  results  of  the  writer's 
investigation  of  heat  transmission  by  determining  the  quan- 
titv  of  ice  which  melted  in   boxes  made  of  Balsa  wood  and. 
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other  materials  under  known  differences  of  temperature  meas- 
ured inside  and  outside.  The  results  were  reduced  to  B.t.u.'s 
transmitted  per  sq.  ft.  of  mean  surface  between  the  outside 
and  inside  surfaces  of  each  box,  per  degree  of  difference  of 
temperature  of  the  air  inside  and  outside,  per  hour  of  time, 
which  correspond  to  the  "  coefficient  "  of  heat  transmission  k 
in  the  equation 

n=k  (T—T) 

in  which  T  =  the  temperature  of  the  air  on  the  entering  side 
and  T'  =  the  temperature  of  the  air  on  the  discharge  side, 
while  n  =  the  heat  transmitted.  The  coefficient,  k,  differs 
from  the  specific  conductivity,  e,  of  the  Bureau  of  Standards 
as  it  is  dependent  on  the  surface  as  well  as  the  conduction 
capacity  for  heat  transmission. 

The  author  discusses  in  detail  the  relation  between  the 
specific  conductivity,  e,  of  the  Bureau  of  Standards  and  the 
coefficient  of  heat  transmission,  k,  of  the  above  equation,  and 
derives  the  following  equation  from  which  the  relations  be- 
tween k  and  e  can  be  computed  provided  the  values  of  a^  and 
a,,  are  known : 


—  H +  - 

fc  a,         a„         e 


In  this  equation  x  =  thickness  of  the  insulating  material,  a^ 
eoefticient  of  surface  flow  entering  the  body,  and  a„  coefficient 
of  surface  flow  leaving  the  body.  This  equation  applies  only 
to  a  single  thickness  without  air  space.  It  may  be  applied 
also,  with  proper  modifications,  to  other  cases. 

A  table  is  given  showing  comparative  values  of  the  coeffi- 
cient k  obtained  by  computation  and  by  test  (melted  ice  in 
a  zinc  box  inside  a  balsa  box).  As  computed  from  the  Bureau 
of  Standards  tests,  it  is  5.98,  and  5.80  as  determined  by  ice 
melting  experiments  in  Sibley  College.  {Proceedings  of  the 
American  Society  of  Civil  Engineers,  vol.  42,  no.  5,  p.  649, 
May,  1916,  31  pp.,  16  figs.  de). 

T.'VBLE  1— HEAT  TRANSMISSION  EXPERIMENTS  IN  SIBLEY  COLLEGE 
Tests  Made  by  Melting  Ice 


Portland  Cement,  George  A.  Rankin 


British  Thermal  Units 

Per  Square  Foot  Per 

No.  of 

Thickness 
of  wood, 

Degree  of  Difference 
of  Temperature  of  Air. 

Kind  of  Material 

Test. 

in  inches. 

Per  hour 

Per  24  hrs. 

k. 

k>. 

1 

2 

0.121 

2.90 

Balsa  wood,  treated. 

2 

2 

0.120 

2.89 

Balsa  wood,  treated. 

3 

2 

0.122 

2.93 

Balsa  wood,  untreated. 

4 

2 

0.192 

4.61 

White  pine. 

5 

2 

0.102 

2.45 

Nonpareil  cork,  extra. 

6 

2 

0.122 

2.93 

Balsa,  single  boards,  treated. 

7 

2 

0.121 

2.90 

Balsa,  double  boards,  at  right  angles. 

8 

2 

0.1194 

2.67 

Armstrong,  XX-cork  blocks. 

9 

3 

0.191 

2.18 

Balsa  wood,  treated. 

10 

2 

0.1194 

2.87 

Balsa  wood,  treated. 

11 

1 

0.199 

4.78 

Balsa  wood,  treated. 

1/16 

0.660 

15.82 

Bare  zinc,  1/16  in.  thick. 

k     coefficient  of  heat  transmission  per  degrqp  Fahrenheit  of  difference  of  tem- 
perature of  air  near  the  sides,  per  square  foot,  per  inch  of  thickness  per  hour, 
k'     24  k. 


Discussion  of  the  basic  conditions  affecting  the  physical 
properties  of  portland  cement;  the  discussion  is  partly  his- 
torical and  partly  from  the  point  of  view  of  the  chemical  con- 
stitution of  the  material. 

Portland  cement  is  made  up  of  a  number  of  chemical  com- 
pounds, of  which  there  is  but  one  which  in  itself  possesses 
all  the  properties  of  a  desirable  portland  cement.  This  com- 
pound, tricalcic  silicate,  makes  up  only  about  35  per  cent  of 
an  average  portland  cement.  It  would  appear,  therefore,  that' 
one  method  of  increasing  the  strength  and  durability  of  port- 
land  cement  would  be  to  increase  the  percentage  of  tricalcic 
silicate. 

Portland  cement  consists  of  three  fundamental  oxides, 
lime,  alumina  and  silica,  and  the  relatively  small  admixture 
of  other  oxides  exerts  at  most  a  wholly  secondary  influence; 
indeed  good  portland  cement  can  be  made  from  the  above 
three  pure  oxides  in  the  proper  proportions.  While  ordinary 
chemical  methods  enable  us  to  ascertain  the  aggregate  pro- 
portion of  each  oxide  present,  they  yield  no  information  as 
to  the  manner  in  which  these  oxides  are  combined  with  one 
another,  in  other  words,  as  to  the  substances  which  actually 
are  present  in  the  clinker  and  are  responsible  for  its  char- 
acteristic properties.  It  is  very  important  to  know  this  be- 
cause until  we  know  what  the  substances  actually  are  we  can- 
not hope  to  improve  the  quality  of  the  material  except  by 
cut-and-ti-y  methods. 

At  the  same  time  cement  clinker  is  a  mixture  of  substances 
of  very  similar  properties  and  is  besides  exceedingly  fine 
grained,  which  renders  quantitative  determinations  of  the  con-' 
stituents  quite  difficult.  The  method  of  investigation  adopted 
by  the  writer  begins  with  the  isolation  and  determination  of 
all  the  possible  compounds  of  lime,  alumina  and  silica  which 
one  may  expect  to  find  in  portland  cement  clinker;  next  he 
proceeds  to  establish  their  relations  at  high  temperatures  and 
to  ascertain  their  optical  characteristics,  which  constitute  the 
most  convenient  and  satisfactory  criterion  of  the  identity  of 
the  several  substances. 

The  characteristic  properties  of  the  several  solid  substances 
containing  only  lime,  alumina  and  silica  which  are  likely  to 
occur  in  portland  cement  have  been  determined  at  the  Geo- 
physical Laboratory  of  the  Carnegie  Institution  in  Washing- 
ton in  the  course  of  an  investigation  of  all  compounds  formed 
when  any  mixture  of  these  oxides  is  heated  to  a  high  tem- 
perature. This  investigation  is  facilitated  by  the  fact  that 
in  American-made  portland  cements  the  relative  proportions 
of  these  oxides  vary  only  between  comparatively  narrow  limits, 
lime  60  to  64,  alumina  5  to  9,  silica  19  to  25  per  cent.  The 
author  describes  in  detail  the  apparatus  and  methods  of  ex- 
perimentation used.  It  has  been  found  that  the  data  can  be 
interpreted  most  readily  if  they  are  plotted  in  three  dimen- 
sions; the  concentration  (composition)  of  each  mixture  is 
represented  by  a  point  within  an  equilateral  triangle  on  the 
horizontal  plane;  the  magnitude  of  the  corresponding  tempera- 
ture by  the  distance  above  the  plane.  In  this  way  a  model  was 
obtained  with  a  series  of  surfaces  representing  the  melting 
temperatures  of  all  products  obtained  when  any  mixture  of 
the  three  oxides  is  heated  progi'essively  to  higher  and  higher 
temperatures.  The  model  resembles  a  relief  map  of  a  moun- 
tainous region.  Each  mountain  peak  is  the  melting  point 
of  a  pure  component  or  of  a  pure  compound.  The  mountain 
slopes  represent  the  melting  temperatures  of  a  component  or 
compound  in   ternary  mixtures;   the  points  where   the  rivers 
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in  the  valleys  meet  to  form  a  lake  are  the  lowest  melting 
temperatures  known  as  euteetie  points. 

The  author  gives  a  diagram  from  which  can  be  seen  the  be- 
havior of  the  crystalline  substances  separating  from  a  melt 
composed  only  of  the  three  fundamental  oxides  in  such  pro- 
portions as  to  produce  a  good  portland  cement.  In  the  actual 
manufacture  of  portland  cement  the  necessary  compounds  are 
formed  by  burning  at  a  temperature  much  below  that  required 
for  complete  melting.  If,  however,  the  cement  clinker  is  not 
perfectly  burned  there  wiU  be  present  besides  the  three  com- 
pounds before  mentioned  two  others,  namely,  CaO  and  the 
compound  SCaO-ALO,.  It  has  been  found  possible  to  deter- 
mine the  characteristic  optical  properties  of  each  of  the  com- 
pounds and  to  show  their  various  crystals.  Microscopic  in- 
vestigation of  commercial  portland  cement  clinker  shows  it  to 
be  made  up  largely  (over  90  per  cent)  of  the  three  compounds 
tricaleic  silicate,  dicalcic  siUeate  and  tricalcie  aluminate.  It 
would  appear,  therefore,  that  the  value  of  portland  cement  as 
a  cementing  material  when  mixed  with  water  is  due  largely  to 
one  or  more  of  these  compounds.  The  author  investigates 
their  formation  when  portland  cement  is  burned.  The  rapid- 
ity with  which  the  reactions  go  to  completion  is  governed  by 
the  temperature  and  by  the  amount  of  the  flux  formed  at  that 
temperature,  the  melting  temperature  of  the  flux  necessary 
for  the  production  of  the  clinker  being  materially  lowered  by 
the  presence  of  small  amounts  of  impurities.  The  author 
worked  out  a  table  which  gives  the  constituents  of  portland 
cement  present  between  certain  definite  temperature  intervals 
during  the  burning  of  the  clinker.  The  table  applies  equally  to 
commercial  portland  cement  and  cement  made  up  of  the  three 
fundamental  oxides  only.  The  components  of  portland  cement 
are  lime,  alumina  and  silica  and  its  constituent  substances  are 
definite  compounds  of  these  oxides.  If  the  raw  material  for 
pure  cement  is  perfectly  burned  at  a  temperature  of  1650 
deg.  cent.,  the  clinker  obtained  wiU  consist  of  the  three  com- 
pounds, dicalcic  silicate,  tricalcie  silicate  and  tricalcie  alum- 
inate. In  the  actual  manufacture  of  portland  cement,  how- 
ever, the  clinker  is  not  always  perfectly  burned,  that  is,  the 
raw  materials  are  not  always  ground  fine  enough  or  heated  to 
a  sufficiently  high  temperature  so  that  the  chemical  reactions 
are  completed.  With  the  present  knowledge  of  the  nature  of 
the  chemical  reactions  it  is,  however,  possible  to  state  which 
of  the  constituents  will  not  be  completely  formed.  When 
commercial  clinker  is  not  perfectly  burned  there  is  less  tri- 
calcie silicate  and  more  dicalcic  silicate,  while  lime  will  be 
present  as  an  individual  constituent,  the  exact  percentage  of 
the  material  depending  ujion  how  near  to  completion  the  re- 
action 

(CaO  +  2CaO.SiO,  =  3  CaO.SiOJ 

has  been  carried.  The  imj^iortanee  of  this  is  evident  in  view 
of  the  influence  of  lime  on  the  physical  properties  of  portland 
cement.  Only  cements  in  which  the  lime  is  entirely  combined 
are  sound  and  of  good  strength. 

From  the  experiments  made  it  appears  that  of  the  three 
corapoimds  which  take  part  in  the  setting  and  hardening  of 
Portland  cement,  tricalcie  silicate  is  the  best  cementing  con- 
stituent and  that  it  is  the  only  one  of  the  three  which  when 
mixed  with  water  will  set  and  harden  within  a  reasonable 
time  to  form  a  mass  comparable  to  portland  cement  in  hard- 
ness and  strength.  The  dicalcic  silicate  requires  too  long  to 
set  and  harden  in  order  to  be  in  itself  a  valuable  cementing 
material.  The  tricalcie  aluminate  sets  and  hardens  rapidly 
but  is  rather  soluble  in  water  and  is  not  particularly  durable 
or  sti'ong.     The  author  comes,  therefore,  to  the  conclusion  that 


the  compound  tricalcie  silicate  is  the  essential  constituent  of 
Portland  cement,  and  the  higher  its  percentage  the  better  the 
cement. 

When  tricalcie  silicate  is  mixed  with  water  to  form  a  mor- 
tar, a  gelatinous  material  is  formed,  composed  of  hydrous 
lime  and  silica.  Whether  the  lime  and  silica  continue  to  be 
chemically  combined  or  whether  the  gelatinous  material  is 
colloidal  is  still  a  matter  of  some  uncertainty,  although  it 
would  appear  that  this  material  is  colloidal.  The  author  tries 
to  establish  that  gelatinous  silica  is  the  most  essential  con- 
stituent of  a  cement  moitar,  l)ut  confesses  that  it  is  only  a 
speculation. 

The  average  portland  cement  of  today  contains  about  30 
to  35  per  cent  tricalcie  siUcate,  a  projiortion  which  closely  ap- 
proaches the  maximum  possible  yield  with  the  present  per- 
centage of  flux.  With  the  finer  grinding  of  the  raw  materials, 
burning  for  a  longer  period  and  at  an  increased  temperature, 
a  higher  percentage  of  tricalcie  silicate  may  be  obtained  but 
only  at  a  materially  higher  cost  of  production.  The  writer 
hopes,  however,  that  a  study  of  other  systems  may  establish 
the  economic  possibility  of  producing  a  cement  containing  a 
high  percentage  of  tricalcie  silicate.  He  thinks  that  an  in- 
sight might  be  gained  by  substituting  some  substance,  such 
as  Fe^O,,  for  Al.O  ,  and  then  investigating  the  equilibrium 
relations  of  the  new  system.  He  comes  to  the  final  conclusion 
that  in  order  to  determine  the  most  economic  process  for  pro- 
ducing tricalcie  silicate  in  the  higher  percentages  it  will  be 
necessary  to  study  the  rate  of  formation  of  this  compound 
in  a  series  of  mixtures  of  various  substances,  this  in  turn 
necessitating  the  determination  of  the  equilibrium  relations  of 
tricalcie  silicate  at  high  temperatures  in  such  mixtures. 
{Journal  of  The  Franklin  Institute,  vol.  181,  no.  6,  p.  747, 
June  1916,  38  pp.,  16  figs.   etA). 
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New  Bag-House,  L.  S.  Austin 


Description  of  a  new  bag-house  at  the  Midvale  Smelter. 
The  bag-house  was  designed  to  take  out  the  dust  from  any  five 
out  of  six  furnaces  at  a  time,  before  the  gases  pass  to  the 
stack,  these  five  taking  the  air  from  a  blower  of  17.5  cu.  ft.  per 
revolution  at  160  r.p.m.  or,  allowing  for  5  per  cent  of  slip, 
26,600  cu.  ft.  per  minute.  The  temperature  of  this  air,  enter- 
ing the  blower  at  40  deg.  fahr.,  would  be  200  deg.  fahr.  at  the 
top  of  the  charge  with  a  volume,  because  of  expansion  by  one 
third,  of  35,470  ft.  Allowing  for  the  other  furnace  and  for 
a  leakage  through  the  furnace  top  covers  as  well  as  for  addi- 
tional air  admitted  to  lower  the  temperature  at  the  bag-house 
to  150  deg.  fahr.,  a  fan  capacity  of  60,000  cu.  ft.  was  needed. 
The  main  mechanical  features  appear  in  Fig  1  showing  posi- 
tion of  inlet  damper  and  air  feeder.  From  the  fan,  gases  enter 
the  flue  .4  by  a  7-ft.  pipe.  The  adjoining  main  chamber,  which 
consists  of  the  dust  chamber  D  and  the  bag  chamber  C,  is  di- 
vided transversely  into  five  compartments  or  bays;  each  bay 
has  an  admission  and  an  exhaust  pipe,  both  controlled  by  disc 
valves.  By  adjusting  these  valves,  any  bay  may  be  shut  off 
and  an  exhaust  connection  opened,  thus  collapsing  the  bags 
and  so  loosening  the  flue  dust  that  has  accumulated  on  them. 
The  exhaust  pipe  is  branched  into  the  exhaust  main  X,  this 
leading  back  to  the  "  trail  "  on  the  exhaust  side  of  the  fan. 
Once  during  a  shift  the  valves  are  operated  and  after  each 
shake  a  five-minute  interval  is  allowed  in  order  to  give  the  dust 
an  o]iportunity  to  fall  into  the  lower  chamber.  Once  in  sev- 
eral days  the  bags  are  given  a  "  hand-shake  "  to  clean  them 
more  thoroughly. 
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The  bottom  of  tlie  dust  chamber  is  inclined  at  50  deg:.  When 
the  bag-house  was  started,  these  grrades  were  much  flatter  and 
the  dust  was  expected  to  form  its  own  slope,  but  it  tended  to 
arch  over  the  feed  screw  and  harden  there  so  that  the  steeper 
slope  of  sheet  steel  had  to  be  used. 

As  the  gases  seep  through  the  bags  they  flow  along  the  flue 
D  which  continues  at  a  grade  of  nearly  5  in.  per  foot  to  the 
base  of  a  brick-lined  stack  210  ft.  high  by  16i/$  ft.  inside 
diameter.  In  the  flue  D,  deflectors  are  placed  to  turn  the  gases 
leaving  the  dust  chamber  into  the  direction  of  the  flow.  The 
velocity  of  the  gases  here  is  9  ft.  ])er  second,  while  at  the  stack 
the  flow  is  nearly  5  ft.  per  second. 

The  cost  of  the  bag-house  was  $200,000,  not  including  the 
stack  {Mining  and  Scientific  Press,  vol.  112,  no.  21,  p.  746, 
May  20,  1916,  3  pp.,  3  figs.     d). 
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The  Viscosity  of  Oils  in  Relation  to  the  Rate  of  Flow 

THROUGH  Pipes,  Dr.  R.  T.  Glazebrook,  W.  F. 

Higgins,  and  J.  R.  Pannell 

The  paper  presents  data  of  tests  undertaken  by  the  National 
Physical  Laboratory  at  the  request  of  the  British  Admiralty. 
The  object  of  these  tests  was  to  investigate  the  loss  of  flow 
of  oil  in  drawn  steel  pipes  of  varying  sizes  with  a  view  to 
determining  how  far  the  pressure  difference  required  to  pro- 
duce a  given  flow  could  be  calculated  from  a  knowledge  of 
the  dimensions  of  the  pipe  and  of  the  viscosity  of  the  oil. 
The  experiments  were  made  on  the  flow  of  four  oils  in  pipes 
of  3,  4  and  5  in.  diameter. 

Further  tests  were  made  for  the  ])urpose  of  determining 
the  densities  and  viscosities  of  the  oils  used  at  various  tem- 
peratures and  the  measurement  of  their  flash  points.  Tests 
were  also  made  on  mixtures  of  various  oils,  with  special  regard 
to  the  permanence  of  the  mixtures.  Among  other  things  it  has 
been  found  that  Mexican  oil  is  apparently  subject  to  a  change 
in  viscosity  with  time :  the  viscosity  increases  if  the  oil  is  kept 
at  a  low  temjierature,  but  is  reduced  again  by  short  exposure  to 
high  temperature. 

As  regards  the  loss  of  flow  it  was  found  that  the  ordinary 
loss  of  viscous  flow  held  so  long  as  the  velocity  of  flow  was 
less  than  the  critical  velocity  which  is  given  by  the  equation 


fVd 


=  2500 


where  1'  is  the  velocity  of  flow  in  feet  per  second,  d  =  the 
diameter  of  the  pipe  in  feet,  p  =  the  density  in  pounds  per 
cu.  ft..  T|  =  the  viscosity  coefficient,  in  foot-pound-second 
units.  It  has  been  found  that  in  all  such  cases  the  flow  is 
stream-line  in  character  and  the  pressure  droji  is  given  by 
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Fig.  1     Section  of  Baghouse  Showing  Position  op  Inlet 
Damper  and  Air  Feeder 

Hydraulics 

Tests  of  Loss  of  Head  in  Strainers,  Orifices  and  Sand, 
Langdon  Pearse 

The  data  given  in  the  jiajier  are  derived  from  experiments 
made  by  W.  W.  DeBerard  and  the  author  in  1908  during 
filtration  investigations  for  the  Peoples  Water  Company  of 
(>akland,  California.  The  article  describes  in  detail  the  test- 
ing device  used  and  the  methods  of  operation.  The  tests  were 
made  with  the  orifices  or  strainers  submerged.  The  data  are 
presented  in  the  form  of  tables  and  curves. 

The  tests  of  orifices  indicate  a  coefficient  of  discharge  rang- 
ing from  0.62  to  0.85  as  a  function  of  the  ratio  d/t,  where 
d  =  diameter  of  orifices  and  t  =  thickness  of  plate.  With 
a  very  few  exceptions  the  coefficient  of  discharge  C  varied  but 
little  for  the  range  of  head  tried  on  .any  one  orifice.  Similar 
tests  were  made  for  loss  of  head  in  strainers  and  sand  and 
fairly  consistent  results  were  obtained  for  the  coetficients  of 
discharge  for  each  type.      {Journal  of  the  American   Water 


where  P  is  the  pressure-difference  in  lb.  per  sq.  in.  and  per 
ft.  run.  and  f/  is  the  acceleration  due  to  gravity  in  feet-second 
units.  A  and  B  are  constants  of  instruments  given  by  special 
equations  in  the  original  articles,  and  T  is  the  time  of  flow 
in  seconds  observed  in  the  viscosimeter  experiments,  at  tem- 
jierature t. 

For  values  of  velocity  greater  than  2500  ft.  per  second  the 
flow  is  turbulent  and  the  known  relation  for  turbulent  flow 
can  be  applied  when  the  condition  of  surface  roughness  of 
the  pipe  is  known. 

In  the  discussion  which  followed  one  of  the  speakers 
pointed  out  that  the  experiments  were  made  with  a  drawn 
pipe  and  that  the  presence  of  joints  which  usually  occur  at 
distances  of  20  or  30  ft.  apart,  might  materially  affect  the  re- 
sults. 

The  second  part  of  the  investigation,  covering  the  physical 
constants  of  the  oil,  is  of  great  interest,  but  cannot  be  ab- 
stracted because  of  lack  of  space.  In  an  appendix  is  described 
the  manometer  used  in  the  experiments.  It  is  a  modification  of 
the  pressure  gage  as  designed  by  Dr.  A.  P.  Chattock.  {Jour- 
nal of  the  Institution  of  Petroleum  Technologists  and  Record 
of  Transactions,  vol.  2,  part  5,  p.  45,  December,  1915,  38  pp., 
14  figs.  eA). 
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Internal  Combustion  Engineering 

The  Internal  Combustion  Engine  in  the  Oil  Field, 
F.  G.  Rappoport 

Discussion  of  various  sources  of  power  to  be  used  in  oil 
fields. 

The  author  compares  oil  fired  internal  combustion  engines 
with  gas  engines,  steam  power  and  electricity  in  their  applica- 
tion to  oil  fields.  The  paper  is  written  on  the  basis  of  prac- 
tice in  the  Caucasian  oil  fields,  Russia. 

Besides  its  ready  adaptation  to  a  piecemeal  system  of  de- 
velopment, the  great  advantage  of  steam  power  is  its  elas- 
ticity and  flexibility  in  readily  and  quickly  responding  to  the 
intermittent  power  requirements  for  which  the  character  of 
oil  field  work  calls.  In  boring,  changes  of  speed  are  con- 
stantly required  at  short  notice.  In  baling,  likewise,  a  con- 
stantly changing  speed  is  required.  On  the  other  hand,  steam 
power  is  inefficient  and  uneconomical. 

Electric  power  has  the  important  advantage  of  the  econ- 
omies of  the  central  power  station  with  an  efficient  steam 
plant,  high  pressure  steam,  etc.  In  the  application  of  the 
power,  however,  the  constant-speed  electric  motor  lacks  the 
flexibility  of  the  steam  engine.  Further,  it  can  be  applied 
only  to  well-established  fields  or  fields  which  are  very  conven- 
iently located  to  existing  plants. 

The  crude  oil  engine,  especially  of  the  medium  compression 
type,  has  the  following  advantages:  (1)  Minimum  fuel  con- 
sumption per  unit  of  power;  (2)  can  be  installed  in  all  stages 
of  oil  field  development  on  a  large  or  small  scale;  (3)  occupies 
a  minimum  of  space  in  proportion  to  the  power  developed ;  and 
(4)  is  clean  and  safe  and,  with  good  supervision,  compara- 
tively cheap  to  maintain.  The  disadvantage  of  the  present 
method  of  using  oil  engines  on  a  large  scale  in  the  oil  field  is. 
in  the  first  place,  the  decentralization  of  the  power  plant. 
The  plant  is  installed  in  separate  scattered  units  at  each  well. 
which  means  increased  danger  from  fire,  increased  supervision 
and  labor.  The  total  power  laid  down  must  be  equal  to  the 
maximum  power  and  the  reduction  effected  in  centralized 
plants  by  equalization  of  peak  loads  is  unobtainable. 

The  chief  practical  difficulty  in  the  use  of  oil  motors  on 
oil  fields  is  their  constant  speed.  For  example,  in  drilling, 
the  regulation  of  the  number  of  blows  per  minute  is  impor- 
tant in  rock  of  varying  hardness.  The  freeing  of  a  column 
of  casing  which  has  become  fast  may  require  momentary  in- 
crease of  power  applied  without  delay,  and  the  oil  engine 
cannot  provide  that  instantaneous  variation  of  speed  neces- 
sary in  such  cases. 

In  the  Baku  fields  an  attempt  is  made  to  return  to  central- 
ization by  using  one  high-power  engine  to  drive  several  wells, 
and  this  principle  is  being  still  further  extended  by  the  use 
of  wire  rope  transmission  to  cover  long  distances.  The  author 
shows  diagi-ammatically  the  advantage  of  such  centralization. 
One  150-h.p.  motor  centralized  is  sufficient  to  drive  four  wells, 
whereas  by  installing  a  motor  on  each  well  about  200  h.p. 
would  have  been  needed. 

The  oil  engine,  however,  has  created  a  large  and  important 
sphere  of  its  own  by  facilitating  profitable  operation  of  a 
large  class  of  wells  which,  owing  to  their  small  yield,  could 
not  have  been  profitably  exploited  by  either  steam  or  elec- 
tricity. 

The  nest  form  of  internal  combustion  engine  is  that  util- 
izing gas,  natural  and  artificial.  The  gas  engine  is  simpler 
in  construction,  cheaper,  and  possesses  gi-eater  flexibility.  A 
drawback  to  its  extended  use  is  the  uncertainty  of  the  supply 
of  gas. 


The  author  describes  and  classifies  modified  types  of  what 
is  known  as  convertible  engines,  i.e.,  those  which  can  be  alter- 
nately used  on  either  liquid  or  gas  fuel  {Journal  of  the  In- 
stitution of  Petroleum  Technologists  and  Record  of  Transac- 
tions, vol.  1,  part  4,  p.  195,  June  1915,  33  pp.,  21  figs,    cd) . 

Strickland  Double-Acting  Four-Stroke  Cycle  Engine 

Description  of  the  Strickland  engine,  which,  working  on 
a  four-stroke  cycle,  gives  a  power  impulse  every  revolution 
in  each  cylinder.  As  shown  in  Fig.  2,  there  is  a  two-diameter 
oiston  with  the  usual  combustion  space  at  the  top  of  the 
cylinder.  Midway  of  the  cylinder  length  is  an  annular  space 
left  when  the  piston  is  at  the  top  dead  center,  and  this  forms 
a  secondary  combustion  chamber.  The  action  is  as  follows: 
As  the  piston  descends  under  the  impulse  of  a  charge  in  the 
up2Jer  combustion  chamber,  the  lower  part  of  the  piston  is 


Fig.    2    Strickland    Double-Acting    Four-Stroke    Cycle 

Engine 

drawing  in  gas  from  the  carburetor.  On  the  reversal,  at  the 
bottom  of  the  stroke  the  upper  piston  commences  its  exhaust 
stroke  and  the  lower  part  rises  on  the  compression  stroke.  In 
the  next  stroke,  thing  and  expansion  take  place  in  the  lower 
part  and  intake  on  the  upper  piston.  For  the  last  stroke  the 
upper  part  is  compressing,  while  the  lower  is  exhausting. 

Had  poppet  valves  been  used,  a  mechanism  to  control  the 
intake  and  exhaust  would  necessarily  have  proven  to  be  some- 
what complicated.  Therefore,  the  inventor  uses  a  single  pair 
of  double-acting  piston  valves  to  control  both  the  upper  and 
the  lower  cycles.  These  are  shown  on  the  left  of  the  engine 
in  the  illustration.  The  valves  are  operated  from  a  second 
crank  shaft  driven  by  the  gear  from  the  main  crank  shaft. 

The  inventor  lays  particular  stress  on  two  points  in  con- 
nection with  his  design.  The  first  is  that  the  effect  of  the 
piston  valves  is  to  extend  the  indicator  diagi'am,  thus  making 
for  increased  thermal  efficiency.  This  is  said  to  be  so  because 
the  piston  valves  are  near  the  top  of  their  stroke  during  suc- 
tion  and   descend   during  the   firing   stroke,   thus   having   the 
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effect  of  making  the  cylinder  bigger  during  the  expansion 
stroke  than  it  is  during  the  suction  stroke.  The  other  claim 
is  that  for  a  given  power  output  the  space  occupied  is  much 
smaller  than  with  a  four-stroke  cycle  engine  of  equivalent 
power. 

The  article  does  not  state  whether  such  an  engine  has  been 
actually  constructed,  and  gives  no  data  of  any  tests  of  an 
engine.  Neither  does  it  stale  in  which  sizes  such  an  engine 
is  supposed  to  be  most  eflScient  (Four-Cycle  Engine — Two- 
Stroke  Effect,  The  Automobile,  vol.  34,  no.  22,  p.  974,  June  1, 
1916,  2  pp.,  3  figs.  d). 

The  Use  of  Oil  Engines  for  Pumping,  C.  R.  Knowles 

The  use  of  oil  engines  instead  of  gasoline  engines  has  been 
due  to  increased  consumption  of  water  necessitating  larger 
pumps  and  heavier  power,  together  with  the  increase  in  the 
cost  of  gasoline.  This  has  been  done  in  many  cases  by  con- 
verting the  existing  gasoline  equipment  to  kerosene  and  distil- 
late engines  by  the  additions  of  the  proper  attachments.  A 
series  of  eflSciency  fuel  tests  with  distillate,  alcohol,  kerosene, 
gasoline  and  motor  spirits  were  made,  pumping  against  a 
total  head  of  61  ft. 

It  was  found  that  distillate  is  the  most  economical  of  the 
fuels  used.  The  power  obtained  from  the  use  of  kerosene  was 
practically  the  same  as  from  distillate,  the  only  difference 
being  in  the  price  of  the  two  fuels. 

Another  series  of  tests  with  a  12  h.p.  4-cycle  engine  showed 
that  the  engine  consumed  the  same  amount  of  39  deg.  distil- 
late per  h.p.-hr.  as  gasoline.  The  article  also  reports  data  of 
tests  with  the  semi-Diesel  engine.  {Journal  of  the  American 
Water  Works  Association,  vol.  3,  no.  2,  p.  356,  8  pp.,  eg). 

Lubrication 

Li'BKicATiON  Requirements  for  Wire  Rope,  George  R.  Row- 
land 

Data  on  lubrication  of  wire  ropes  secured  from  one  of  the 
largest  rope  manufacturers  in  this  country  as  well  as  by  the 
company  with  which  the  writer  is  connected. 

The  latter  has  made  measurements  on  a  3500-h.p.  twin 
tandem  reversing  engine,  which  showed  that  there  were  319 
sq.  ft.  of  actual  frictional  surfaces  to  be  lubricated,  wliich 
shows  that  every  foot  of  wire  rope  is  a  moving  part  subject 
to  friction,  and  to  secure  its  proper  efficiency  and  service  it 
must  be  given  the  same  attention  in  the  way  of  lubrication  as 
any  other  mechanical  device. 

Because  of  the  demand  on  the  part  of  purchasers  that  the 
manufacturers  give  a  guarantee  to  the  life  and  performance 
of  the  ropes,  the  question  of  efficiency  in  lubrication  has  as- 
sumed a  considerable  importance.  A  careful  investigation  of 
the  ropes  used  in  all  classes  of  service  has  shown  that  no  two 
manufacturers  are  using  the  same  grade  of  rope  lubricant 
and  that  the  materials  most  commonly  used  contain  tar,  gra- 
phite and  other  fillers  in  large  proportions.  Such  materials 
have  the  effect  of  only  partially  protecting  the  external  parts 
of  the  rope  and  at  low  temperatures  will  crack  and  peel. 
This  has  the  effect  of  permitting  the  deteriorating  elements 
to  attack  the  internal  parts  of  the  rope,  and  instances  are 
known  of  ropes  suddenly  breaking  while  the  visible  wires 
show  no  sign  of  deterioration,  it  being  invariably  found  upon 
examination  that  the  internal  wires  have  perished  by  corro- 
sion. 

Ordinary  black  oil  or  what  is  known  as  "  waste  oil  "  are 
worthless  as  rope  lubricants.     A   still  worse  practice  is  that 


of  giving  the  ropes  an  external  coating  or  slushing  by  the 
manufacturer.  An  efficient  wire  rope  lubricant  must  be  free 
from  any  material  that  will  attack  the  constituent  parts  of  the 
rope,  must  remain  soft  and  pliable  under  all  atmospheric  con- 
ditions, must  not  be  subjected  to  evaporation,  must  be  insoluble 
in  water  and  must  be  unaffected  by  water  heavily  charged  with 
chemicals  such  as  exist  in  some  operating  conditions.  Further, 
it  must  be  of  such  a  nature  that  it  will  enter  between  the  wires 
in  the  strand  and  between  strands  to  the  core  of  the  rope 
when  the  rope  has  been  put  into  service,  preserving  the  core 
as  well  as  the  metal  which  surrounds  it.  In  addition,  it  should 
be  equally  efficient  as  a  lubricant  for  sheave  wheels,  drums, 
pulleys  and  other  bearings  over  which  the  rope  passes. 

Too  little  attention  has  been  given  to  the  initial  lubrication 
of  wire  ropes,  particularly  as  regards  proper  saturation  of 
the  hemp  center.  The  method  of  application  of  lubricant  in 
service  is  not  always  correct.  The  proper  way  to  apply  the 
lubricant  is  to  use  a  split  box  of  sufficient  dimensions  to  per- 
mit of  its  holding  about  25  lb.  of  the  lubricant  to  be  used, 
constiTicted  with  a  hole  in  the  center  large  enough  to  permit 
of  the  passage  of  the  largest  rope  to  be  coated.  The  lubri- 
cant should  be  thoroughly  liquefied  in  a  metal  condenser,  and 
after  it  is  poured  into  the  split  box  the  rope  should  be  per- 
mitted to  pass  slowly  through  the  box.  (From  Lubrication, 
through  The  Blast  Furnace  and  Steel  Plant,  vol.  50,  no.  6, 
p.  286,  June,  1916,  2  pp.  p). 

Machine  Parts 

Oval  Flanges  foe  Steam,  Air,  Water  and  Other  Pipes, 

Fairfax 

In  the  British  Standard  flanges  for  pipes  and  fittings  for 
use  under  steam  and  water  pressure  are  all  circular.  There 
are,  however,  still  a  great  many  uses  for  oval  flanges  under 
certain  conditions.  For  example,  for  lower  pressures,  say  air 
pressure  below  100  lb.  per  sq.  in.,  and  for  exhaust  piping  or 
piping  where  pressures  are  used  below  that  of  the  atmosphere, 
oval  flanges  will  be  used,  just  as  they  will  for  very  light 
pressures  where  brass  fittings  of  copper  pipes  are  essential. 
The  article  gives  a  list  of  oval  brass  or  brazing  metal  flanges 
suitable  for  copper  pipes,  valve,  cock,  etc..  working  under  a 
vacuum  or  for  use  up  to  a  gage  pressure  of  15  lb.  per  square 
inch  (Table  2A)  and  a  list  of  oval  flanges  suitable  for  use  on 
wrought  iron  pipes,  brass  or  cast  iron  valves,  cocks,  and 
pipes  working  under  gage  pressures  above  15  and  up  to  100 
lb.  per  sq.  in.  (Table  B). 

Under  certain  peculiar  conditions  oval  flanges  are  also  used 
for  much  higher  pressures  such  as  in  connection  with  hydraulic 
l)ressure  pipes  and  fittings,  from  700  to  900  lb.  per  sq.  in., 
and  even  as  high  as  1200  lb.  per  sq.  in.  The  writer  gives  two 
tables  for  these  ranges  of  pressure.  The  article  is  not  finished 
(Mechanical  World,  vol.  5S.  no.  1534,  p.  253,  May  26,  1916, 
2  pp.,  5rp). 


Machine  Shop 


New  High-Speed  Steels 


The  difficulties  connected  with  the  supply  of  tungsten  and 
other  rare  metals  used  in  the  manufacture  of  high-speed  steel 
led  to  intensified  metallurgical  research,  and  it  is  stated  that 
Darwin  and  Milner  of  Sheffield,  England,  have  discovered  an 
alloy  substitute  for  high-speed  steel  which  contains  neither 
tungsten,  molybdenum,  cobalt  nor  vanadium,  and  which,  it  is 
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said,  can  be  oast  in  iron  or  sand  molds  suitable  for  grinding 
to  tool  shapes  with  an  emery  grinder  without  forging,  hard- 
ening or  heat  treatment  of  any  kind.  It  is  further  claimed 
that  the  material  possesses  the  thermal  stability  which  en- 
ables it  to  cut  to  a  red  heat.  Actual  cutting  tests  were  made 
with  a  tool  prepared  from  1.25  in.  square  bar  on  a  round  bar 
of  high  tensile  steel  containing  0.32  carbon,  0.07  silicon,  0.59 
manganese,  0.024  sulphur,  0.012  phosphorus,  1.26  chromium 
and  3.28  nickel.  Quarter-inch  cuts  were  taken  at  speeds  of 
about  50  ft.  and  cuts  of  1/64  in.  at  speeds  150  ft.  with,  it  is 
said,  very  satisfactory  results.  Particulars  of  the  composition 
of  the  alloy  are  at  present  withheld  though  patent  rights  were 
secured  in  October,  last  year  (Mechanical  Engineer,  vol.  37, 
no.  957,  p.  394,  May  26,  i916,  Ip.  d). 

Jig  and  Fixture  Details,  K.  F.  Pohle 

The  article  presents  data  on  details  of  jigs  and  fixtures, 
together  with  tables  embodying  the  practice  of  the  General 
Electric  Company  works  at  Lynn,  Mass.  It  covers  the  sub- 
jects of  jig  stop  pins,  spring  pins,  hinge  pins,  clamps  and 
straps,  latches  and  swing  bolts  {Machinery,  vol.  22,  no.  10, 
p.  839,  June  1916,  3  pp.,  dp). 


Measuring  Instruments 

Simplified  Condensation  Hygkometer,  Charles  Margot 

Description  of  a  condensation  hygi'ometer  which  is  a  modi- 
fication of  the  one  described  by  Crova  in  1883  for  use  espe- 
cially in  measuring  the  moisture  in  air  in  places  of  difficult 
access. 

As  shown  in  Fig.  3,  it  consists  essentially  of  an  exterior 
cylindrical  casing  or  cooling  chamber,  E,  8  cm.  in  diameter 
and  2  cm.  deep.  On  the  side  towards  the  observer,  this  cham- 
ber is  closed  by  a  thin  disc  of  nickeled  brass,  perfectly  tiat 
and  polished.  The  other  face  has  a  small  opening,  closed  by 
a  glass,  which  permits  the  level  of  the  ether  to  be  seen.  The 
second  chamber,  truncated  in  shape,  is  screwed  on  the  first 
chamber  and  is  closed  by  a  glass,  which  permits  the  seeing 
of  the  condensation  of  the  vapor  on  the  nickel  plated  surface. 
It  has  three  auxiliai^y  ai^paratus:  (1)  Part  C,  which,  by  means 
of  suitable  tubing,  is  placed  into  communication  with  the  air, 
the  hygrometric  state  of  which  has  to  be  measured;  (2)  D  is 
connected  by  a  rubber  tube  with  the  tube  B,  the  end  of  which 
is  inuuersed  into  ether;  (3)  T  is  used  to  hold  the  thermometer. 
Air  is  taken  in  through  A  by  means  of  a  water  jet  or  some 
other  kind  of  suction  device.  It  passes  first  the  cooling  cham- 
ber where  the  condensation  is  effected,  and  then  bubbles 
through  the  ether.  The  observer  follows  the  course  of  con- 
densation and  can  see  the  slightest  trace  of  dew  appear  and 
disappear  on  the  central  part  of  the  polished  disc.  As  the 
deposits  of  dew  appear  first  in  the  center  of  the  disc,  while 
the  parts  nearer  the  rims  remain  clear,  it  is  easy  to  make  ob- 
sei-vations.  It  is  advisable  to  place  the  apparatus  on  a  solid 
cast-iron  foundation  with  an  intervening  wooden  supjiort.  and 
not  on  a  metal  support,  so  as  to  avoid  the  conduction  of  heat 
to  the  apparatus.  As  the  ficrst  chamber  is  quite  large,  there 
is  no  danger  of  the  air  circulating  at  a  velocity  too  great  to 
allow  time  to  take  the  temperature  of  the  cooling  disc.  A 
series  of  tests  have  shown  that  the  same  precision  is  obtained 
whether  the  two  chambers  are  located  in  series  or  separately 
(Modele  simplifie  d'hygrometre  a  condensation,  Charles  Mar- 
got.  Archives  des  Sciences  Physiques  et  Naturelles,  vol.  41 
(Quatrieme  periode),  no.  3,  p.  222,  March  15,  1916,  4  pp.,  1 
fig.    de). 


Studies  of  Instruments  for  Measuring  Radiant  Energy 
in  Absolute  Value,  W.  W.  Coblenz  and  W.  B.  Emerson 

One  of  the  real  needs  in  the  measurement  of  radiant  en- 
ergy is  a  reliable  radiometer  wiiich  evaluates  the  observations 
in  absolute  measure.  Such  an  instrument  should  be  a  primary 
one.  capable  of  measuring  radiant  energy  directly.  Actually, 
however,  there  is  no  such  primary  instrument,  although  there 
are  several  apparently  trustworthy  methods  for  making  meas- 
urements of  radiation  in  absolute  value.  The  I'.  S.  Bureau 
of  Standards  has,  therefore,  undertaken  to  i)repare  standards 
of  radiation  and  to  study  \arious  instruments  used  in  mak- 
ing absolute  measurements  of  radiation.  The  present  paper 
reports  on  the  results  obtained  with  one  of  these  instruments, 
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Fig.  3    Modified  Crova  Condensation  Hygrometer 

Niveau  de  I'ftlier — level  of  ether 

and  also  presents  the  evaluation  of  the  coefficient  or  tlie  so- 
called  Stefan-Bolzmann  constant  of  total  radiation  of  a  uni- 
formly heated  cavity  (black  body). 

In  a  previous  communication  from  the  Bureau  the  results 
of  a  study  of  the  so-called  Radiobalanee  were  given,  which 
showed  that  while  this  instrument  has  many  good  points  it 
did  not  appear  to  be  sufiHciently  reliable  for  a  primary  in- 
strument. 

The  present  paper  describes  in  detail  the  apparatus  used 
in  the  present  series  of  tests,  and  the  method  of  making  ob- 
servations and  reduction  of  data. 

V^^hile  it  is  difficult  to  estimate  the  accuracy  attained  in  the 
final  results,  it  is  important  to  note  that  the  value  of  the  ra- 
diation constant  is  based  upon  observation  with  a  far  greater 
number  of  receivers  than  were  hitherto  employed,  the  re- 
ceivers being  differently  prepared  and  operated  under  various 
conditions  as  to  width  and  thickness  of  the  metal  strip,  dis- 
tance between  potential  terminals,  kind  and  thickness  of  the 
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absorbing  layer,  etc.  The  data  are  presented  iu  the  form  of 
tables. 

On  the  whole,  it  was  found  that  the  device  described  iu  the 
paper  may  be  used  as  an  instrument  of  precision  because  of 
its  quickness  of  action,  freedom  of  surrounding  conditions, 
high  sensitivity  and  simplicity  of  operation.  It  can  be  much 
simplified  and  then  used  as  a  radiation  pyrometer.  In  practice 
it  is  advisable  to  calibrate  the  receiver  by  exposing  it  to  r. 
black  body  heated  to  about  1000  deg.  cent,  when  it  is  desired 
to  make  the  refined  radiation  measurements.  A  complete 
radiometric  outfit,  including  the  radiator,  has  been  i)Iaced  in 
an  evacuated  inclosure  for  the  purpose  of  making  in  the  fu- 
ture radiation  measurements  in  absolute  value  at  certain  fixed 
temperature  points  as  defined  by  the  melting  points  of  metals 
such  as  gold,  silver,  palladium  and  platinum.  In  this  manner 
it  is  hoped  to  eliminate  the  effect  of  atmospheric  absorption, 
and  to  othei-wise  improve  the  reliability  of  the  measurements. 

The  loss  of  energy  by  diffused  reflection  from  the  black- 
ened surface  of  the  receiver  was  investigated  and  it  was  found 
that  there  was  but  little  difference  in  the  reflecting  power  of 
the  different  surfaces  examined.  (U.  S.  BureoM  of  S-tandards, 
Scientific  Papers,  No.  261,  p.  504,  March  4,  1916,  47  pp.,  6 
figs,  e.) 


Mechanics 


Spur  Gearing,  Daniel  Adamson 


Paper  read  before  the  Institution  of  Mechanical  Engineers 
on  May  19  last.  It  discusses  the  design  of  spur  gearing,  the 
materials  used  and  the  mechanical  properties  of  the  finished 
gears.  Among  other  things  it  presents  interesting  historical 
data  on  the  development  of  various  \iews  on  the  mechanics 
of  spur  gears  and  a  chronological  list  of  references. 

Because  of  the  fact  that  Lasehe's  investigation,  originally 
printed  in  the  Zeitschrift  of  the  German  Society  of  Engi- 
neers, has  never  been  translated  into  English  and  is  not  easily 
accessible,  the  author  gives  an  extended  abstract  of  it.  Lasche 
investigated  the  variation  in  the  amount  of  sliding  at  different 
parts  of  the  tooth  faces  and  flanks  and  from  this  develojjed 
his  "  wear  characteristic."  This  wear  characteristic  is  de- 
pendent upon  the  contact  pressure  and  the  amount  of  sliding 
between  contiguous  teeth.  Lasche  has  also  shown  the  impor- 
tance, as  affecting  the  working  of  gear  teeth,  of  the  relation 
between  theoretical  arc  of  contact  and  circumferential  pitch, 
called  for  convenience  "  duration  of  contact  "  and  usually  ex- 
pressed in  terms  of  circumferential  pitch.  When  the  theoret- 
ical arc  of  contact  exceeds  unity,  the  duty  wiU  be  distributed 
between  the  different  teeth  in  contact  at  a  time  when  the  rate 
of  wear  would  otherwise  be  at  its  highest  value. 

The  factors  to  be  considered  when  estimating  suitable  pro- 
portions to  resist  wear  are :  P  =  pressure  to  be  transmitted 
at  pitch  line,  N  =  number  of  revolutions  per  minute,  e  = 
estimated  number  of  teeth  in  contact,  and  b  =  breadth  of 
teeth.  A  table  of  actual  examples  from  practice  and  experi- 
ment is  given  in  Lasehe's  paper  to  enable  a  suitable  value  to 
be  placed  upon  PN/eb  according  to  the  conditions  of  the 
working. 

As  to  variations  in  stresses  due  to  irregularities  in  pitch, 
Lasche  gives  calculations  of  a  typical  example  from  practice, 
showing  that  while  at  moderate  speeds  this  is  not  serious,  yet 
as  the  excess  load  due  to  irregularities  will  increase  as  the 
square  of  the  velocity  at  higher  peripheral  speeds,  trouble  is 
experienced  that  cannot  be  accounted  for  by  calculations  based 
upon  the  transmitted  load  alone. 


Lasciie  strongly  advises  the  separation  of  revolving  masses, 
as,  for  example,  armatures  of  motors,  from  adjoining  masses 
such  as  the  large  gear  wheels  of  the  second  motion,  by  some 
elastic  medium  such  as  a  length  of  shaft  or  a  flexible  coupling, 
so  as  to  allow  slight  variations  in  angular  velocity  due  to  un- 
avoidable errors  in  gear  cutting  to  take  place  without  giving 
rise  to  destructive  loads  between  the  teeth. 

The  writer  attaches  gi-eat  importance  to  the  selection  of 
the  best  material  for  gears.  He  calls  attention  to  the  fact  that 
while  heat  treatment  may  be  quite  feasible  with  large  masses 
such  as  armor  plates  and  gun  tubes,  where  the  value  of  each 
piece  makes  it  possible  to  maintain  an  expensive  laboratory 
and  staff  to  check  the  processes  and  the  results,  this  is  not  so 
convenient  in  ordinary  machine  shops.  He  foresees  stricter 
requirements  as  to  the  constituents  of  steel  used  for  gearing. 


TABLE  2A   VACUUM  TO  15  LB.  PER 


IN.  GAGE  PRESSURE 


g  0, 

_  Oh 

■11 

o  c 

Z  « 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

Id. 

1/2 
3/4 
1 

1  1/4 
1  1/2 
1  3/4 
2 

In. 
3 

3  3/4 
4 

4  3/4 

5  1/4 
5  1/2 

In. 

1  3/4 
2 

2  1/4 

2  5/8 

3  1/8 
3  1/2 
3  7/8 

In. 

2  1/8 
2  5/8 

2  7/8 

3  7/16 

3  7/8 

4  1/8 
4  1/2 

In. 

3/8 
1/2 
1/2 
5/8 
5/8 
5/8 
5/8 

In. 
5/16 

3/8 

7/16 

1/2 

1/2 

9/16 

9/16 

In. 

1/2 
5/8 
3/4 

13/16 
7/8 

15/16 

1 

In. 

1 

1  1/4 

1  1/2 

1  7/8 

2  1/4 
2  1/2 
2  7/8 

In. 

7/16 
9/16 
9/16 
11/16 
11/16 
11/16 
11/16 

In. 

5/16 

3/8 

7/16 

1/2 

1/2 

9/16 

9/16 

In. 

5/32 
5/32 
5/32 
3/16 
3/16 
3/16 
7/32 

TABLE  B   ABOVE  15  TO  100  LB.  PER  3Q.  IN.  GAGE  PRESSURE 


■-  u 


2  CQ 


In.       In. 

1/2|3  3/4 
3/44 

1  \i  3/4 

1   1/4  5  1/4 
1  1/2:5  1/2 

1  3/4:6 

2  le  3/4 
2   1/2  7   1/2 


In, 


In. 

J2  5/8 
1/4|2  7/8 
5/83  7/16 
1/83  7/8 
1/24  1/8 
7/84  1/2 
3/8  5 
1/4  5  3/4 


In. 

1/2 
1/2 
5/8 
5/8 
5/8 
5/8 
3/4 
3/4 


In. 

1/2' 
5/8 
3/4 


In. 

7/8 


l/i 


7/8  1  1/4 


In. 

1  3/8 

1  5/8 

1  7/8 

2  1/4 


In. 

9/16 

9/16 

11/16 

11/16 

11/16 


1         |1  3/8,2  1/2 

1  l/8|l  1/2^2  7/8  11/16 

1  1/8' 1  5/8(3  1/S|  7/S 

1  1/4^1  3/4;3  7/8'  7/8 


Cast  Iron 


In. 

1/2 
5/8 
3/4 
7/8 
1 

1  1/8 
1  1/8 
1  1/4 


In. 

5/16 

5/16 

5/16 

3/8 

3/8 

3/8 

7/i6 

7/16 


In.      In» 

3/8  [5/32 
7/16  5/32 
1/2  [5/32 
1/2  3/16 
9/163/16 
9/16  3/16 
5/8  J7/32 
3/4     1/4 


As  tu  the  allowable  working  stresses,  the  author  cites  the 
work  of  E.  R.  Walker  (1868),  F.  Reuleaux  and  Wilfred 
Lewis  (1892),  as  well  as  the  paper  of  Marx  in  the  Transac- 
tions of  The  American  Society  of  Meclianieal  Engineers, 
vol.  34. 

In  the  matter  of  maximum  speeds,  the  author  holds  that  a 
velocity  of  2500  ft.  per  min.  is  quite  feasible,  as  shown  by 
actual  examples  which  he  cites.  In  fact,  an  example  has  come 
to  his  notice  in  private  correspondence  of  a  pair  of  machine 
cut  bevel  wheels,  ratio  3  to  1,  transmitting  1500  h.p.,  pitch 
line  velocity  3000  ft.  per  min.,  load  1570  lb.  per  in.  of  widtii. 
In  the  matter  of  durability,  the  author  cites  an  investigation 
by  Dr.  Otto  Schaefer,  who  gives  a  table  showing  the  varia- 
tion in  loading  according  to  the  total  number  of  revolutions 
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estimated  to  be  made  by  a  wheel  before  wear  has  so  weakened 
the  teeth  as  to  bring  the  stress  due  to  bending  up  to  a  prede- 
termined maximum. 

Dr.  Sehaefer  gives  the  formula :  TT  =  P  X  ^  X  ^)  where 
W  =  safe  working  load  in  lb.,  P  =  circular  pitch  in  in.,  F  = 
■width  of  face  in  in.,  and  £  is  a  variable  dependent  upon  the 
material  used  and  the  circumstances  of  the  drive.  The  author 
gives  a  table  for  K  converted  into  British  units  from  the  data 
in  Dr.  Schaefer's  article  {Institution  of  Mechanical  Engineers, 
Advance  Paper  E,  37  pp.,  17  figs.,  htA). 

Errors  of  Screws 

The  present  article  forms  part  of  a  pamphlet  entitled 
"  Notes  on  Screw  Gauges "  and  published  for  the  National 
Physical  Laboratory,  of  Teddington,  England. 

A  screw  is  defined  by  the  profile  of  the  thread  as  exhibited 
by  a  section  cut  through  the  axis  of  the  screw.  The  Whit- 
worth  thread  has  seven  elements,  error  in  any  one  of  which 
may  be  sulBcient  to  cause  a  gage  to  reject  work  which  ought 
to  pass.  These  elements  are :  Full  or  major  diameter ;  core 
or  minor  diameter;  effective  or  pitch  diameter;  pitch;  angle; 
form  at  crest;  form  at  root.  The  most  important,  and  like- 
wise most  diflficult  to  control,  are  the  pitch  and  the  effective 


Fi(3.  4    Ring  and  Plug  Screw  of  Similar  Thread  Form  But 
Slightly  Different  Pitch 

diameter.  With  the  exception  of  the  radii  at  the  crest  and 
root  of  the  thread,  which  may  be  ill-formed  without  affecting 
the  accuracy  of  other  dimensions,  an  error  in  any  one  of  the 
elements  of  a  screw  thread  is  necessarily  associated  with  some 
corresponding  error  in  one  or  more  of  the  remaining  ele- 
ments. The  most  important  case  of  this  is  found  in  the  close 
association  of  pitch  and  effective  diameter  errors. 

Suppose  the  full  and  dotted  outlines  in  Fig.  4  to  represent 
a  ring  and  a  plug  screw  of  similar  thread  form,  but  of 
slightly  different  pitch.  Let  the  maximum  relative  displace- 
ment of  any  thread  in  the  length  engaged  be  2a.  Then  the 
extreme  threads  will  be  displaced  axially  by  -\-a  and  — a  re- 
spectively. The  diagTam  shows  that  in  this  case  the  parts 
will  not  go  together  unless  the  axial  displacement  is  accom- 
panied by  a  radial  displacement  which,  allowing  for  the  angle 
of  the  thread,  is  about  equal  to  '2a.  This  is  doubled  on  the 
diameter  so  that  as  a' rough  rule  it  may  be  taken  that  any  error 
in  pitch  has  to  be  compensated  by  an  error  of  twice  the  amount 
in  effective  diameter. 

The  errors  in  all  the  different  elements  should  be  such  that 
their  combined  effects  do  not  produce  a  shape  lying  outside 
the  specified  maximum  limits  in  the  section  of  the  screw  which 
is  to  be  gaged.  Hence,  considering  a  gage  correct  in  all  re- 
spects except  effective  diameter  and  pitch,  we  see  that  if  the 
limit  of  tolerance  on  effective  diameter  be  0.0006  in.,  that  on 
pitch  between  any  two  points  on  the  length  of  thread  engaged 
must  not  exceed  0.0003  in.  either  short  or  long. 

There  are  two  kinds  of  error  in  pitch.  First,  there  may  be 
a  progressive  error  increasing  with  the  length  of  the  screw,  or 
there  may  be  a  variable  error  of  either  regular  or  irregular 


kmd,  or  both  may  occur  together.  If  the  variable  error  is  re- 
peated at  regular  intervals,  it  is  called  periodic  error  and  is 
usually  due  to  play  or  to  faulty  adjustment  of  the  lead  screw 
of  the  lathe.  If  the  lathe  has  a  lead  screw  of  %-in.  pitch, 
there  will  be  alternating  lengthening  and  shortening  in  the 
pitch  of  a  screw  cut  by  it  every  %  in.  run  of  the  screw  what- 
ever be  the  actual  pitch  cut.  When  the  pitch  error  is  of  vari- 
able character,  a  somewhat  wider  error  than  the  limit  of  toler- 
ance may  be  allowed,  pro\'ided  tliis  is  compensated  by  a  cor- 
responding error  in  effective  diameter,  and  in  such  a  way  that 
the  combined  effect  is  to  give  an  equivalent  effective  diameter 
lying  within  the  limits  of  tolerance  allowed  (Notes  on  Screw 
Gauges,  pamphlet,  published  by  W.  F.  Parott,  The  Causeway, 
Teddington,  Middlesex,  England,  abstracted  from  reprint  in 
Mechanical  World,  vol.  59,  no.  1531,  p.  206,  May  5,  1916,  2 
pp.,  6  figs.,  article  not  finished,     p). 

Rectangular  Pressure  Vessels,  H.  J.  Vander  Eb 

The  paper  is  an  abstract  from  an  article  in  The  Locomotive 
for  April,  1915,  and  discusses  methods  of  calculation  of 
proper  plate  thickness  of  rectangular  or  square  vessels,  and 
of  the  pressure  that  can  safely  be  allowed  in  such  a  square 
vessel  of  a  given  thickness  of  material. 

The  author  derives  certain  formulae,  the  notation  of  which 
will  be  seen  from  Fig.  5.  If  S  represents  the  direct  stress  in 
the  inner  skin  of  the  material  and  P  the  internal  pressure,  then 


S: 


b:+r^ 


b: 


■R' 


[1] 


As  regards  the  tendency  of  the  square  vessel  to  become  cylin- 
drical, we  may  consider  the  curved  corners  as  short  curved 
beams;  in  a  length  of  vessel  of  1  in.  there  will  be  two  groups 
of  four  beams,  namely  four  straight  ones  and  four  curved 
ones,  the  straight  beams  being  the  sides  of  the  structure. 
Because  of  the  fact  that  the  four  side  and  comer  beams  form 
one  continuous  structure  but  bend  in  opposite  directions  from 
one  another,  it  follows  that  for  elastic  deflections  the  shorten- 
ing of  the  inner  fibres  of  one  set  of  beams  is  equalized  by  a 
corresponding  elongation  in  the  inner  fibres  of  the  other  set 
of  beams;  this  may  be  expressed  by  saying  that  with  regard 
to  the  total  inner  surface  of  a  square  vessel,  the  sum  of  all 
elongation  equals  the  sum  of  all  contraction  in  that  surface, 
so  long  as  the  elastic  limit  of  the  material  of  the  vessel  is 
not  exceeded  by  the  attendant  fibre  stresses.  The  following 
formulae  give  the  total  unit  fibre  stress  in  the  metal  of  the 
inner  skin  of  the  ciu-ved  beam  (SJ  and  the  maximum  unit 
stress  in  the  straight  beam  (S,_)  respectively. 


\R-  —  R'  "'~5.02iV  / 
\'if^2t} 


[2] 

[3] 


where  P  is  internal  pressure  and  the  remainder  of  the  nota- 
tion is  as  in  Fig.  5. 

The  article  also  gives  information  as  to  the  distances  of 
the  neutral  surface  to  the  concave  side  of  the  curved  beams, 
of  importance  because  the  fibre  stresses  in  the  metal  of  the 
concave  side  of  the  beams  vary  inversely  as  these  distances. 

The  allowable  pressure  on  the  vessel  should  always  be  based 
on  the  weakest  part,  i.  e.,  whichever  of  the  beams  is  found 
stressed  the  highest.  These  formulae  take  also  into  account 
the  all  important  radius  of  the  corner  fillet.  {Machinery,  vol. 
22.  no.  10.  p.  861.  June  1916,  2  pp.,  3  figs.  «)• 
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Presses 

Pressure  Developed  by  Friction  Screw  Presses,  F.  J.  W. 
Sparkuhl 

The  article  describes  the  operation  of  the  type  of  presses 
more  commonly  known  in  this  country  as  percussion  or  spin- 
dle presses,  and  gives  formulae  for  the  calculations  of  pressure 
developed  by  them. 

It  gives  formulae  for  calculating  the  coefficient  of  efiSciency 
of  the  screw  during  the  actual  embossing  action,  the  total 
energy  stored  up  in  the  fiy-wheel  of  the  press,  the  amount  of 
work  required  for  raising  the  reciprocating  parts,  the  pressure 
developed,  and  finally  the  velocity  of  the  screw.  The  paper, 
among  other  things,  is  illustrated  by  a  diagram  showing  the 
amomit  of  energy  stored  up  in  the  fly-wheel  at  different  points 
in  cycle,  and  gives  a  fully  worked-out  example  showing  the 
application  of  the  formulas  presented  in  the  article  {Machin- 
ery, vol.  22,  no.  10.  p.  846,  June  1916,  4  pp.,  4  figs.  dm). 


Machinery 


Fig.  5    Notation  Used  in  Formulae  of  Stresses  in  Rec- 
tangular Pressure  Vessels 

Railway  Engineering 

Goff's  Electro-Pneumatic  Brake  System 

Description  of  the  Goff  electro-pneumatic  brake  system  as 
applied  to  street  cars  or  steam  railroad  service. 

Although  no  triple  valves  are  required,  the  brake  is  auto- 
matic. The  brake  may  be  ajjplied  or  released  in  full  or  gxadu- 
ated  on  or  off  with  any  desired  pressure.  Accidental  bursting 
of  the  air  hose  or  brake  pipe  does  not  interfere  with  the 
application  or  the  release  of  brakes. 

In  the  device,  an  ordinary  electro-magnet  is  used  to  control 
the  flow  of  compressed  air  from  the  auxiliary  reservoir  to  the 
brake  cylinder  and  another  to  control  the  flow  from  the  brake 
cylinder  to  the  atmosphere  when  a  release  is  desired.  The 
system  differs  from  the  usual  electrically  controlled  brake  in 
that  the  application  magnets  are  energized  when  the  brake 
is  applied,  and  when  these  magnets  are  de-energized  by  a 
movement  of  the  brake  valve  on  the  locomotive  or  by  rupture 
in  the  brake  pipe,  the  magnet  valves  will  admit  compressed 
air  to  the  brake  cylinder  applying  the  brake.  The  magnet 
valve  controlling  the  flow  of  air  from  the  brake  cylinder  is 
normally  closed  with  the  magnet  de-energized,  and  when  a 
release  of  brakes  is  desired  the  release  circuit  is  closed  at  the 
control  switch,  energizing  the  release  magnet  and  drawing  the 


exhaust  valve  away  from  its  seat,  opening  the  brake  cylinder 
to  the  atmosphere.  It  is  stated  that  this  brake  system  will 
be  set  up  and  be  in  operation  at  the  Master  Mechanics'  Conven- 
tion at  Atlantic  City  this  year.  {Railway  and  Locomotive 
Engineering,  vol.  29,  no.  6,  p.  199,  June  1916,  2  pp.,  2 
figs,  d.) 

French  Hospital  Trains 

The  paper  describes  the  French  system  of  trains  for  trans- 
porting the  wounded  from  the  battle  line  to  the  hospitals  in 
the  rear,  where  proper  care  can  be  taken  of  them.  Among 
other  things  is  described  a  new  method  of  carrying  the 
wounded  in  the  trains. 

Some  of  the  disadvantages  of  using  third-class  passenger 
coaches  of  the  corridor  type  for  the  transportation  of  the 
wounded  lay  in  the  facts  that  they  are  rather  heavj-,  and  in 


Ftg.   6    Beltzer  Frame   Support  for   Stretchers 

addition  had  to  be  cleared  of  their  old  transverse  seats  and 
provided  instead  with  iron  cots.  Besides  this,  the  use  of  beds 
for  the  transportation  of  the  badly  wounded  is  objectionable 
in  itself,  because  the  men  have  to  be  moved  from  the  stretchers 
to  be  placed  in  the  coach,  and  again  from  the  coach  to  be 
transferred  to  the  hospital,  which  means  loss  of  time  and 
.suffering  for  the  men. 

Dr.  H.  L.  Beltzer  last  spring  devised  a  frame  support  for 
stretchers  (Fig.  6)  which  is  both  simple  and  practical  and 
makes  it  possible  to  utilize  any  English  or  continental  pas- 
senger car  without  a  single  change  in  the  seating  arrangement, 
without  injuring  the  car  and  without  installing  in  it  a  single 
bed.  When  the  stretcher  is  placed  in  the  frame  its  handles 
are  fitted  into  a  set  of  iron  rings,  each  held  by  a  spring  which 
takes  up  any  kind  of  shock.  When  the  train  arrives  at  its 
destination  there  is  no  shifting  of  the  wounded  man  when  he 
is  loaded  into  an  ambulance,  as  the  stretcher  goes  with  him 
right  to  the  hospital.     In  other  Avords,  the  device  means  that 
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a  mau  can  be  carried  from  the  battle  field  to  a  hospital  hun- 
dreds of  miles  away  without  a  change  of  bed.  (How  French 
Hospital  Trains  Help  to  Save  the  Wounded,  The  Railway 
Gazette,  vol.  24.  no.  18,  p.  501,  May  5.  1916,  4  pp.,  6  figs.  d). 

The  Strength  and  Weak  of  Locomotive  Tires,  E.  L. 
Ahrons 

A  brief  historical  discussion  of  the  strength  of  locomotive 
tires  covering  mainly  European  practice. 

As  to  the  actual  wear  of  locomtive  tires,  the  author  refers 
to  the  papers  by  A.  J.  Hill  in  the  Proceedings  of  the  Institu- 
tion of  Civil  Engineers,  1895,  and  G.  Hughes  in  the  Proceed- 
ings of  the  Institution  of  Mechanical  Engineers,  1909.  The 
writer  has  attempted  to  obtain  a  projiortionate  figure  for  the 
wear  of  tires  which  takes  into  account  mileage  obtained  from 
a  wear  of  1/32  in.,  tensile  strength,  diameter,  and  weight  on 
the  wheels.  A  number  of  tires  from  different  classes  of  pas- 
senger engines  (with  brakes  on  the  wheels)  which  have  been 
taken  off  when  worn  out  were  selected.  Specimens  had  been 
taken  from  the  worn  tires  and  the  tensile  strength,  both  with 
and  across  the  gi'ain,  were  ascertained.  The  total  mileage  and 
the  wear  being  known,  the  number  of  miles  run  per  1/32  in. 
of  total  wear  including  re-tuming  is  given.  To  this  mileage 
4  per  cent  is  added  for  single  engines,  3  per  cent  for  four- 
wheel  coupled  engines  and  2  per  cent  for  six-wheel  coupled 
engines  to  allow  for  ordinary  and  imperceptible  slipping.  A 
weight  of  15  tons  on  the  pair  of  wheels  was  taken  as  stand- 
ard. The  results  obtained  are  given  in  several  tables.  In  cer- 
tain cases,  namely,  the  6  ft.  coupled  engine,  the  tensile  strength 
of  the  tires  is  extremely  low,  but  in  spite  of  this  these  tires 
run  a  large  mileage.  The  chemical  analysis  of  these  two  tires 
showed  only  a  trace  of  carbon,  although  they  were  of  Bes- 
semer steel:  in  fact,  one  of  the  tires  was  iron  vnth  an  added 
mixture  of  manganese  (0.259  per  cent  carbon  trace)  (The 
Engineer,  vol.  121,  no.  3151,  p.  411,  May  19,  1916,  2  pp.,  et). 

Refrigeration 

A  Theory  of  Cooling  Towers  Compared  with  Results  in 
Practice.  B.  H.  Coffey  and  George  A.  Home 

This  pajier  is  a  continuation  of  the  one  published  in  the 
A.S.R.E.  Jonrnal.  November.  1914,  and  January,  1915. 

As  a  result  of  the  previous  year's  experience,  the  writers 
arrived  at  the  conclusion  that  certain  apparent  inconsistencies 
in  the  results  would  be  smoothed  out  by  taking,  if  possible, 
all  readings  at  the  site.  Arrangements  had  been  made  to 
have  installed  a  standard  anemometer  upon  the  tower  so  as 
to  obtain  a  continuous  record  of  wind  velocity.  Likewise, 
arrangements  were  made  to  ha\e  at  the  site  a  recording  wet 
and  diy  bulb  thermometer  to  check  the  records  from  the  Ar- 
senal Station,  Central  Park,  New  York,  so  as  to  eliminate 
discrepancies  believed  to  be  of  considerable  magnitude,  due  to 
difference  in  wet  bulb  temperatures  at  the  two  localities. 

No  complete  theory  underlying  the  operation  of  cooling 
towers  is  presented  in  the  papers,  the  writers  stating  that  their 
data  are  not  yet  complete  enough  for  such  an  undertaking. 
They  arrive,  however,  at  the  following  conclusions:  Consid- 
ering the  difference  between  the  final  water  temperature  and 
the  wet  bulb  temperature  or  approach  to  the  wet  bulb  as.  a 
measure  of  tower  efficiencj-,  the  degi-ee  of  approach  is  affected 
by  four  variables,  (1)  the  cooling  range  or  number  of  degrees 
of  heat  extracted  in  the  tower:  (2)  the  position  of  the  wet 
bulb  in  the  thermometric  scale — a  wet  bulb  temperature  that 


is  high  on  the  thermometric  scale  can  be  more  closely  ap- 
proached than  one  at  a  lower  temperature  level;  (3)  the  ratio 
by  weight  of  air  to  water  in  contact  throughout  the  cooling 
process;  (4)  the  ratio  of  exposed  water  surface  to  the  weight 
of  water  cooled  in  unit  time.  Any  consistent  theory  must, 
therefore,  be  capable  of  expressing  the  effect  of  these  vari- 
ables upon  the  terminal  temperature,  which,  as  well  as  the 
wet  bulb  temperature,  is  the  wet  bulb  approach.  The  writers 
give  several  jilates  containing  characteristic  curves  derived 
from  this  theory,  which  show  the  effect  of  these  variables  on 
the  cooling  water,  but,  as  they  state,  they  have  not  yet  suc- 
ceeded in  developing  general  formulae  foi  determining  these 
curves  for  the  variables.  In  order  to  compare  the  theories 
with  practice,  curves  of  the  theoretical  results  were  prepared, 
refen-ing  to  wet  bulb  approach  as  a  standard  in  which  the 
effect  of  the  selected  variable  is  shown  through  a  wide  range.- 
Such  curves  are  drawn,  for  example,  with  the  wet  bulb  or 
wind  velocity  as  variables. 

Cunes  from  experimental  data  were  drawn,  and  they  still 
show  obvious  inconsistencies  and  discrepancies,  due,  probably, 
to  the  im])ossibility  of  expressing  with  the  recording  instru- 
ments the  exact  conditions  that  exist. 

A  large  section  of  the  paper  is  devoted  to  the  determina- 
tion of  the  constant  6,  which  is  the  total  heat  loss  per  hour 
per  square  foot  of  surface  per  mercury-inch  difference  of 
pressure  between  the  values  of  the  function  co  at  the  cooling 
surface  and  at  the  wet  bulb,  this  difference  in  the  value  of  o) 
being  the  measure  of  the  total  heat  loss  from  the  cooling 
surface  to  the  atmosphere. 

To  evaluate  the  constant  6  it  is  necessai-y  to  determine  the 
weight  of  water  evaporated  in  known  time  from  a  known 
superficial  area  under  a  known  difference  of  pressure  ex- 
pressed in  mercury  inches.  The  writers  state  the  conditions 
which  have  to  be  satisfactory  in  order  to  obtain  correct  values, 
and  give  a  table  representing  the  summarj'  of  evaporation 
tests  made  to  determine  this  constant.  The  mean  value  of  6 
from  the  eleven  experiments  made  is  652.5  B.t.u.,  and  the 
maximum  de])arture  of  any  single  experiment  from  this  mean 
is  4  per  cent,  which  the  writers  think  justifies  the  belief  that 
a  fairly  close  approximation  of  the  true  value  has  been  ob- 
tained. The  evaluation  of  the  constant  6  makes  it  possible 
to  apply  the  theory  in  its  present  form  to  any  tower  employ- 
ing film  cooling  surface  exclusively,  as  with  this  form  of  sur- 
face the  wetting  in  contact  with  the  atmosphere  can  be 
accurately  calculated.  {A.S.R.E.  Journal,  vol.  2.  no.  6.  page 
5,  May,  1916,  27  pp.,  7  figs.  etA). 

Amxion^ia  Condenser  Data,  Henry  ToiTance 

A  brief  and  interesting  paper  reporting  tests  on  a  double 
pipe  ammonia  condenser  of  the  injector  type  (continuation 
of  previous  tests  which  showed  that  in  a  double  pijie  con- 
denser it  does  not  matter  whether  the  ammonia  runs  up-hill 
or  down-hill,  water  to  run  counter-current,  and  that  "  flood- 
ing "  makes  no  gain). 

In  tlie  jsresent  series  of  tests  there  was  inserted  a  gate 
valve  on  the  fourth  run  of  pipe  from  the  bottom,  so  that  when 
closed  the  gas  first  passed  through  three  runs  of  pipe  at  the 
bottom  and  was  first  cooled  by  waste  water;  after  which  it 
entered  the  top  of  the  coil  and  ran  down-hill  as  usual.  Thus 
arranged,  the  coil  became  like  a  condenser  of  the  ordinary 
type.  In  Fig.  1  are  plotted  the  weights  of  ammonia  con- 
densed as  indicated. 

As  regards  the  theory  of  condensation,  the  author  states : 
In  a  condenser  where  vapor  is  condensed,  the  vapor  should 
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touch  the  [lipe  surface;  in  a  brine  cooler  where  liquid  is  evap- 
orated, the  liquid  should  touch  the  pipe  surface;  a  condenser 
should  run  empty  as  far  as  possible;  a  brine  cooler  should 
run  flooded  as  far  as  possible. 

The  author  presents  the  data  of  his  tests  in  the  form  of  a 
table  where  the  results  shown  appear  a  little  better  with  the 
valve  cZosf  (7  considering  that  the  surface  was  reduced. 

In  the  discussion  which  followed,  V.  R.  H.  Greene,  who  co- 
operated with  the  writer  of  the  paper,  spoke  of  the  use  of 
baffle  plates  on  the  side  of  the  cast-iron  shell  to  receive  the 
liquid  as  fast  as  condensed  and  take  it  away.  These  tests 
have  been  described  in  a  previous  paper  before  the  same 
society.  He  gave  further  data  as  to  the  method  by  which  the 
relative  velocity  of  the  vapor  in  the  ]iipes  had  been  ascer- 
tained. 

F.  L.  Fairbanks  spoke  of  his  own  tests  to  establish  the 
comparative  efficiency  of  the  flooded  type  condenser  on  one 
hand,  and  the  older,  or  dry,  ty]>e  on  the  other.  A  condenser 
which  he  had  designed  and  had  been  experimenting  vcith  was 


Fig. 


Ajimonia  Condenser  Data 


of  the  jet  type  in  which  the  principles  of  the  jet  steam  con- 
denser were  utilized.  The  jet  condenser  for  ammonia  was 
designed  for  a  cajiacify  of  1000  tons  in  24  hours,  and  was 
only  24  in.  in  diameter  and  6  ft.  high  over  all.  The  cool 
anhydrous  ammonia  from  the  liquid  coolers  was  pumped  to 
the  liquid  jet  in  the  condenser  by  a  large  pump  driven  by 
steam,  making  it  possible  to  sjiray  through  a  special  nozzle 
into  the  gas  coming  from  the  compressors,  1  to  600  gal.  per 
minute  of  the  liquid.  The  gas  and  liquid  were  then  brought 
more  intimately  into  contact  with  each  other  by  a  series  of 
baffles,  and  the  resultant  condensate  flowed  by  gi'avity  through 
liquid  coolers  which  brought  it  down  to  within  3  to  5  deg. 
of  the  temperature  of  the  condensing  water.  From  the  liquid 
cooler  it  flowed  by  gravity  to  the  ammonia  ]iump  and  thence 
to  the  jet  of  the  condenser  again. 

The  gas  flowing  to  the  condenser  under  testing  conditions 
averaged  about  175  deg.  and  the  thermometers  indicated  that 
with  a  small  amount  of  liquid  spray  the  superheat  disap- 
peared instantly  or,  at  least,  in  the  18  in.  distance  between 
the  thermometers.  When  the  amount  of  liquid  was  increased 
to  the  maximum,  the  only  result  in  every  case  was  to  raise 
the  condenser  pressure  from'  .5  to  10  lb.  in  addition  to  tiie 
pressure  shown  when  condensing  by  the  normal  method  with- 
out the  liquid  jet. 

The  speaker  believed  that  the  introduelion  of  the  liquid 
into  a  condensing  gas  under  certain  conditions  retards  rather 


than  facilitates  condensation,  and  consequently  raises  the  con- 
denser jiressure.  In  his  opinion  such  conditions  are  present 
in  the  flooded  type  of  condenser,  which  may  account  for  the 
contention  by  Mr.  Torrance  that  it  is  more  efficient  without 
the  liquid  jet  than  with  it. 

As  stated  in  the  concluding  remarks  of  the  author,  it  has 
been  claimed  that  the  flooded  condenser  is  the  greatest  im- 
provement made  in  the  refrigerating  industry  in  recent  years. 
These  tests,  however,  raise  the  question  whether  this  is  true. 
{A.S.R.E.  Journal,  vol.  2.  no.  6,  p.  33,  May,  1916,  17  pp.,  3 
figs.  ecA). 

Safety  Engineering 

Gasoline,  Chamois  and  Sparks,  Arthur  D.  Ewell 

In  the  press,  occasional  allusions  have  appeared  to  the  dan- 
ger of  filtering  gasoline  through  chamois  in  cold  weather.     It 
was  stated  tiiat  the  '"  friction  "  of  the  gasoline  passing  through 
the  chamois  produces  opposite  charges  of  static  electricity  in 
gasoline    and    chamois    which    occasion- 
ally results  in  sparks  igniting  the  gaso- 
line vapor  and  producing  disastrous  ex- 
plosions. 

Tests  were  made  in  the  physical  lab- 
oratory of  the  Worcester  Polytechnic 
Institute  with  insulated  chamois  in  the 
form  of  a  funnel  properly  connected  to 
a  Braun  electrometer.  Different  sam- 
l)les  of  gasoline  were  used  at  different 
heights  of  fall  and  under  different 
weather  conditions.  Under  proper  nor- 
mal conditions  the  potentials  observed 
were  always  less  than  20  volts,  although 
on  very  cold  days  with  high  falls  result- 
ing in  considerable  splashing,  potential 
differences  of  several  hundred  volts  were 
sometimes  foimd. 

The  author  concludes  that  the  passage 
of  gasoline  through  chamois  does  not 
give  rise  to  potential  differences  sufficient  to  produce  sparks, 
and  that  the  sjiarks  and  ignition  reported  may  ha\-e  been  due 
to  discharge  from  fui-  coats  or  clothing  to  the  metal  of  funnel 
or  car  {The  Journal  of  the  Worcester  Polytechnic  Institute, 
vol  19,  no.  4,  p.  315,  May,  1916,  3  pp.,  1  fig.    e). 

Ga.soune  Fires  Caused  by  Sparks  When  Filling  Tanks, 
Herbert  Chase 

The  author,  chief  engineer  for  the  Automobile  Club  of 
America,  discusses  the  ])ossibility  of  fires  created  by  fric- 
tional  electricity  generated  by  the  passage  of  gasoline  through 
a  chamois  or  through  other  non-conducting  material.  He 
states  that  the  U.  S.  Bureau  of  Standards  at  Washington  has 
been  conducting  an  investigation  along  this  line,  but  has 
made  as  yet  onlj'  a  preliminary  report,  which  establishes, 
however,  that  electricity  is  generated  by  the  passage  of  gaso- 
line, and  under  certain  circumstances  may  be  sufficient  to 
cause  a  spark,  which,  again  accompanied  by  certain  condi- 
tions, may  result  in  igniting  gasoline  vapor.  The  fact  that 
accidents  have  not  occurred  more  frequently  is,  in  the  opmion 
of  the  writer,  presumably  because,  first,  the  heat  of  the  spark 
is  not  always  sutticient  to  ignite  an  explosive  mixture,  even 
though  this  mixture  exists  in  the  region  where  the  spark  oc- 
curs, and  second,  the  proportion  of  air  to  gasoline  vapor  is 
most  frequently  not  such  that  ignition  can  occur. 
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To  eliminate  entirely  the  possibility  of  fire  when  filling  a 
gasoline  tank,  it  is  simply  necessary  to  "  ground,"  that  is,  to 
connect  with  the  earth,  the  funnel  or  nozzle  on  the  surface  of 
which  the  charge  is  apt  to  accumulate.  As  a  rule,  most  of 
the  danger  can  be  entirely  averted  by  simply  keeping  the 
funnel  or  filling  nozzle  in  metal  contact  with  the  tank  being 
filled.  The  writer  cites  several  eases  of  fire  caused  by  sparks. 
(Motor  Travel,  vol.  8,  no.  1,  p.  37,  June  1916,  2  pp.,  p.) 

Steel  Belts  from  the  Point  of  Vievf  of  Safety  of  Opera- 
tion, Willemann 

The  article  discusses  the  comparative  dangers  of  leather 
and  steel  belts. 

That  steel  belts  may  be  used  to  advantage  under  certain 


power  is  lost,  the  belt  has  a  tendency  to  occupy  a  position  in 
a  plane,  becomes  free  of  the  rotating  pulley  and  falls  flat. 
It  is,  therefore,  imlikely  that  a  steel  belt  can  do  any  harm  if 
broken.  The  likelihood  of  a  steel  belt  inflicting  bad  cuts  is 
overestimated  and  can  be  reduced  by  rounding  its  edges.  The 
contact  with  the  running  steel  belt  may  become  dangerous  if 
the  belt  runs  at  a  very  high  speed,  but  contact  with  a  leather 
belt  is  likewise  dangerous,  and  both  should  be  protected  by 
proper  guards. 

Perforated  steel  belts  have  the  additional  advantage  that 
one  can  see  at  a  glance  that  the  belt  is  running. 

Because  of  its  lack  of  stretching,  it  is  practically  impos- 
sible to  put  on  a  steel  belt  while  the  shaft  is  running,  which 
automatically  eliminates  one  of  the  sources  of  accidents  in 
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Fig.  8    Diagrams  Showing  the  Difference  in  the  Way  of  Rupture  of  Steel  and  Leather  Belting 


conditions  there  is  scarcely  any  doubt;  but  whether  they  are 
more  or  less  dangerous  than  leather  belts,  especially  in  trans- 
missions between  two  floors,  is  stiU  a  mooted  question.  As- 
suming now  that  two  belts,  one  a  leather  one  and  the  other  a 
steel  one,  run  as  shown  in  Fig.  8A.  Let  both  break  on  the 
lower  side.  What  will  happen?  The  leather  belt,  because  of 
its  weight  and  flexibility,  will  let  its  free  end  fall  down. 
Then,  as  the  pulley  is  still  running,  the  belt  will  continue  to 
move  and  its  ends  will  describe  an  extended  arc.  This  throw- 
ing apart  of  the  ends  of  the  belt  can  become  a  source  of  very 
considerable  danger  for  the  man  on  the  lower  floor,  especially 
if  the  belt  fastening  is  at  one  of  the  ends  of  the  broken  belt, 
which  is  vei-y  likely  to  happen,  because  that  is  where  belts 
usually  break.  In  Fig.  B  the  leather  belt  is  shown  broken 
in  its  tension  or  upper  side.  In  this  case  the  entire  belt  is 
thrown  violently  away  from  its  pulleys  and  may  easily  be- 
come entangled  in  the  running  machiner}'. 

As  to  the  steel  belt,  it  may  be  assumed  that  its  weight  is 
only  about  one-eighth  that  of  a  leather  belt  designed  for  an 
equivalent  transmission  of  power;  hence  the  centrifugal  force 
of  a  steel  belt  is  correspondingly  smaller.  The  instant  the 
belt   breaks   the   tension    necessary    for   the   transmission    of 


belt  operation,  and  also  limits  the  field  of  application  of  steel 
belts  to  operations  where  it  is  not  necessary  to  shift  the  belt 
very  often.  For  this  reason  steel  belts  are  not  adapted  for 
use  on  step  pulleys.  Besides,  as  the  steps  on  the  pulleys  are 
seldom  in  precise  correspondence  with  each  other,  the  steel 
belt,  because  of  its  lack  of  ability  to  stretch,  is  inadaptable 
for  this  kind  of  work.  In  engine  lathe  work,  where  men  are 
accustomed  to  shifting  the  belts  from  one  pulley  to  another  by 
hand,  a  steel  belt  would  not  do  at  all.  The  author  concludes 
that  the  steel  belt  is  no  more  dangerous  than  the  leather  belt, 
and  he  calls  attention  to  a  statement  made  in  1911  in  a  Ger- 
man periodical  showing  the  very  small  number  of  accidents 
due  to  steel  belt  operation  {Stahlbiinder  imd  Hire  angebliche 
Gefahrlichkeit,  Willemann,  Dinglers  polytechnisches  Journal, 
vol.  331,  no.  6,  p.  94,  March  18,  1916,  1  p.,  2  figs.    p). 


Steam  Engineering 

Results  of  the  Hall  of  Records  Test 

The  article  presents  a  summary  of  the  report  of  the  Buieau 
of  Municipal  Research,  giving  a  comparison  of  the  estimates 
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of  the  interested  parties  as  to  the  results  which  would  occur 
should  the  Hall  of  Records  (which  forms  part  of  the  munici- 
pal building?  in  New  York  City)  make  its  own  current  in- 
stead of  purchasing  it  from  the  New  York  Edison  Company. 

The  report  of  the  Bureau  of  Municipal  Research  was  com- 
piled under  the  direction  of  Professors  Carpenter  and  Lucke, 
and  disagrees  with  both  the  city  engineers  and  the  engineers 
of  the  Edison  Company.  Because  of  the  nature  of  the  mat- 
ter, only  the  two  tables  giving  the  three  estimates  by  all  the 
parties  interested  are  here  reproduced,  the  reader  being  re- 
ferred for  details  to  the  original  report.  (The  Isolated  Plant, 
vol.  8,  no.  4,  p.  4,  April,  1916,  3  pp.,  ee). 


-TABLE  3      RESULTS  OF  THE  HALL  OF  RECORDS  TEST 
Estimated  Reduction  in  Plant  Operatinq  Cost 


Estimated  by 
the  City 

Coal S3.296 

Labor 2,944 

Supplies  for  operation 400 

Repair  material 550 

Ash  removal 260 

Gas  lighting 65 

Total $7,515 


TABLE  B 

City 
Estimate 
Cost  of  cvirrent  equivalent  to  that 

used  during  test $21,015 

Saving  by  shutting  down  engines.  .  7,515 


Estimated  bj 

the  Bureau 

Estimated  by 

of  Municipal 

the  Edison  Co. 

Research 

S6,151 

$4,125 

10,282 

4,683 

1,576 

326 

624 

692 

373 

65 

65 

S18.766 


Edison 
Estimate 


$21,015 
18,766 


$10,196 


Bureau 
Estimate 


$21,015 
10,196 


Effect  on  City  of  Edison  Service.  .     $13,500  (leas')     $  2,249  Goss)     $10,819  (loss) 


HoBLiTT  Steamer  System 

Description  of  a  steam  engine  system  for  truck  use,  said 
to  consist  of  a  new  steam  generator,  a  new  oil  boiler  and  a 
new  hydraulic  transmission    (invented  by  Enoch  Rector). 

The  essential  part  of  the  generator  is  a  long  double  cone- 
shaped  plug,  part  of  which  projects  into  the  combustion  cham- 
ber under  the  generator,  and  part  reaches  through  the  crown 
sheet  or  bottom  plate  of  the  boiler,  through  the  water  and 
about  2  in.  above  the  level  of  the  water.  Numbers  of  these 
plugs  are  inserted  through  the  crown  sheet,  as  many  being 
used  as  practicable.  Their  function  is  a  double  one, — making 
complete  combustion  possible  by  presenting  a  heated  surface 
for  the  burning  gases  and  conducting  the  heat  of  combustion 
directly  into  the  water.  They  are  really  modified  "  legs  "  on 
the  crown  sheet,  but  carried  through  to  the  other  side.  The 
inventor  claims  that  in  the  ordinary  boiler  the  crown  sheet 
cools  down  that  portion  of  the  burning  gases  that  comes  di- 
rectly in  contact  with  it,  so  that  the  combustion  is  not  perfect 
in  the  thin  layer  of  gas  next  to  the  comparatively  cool  metal. 
The  lower  ends  of  the  plugs,  however,  are  designed  to  reach 
high  temperatures  and  become  quite  hot  in  actual  practice, 
and  it  is  against  this  quite  hot  metal  that  the  burning  gases 
impinge  and  complete  their  combustion  uncooled. 

It  is  stated  that  tests  conducted  by  Prof.  Harry  L.  Parr, 
of  Columbia  University,  showed  in  the  exhaust  gases  y^  oi  1 
per  cent  of  carbon  monoxide  and  from  11.5  to  14  per  cent 
carbon  dioxide.  (No  complete  results  of  the  tests  are  pub- 
lished) (Aiitomohile  Topics,  vol.  42,  no.  3,  page  239,  May 
271,  d). 


New  Water  Level  Indicators,  B.  Grey 

The  question  of  water  level  indicators  is  attracting  con- 
siderable attention  in  Germany,  especially  in  connection  with 
what  corresponds  to  the  Safety  First  movement  in  America. 
Several  improved  water  level  indicators  patented  recently  are 
described  in  the  present  article. 

Otto  Voss  has  patented  a  device  shown  in  Fig.  9,  the 
essential  characteristics  of  which  are  a  movable  water  con- 
tainer with  a  counterweight  located  below  the  water  level  in 
the  boiler,  and  further,  a  scale  arranged  in  such  a  way  that 
the  part  corresponding  to  the  low  water  state  in  the  boiler 
responds  to  smaller  differences  of  level  than  that  correspond- 
ing to  the  high  water  state. 

The  vessel  6  is  suspended  in  the  usual  manner  and  has  its 
lower  end  connected  with  the  water  space  of  the  boiler  and 


Fig.  9    Voss  Water  Level  Indicator  for  Steam  Boilers 

its  upper  end  with  the  steam  space.  Hence  as  the  water  level 
varies  in  the  boiler,  there  occurs  a  similar  variation  in  the 
vessel  h,  which  latter  is  provided  with  a  rod  pressing  against 
the  lever  g.  As  the  amount  of  water  in  the  vessel  6  varies, 
the  latter  moves  either  up  or  down  in  accordance  with  the 
vai'iation  of  relative  weight  of  the  vessel  and  the  counter- 
weight. As  it  moves  it  causes  the  motion  of  the  arm  h  of  the 
lever  g  with  its  counterweight  at  the  other  end  and  in  this 
way  the  pomter  moves  over  the  scale.  The  section  of  the  scale 
which  corresponds  to  the  lowest  water  level  takes  care  of  the 
smallest  angle  of  deflection  a  of  the  lever;  since  the  moment 
of  torsion  produced  by  the  load  on  the  lever  varies  as  the  sine 
of  the  angle  of  deflection,  the  deflection  of  the  lever  for  the 
same  amount  of  variation  of  level  will  be  greater  for  the 
smaller  angles  than  for  the  larger  angles,  which  makes  the 
apparatus  more  sensitive  for  indicating  variations  at  low  level 
than  at  high  level,  which  is  as  it  should  be.  The  sensitiveness 
of  the  apparatus  is  still  more  increased  through  the  fact  that 
the  changes  in  volume  of  the  liquid  in  the  vessel  h  are  actu- 
ally greater  than  the  changes  in  level  in  the  boiler  because  of 
the  sinking  of  the  vessel  with  the  increase  of  the  weight  of 
water  in  it  {Neue  Dampfkesselwasserstandszeiger,  B.  Grey, 
Sozial-Technik,  vol.  15,  no.  5,  p.  45,  March  1,  1916,  3  pp.,  3 
figs.  d). 
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Thermodynamics 

Experiments  on  the   Flow   of  Heat  in   Metal   Sheets, 
Sidney  Skinner 

The  paper  describes  a  method  for  showing  to  a  class  of  stu- 
dents the  conductivity  of  heat  alontr  a  metal  bar.  The  usual 
method  is  to  place  the  bar  under  a  specially  prepared  paper 
which  changes  color  with  heat,  but  this  is  not  satisfactory  be- 
cause paper  is  too  poor  a  conductor  and  the  color  effect  has 
no  definite  edge.  The  author,  therefore,  devised  a  different 
method,  namely,  placing  over  the  bar  a  thin  layer  of  tin.  As 
tlie  tin  melts  it  forms  a  sharp  edge  which  constitutes  an  equi- 
temperature  line  corresponding  to  its  melting  point  of  227 
deg.  cent.  Inside  this  sharp  line  other  equi-temperature  re- 
gions are  shown  by  the  oxidation  colors  of  the  tin,  each  oxida- 
tion color  seemingly  corresponding  to  a  definite  temperature. 
When  the  melted  tin  solidifies  the  crystals  arrange  themselves 
differently  than  in  the  original  plate,  and  the  equi-tempera- 
ture line  may  be  very  sharply  developed  by  washing  the  sur- 
face with  a  mixture  of  bleaching  powder  and  hydrochloric 
acid. 

The  author  made  a  series  of  tests  to  compare  the  flow  of 
heat  in  a  sheet  of  metal  cut  with  a  tongue  protruding  from  one 
edge  and  the  flow  of  electricity  from  the  tongue  into  a  plate. 
It  is  an  electrical  law  that  if  a  plate  be  cut  along  a  line  of  flow, 
no  change  will  take  place  in  the  equi-potential  lines  in  the  por- 
tions which  are  formed  by  the  cut.  The  author  made  a  sim- 
ilar experiment  with  the  flow  of  heat  in  a  tinned  sheet  by  cut- 
ting a  longitudinal  opening  along  the  tongue  and  through  the 
sheet  in  the  direction  of  flow.  The  flow  of  heat  was  studied 
separately  in  the  two  portions,  and  on  putting  them  together 
the  equi-temperature  line  was  the  same  as  in  the  uncut  sheet. 

Another  problem  examined  was  the  flow  of  heat  into  a  cir- 
cular disc  and  out  from  a  circular  disc,  around  the  corner  of 
an  L-shaped  strip,  and  into  the  vanes  of  an  air-cooled  cylin- 
der. The  results  were  found  to  be  closely  analogous  to  the  flow 
of  electricity  in  similarly  shaped  conductors.  In  the  discus- 
sion which  followed,  Dr.  R.  S.  Willows  said  that  a  similar 
method  had  already  been  used  by  Yoigt  to  compare  the  ther- 
mal conductivity  of  different  metals.  He  used  an  organic  sub- 
stance which  melted  about  41  deg.  cent.,  and  gave  a  very  sharp 
line  on  resolidification. 

Experiments  involving  the  use  of  indicating  paints  are  de- 
scribed in  "  Light,  Visible  and  Invisible,"  by  Prof.  S.  P. 
Thompson  ( The  Physical  Society  of  London,  Proceedings,  vol. 
28,  part  3,  p.  119.  April  15, 1916,  5  pp.,  3  figs.    e). 

Flow  of  Heat  from  Solids  to  Air,  E.  E.  Snyder,  C.  S. 
Robinson  and  W.  K.  Lewis 

The  investigation  was  undertaken  to  determine  whether  the 
coefficient  of  heat  transferred  from  solids  to  air  is  propor- 
tional to  the  square  root  of  the  gas  velocity  (J.  W.  Richards) 
or  to  the  cube  root  of  the  velocity  (Irwin  Langmuir).  A  com- 
plete description  of  a  method  of  testing  is  given. 

The  writer  came  to  the  conclusion  that  the  value  of  the 
coefficient  of  heat  transferred,  K,  up  to  the  temperature  em- 
ployed is  independent  of  the  temperature  and  is  a  function 
of  the  velocity  alone.     He  derived  an  equation 


K  = 


39.6r 


3.67 

where  K  is  the  coefficient  of  heat  transferred  from  solid  to 
air  in  B.t.u,  per  square  foot  of  heating  surface  per  degree 
fahrenheit  difference  in  temperature  per  hour,  and  T'  is  the 


lb.  of  air  per  second  flowing  through  each  square  foot  of  sec- 
tion, the  section  being  taken  at  right  angles  to  both  heating 
surface  and  direction  of  flow  of  the  air.  The  expression  is 
apparently  independent  of  temperature  up  to  7.50  deg.  fahr. 
( The  Journal  of  Industrial  and  Engineering  Chemistry,  vol. 
8,  no.  6,  p.  .51.5.  June  1916.  2  pp.,  2  figs.   ef). 


Varia 

Some  Properties  of  the  Water  in  Coal,  Horace  C.  Porter 
and  0.  C.  Ralston 

The  paper  deals  with  the  manner  in  which  water  may  be 
held  in  coal  and  how  its  properties  and  those  of  the  coal  are 
affected  by  the  condition  in  which  it  is  held.  The  author  con- 
siders as  problematical  the  condition  in  which  the  so-called 
"  water  of  combination  "  e.xists  in  coal.  In  the  true  chemical 
sense  the  water  is  probably  not  "  combined,"  that  is,  united 
with  another  substance  in  definite  proportions  as  determined 
by  its  relative  molecular  weight  and  the  number  of  molecules. 
The  behavior  of  coal  with  respect  to  moisture  resembles  so 
strongly  that  of  many  substances  known  to  be  colloidal  that 
there  can  be  no  doubt  of  the  colloidal  nature  of  part  of  the 
coal  substance. 

Different  kinds  of  coal  contain  in  the  air-dried  condition 
widely  different  percentages  of  water.  Part  of  the  water  in 
coal  is  held  more  tenaciously  than  free  water  by  forces  due  to 
colloidal  conditions  which  in  a  practical  way  are  manifested 
in  the  following  features:  (1)  The  impossibility  of  drying 
coal  completely  in  an  atmosphere  not  absolutely  dry;  (2) 
the  extremely  hygroscopic  character  of  dry  coal;  (3)  large 
changes  in  the  moisture  content  and  therefore  in  the  weight 
of  some  kinds  of  coal  by  changes  in  the  humidity  of  the 
atmosphere;  (4)  more  rapid  drying  out  of  moisture  from  the 
mature  Apjialachian  coals  than  from  the  younger,  more  hygro- 
scojiic  coals  of  the  Middle  West  and  West.  These  factors 
depend  on  the  fact  that  )iart  of  the  water  in  coal  has  a  vapor 
pressure  below  normal. 

The  development  of  heat  by  wetting  coal  is  dependent  on 
the  same  explanation  as  that  of  the  lowering  of  vapor  j)res- 
sure;  namely,  the  densified  condition  of  the  water  in  the  col- 
loidal state,  and  eonsequentlj'  will  vary  in  different  coals. 
The  fact  that  the  size  of  the  coal  or  its  fineness  of  division 
makes  little  difference  in  the  heat  of  wetting  is  probably  to  be 
explained  by  assuming  that  each  particle  of  the  dried  coal 
acts  as  a  sponge.  Water  is  drawn  into  the  pores  of  the  larger 
pieces  with  nearly  the  same  facility  as  it  is  into  those  of  very 
small  particles.  Heat  may  be  produced  by  two  processes, 
the  mere  penetration  of  the  liquid  into  minute  capillaries  and 
the  formation  of  a  colloidal  condition  possibly  more  readily 
entered  into  by  water  than  by  other  liquids. 

The  free  extraneous  water  adhering  to  broken  coal  may 
vary  between  very  wide  limits  as  affected  by  the  fineness  of 
division  and  the  kind  of  coal.  (Department  of  the  Interior, 
Bureau  of  Mines,  Technical  Paper  113,  Washington,  1916, 
28  pp.,  3  figs.,  et.) 


An  investigation  made  in  a  number  of  British  boiler  plants 
in  four  different  industries,  cotton  mills,  woolen  mills,  paper 
mills,  and  dyeing,  bleaching  and  calico-printing  works,  has 
shown  that  sixteen  paper  mills  are  giving  remarkably  good 
results — an  average  of  76.65  per  cent  efficiency.  Fourteen 
cotton  miUs  are  slightly  better  than  the  average,  with  65.11 
per  cent  efficiency,  while  the  woolen  mills  and  the  dyeing  in- 
dustries were  found  below  tlie  average  in  efficiencv. 
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DYNAMIC  BALANCE 

An  Elementary  Explanation  of  the  Phenomenon  of  Unbalance  in  Rotary  Parts,  and  a  Description 
of  a  New  Machine  with  which  Dynamic  Balance  can  be  Obtained  Easily  and  Accurately 

BY  N.  W.  AKIMOFF,'  PHILADELPHIA,  PA. 


IN  this  paper  is  described  a  machine  devised  by  the  author 
for  correcting-  tlie  condition  of  dynamic  unbalance.  The 
description  is  preceded  by  an  explanation  of  the  phenomenon 
,of  dynamic  unbalance,  made  as  elementary  as  possible  by 
.carefully  excluding  all  references  to  products  of  inertia,  mo- 
mental  ellipsoids,  free  and  forced  oscillations,  etc.  The  sub- 
ject of  dynamic  balance  is  not  an  involved  one,  and  the  au- 
thor feels  it  is  time  it  were  placed  on  a  purely  rational  basis. 

For  the  general  reader,  a  knowledge  of  the  subject  of 
.dynamics  of  rotation  as  treated  in  Worthington's  Dynamics 
of  Botation  will  suffice.  To  those  who  would  like  to  develop 
a  mathematical  theory  of  the  machine  described,  the  author 
would  recommend  a  study  of  Eouth's  Dynamics.  Those  in- 
terested in  reciprocating  balance  are  no  doubt  familiar  with 
Dalby's  well-known  publication  on  the  subject,  and  with 
Sharp's  recent  and  extremely  valuable  Balancing  of  Engines; 
neither  of  these  tojiches,  however,  in  any  way  upon  the  sub- 
ject of  dynamic  balance  proper,  in  the  sense  in  which  it  is 
generally  understood  and  in  which  it  will  be  considered  in 
the  present  paper. 

The  balancing  of  reciprocating  parts  is  purely  a  matter 
of  calculations  and  of  design;  but  the  balancing  of  rotating 
parts,  aside  from  the  design,  is  a  matter  of  trial  and  adjust- 
ment, because  of  its  accidental  nature. 


In  a  theoretically  perfect  rotating  body,  symmetrical  and 
made  of  homogeneous  material,  there  cannot  be  any  ques- 
tion of  running  balance, — such  a  condition  would  be  under- 
stood as  a  matter  of  course.  But  we  know  that  in  practice 
nearlj-  all  bodies  rotating  at  high  speeds  show  a  certain 
amount  of  unbalance.  The  immediate  consequences  of  this 
unbalance  are  vibrations  in  automobiles  and  turbines;  defective 
commutation  in  electrical  machinery;  undue  wear  and  strain 
on  bearings;  defective  products  in  the  cases  of  grinding  disks 
for  steel  balls,  woodworking  machinery,  etc. 

As  is  well  known  to  all,  an  unbalanced  condition  of  a 
rotating  body  may  be  due  to  two  distinct  causes :  lack  of 
static  balance,  and  lack  of  dynamic  balance. 

By  static  balance  is  understood  the  condition  when  the 
center  of  mass  of  the  body  lies  somewhere  on  the  axis  of 
rotation.  Such  a  condition  is  easily  obtained  on  one  of  the 
static  balancing  machines  of  the  knife-edge  or  of  the  roller 
type.  In  order  to  place  the  body  into  static  balance,  it 
is  sufficient  to  drill  one  hole  or  to  add  one  weight,  although 
either  of  these  might  be  split  up  into  one  or  more  components 
whenever  desirable,  all  of  which  does  not  present  any  special 
difficulties. 


'■  Dynamic    Balancing   Macbino   Company,    Pliiladelpliia.    Pa. 


SYNOPSIS 

Au  unbalanced  condition  of  a  body  rotating  at  a  relatively 
high  speed,  such  as  an  armature,  an  automobile  crankshaft,  a 
ventilating  fan,  etc.,  may  be  due  either  to  lack  of  static  balance 
,or  lack  of  dynamic  balance. 

An  indication  of  static  unhalance  may  be  obtained  with  a  static 
balancing  maehiue.  Correcting  for  such  unbalance  involves  drill- 
ing one  hole  or  adding  one  weight  to  bring  the  center  of  the  mass 
of  the  body  on  the  axis  of  rotation. 

In  a  statically  balanced  body,  however,  two  masses  on  opposite 
sides  of  the  axis  of  rotation,  located  axially  at  a  distance  from 
each  other,  form,  on  rotation,  a  couple  which  develops  vibrations, 
as  is  noted  in  defective  commutators  in  electrical  machinery,  etc. 
The  machine  described  in  the  paper  furnishes  a  means  for  de- 
termining easily  and  correctly  the  magnitude  and  plane  of  the 
couple. 

The  principle  of  the  Akimoif  machine  is  the  establishing  of 
another  couple  which,  while  maintaining  the  static  balance,  couu- 
toi'acts  the  couple  which  produces  dynamic  unbalance.  The  mag- 
nitude and  plane  of  this  couple  indicates  the  correction  to  be 
applied  to  the  body  under  test  to  produce  perfect  dynamic  balance. 

A  rigid  horizontal  beam,  such  as  a  lathe  bed,  is  hinged  at  one 
£nd  and  supported  by  a  spring  at  the  other.  The  body  to  be 
tested,  already  in  perfect  static  balance,  is  rotatively  supported 
on  the  beam.  If  dynamically  unbalanced,  the  body  will,  on  rota- 
tion, cause  the  beam  to  vibrate  in  a  vertical  plane.  The  object 
of  the  spring  is  to  amplify  the  vibrations. 

A  so-called  squirrel  cage,  disposed  at  the  underside  of  the  beam, 
is  rotated  in  unison  with  the  body  being  tested.  This  squirrel 
cage   consists   of   two   circular   discs   carrying   an   even    number   of 


rods  arranged  slidably  in  the  two  discs  and  parallel  to  the  axis 
of  rotation  of  the  cages.  When  the  ends  of  the  rods  are  in  one 
plane,  the  cage  is  in  both  static  and  dynamic  balance,  but  if  two 
opposite  rods  are  displaced  the  dynamic  balance  is  destroyed  and 
the  couple  produced  will  itself  cause  vibration  of  the  beam. 

One  pair  of  rods  in  the  squirrel  cage  would  suffice  if  the  relative 
position  of  the  rods  could  lie  altered  through  the  transmission 
device,  but  for  convenience  three  or  four  pairs  are  employed,  and 
even  then  it  is  sometimes  necessary  to  change  the  angular  posi- 
tion of  the  cage  so  that  the  balancing  can  be  done  by  one  pair 
of  rods  and  not  two. 

In  making  a  test  of  a  body  the  cage  is  adjusted  so  that  the 
vibrations  produced  in  the  beam  by  the  body  are  damped  out  by 
those  set  up  by  the  squirrel  cage.  An  arrangement  whereby  the 
rods  of  the  cage  may  be  adjusted  axially  while  the  cage  is  in 
rotation  is  provided  and  by  utilizing  this  arrangement  the  rods 
are  shifted  until  the  desired  effect  is  produced. 

After  the  magnitude  and  plane  of  the  unbalancing  couple  in 
tlie  body  under  test  is  obtained,  it  is  an  easy  matter  to  furnish 
directions  for  the  workman  to  follow  in  removing  the  necessary 
material  to  secure  dynamic  balance.  If  a  number  of  bodies  of 
the  same  kind  are  to  be  tested  the  matter  of  giving  instructions 
for  correcting  each  piece  is  further  simplified. 

The  paper  was  followed  by  an  interesting  discussion,  which  is 
here  reproduced,  with  the  author's  closure.  In  the  discussion  the 
lag  of  unbalance  in  rotating  bodies  was  considered,  other  forms  of 
balancing  machines  in  present  use  were  described,  and  points  of 
criticism  of  the  author's  machine  were  raised,  to  which  he  replied. 
The  whole  account  forms  an  authoritative  presentation  of  the 
principles  and  modern  practice  of  balancing  of  rotating  parts  of 
machines. 


Presented  at  the  Spring  Meeting  of   The  .\merican   Society  of   Mechanical    Engineehs,   New    Orleans,    La.,    .\pnl,    1916.      Pamphlet 
fiopifis  ^itliput  discussion  may  1  e  ,obJ;ained  ;  price  5  cents  to  members.   10  cents  to  non-members. 
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Now,  by  dyiiamic  balance  is  understood  the  condition  wlien 
there  is  no  so-called  centrifugal  couple  in  any  axial  plane.  In 
a  statically  balanced  body.  Fig.  1,  a  centrifugal  couple  can 
only  be  due  to  tivo  masses,  m  and  n,  on  opposite  sides  of 
the  shaft  and  located  at  a  certain  distance,  c,  axially,  from 
each  other.  Such  masses  may  be,  for  instance,  the  centers 
of  gi-avity  of  corresponding  congested  regions.  At  any  rate, 
in  view  of  the  static  balance,  (1)  such  masses  must  be  in 
some  axial  plane,  and  (2)  the  products  of  each  mass  and 
its  respective  distance  from  the  axis  of  rotation  must  be 
equal. 

Such  a  coujile  is  in  general  numerically  equal  to  a  certain 
eoetlicient  multiplied  by  radius  times  weight  times  axial  dis- 
tance, that  is,  equal  to  k.m.r.c,  where  k  involves  the  speed  as 
well  as  other  numerical  constants.  Now  we  shall  choose  the 
unit  of  speed  in  such  a  manner  that  k  can  be  made  equal  to 


Fig.  1     Cextrifcgal  Couple  ix  Statically  Balanced  Body 


Fig.  3    Couple  Coukteractixg   Centrifugal   Couple 


unity,  so  that  the  centrifugal  couple  is  equal  to  m.r.c.  or 
n.E.e.  (since  mr  =  nB). 

Since  the  effect  of  a  couple  can  only  be  counteracted  by 
that  of  another  couple,  it  will  be  seen  that  any  effort  to 
balance  such  a  body  as  in  Fig.  1  by  adding  one  weight,  or 
drilling  one  hole,  cannot  fail  to  make  matters  worse.  Such 
a  method  not  only  does  not  take  care  of  the  centrifugal  couple, 
but  also  distorts  the  static  balance. 

It  seems  to  be  a  "  natural  feeling "  that  the  way  to  cor- 
rect mibalance  is  to  drill  a  hole  at  the  "  high  spot,"— the 
point  where  the  marking  tool  touches  the  body.  Indeed,  it 
appears  that  various  devices  have  been  designed  and  are  now 
on  the  market  precisely  for  marking  such  "  high  spots.'"  after 
which  judicious  removal  of  metal  is  supposed  to  secure  the 
desired  condition  of  balance.  These  devices  are  based  upon 
the  so-called  floating  bearing  principle.  Fig.  2,  that  is,  are 
provided  with  bearing-s  yielding  in  the  horizontal  plane  to 
emphasize  the  running  of  the  body  out  of  true.  Of  coui-se, 
all  such  de\-ices  can  only  serve  to  indicate  that  the  body 
is  out  of  balance;  they  can  give  neither  the  true  axial  plane 
of  tlie  disturbing  centrifugal  couple,  nor  the  numerical  value 
of  it.     Also,  drilling  in  any  one  place,  as  has  just  been  seen, 


cannot  secure  dynamic  balance,  but  can  only  distort  the  static 
balance. 

It  ajipears  likewise  that  an  attempt  has  been  made  to  bal- 
ance round  disks,  wheels,  pulleys,  etc.,  by  pivoting  them  on 
one  point  and  by  marking  the  "  high  side."  It  is  extremely 
difficult  to  ascertain  just  what  is  the  underlying  idea  of  such 
apparatus,  as  rotation  of  bodies  on  a  fixed  axis  and  rotation 
about  a  fixed  point  are  two  entirely  separate  chapters  of 
dynamics,  the  latter  much  more  ditfieult  than  the  former,  and 
the  deductions  of  one  apply  in  no  way  to  the  other.  The 
same  remark  applies  to  the  method  consisting  of  rotating  a 
body  suspended  on  a  flexible  shaft  (wire  rope)  and  obser\'- 
ing  the  high  spots  in  this  manner.  All  such  attempts  to 
ascertain  the  dynamic  unbalance  are  perfectly  irrational. 

What  it  is  absolutely  necessary  to  know,  in  a  statically 
balanced  body,  is: 

a  the  exact  location  of  the  axial  plane  of  the  disturbing  cen- 
trifugal couple 
h  the   exact  numerical  value   of  the  disturbing  couple 
c  the  sign  of  the  couple,  i.e.,  tlie  direction  of  the  vector  rep- 
resenting the  eoujile. 
Indeed,  with  the  axial  plane  of  the  disturbing  couple  known, 
attention  can  be  limited  to  that  plane;  and  what  is  done  on 
one  side  of  the  shaft  will  be  repeated  on  the  other  side  so 


F/an  View 
Fig.  2    Floating  Bearing  Principle 

as  to  preserve  the  static  balance.  Furthermore,  with  the 
numerical  value  of  the  couple  m.r.c  (Fig.  3)  known,  all  that 
has  to  be  done  to  secure  dynamic  balance  is  to  introduce 
an  opposing  couple,  a.l.e.,  of  the  same  magnitude.  Of  course, 
this  counteracting  couple  can  be  introduced  in  a  variety  of 
ways,  small  holes  drilled  on  a  large  radius  and  far  apart 
axially  being  equivalent  to  larger  holes  located  on  smaller 
radii  and  nearer  to  each  other  axially. 

It  will  be  seen  from  the  above  that  a  machine  to  desen-e 
the  name  of  dynamic  balancing  machine  absolutely  must  indi- 
cate the  plane  of  unbalance,  as  well  as  the  numerical  value 
and  sign  of  the  unbalancing  couple.  The  author  claims  to 
have  produced  such  a  machine,  of  which  the  following  is  a 
brief  description. 

A  rigid  horizontal  beam,  such  as  a  lathe  bed.  Fig.  4,  is 
hinged  at  one  end  and  supported  by  a  spring  at  the  other. 
The  body  to  be  tested,  already  in  perfect  static  balance,  is 
rotatively  supported  on  the  beam. 

If  dynamically  unbalanced,  the  body  will,  when  rotated, 
cause  the  beam  to  vibrate  in  a  vertical  plane,  with  a  period 
of  oscillation  equal  to  the  period  of  rotation  of  the  body.  In 
other  words,  if  the  speed  of  the  unbalancel  body  is.  say.  315 
r.p.m..  the  beam  will  vibrate  at  the  rate  of  315  complete  oscil- 
lations per  minute,  quite  regardless  of  the  characteristics  of 
the  spring  (except  possibly  at  the  very  beginnmg  of  the  mo- 
tion ) . 

Now  imagine  a  second  body,  exactly  similar  in  every  re- 
spect to  the  first,  also  in  perfect  static  balance  but  dynam- 
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ically  unbalaiicecl  to  precisely  the  same  extent  as  the  first 
body,  temporarily  associated  with  the  same  beam,  say  sus- 
pended under  it. 

If  these  two  bodies  are  oppositely  located  as  to  balance  and 
run  precisely  at  the  same  speed  (synchronously),  then  the 
unbalancing  or  disturbing-  couples  will  cancel  out,  and  the 
beam  will  have  no  tendency  to  vibrate,  no  matter  how  badly 
unbalanced,  individually,  are  the  two  bodies.  This  is  the  fun- 
damental principle  of  the  machine, — to  determine  unbalance 
by  determining  the  unbalance  necessary  to  neutralize  its  effect. 

In  the  actual  machine,  instead  of  the  second  body  being  an 
exact  image  of  the  original  unbalanced  body,  it  is  a  so-called 
squirrel  cage,  and  this  is  rotated  in  unison  with  the  article 
to  be  tested.  The  cage.  Fig.  .3,  consists  of  two  or  more  circular 
disks,  carrying  an  even  number  of  rods  (usually  six  or  eight) 
arranged  slidablv  in  the  disks.    The  rods  are  accurately  made 


due  to  the  body  acts  upon  the  beam  in  a  simple  harmonic 
manner,  that  is,  according  to  the  law  of  sines;  but  so  does 
the  effect  of  the  balancing  cage.  In  other  words,  when  the 
axial  plane  of  unbalance  is  vertical,  the  effect  of  unbalance  on 
the  hinged  beam  is  the  gTeatest.  as  also  is  the  effect  of  the 
correcting  element,  the  cage. 

When  the  plane  of  unbalance  is  horizontal,  and  to  this  is  pro- 
portional the  free  period  of  the  small  oscillation  of  the  beam, 
that  of  the  correcting  element  is  likewise  horizontal,  since  the 
cage  and  the  body  rotate  in  unison,  and  neither  is  in  any  man- 
ner felt  by  the  beam,  which  does  not  respond  visibly  to  any  but 
vertical  efforts  or  the  vertical  components  of  other  couples. 

So  far  as  the  spring  (Fig.  4)  is  concerned,  its  object  is  to 
intensify  the  amplitude  of  the  vibrations,  although  an  unbal- 
anced body  will  always  cause  the  whole  bed  to  vibrate  with  a 
frequency  con'esponding  to  the  speed  of  the  body  (on  this 
jirinciple  is  based  the  well-known  vibrating-  tachometer). 

However,  there  is  an  additional  advantage  in  the  use  of 
the  spring,  as  it  is  always  possible  to  select  the  characteristics 


Fig.  4     Prixciple  of  Dyxamic  Balancing  ALachine 
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added  distance 


Fig.  5    Construction  of  Squirrel  Cage 


added  distance 


Fig.  6    Dynamic  Unbalance  in  Special  Fan 


and  their  common  weight  is  known ;  therefore,  any  displace- 
ment of  one  of  the  rods  with  respect  to  the  one  exactly  op- 
posite will  not  affect  the  static  balance,  originally  perfect,  of 
the  cage,  but  will  introduce  a  certain  centrifugal  couple,  ac- 
cording to  the  relative  displacement  or  added  distance. 

For  instance,  suppose  that  the  unbalanced  body  is  a  special 
fan.  Fig.  6,  and  that  the  unbalance  is  due  to  two  excess 
weights,  gi'ossly  exaggerated  in  the  figxire.  This  will  result  in 
a  centrifugal  couple,  and  to  counteract  it,  the  cage  will  have 
to  be  put  into  a  state  of  dynamic  unbalance,  as  shown  by  the 
relative  displacement  of  the  rods  and  as  measured  by  the  adde-l 
distance. 

Thus  the  cage  has  means  for  indicating  the  exact  amount  of 
unbalance  which  has  been  put  into  it  in  order  to  reproduce 
with  the  opposite  sign  the  exact  unbalance  of  the  article  being 
tested.  For  instance,  the  displacement  or  added  distance  of 
15/16  in.  may  represent  (for  a  certain  speed)  a  couple  of, 
say,  129  oz-in.  The  plane  of  unbalance  is  easily  established 
by  the  location  of  the  two  rods,  the  moving  of  which  into  a 
new  position  stops  the  vibrations;  and  the  value  of  the  couple 
is  immediately  given  by  the  added  distance. 

It  should  be  clearly  understood  that  the  centrifugal  couple 


of  this  so  that,  under  its  load,  its  free  period  of  oscillation 
will  correspond  exactly  to  the  rate  at  which  it  is  desired  to 
run  the  test.  Such  a  synchronism  has  a  large  magnifying 
effect.  so  that  even  a  slight  unbalance  results  in  a  consider- 
able amplitude  of  oscillation.  The  natural  period  of  oscilla- 
tion of  the  spring  is  calculated  from 

T  =  2i:\JM~U„ 
where 

r  =  ]ieriod  in  sec.  of  one  complete   (double)   oscillation 
21  =  mass  by  which  spring  is  actually  loaded 

Tj  ^  unit  deflection,  ft.  per  lb.  load 
71  =  3.1416. 

The  details  of  construction  of  the  cage  would  not  be  of  any 
material  interest  in  the  present  discussion,  but  the  main  fea- 
ture is  that  the  rods  can  be  adjusted  axially  while  the  cage  is 
ill  rotation,  the  speed  of  the  cage  never  being  higher  than  400 
('.p.m.  or  so. 

With  regard  to  the  proper  speed  at  which  to  balance  a  body, 
the.  author  submits  the  following  considerations:  Unless  the 
body  itself  is  elastic  or  is  mounted  on  a  flimsy  shaft,  the  body 
balanced  at  any  speed  will  run  tnie  at  any  other  sjieed.  If 
the  shaft   is  not  strong  enough,  no  balancing  machine   can 
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make  it  stronger.  If  the  wiudings  of  a  rotor  seek  to  find  their 
places  under  a  certain  speed  and  temperature,  they  should  be 
allowed  to  do  so,  after  which  balancing  can  be  done.  In  the 
"  high  spot '"  method,  in  which  azimuth  (commonly  known  as 
lag  or  lead)  depends  upon  the  speed  itself,  it  is  of  course  of 
considerable  importance  to  watch  the  speed;  but  in  the  ra- 
tional method  here  proposed  the  best  speed  is  determined  only 
by  the  characteristics  of  the  spring.  Fig.  4. 

Fig.  7  illustrates  a  dynamic  balancing  machine  arranged  for 
testing  armatures  weighing  up  to  2000  lb.,  previously  placed 
in  jierfect  static  balance.     The  information  furnished  by  the 


DISCUSSION 


MR.    HALSF.Y   DISCUSSES   THE  LAG   OF   UNBAIiANCE   OP   REVOLVING 

BODIES 

F.  A.  Halsey  (written).  For  some  years  students  and 
practitioners  of  the  art  of  balancing  have  known  that  the  high 
spot  of  a  revolving  mibalanced  body  is  not  truly  radial  with 
the  heavy  spot,  but  that  it  lags  behind  it  by  an  indetenninate 
angle  when  the  heavy  spot  is  high,  as  it  runs  ahead  of  the  light 
spot   when   it   is  high.     This   has  been   attributed   to   various 


Fig.  7    Dyxamic  Balaxcixg  Machixe,  Testing  Armature 


machine  is  simply  the  relative  displacement  (added  distance) 
of  one  of  the  pairs  of  rods  of  the  squirrel  cage. 

The  paper  also  shows  the  machine  arranged  for  testing  auto- 
mobile ci-ankshafts.  in  which  case,  by  referring  to  a  set  of 
specially  jirepared  tables,  similar  to  the  one  shown  in  Fig.  8, 
the  operator  can  pick  out  readily  the  necessary  directions  as 
lo  how  to  remove  a  certain  amount  of  metal  from  one  of  the 
cranks,  and  how  to  drill  the  flange  in  order  to  secure  perfect 
dynamic  balance. 

An  application  of  the  machine  for  testing  special  blowers 
is  also  shown.  If  all  such  fans  are  of  the  same  size,  tlie  direc- 
tions in  this  case  are  also  given  in  a  very  easy  form. 


causes — friction  and  inertia  especially — though  it  has  not  been 
shown  how  these  causes  could  produce  this  effect.  Along  with 
this  go  two  other  unexplained  phenomena — the  reversal  of  the 
body  from  the  position  in  which  the  heavy  spot  is  high  to  that 
in  which  the  light  spot  is  high  and  the  failure  of  the  shaft  to 
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COXCLUSIOX 

It  is  nol  necessary  to  dwell  on  the  extreme  importance  of 
testing  a  body  for  unbalance  in  its  natural  position  and  upon 
its  own  bearings.  This  machine,  in  its  very  conception,  is 
adapted  for  testing  under  such  conditions.  The  shaft  in  Fig. 
8  has  been  tested  in  its  own  crank  case. 

The  importance  of  static  balance  cannot  be  overestimated. 
Fortunately  such  a  condition  can  be  readily  secured. 

Theoretically,  one  pair  of  rods  in  the  squirrel  cage,  Fig.  5, 
of  the  machine  would  suffice,  since  the  relative  position  of 
the  rods  to  the  body  being  tested  can  be  altered  readily 
through  the  transmission  (chain  drive  shown  in  Fig.  4).  For 
convenience,  however,  it  is  best  to  have  three  or  four  pairs 
of  rods,  and  even  then  it  is  sometimes  necessary  to  change  the 
angular  position  of  the  cage  so  that  the  balancing  can  be  done 
by  one  pair  of  rods,  and  not  two,  as  often  happens  at  the 
l)e"iuning  of  a  test. 


Drill  flange 


Use  templet 
4 


on  crank 

2 


Fig.  8    Directions  fob  Balancing  Shaft 

break  with  indefinite  increase  of  speed  as  jirevious  analysis 
indicates  that  it  should  do. 

It  is  the  object  of  this  discussion  to  explain  the  lag  and  to  at 
least  indicate  an  explanation  of  the  other  phenomena. 

Fig.  9a  represents,  two  balls  of  the  same  diameter  but  of  un- 
equal weights  (the  heavier  ball  being  indicated  by  the  heavier 
shading)  mounted  on  a  light  cross  arm  and  a  flexible  shaft 
running  in  constrained  bearings.  The  center  of  figure  Ct  is 
also  the  center  of  rotation,  the  center  of  gravity  being  at  Cj. 
If  the  system  be  set  in  revolution  the  centrifugal  force  of  the 
heavier  ball  will  exceed  that  of  the  lighter,  the  result  being  the 
springing  of  the  shaft  as  indicated  iu  Fig.  b,  the  heavier  baU 
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being  high  and  the  centers  of  figure  and  of  rotation  taking 
the  positions  Ct  and  Cr-  This  statement  is,  however,  true  in  a 
general  sense  only.  Observation  shows  tliat  the  highest  spot 
lags  behind  the  heavy  side  by  an  angle  wliieh  increases  with 
the  speed.  To  the  best  of  my  knowledge  this  is  a  recent  dis- 
coven'.^  ObseiTation  further  shows  that  at  sufficiently  high 
speeds  (that  is,  above  the  critical  speed)  the  action  is  reversed, 
the  light  side  running  high  in  constrained  rotation  at  such 
speeds,  as  it  does  in  free  rotation  at  all  speeds,  while  the  lag, 
measured  from  the  light  high  side,  becomes  a  lead.''  This  action 
has  long  been  known,  as  have  the  conditions  under  which  it  is 
possible,  but  I  am  not  aware  of  any  satisfying  explanation  of 
the  reason  for  the  reversal  by  wliich  the  heavy  side,  which  is 
high  at  low  speeds,   becomes   low  at   high  speeds.      The   two 


flexure  to  invert  itself  to  tl:c  condilion  of  Fig.  c  at  tlie  critical, 
or  any  other,  speed.  While,  then,  we  are  now  in  position  to 
understand  why  the  light  sile  should  continue  to  run  high, 
provided  it  were  once  placed  in  that  position  when  running  at 
a  sufQciently  high  speed,  we  have  found  no  explanation  of 
the  manner  in  which  it  gets  into  that  position  nor  have  we 
found  any  forces  at  work  tending  to  place  it  there. 

The  reversal  is  due  to  the  lag  and  it  takes  place  when  the 
lag  equals  90  deg.  The  cause  of  the  lag  must,  therefore,  first 
be  explained.  It  is  due  to  resistance  to  rotation  which  is  felt 
by  all  rotating  parts  of  actual  mechanism — that  being  what 
they  are  for.  There  are  two  fundamentally  different  conditions 
to  be  noted,  first  that  of  a  body  driven  from  the  center  and 
experiencing  resistance  at  the  i^eriphery.  as  the  armature  of 
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Fig.  9    Lag  of  Unbalance  of  Revolving  Bodies 


phenomena — lag  and  reversal — are  apparently  connected,  the 
former  as  the  cause  of  the  latter. 

Before  explaining  the  phenomena — so  far  as  they  can  be 
explained — it  is  necessary  to  show  the  conditions  under  which 
a  constrained  body  may  rotate  with  its  light  side  high. 

Assuming  the  shaft  to  be  sufficiently  fiexible  and  the  speed 
sufficiently  high,  it  is  clear  that,  could  the  system  be  placed  in 
the  position  of  Fig.  c,  the  centrifugal  force  and  the  elastic 
resistance  of  the  shaft  would  be  exerted  in  opposite  directions 
and  hence  would  balance,  the  light  side  being  the  high  side. 
What,  however,  is  the  explanation  of  the  change  of  position  ? 
Why  should  a  body  rotating  under  tlie  conditions  of  Fig.  h 
cliange  itself  to  the  conditions  of  Fig.  c? 

Contemplation  of  Fig.  h  would  lead  one  to  expect  the  oppo- 
site tendency,  for  the  higher  the  speed,  the  gi-eater  the  centrif- 
ugal force  and  the  more  the  shaft  should  deflect  in  the  direction 
of  Fig.  h,  with  no  discoverable  tendency  for  the  direction  of 


'The  first  publication  of  it  to  come  under  my  eye  was  in  an  article 
by  E.  R.  Douglass,  puljlislied  in  the  "  .\morican  Macliinist  "  for  Feb.  22 
1900.  It  is  interesting  to  know  tliat  it  was  this  article  that  directerl 
the  attention  of  C  H.  Norton  to  tlie  sui).1ect  and  ultimately  led  to  the 
design  o(  his  balancing  machine. 

-The  action,  as  is  well  known,  is  utilized  in  the  T'o  Laval  steam  tur- 
bine In  which,  by  the  use  of  a  flexible  shaft,  the  critical  speed  is 
brotight  liejow  the  operating  speed  of  the  turbine. 


an  electric  generator,  and  second  a  body  drixen  at  the  periphery 
and  experiencing  resistance  at  the  center,  as  the  armature  of 
an  electric  motor. 

Consider  the  system  of  Fig.  6,  redrawing  it  in  plan  as  in 
Fig.  d,  and  consider  the  effect  of  the  resistance  of  the  air,  which 
is  always  present,  even  if  we  have  no  other. 

The  centers  of  rotation,  of  figure  and  of  gravity,  are  indi- 
cated as  before  by  the  letters  Cr,  C,  and  C\,  while  the  arm  of 
the  elongated  crank,  due  to  the  spring  of  the  shaft,  is  shown 
by  the  heavy  line  from  t\  to  Ct-  The  direction  of  rotation 
being  that  of  the  arrow,  the  resistance  of  the  air  exerts  a  react- 
ing couple,  one  component  of  which,  fV-i,  exerts  a  pressure  on 
the  bearings  and  may  he  neglected,  while  the  other,  CtB,  exerts 
a  tangential  pressure  on  the  crankpin.  The  centrifugal  force 
CD,  is  exerted  as  shown,  the  resultant  of  the  tangential  pres- 
sure and  the  centrifugal  force  being  Ctfi.  Now  the  deflection 
of  the  shaft  which  forms  the  elongated  crank  is  due  to  the 
applied  forces  and  the  direction  of  the  crank  nuist  be  that  of 
the  resultant  CtE.  Redrawing  Fig.  d  to  sliow  tliis  condition, 
remembering  that  the  reacting  force  due  to  air  resistajiee  is 
tangential,  we  get  Fig.  e,  the  direction  of  the  crank  being 
plainly  at  an  angle  with  the  line  connecting  the  balls.  The 
highest  spot  being  radially  an  extension  of  the  crank,  we  have 
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at  once  a  satisfactory  explanation  of  the  lag.  This  is,  perhaps, 
plainer  from  Fig-.  /',  in  which  a  disk  with  a  heavy  spot  at  H 
is  substituted  for  the  pair  of  balls.  Plainly,  the  highest  spot 
is  at  /  radial  -with  the  crank  and  lagging  behind  the  heavy 
spot. 

Fig.  e  requires,  howe\er.  another  correction  to  make  it 
strictly  accurate.  With  the  crank  at  an  angle  with  the  con- 
necting bar,  the  centrifugal  force  will  no  longer  act  length- 
wise of  the  bar.  but  on  a  radius  through  C\  and  C\.  This 
changes  the  form  of  the  parallelogram  of  forces,  but  it  does 
not  alter  the  tendency  of  the  air  resistance  to  produce  the  lag. 

Experiment  shows  the  lag  to  increase  with  the  speed  (be- 
cause, in  a  balancing  machine,  the  air  resistance  increases  with 
the  speed)  and  the  speed  at  which  the  angle  of  lag  equals  90 
deg.  is  the  critical  speed  at  which  the  change  takes  place,  and 
at  higher  speeds  the  light  side  runs  high. 

To  put  it  in  another  way,  instead  of  a  simple  progressive 
increase  of  the  centrifugal  force  with  increase  of  speed,  as  has 
been  assumed,  there  is  also  a  progressive  change  of  direction 
of  the  resultant  which  ultimately  puts  the  body  over  to  the 
position  in  which  the  light  side  is  high  and  before  the  force 
becomes  so  great  as  to  break  the  shaft. 

Proof  that  the  lag  is  due  jjrimarily  to  the  tangential  force 
and  not  to  speed  is  found  in  the  experience  of  the  General 
Electric  Co.,  which  finds,  when  balancing  rotors  of  steam 
turbines,  that,  the  speed  remaining  unchanged,  the  lag  differs 
with  the  direction  of  rotation.  With  most  bodies  the  air  re- 
sistance is  the  same  for  both  directions  of  rotation,  the  only 
method  of  changing  the  resistance  being  by  changing  the  sjjeed. 
In  steam  turbines,  however,  the  shape  of  the  buckets  causes 
the  resistance  to  change  with  the  direction  of  rotation,  and, 
with  this  condition  introduced,  we  find  the  lag  to  change  with- 
out change  of  speed  but  with  change  of  force. 

In  a  steam  turbine  or  an  electric  motor,  the  forces  Cr-I  and 
CtB,  sketched  in  Figs,  rf  and  e,  are  reversed,  the  impulse  being 
applied  at  the  periphery  while  the  resistance  due  to  the  load 
is  applied  at  the  shaft.  In  such  machines,  therefore,  it  would 
appear  that  the  high  side  should  Jead  the  heavy  spot  instead 
of  lagging  behind  it.  I  am  not  aware  that  observations  have 
been  made  to  cover  this  point  or,  indeed,  that  the  inference  has 
before  been  pointed  out,  but  the  observations  deserve  making. 
In  the  balancing  machine,  to  which  our  observations  have  been 
limited,  the  body  under  test  is  always  driven  from  the  center, 
the  opijosite  condition  havmg  escaped  observation. 

While  the  action  described  is  clear,  the  analysis,  neverthe- 
less, is  incomplete.  It  is  obvious  that  the  turning  force 
must  be  adequate  to  produce  the  result,  and  it  is  also  obvious 
that  the  speed  and  the  flexibility  of  the  shaft  must  concurrently 
be  such  as  to  make  the  maintenance  of  the  reversed  condition 
possible.  Moreover,  linked  with  the  flexibility  of  the  shaft 
and  the  speed,  is  the  eccentricity  of  the  center  of  gravitj'.  It 
will  be  apparent  from  a  moment's  consideration  of  Fig.  c, 
that  the  greater  the  distance  between  T,  and  C'g,  the  higher 
will  be  the  speed  at  which,  with  a  given  flexibility  of  shaft,  the 
conditions  of  the  illustration  can  be  maintained.  I  am  not 
aware  of  any  analysis  covering  these  pomts.  nor  have  I  been 
able  to  carry  one  to  a  conclusion.  The  nature  of  the  forces 
involved  would  lead  one  to  expect  more  fruitful  results  from 
experimental  than  from  analytical  investigation. 

It  is,  however,  necessary  to  assume  that  the  condition  of 
Fig.  c  is  more  stable  than  that  of  Fi-j.  h.  Were  it  otherwise 
a  force  sufficient  to  produce  the  change  from  Fig.  h  to  Fig.  c 
would  also  produce  a  change  back  again,  resulting  in  repeated 
alternation  between  the  two  positions,  which  does  not,  in  fact, 
take  place.     There  would   thus  seem  to  be  no  doubt   of  the 


superior  stability  of  Fig.  c,  although  I  am  not  aware  of  any 
explanation  of  the  fact. 


MR.    LORIXG    BELIEVES    BAL.iXCE    CAN      BE      OBTAIXED    IX    THREE 
SHOTS.      CRITICIZES    SPEED    OF    BALANCE 

E.  .J.  LuRiNu  (written).  1  would  define  a  body  as  d\-na- 
mically  balanced  when  its  unconstrained  axis  of  rotation  is  con- 
centric with  its  journals. 

The  method  proposed  assumes  perfect  static  balance,  but 
dynamic  balance  conditions  are  far  more  sensitive  because  a 
slight  static  unbalance  is  greatly  magnified  at  high  speed.  I 
do  not  agree  that  static  balance  is  easily  obtained.  On  the 
contrary  unbalance  always  persists  to  some  degree  and  must 
be  provided  for  in  the  dynamic  balancing  operation.  A  body 
dynamically  unbalanced  does  not  usually  show  high  spots 
diametrically  opposite  at  the  two  ends,  as  it  would  if  a  simple 
couple  were  acting. 

The  wire  rope  suspension  is  not  irrational.  It  supports  the 
shaft  with  far  less  constraint  than  any  rigid  bearing,  trans- 
forms a  "  rigid  shaft "  construction  to  "  flexible  shaft "  con- 
ditions, and  leaves  the  rotating  body  more  nearly  free  to  rotate 
on  its  own  principal  axis  in  space. 

When  provision  is  made  for  attaching  balancing  weights  in 
two  well-separated  i:>lanes  between  the  bearings  of  a  two- 
bearing  shaft,  it  is  possible  to  detennine  the  position  and 
amount  of  added  weight  required  in  the  nearer  plane  to  each 
bearing  in  not  more  than  three  "  shots,"  and  with  tliis  infonna- 
tion  for  each  balancing  plane  the  proper  weight  and  posi- 
tion for  each  plane  to  clear  both  bearings  simultaneously  may 
be  found  by  a  simple  calculation. 

A  slow-speed  test  is  by  no  means  conclusive;  a  body  in 
d\mamic  balance  at  400  r.p.m.  may  be  dangerously  far  from 
balance  at  3000  r.p.m.  When  con-ected  for  400  r.p.m.  it  is 
safer  than  when  only  statically  balanced,  but  its  balance  is 
never  fully  proven  at  less  than  its  full  speed. 

I  would  be  interested  to  know  how  the  correct  plane  of  dis- 
placed rods  is  picked  out  from  the  behavior  of  the  beam  and 
the  rotating  body.  Is  it  by  a  definite  rule  or  by  selection  and 
trial? 


IIR.    HODRKINSOX    SEES    OBJECTION    TO    AKIilOFF    MACHINE    IN 
NECESSITY    FOR    STATIC    BALANCE    FIRST 

F.  HODGKINSON  (wi'itten).  It  seems  to  me  that  the  author's 
device  is  open  to  the  objection  that  the  member  to  be  dyna- 
mically balanced  must  be  jjut  in  perfect  static  balance  before 
being  balanced  by  the  means  described.  In  the  case  of  heavy 
revolving  bodies  this  is  quite  difficult,  and  is  not  to  be  satis- 
factorily attained  by  the  usual  method  of  rolling  the  body  on 
ways  or  the  like.  Therefore,  it  seems  to  me  that  a  machine 
for  dynamic  balancing  should  also  render  possible  the  elimina- 
tion of  errors  in  static  balance. 

Mr.  Akimofif  points  out  that  he  is  enabled  to  move  the  rods 
of  his  balancing  machine  axially  while  the  cage  is  in  rotation, 
but  withholds  his  method  for  accomplishing  this  and  the  de- 
tails of  the  cage. 

It  would  seem  evident  that  the  spring  support  at  one  end 
of  liis  frame  should  have  a  natural  period  of  oscillation  equal 
to  the  period  of  revolution  of  the  body  being  balanced.  This 
of  course  would  mean  a  different  spring  for  every  different 
weight  of  body  applied,  which  would  require  some  calculation 
in  advance  of  doing  the  work,  where  there  is  a  gi-eat  variety  of 
thinas  to  be  balanced. 
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The  author  speaks  disparagingly  of  the  older  method  of 
securing  dynamic  balance,  that  is,  running  the  body  at  a 
reasonably  high  speed  and  marking  the  shaft  and  determining 
the  "  high  spots."  He  says  they  can  only  serve  to  indicate  the 
body  is  out  of  balance.  As  a  matter  of  fact,  a  very  well 
organized  system  of  adding  weights  may  be  employed  which 
renders  both  the  static  and  dynamic  balancing  of  the  body  a 
simple  operation.  One  of  the  hardships  of  the  matter,  how- 
ever, is  that  the  adding  of  weights  or  drilling,  as  the  case  may 
be,  must  be  done  more  or  less  piecemeal,  and  the  time  occupied 
by  speeding  up  and  shutting  down  occasions  a  rather  severe 
loss. 

In  stating  that  the  static  balance  is  not  easily  obtained,  I 
referred  particularly  to  bodies  such  as  revolving  fields  of  great 
weight  where  to  mount  these  on  ways,  giving  them  a  rolling 
balance,  is  unsatisfactory  because,  in  spite  of  the  surfaces  be- 
ing liar<lened  and  made  as  level  as  possible,  the  journals  will 
sink  into  the  ways  to  a  slight  degree,  so  extreme  sensitiveness 
cannot  be  obtained  because  of  the  field  having  to  run  up  hill. 

It  has  been  frequently  found,  in  the  case  of  very  large  fields, 
that  an  approximate  static  balance  may  be  obtained  by  smear- 
ing the  bearing  surface  and  journals  well  with  a  heavy  cylinder 
oil,  dropping  the  field  into  the  bearings  and  quickly  removing 
the  chains,  that  the  friction  would  be  so  low  that  the  field  would 
respond  to  an  error  in  static  balance  better  than  the  pre- 
viously described  method  of  rolling  on  ways.  Of  course  the 
field  must  not  be  allowed  to  stand  more  than  a  fraction  of  a 
minute,  or  until  the  oil  film  has  been  squeezed  out,  for  then 
of  course   the  friction   becomes  very  material. 

So  far  as  steam  turbines  are  concerned,  it  has  not  been  the 
practice  of  the  company  with  which  I  am  associated  to  resort 
to  dynamic  balancing  except  in  a  few  extreme  cases.  Turbines 
generally  are  comprised  of  a  drum  or  quill  to  which  are  at- 
tached the  spindle  ends  and  journals.  This  drum  has  secured 
to  it  a  certain  number  of  disks  or  rings.  Generally  the  speed 
of  the  drum  is  low,  so  that  ordinarily  static  balancing,  that  is 
rolling  on  ways,  is  suflScient.  Further,  the  disks  or  rings  are 
short  in  their  axial  length  as  compared  with  their' diameters, 
and  a  careful  static  balancing  of  these  is  found  to  be  all  suffi- 
cient. For  balancing  these  disks  and  rings,  a  special  static 
balancing  machine  was  devised  many  years  ago  and  has  been 
in  continual  use.  Inasmuch  as  this  paper  is  confined  to  the 
subject  of  "  dynamic  balancing "  its  description  is  out  of 
place.  To  those  interested,  a  fair  description  of  it  is  found 
in  U.  S.  Patent  No.  710,148,  September  30,  1902.  I  might 
further  add  that  with  this  machine  a  disk  weighing  4000  or 
5000  lb.  may  be  given  a  static  balance  within  an  error  of  half 
an  ounce. 


SYSTEM  EMPLOYED  BY  WESTISTiHOCSE  COMPANIES 

I  stated  pre\'iously  that  there  is  an  organized  system  a\ail- 
able  for  balancing  bodies  which  Mr.  Akimoff  disparages,  and 
which  he  has  illustrated  in  Fig.  2.  It  may  perhaps  be  of  in- 
terest to  describe  this  system,  although  the  description  is  rather 
more  of  instruction  to  a  mechanic  tlian  technical  data  for  the 
records  of  the  Society. 

The  bearings  being  momited  on  springs  as  described  is  not 
really  a  necessity.  Tlie  bearings  employed  for  large  turbine 
rotors  have  enough  clearance  and  oil  film  thickness  to  give 
sufficient  amplitude  of  vibration  to  determine  the  "  high  spots," 
although  in  buildmg  a  balancing  machine,  I  would  prefer  to 
mount  the  bearings  on  springs,  or  their  equivalent,  but  taking 
care  that  the  natural  period  of  oscillation  of  the  bearings  and 


tlie  rotary  masses  be  higher  than  that  of  the  running  speed  to 
be  employed  in  balancing.  It  does  not  matter  at  what  speed 
file  balancing  is  done,  any  more  than  it  would  with  the  machine 
Mr.  Akimoff  describes.  It  is  only  necessary  to  run  it  fast 
enough  so  that  the  vibration  due  to  error  in  the  balancing  is 
well  in  evidence.  It  is  necessary,  however,  that  marks  be  applied 
to  the  sliaft  always  at  the  same  speed,  because  the  angle  be- 
tween the  error  in  the  balance  and  the  mark  on  the  shaft  will 
vary  with  different  speeds.  It  is  invariably  found  that  the 
error  in  balance  will  be  a  number  of  angular  degrees  behind  the 
mark,  this  angle  becoming  less  with  the  speed,  and  greater  with 
more  rigid  shafts.  Inasmuch  as  it  is  the  centrifugal  couple 
which  is  to  be  eliminated  and  the  bodies  are  of  such  propor- 
tions, that  is,  great  relative  axial  length,  and  the  balancing  at 
each  end  must  be  done  independently  and  as  in  the  case  of  Mi'. 
Akimoff's  machine,  it  is  impossible  to  eliminate  centrifugal 
couples  such  as  he  illustrates.  It  is  found  in  practice  that  it 
is  undesirable  to  work  on  more  than  one  end  at  a  time,  and  the 
end  sliould  be  first  selected  which  is  most  out  of  balance,  this 
to  be  judged  by  the  degree  of  eccentricity  of  the  path  of  the 
sliaft  rather  than  the  shaking  of  pedestals,  bedplates,  and  sucli. 
Having  marked  the  shaft  at  each  end,  a  mark  is  made  which  may 
be  used  for  future  reference,  and  a  temporary  weight  is  added, 
as  judgment  would  dictate,  some  degrees  behind  the  mark.  On 
the  machine  again  being  speeded  up,  it  may  be  found  that  the 
balance  may  be  better,  but  the  position  of  the  mark  has 
changed.  If  this  is  so,  an  additional  weight  should  be  added, 
or  the  original  weight  have  its  angular  position  moved  so  as 
to  maintain  the  mark  in  its  original  position,  continuing  the 
operation,  one  end  or  the  other,  whichever  has  the  most  eccen- 
tric path.  This  process  is  carried  on,  and  if  the  mark  is 
maintained  in  the  original  position,  it  will  be  found  finally  that 
a  weight  added  will  throw  this  mark  180  deg.  away  from  its 
original  position,  when  the  weights  are  then  slightly  in  excess 
of  that  required  for  perfect  balance,  and  only  require  to  be 
slightly  reduced. 

By  such  means  both  error  in  static  balance  and  in  cen- 
trifugal couple  are  simultaneously  eliminated.  Balancing  fre- 
quently has  to  be  performed  in  the  field — when  it  is  success- 
fully carried  out  in  its  own  bearings  and  with  no  knowledge 
as  to  the  condition  of  static  balance.  Plainly,  should  the  marks 
appear  at  each  end  on  opposite  sides  of  the  shaft,  and  the  body 
run  with  similar  eccentricity  at  each  end,  it  would  be  inferred 
that  the  body  was  in  static  balance,  only  requiring  the  correc- 
tion of  the  centrifugal  couple. 

Generally  speaking,  it  is  the  practice  of  the  Westinghouse 
companies  to  employ  this  method  for  all  larger  revolving  fields, 
as  well  as  for  the  occasional  times  when  a  turbine  rotor  may 
need  dynamic  balancing  because  some  element  of  it  is,  due  to 
some  error,  out  of  static  balance.  For  small  generator  rotors, 
a  Norton  balancing  machine  is  successfully  employed  and  an 
addition  to  the  companies'  balancing  equipment  is  about  to  be 
made  of  one  of  the  machines  the  author  describes. 


MR.    FAIRFIELD    DESCRIBES    THE      NORTON"      BALANCE    INDICATING 
MACHINE 

Howard  P.  Fairfield  (written).  The  necessity  for  provid- 
ing some  means  for  indicating  a  running  balance  was  per- 
haps first  realized  a  generation  or  two  ago  when  woodworking 
machines  having  rotating  cutter  heads,  and  threshing  machines 
for  grain,  were  placed  on  the  market.  In  the  case  of  wood 
planing  machines  the  cylinders  upon  which  the  knives  or  cut- 
ters were  mounted  were  given  a  rotative  speed,  and  in  the  case 
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of  the  threshing  m<achines  the  teeth  which  beat  the  grain  from 
the  straw  were  attached  to  a  cylindrical  drum  which  was  made 
to  rotate  at  a  considerable  speed.  The  fli-st  attempt  at  solving 
this  question  with  whieli  I  am  familiar  was  by  placing  the 
piece  to  be  tested  in  a  pair  of  boxes  that  were  hung  from  the 
ceiling  by  a  wire.  The  part  being  tested  was  then  rotated  at 
speed,  and  its  action  noted  and  indicated  by  the  operator,  who 
made  the  necessary  weight  change  to  give  the  required  effect. 

One  of  the  most  extended  investigations  of  the  problem  of 
balancing  rotating  bodies  that  has  ever  been  conducted  was 
carried  on  by  Charles  H.  Norton,  Mem.Am.Soe.M.E..  who  later 
developed  his  well-known  Balance  Indicating  Machine,  which 
indicates  running  balance  only,  no  attention  being  given  to 
questions  of  standing  balance.  It  is  believed  this  was  the 
first  machine  to  provide  a  means  by  which  the  workman  could 
locate  the  jiosition  of  the  error  of  balance  with  any  degree  of 


Fiu.  10    Norton  Balance  Ixdicating  ^Iaciiine 

accuracy,  which  he  accomplished  by  providing  means  for  re- 
versing the  direction  of  rotation,  thus  eliminating-  the  guess- 
work in  indicating  due  to  the  lag. 

Mr.  Norton's  machine,  as  shown  by  Fig.  10,  consists  of  a 
round  steel  supporting  bar,  which  may  vary  in  length  as  con- 
ditions warrant,  supported  by  two  floor  stands.  By  means  of 
a  disk  friction  drive,  connected  with  suitable  gearing,  an  electric 
motor  gives  rotation  to  the  smaller  pulley-carrying  shaft  seen 
immediately  abo\e  the  supporting  bar.  The  upper  works  con- 
sist of  two  or  more  upright  frames  carrying  vertical  pendu- 
lums. The  pendulums  are  seated  at  their  lower  ends  in  suit- 
able sockets,  and  on  their  upper  ends  are  provided  with  a 
small  table  upon  which  are  mounted  light  anti-friction  rollers. 
Opposite  the  rollers  are  placed  marking  pointers.  Connected 
with  the  vertical  pendulums  and  fulcrumed  to  the  sides  of  the 
uprights  are  the  vibrators  which  indicate  the  unbalance  of  the 
rotating  part.  The  piece  to  be  indicated  is  mounted  on  roUers 
upon  the  top  of  the  inverted  pendulums. 

If,  when  rotated  at  any  speed,  the  piece  being  indicated  is 
not  in  running  balance,  the  vibrating  indicators  will  show 
as  they  do  in  Fig.  11,  where  they  indicate  that  the  piece  is  out 
of  running  balance  at  each  end.  When  the  piece  is  in  running 
balance,  these  indicators  are  ]ierfectly  still. 

Unless  the  piece  to  be  indicated  is  so  slender  as  to  spring 
appreciably,  it  makes  no  especial  difference,  of  course,  at  what 
speed  it  is  indicated ;  however,  in  practice,  I  believe  it  cus- 
tomary to  indicate  the  work  when  it  is  being  rotated  above  the 
so-called  "  critical  speed." 


Fig.  12  well  shows  diagrammatically  the  action  of  the  vibrat- 
ing indicator  as  the  piece  approaches,  reaches  and  passes  be- 
yond the  critical  speed. 

Fig.  13  shows  a  shaft  that  has  been  "  marked  "  when  rotated 
below  the  critical  speed.  Below  this  sjjeed  the  indicated  spots 
are  behind  the  exact  heavy  spot,  whatever  the  direction  of 
rotation.  Rotating  the  piece  in  two  directions  and  locating 
arrow  heads  in  the  length  center  of  the  two  marks  indicates 
the  exact  heavy  spot,  as  centered  equidistant  from  the  arrow 
points. 

Fig.  14  shows  a  shaft  rotated  above  the  critical  speed  marked 
and  arrowed  as  above,  the  arrow  heads  in  each  case  flying 
in  the  direction  of  rotation. 

In  using  this  machine  the  following  points  have  been  noted : 
When  the  piece  is  rotated  below  the  critical  speed,  the  operator 
marks  the  heavier  side,  above  the  critical  speed  the  lighter  side. 
When  marked  on  the  heavier  side,  the  marks  lag  or  are  behind 
the  exact  heavy  spot  when  the  direction  of  rotation  for  each 
mark  is  considered. 

When  marking  on  the  lighter  side,  the  marks  lead  the  exact 
light  spot.  When  marking  on  the  heavier  side,  the  arrows 
point  toward  each  other.     When  marking  on  the  lighter  side, 


Fig.  11     NuKTON  Machine  Jxuk'ating  Running  Unbalance 

the  arrows  point  away  from  each  other.     The  true  heavy  spot 
lies  midway  between  the  points  of  the  arrows. 

In  closing  this  description,  it  may  be  well  to  take  note  of 
several  practical  points  that  have  been  well  proven  in  prac- 
tice: 

a  That  while  a  body  placed  in  static  balance  may  be  decidedly 
out  of  running  balance,  one  that  is  placed  in  running  bal- 
ance must  also  be  in  static  balance 

b  Exact  symmetry  of  form  must  not  be  taken  to  mean  that 
the  machine  part  is  in  running  balance 

c  A  machine  part  put  in  running  balance  at  any  speed  is 
certainly  in  running  balance  at  any  other  speed  if  it  is  not 
distorted  from  its  true  axial  condition.  This  fact  renders 
it  possible,  therefore,  to  rotate  the  part  which  is  being 
tested  at  any  speed  desired  which  does  not  distort  or 
spring  it. 
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It  will  be  admitted,  I  think,  by  all  usei-s  of  speed  macbinery 
that  all  rotating  parts  should  be  placed  in  exact  running  bal- 
ance if  the  machine  is  to  quietly  perform  its  functions. 


MR.    IITMANS    CONSIDERS    AUTHOR    HAS     FOUND     COMPLETE    AND 
PRACTICAL   SOLUTION   OF   PROBLEJI 

F.  Hymans  (written).  In  addition  to  the  detrimental 
effects  of  an  unbalanced  rotating  body  enumerated  in  this 
paper,  loss  of  power  in  causing  and  maintaining  vibrations  of 
Ibe  structure  supporting  the  body  should  be  mentioned.  This 
loss  has  been  demonstrated  by  Sommerfeld  (Z.  d.  V.  d.  Ing., 
1902)  in  experiments  with  a  small  electric  motor  which  carried 
on  its  shaft  an  eccentric  weight.  Placing  the  motor  on  a  table, 
it  was  found  that  at  310  r.p.m.  the  table  began  to  execute 
horizontal  vibrations.  In  an  endeavor  to  increase  the  motor 
speed  the  voltage  impressed  on  the  armature  was  raised.  It 
was  found,  however,  that  the  voltage  could  be  considerably 
increased  without  causing  any  increase   in   the   speed  of  the 
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Fig.  12    Action  of  Vibr.\tor  Passing  Critical  Speed 

motor  and  the  increased  power  consumption  was  absorbed  in 
maintaining  the  vibrations  of  the  table. 

By  perfect  balance  of  a  body  rotating  freely  around  a  hori- 
zontal axis  is  understood  the  condition  when  there  is  no  bear- 
ing pressure,  save  that  due  to  the  body's  weiglit.  If  it  were 
possible  therefore  to  measure  directly  the  bearing  pressure  and 
its  direction  relative  to  the  body,  we  should  have  the  simplest 
form  of  a  balancing  machine  and  be  in  a  position  to  determine 
the  corrections  necessary  to  bring  about  perfect  balance. 
Unfortunately,  however,  direct  measurement  of  forces  is 
rarely  possible. 

It  is  not  impossible  to  determine  the  corrective  means  for 
static  as  well  as  dynamic  balance  simultaneously  on  one  and 
the  same  machine.  However,  the  problem  is  considerably  sim- 
plified if  a  static  balance  is  first  secured,  as  in  a  body  so 
balanced  the  resultant  of  the  centrifugal  forces  to  which  its 
particles  are  subject  is  a  couple  only,  instead  of  a  couple  and 
a  force,  as  in  a  body  entirely  unbalanced. 

Considering  more  in  particular  the  balancing  machines  of 
the  vibrating  type,  we  can  broadly  divide  them  in  two  classes, 
namely : 

First,  machines  in  which  the  vibrations  excited  by  the 
centrifugal  couple  are  directly  employed  to  determine  its 
plane  of  action,  as  is  the  case  with  nearly  all  balancing  ma- 
chines existing  heretofore.  (See  also  description  of  the 
Lavaczeck  machine  in  The  Journal.  March,  1916.)  Second, 
machines  in  which  the  vibrations  are  merely  employed  to  indi- 
cate lack  of  balance,  of  which  class  Mr.  Akimoffs  machine  is 
to  date  the  sole  example. 

Referring  to  the  first  mentioned  class,  the  position  of  the 
plane  of  unbalance  is  always  determined  by  observing  the 
position  of  the  body  at  the  instant  of  maximum  amplitude  of 
the  oscillations.    When  the  bodv  is  rotated  at  a  sufficientlv  low 


speed,  so  that  the  period  of  rotation  is  very  large  as  compared 
with  the  period  of  free  vibration  of  the  system,  the  oscillations 
of  the  machine  will  be  in  phase  with  the  exciting  forces,  and 
it  is  a  simple  matter  to  determine  accurately  the  plane  and 
even  the  magnitude  of  the  centrifugal  couple.  A  machine  so 
arranged  would,  however,  not  be  sensitive  enough  for  the  pur- 
pose. 

On  the  other  hand  when  the  body  is  rotated  at  a  speed 
at  which  the  period  of  free  vibration  of  the  system  is  no  longer 
negligible  as  compared  with  the  period  of  rotation,  there  is 
a  phase  difference,  due  to  mechanical  friction  and  damping 
forces,  between  exciting  forces  and  oscillations.  As  the 
amount  of  this  phase  difference  is  uncertain,  the  plane  of  un- 
balance can  only  be  determined  approximately.  In  addition  the 
oscillations  can  no  longer  be  employed  to  calculate  the  magni- 
tude of  the  centrifugal  couple. 


Fig.  13    Piece  Marked  on  Norton  JIachine  'Below  Crit- 
ical Speed  i 


Fig.  11    Piece  Marked  on  Norton  Machine  Above  Crit- 
ical Speed 

In  the  Akimoff  machine  it  is  quite  immaterial  if  there  is 
phase  difference  between  oscillations  and  exciting  forces.  As 
described,  an  additional  couple  is  introduced,  which  can  be  so 
adjusted  in  phase  and  magnitude,  that  the  vibrations  of  the 
balancing  machine  vanish.  The  machine  affords  therefore  at 
once  the  means  to  determine  exactly  both  the  plane  and  amount 
of  unbalance.  Disturbing  influences  such  as  "  weakness  "  of 
the  shaft  of  the  rotating  body  can  be  practically  wholly  elim- 
inated by  selecting  a  spring  of  a  flexibility  which  is  large  as 
compared  with  that  of  the  shaft.  In  other  words  by  the  proper 
selection  of  the  spring,  the  speed  of  rotation  of  the  balancing 
machine  can  be  made  sufticiently  low,  that  the  transverse  vibra- 
tions which  the  centrifugal  couple  tends  to  set  up  in  the  shaft 
of  the  rotating  body  will  be  practically  of  no  effect  on  the 
beam  of  the  balancing  machine. 

Looking  at  the  matter  from  any  angle,  it  must  be  conceded 
that  Mr.  Akimoff  has  found  a  complete  and  practical  solution 
of  the  problem,  and  with  the  advent  of  a  machine  with  which  a 
perfect  balance  can  be  obtained  easily  and  accurately,  there 
should  be  no  reason  why  a  perfect  balance  should  not  become 
a  standard  requirement  for  nearly  all  classes  of  rotating 
machinerv. 
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Jin.    RIDDELL    COIIPARES    HORIZONTAL    AXD    VERTICAL    BALANCING 
3IACHIXES 

JohnRiddell  (written).  The  use  of  balancing'  machines  has 
now  become  universal,  and  the  results  are  g-enerally  satisfac- 
tory, both  as  regards  the  quality  of  work  produced  as  well  as 
in  the  matter  of  economy.  It  becomes  simply  a  matter  of 
selecting  the  type  of  machine  deemed  most  suitable  for  the 
particular  kind  of  work  to  be  done,  and  more  particularly  de- 
pending on  the  degree  of  perfection  of  balance  desired. 

It  appears  that  present  day  balancing  machmes  can  be 
divided  into  two  distinct  classes :  First,  with  vertical  rotor  sus- 
pended from  an  overhead  drive  by  a  cable  or  a  flexible  shaft. 
Such  a  machine  is  shown  in  Fig.  15.     Second,  with  horizontal 


suspended,  and  tlierefore  not  subject  to  bending  during  the 
operation. 

It  is  the  opinion  of  the  writer  that  ui  order  to  give  a  body 
perfect  dynamic  balance,  it  is  necessary  to  do  this  at  a  speed 
at  least  equal  to  the  maximum  speed  at  which  it  is  to  be  op- 
erated in  actual  service,  as  it  is  quite  possible  to  have  an  ap- 
parently perfect  dynamic  balance  at  one  speed  and  then  find 
that  the  balance  shows  imperfectly  at  higher  speeds.  Where- 
as, if  a  body  is  in  perfect  balance  at  its  highest  speed,  it  will 
also  prove  to  be  in  perfect  balance  at  all  lower  speeds. 

I  wish  to  say  also  that  in  my  opinion  it  is  a  useless  and 
wasteful  practice,  except  in  a  very  few  specific  cases,  to  give 
a  body  a  static-  balance  if  a  dynamic  l)alance  is  to  be  liiially 
produced. 


Fig.  15    Typical  Vertical  Balancing  Machine 

rotor  running  either  in  ordinary  bearings  or  on  rollers  carried 
in  suitable  holders  that  can  rock  against  springs  or  buffers  of 
some  description, — in  other  words,  bearings  that  possess  some 
degree  of  flexibility.  A  horizontal  machine  is  shown  in  Fig.  16. 
The  miter's  experience  is  that  the  vertical  machine  gives  the 
most  perfect  balance,  owing,  no  doubt,  to  the  fact  that  there 
are  no  bearings  to  influence  the  running  of  the  rotor,  and  also 
that  the  rotor,  being  suspended,  can  run  out  and  show  the 
amount  "  out "  much  more  easily  and  to  a  greater  degi-ee  than 
if  supported  in  bearings. 

The  cost  of  balancing  with  the  vertical  machme  is,  at  least 
for  heavy  work,  somewhat  greater  than  with  the  horizontal 
machine,  partly  on  account  of  attaching  the  work  to  be  bal- 
anced to  the  machine. 

The  vertical  machine  is  so  much  more  sensitive  than  the 
horizontal  type  that  the  very  balancing  operation  becomes 
somewhat  more  delicate,  and  it  is  no  doubt  often  the  case  that 
the  refinement  obtainable  on  a  vertical  machme  is  not  needed 
for  some  kinds  of  work.  In  such  cases,  it  is  proper  to  use  the 
horizontal  machine.  One  thing  should  be  remembered,  how- 
ever, and  that  is,  that  when  it  is  desired  to  balance  a  rotor, 
the  service  speed  of  which  is  somewhere  near  its  critical  speed, 
it  is  much  easier  to  do  the  balancing  in  the  vertical  than  in 
the  horizontal  machine,  owing  to  the  fact   that  the  rotor  is 


MR.   BRYSON   RAISES   SOJIE   QUESTIONS  REGARDING  PRINCIPLES   OF 
THE    IIACHINE 

T.  A.  Bryson'  (written).  The  author  explains  that  it  is 
extremely  difficult  to  ascertain  the  underlying  idea  of  ap- 
paratus in  which  the  axis  of  the  body  is  pivoted  at  one  point, 
and  that  the  dynamics  of  the  case  is  much  more  difficult  of 
solution  than  that  of  a  body  having  a  fixed  axis.  Is  not  the 
action  of  the  device  shown  similar  to  the  former  case  since 
all  axial  motions  of  the  body  are  transmitted  to  the  hinged 
frame  ? 

It  would  seem  that  much  might  be  gained  l)y  providing  for 
close  adjustment  of  the  axial  plane  of  the  balancing  weights 
while  the  cage  is  in  rotation,  thus  jjerforming  both  operations 
■ivithout  stopping  to  change  the  angular  position  of  the  cage. 

Is  the  chain  and  gear  drive  free  from  vibrations  which  would 
affect  the  results? 


the    author    REPLIES    TO    POINTS     RAISED     IN    THE    DISCUSSION 

The  Author.  In  explanation  of  the  several  points  brought 
up  by  those  who  have  discussed  my  paper,  I  will  review  three 
of  these  discussions: 

Mr.  Loring.  Unfortunately  no  explanation  or  reasons  are 
given  to  justify  the  several  assertions  which  comprise  this  dis- 
cussion.    I  will  consider  each  paragraph  separately. 

1  The  definition  of  dynamic  balance  is  objectionable  be- 
cause it  involves  a  conception  of  higher  order;  if  one  knows 
what  an  unconstrained  axis  is,  no  definition  of  what  consti- 
tutes dynamic  balance  is  needed.  Furthermore,  an  axis,  being 
a  straight  line,  cannot  very  well  be  concentric  with  anything. 
This,  of  course,  may  be  only  a  lapsus  linguae;  but  meant  as  a 
correction  it  is  out  of  place. 

2  Regardless  of  what  the  high  spots  show  (in  general  they 
mean  nothing  at  all),  it  was  explained  in  the  paper  that  the 
unbalance  can  only  be  due  to  a  couple,  provided  that  the  body 
is  in  static  balance;  remove  the  couple  and  the  body  is  in 
balance.  This  is  actually  bemg  done  every  day  in  our  shops, 
and  by  the  users  of  these  machines. 

3  That  the  wire  rope  suspension  is  the  most  irrational  of 
all  methods  that  can  be  conceived  follows  from  the  fact  that 
here  we  have  the  case  of  a  so-called  system  with  four  degrees 
of  freedom;  in  other  words,  there  are  four  different  ways  in 
which  such  a  system  can  oscillate,  all  confusing  one  another. 
There  is  absolutely  no  hope  in  this  method. 

4  So  far  as  the  possibility  of  placing  a  body  in  balance  in 
two  or  three   "  shots  "   is  concerned,   I   will  merely   ask   this 
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question :  Who  has  ever  said,  or  on  what  machine  was  it  ever 
proved,  that  the  body  was  really  placed  in  balance?  Is  it 
because  the  operator  himself  said  so?  Is  it  because  a  machine, 
wrongly  constructed  upon  a  radically  wrong-  idea,  showed  so? 
Is  it  not  clear  that  it  is  absolutely  impossible  to  secure  any 
such  result  in  three  shots,  except  if  the  machine  is  so  con- 
structed that  it  shows  balance  where  no  balance  exists? 

5  Here  are  two  examples  showing  that  slow  speed  may  be 
very  conclusive  indeed:  21-in.  blowers  are  being  balanced  on 
our  machine  at  450  r.p.m.,  and  operate  at  800  to  1300  r.p.m. 
very  satisfactorily;  by  older  methods  no  such  satisfaction 
could  have  been  secured  at  all.  Another  rotor  was  balanced  by 
us  at  350  r.p.m.  and  ran  very  well  at  all  speeds,  including  its 
highest  speed  of  2500  r.p.m.  There  is  nothing  unusual  about 
this.  Balance  is  balance;  if  the  rotor  is  so  constructed  that 
it  changes  its  shape  with  the  speed,  it  should  be  thrown  away, 
because  it  cannot  be  balanced  at  all.  But  of  course  supposed 
illusory  balance  may  show  one  result  for  a  low  speed  and 
another,  quite  different,  for  higher  speeds. 

Mr.  HoJgkinson's  discussion  m  defense  of  what  he  calls 
"  older  methods "  contains  a  number  of  weak  points,  with 
which  I  shall  deal  separately. 

1  There  is  no  secret  about  the  details  of  construction  of 
the  cage.  It  can  be  (and  is  being)  made  in  a  great  many  dif- 
ferent manners,  each  of  which  yields  the  same  result,  and  the 
description  of  all  such  types  would  take  up  much  space,  with- 
out being  instructive  or  interesting.  The  main  principle  is 
that  the  rods  can  be  displaced  while  the  cage  is  in  rotation. 

2  To  Mr.  Hodgkinson  "  it  seems  evident  that  the  spring 
support  on  one  end  should  have  a  natural  period  or  oscillation 
equal  to  the  period  of  revolution  of  the  body  being  balanced. 
This,  of  course,  would  mean  a  different  spring  for  each  dif- 
ferent weight  of  body  applied  .  .  ."  As  a  matter  of  fact, 
however,  this  is  not  only  not  evident,  but  it  is  not  even  so ! 
By  writing  down  the  easy  differential  equation  controlling 
this  small  oscillation,  it  will  be  seen  tliat  the  free  period  de- 
pends not  only  on  the  weight  but  upon  three  other  things, 
so  that  it  is  perfectly  possible  to  imagine  a  great  variety  of 
different  weights  which  would  not  necessitate  any  change  what- 
soever in  the  spring  support.  Full  advantage  is  being  taken  of 
this  fact  in  the  arrangement  of  the  machine,  which  is  such 
that  the  operator  has  no  calculations  to  make.  This  is  a  vital 
point  that  has  been  carefully  considered  in  the  design  of  my 
machine. 

3  Mr.  Hodgkinson  does  not  seem  to  like  my  speaking 
"  very  disparagingly  of  older  methods,"  but  I  must  neverthe- 
less go  further  and  actually  deny  their  very  existence  as 
methods.  They  are  not  methods  at  all.  They  never  did  or  can 
give  accurate  results  and  there  is  a  very  definite  logical  reason 
why  this  is  so:  they  are  all  concerned  with  what  is  known  as 
multiple  degree  of  freedom,  the  one-point  (cone)  suspension 
method  involves  freedom  of  two  degrees;  the  floating  bearing 
principle  also  involves  two  degrees ;  while  the  flexible  rope  sus- 
pension method  involves  no  less  than  four  degrees  of  freedom. 
All  this  means  that  the  body  being  tested  does  not  vibrate  in 
just  one  way,  from  which  some  sort  of  an  indication  of  value 
can  be  derived.  Actually  it  vibrates  in  two  or  even  in  four 
entirely  independent  manners,  each  introducing  new  confusion 
into  the  already  complicated  motion.  The  machine  described 
in  the  paper  is  to  my  knowledge  the  only  one  ever  proposed 
involving  but  one  degree  of  freedom,  namely  plane  oscillations 
about  the  liinge:  this  is  why  balance  shown  on  tiiis  machine  is 
actually  real,  perfect  balance. 

4  Excessive  confidence  in  the  high  spot  methods,  together 
with  the  hope  that  it  is  at  all  possible    (which  it  is  not)   to 


balance  "  one  end  at  a  time,"  are  precisely  the  reasons  why 
it  is  necessary  "  frequently  to  perform  balancing  in  the  field." 
There  is  no  necessity  for  doing  this  if  real  balance  has  first 
been  secured  in  the  shop. 

5  Mr.  Hodgkinson  states  that  in  the  shoijs  of  the  company 
by  which  he  is  employed,  balance  of  small  rotors  is  being 
"  successfully  "  secured  on  a  floating  bearing  machine.  From 
all  I  heard  and  saw  personally  regarding  this  matter,  his 
statement  is  entirely  at  variance  witii  the  facts. 

Mr.  Fairfield  describes  a  typical  floating  bearing  machine, 
which,  however,  has  the  fundamental  error  of  a  machine  pos- 
sessing two  degrees  of  freedom.  I  have  elsewhere  advanced  a 
few  logical  reasons  showing  why  no  machine  with  more  than 
one  degree  of  freedom  can  possibly  secure  dynamic  balance. 
One  of  the  features  especially  detrimental  to  the  machine 
described  bv  Mr.  Fairfield  is  the  belt  drive.     Since  the  bear- 


FiG.  10     Typical  Horizontal  Balancing  Machine 

ings  are  of  the  flexible  or  yielding  type,  it  is  a  most  unwise 
plan  to  drive  from  an  outside  source  of  power,  no  matter  where 
located.  Another  notion  which  should  have  been  exploded  long 
ago  is  that  of  the  so-called  critical  speed.  I  am  fully  aware  of 
the  tremendous  amount  of  brilliant  work  that  has  been  done  by 
the  English  and  German  mathematicians  in  connection  with 
this  delicate  subject,  but  that  particular  critical  speed  is  one 
thing,  and  the  speed  at  which  the  floating  bearing  machine 
changes  its  spots,  whatever  they  are,  is  another  thing,  the  two 
having  no  connection  whatsoever.  In  tlie  floating  bearing 
machine  we  have  the  influence  of  the  yielding  nature  of  the 
bearings  and  of  the  twofold  freedom;  but  there  is  nothing 
critical  about  it  and  certainly  nothing  from  which  any  sort  of 
valuable  information  may  be  obtained  in  regard  to  balance  or 
unbalance  of  the  body.  It  is  not  clear  what  started  this  idea 
of  critical  speed,  but  inasmuch  as  it  does  not  correspond  to 
anything  of  value  and  is  misleading,  it  should  be  dropped  once 
and  for  all. 

In  conclusion,  the  trouble  with  an  understanding  of  what 
constitutes  dynamic  balance  is  that  it  is  based  on  the  presence 
(or  absence)  of  certain  quantities  called  "  products  of  in- 
ertia "  with  which  the  practical  man  is  in  general  quite  un- 
familiar. I  did  not  wish  to  introduce  the  ijroducts  of  inertia 
in   my  paper  and   for  this  reason   had   to  explain   things  l>y 
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something  easier,  the  centrifugal  couple,  although  this  meant 
a  much  longer  explanation.  But  1  have  seen  some  big  practical 
men  think  the  matter  over  ami  thoroughly  digest  the  meaning 
of  the  expression  centrifugal  couple,  after  which,  according  to 
their  own  testimony  the  "  thing  came  as  clear  as  daylight  "  to 
them,  which,  however,  is  only  too  natural,  because  it  is  based 
upon  common  sense  pure  and  simple;  only  it  takes  a  little 
dynamics  to  put  matter  into  an  easy  shape  in  which  common 
sense  can  grasp  the  real  meaning  of  this  would-be  elusive  con- 
ception dynamic  balance. 

The  principle  of  my  machine  has  been  worked  out  in  a 
purely  deductive,  analytical  way,  and  not  by  building  up  or 
by  cut-and-try  process.  To  begin  with  I  had  this  problem  in 
mind:  how  to  tilt  the  momeutal  ellipsoid  so  that  its  axis,  the 
nearest  to  the  axis  of  rotation,  will  be  brought  into  absolute 
coincidence  with  the  latter.  This  can  easily  be  done  by  build- 
ing the  cage  around  the  body,  which  is  correct,  although  in  the 
immense  majority  of  cases,  impractical.  From  this  it  was 
hut  one  step  to  splitting  up  the  body  and  the  cage. 

Inasmuch  as  we  deal  with  couples,  that  is,  moments,  there 
was  nothing  else  to  do,  except  writing  down  the  equation  of 
the  oscillation  of  the  beam  and  working  out  the  parts  in  detail. 
This  did  not  require  a  single  assumption  or  postulate,  but  was 
derived  directly  from  elements  of  rigid  djTiamics. 


In  the  matter  of  dynamic  or  running  balance,  Charles  L. 
Clarke  says,  in  effect,  that  since  it  is  necessary  only  that  the 
center  of  gravity  of  each  elemental  or  narrow  cross-section 
of  a  body  shall  lie  in  the  axis  of  that  body's  rotation,  in  order 
for  them  to  be  in  dynamic  balance,  this  condition  can  be  se- 
cured for  them  with  practical  accuracy,  in  the  majority  of 
cases  of  machine  design,  by  the  method  of  standing  or  static 
balancing  of  a  sufficient  number  of  sections  in  this  manner 
before  they  are  finally  assembled,  and  thus  assure  the  sought 
for  dynamic  balance  of  the  body  as  a  Avhole. 

Static  balancing  has  its  practical  limits,  however,  as  many 
bodies  are  not  separable  into  sections  along  the  axis  of  rota- 
tion, or  the  shaft,  if  the  body  be  one  so  mounted,  for  indi- 
vidual balancing,  and  hence  must  be  balanced  as  a  unit. 

The  balancing  of  machines  having  connected  and  oscillating 
and  reciprocating  members  is  a  complicated  compromise  be- 
tween jnirposely  produced  surplus  dynamic  effects  of  out-of- 
balance  rotation  of  one  body  and  fiie  djTiamic  effects  of  other 
connected  non-rotating  but  moving  bodies.  The  balance  at 
best  is  a  rough  one. — General  Electric  Revietc.  Julv.  1016. 


Concerning  the  strength  of  oxy-acetylene  welds,  S.  W. 
Miller  says  that  in  the  case  of  ordinary  cast  iron  it  is  well 
known  that  the  weld  is  stronger  and  less  brittle  than  the 
original  material,  due  to  the  finer  grain  resulting  from  the 
good  quality  which  it  is  imperative  that  the  welding  rods 
shall  have. 

With  steel  the  situation  is  very  complicated  owing  to  its 
many  kinds  and  purposes  of  use  and  hence  its  many  kinds  of 
stresses. 

Hardness  and  ductility  are  relative  terms,  and  a  weld  in  a 
very  soft,  ductile,  low-carbon  steel  may  be  harder  than  the 
original  material,  while  a  weld  made  with  the  same  welding 
wire  in  a  much  harder  steel  of  higher  carbon  may  be  softer 
than  the  original  material. 

Microscopic  examinations  indicate  that  it  is  impossible  to 
weld  high  carbon  steel  without  burning  it. 

With  steel  of  about  55,000  lb.  tensile  strength,  a  welded 
piece  will  usually  locate  in  the  weld,  at  a  tensile  strength  of 


about  52.000  lb.  The  elongation  may  run  as  high  as  20  per 
cent,  that  of  the  original  material  being,  perhaps,  32  per  cent, 
and  the  elastic  limit  will  be  about  33.000  lb.  against  35,000  lb. 
for  the  original  material. 

Referring  to  welds  in  non-ferrous  metals.  Mr.  Miller  says 
that  in  a  general  way  if  the  welds  are  carefully  made  with  a 
good  torch  and  proper  materials  the  results  will  usually  be 
satisfactory. — Machinery,  vol.  22,  no.  10.  June  191(i. 


The  Swedish  State  Railways  have  requested  the  king  to 
propose  a  bill  for  an  appropriation  for  the  erection  of  a  peat 
powder  factoi-y  for  use  as  a  locomotive  fuel.  After  a  careful 
examination  the  railway  directors  state,  according  to  a  report 
transmitted  by  Ira  N.  Morris,  American  Minister  at  Stockholm, 
that  they  have  found  peat  powder  to  be  very  efficient  and 
practical  for  locomotives,  with  a  fuel  value  compared  with 
that  of  coal  of  about  2  to  3.  Using  the  ratio  given  and  cal- 
culating from  the  lowest  estimate  for  the  production  of  peat 
powder,  the  cost  of  the  latter  per  ton  would  be  $4.02  with  a 
corresponding  price  of  coal  of  $6.03  per  ton. — Eailuay  Be- 
vieic,  June  24,  1916. 


Condenser  tube  troubles  prompted  an  investigation  which 
was  conducted  by  Prof.  A.  E.  White  in  1913  for  the  Edison 
Illuminating  Company  of  Detroit.  The  results  are  presented 
in  a  paper  read  at  the  annual  meeting  of  the  American  Society 
for  Testing  Materials,  held  at  Atlantic  City.  June  30.  1916. 

The  purposes  were  to  ascertain  the  reason  for  the  splitting 
of  brass  condenser  tubes  in  senice:  to  determine  the  proper 
chemical  composition,  and  the  mechanical  and  heat  treatments 
which  should  be  given  to  the  tubes:  and  to  formulate  such 
tspeciflcations  as  would  be  of  material  aid  in  their  jntrchase. 
The  specifications  finally  arrived  at  completely  eliminated  the 
troubles  previously  encountered. 

To  ascertain  whether  or  not  the  splitting  was  due  to  im- 
purities, chemical  analyses  were  made,  which  showed  that  the 
proportion  thereof  was  verj'  small  and  e-\  idently  not  the  source 
of  failure.  This  was  later  found  to  be  due  to  defects  in  the 
making,  particularly  in  the  drawing  and  annealing.  The  com- 
position of  the  material  of  the  tubes,  as  shown  by  the  analyses, 
was  more  or  less  uniform — 60  parts  of  copper  to  40  of  zinc — ■ 
Muntz  metal.  An  alloy  of  70  jier  cent  copper  and  30  per  cent 
zinc  is  considered  to  be  the  best  in  the  jiresence  of  fresh  un- 
polluted water,  while  if  the  water  be  jiolluted,  or  with  salt 
water,  one  of  70  per  cent  copper,  29  per  cent  zinc  and  1  per 
cent  tin  is  excellent.  The  first  named  alloy  is  preferred  as  it 
embodies  the  maximum  ductility  of  all  the  brasses,  and  because 
it  lends  itself  better  to  cold  workmg  and  annealing.  Further 
electrolytic  action  is  not  possible. 

For  condenser  tubes  ductility  rather  than  tensile  strength 
is  one  of  the  governing  factors  and  this  the  70  to  30  mixture 
gives  in  greater  measure  than  does  one  of  55  per  cent  copper 
and  45  per  cent  zinc,  which  has  the  gi-eater  tensile  strength. 

Cold  drawing,  when  not  too  severe,  assures  a  breaking  down 
of  existing  crystallization,  resulting  in  both  smaller  and  better 
interlaced  grains.  It  also  makes  annealing  necessary  between 
each  set  of  cold  drawings,  both  of  which  processes  improve 
the  quality  of  the  tube.  Too  much  cold  drawing  between  an- 
nealings will  distort  the  grain  structure  to  such  an  extent  as 
to  produce  heavy  slip  bands  which  are  almost  impossible  to 
eUminate.  It  is  more  desirable  to  reduce  the  tliickness  of  the 
tube  by  many  light  drafts  than  by  a  few  heavy  di'afts.  Not 
less  than  six  drawings  should  be  made,  and  twelve  or  even  more- 
cold  drawings  are  to  be  preferred. 
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THE  inadequacy  of  certain  current  theories  of  heat  trans- 
mission in  boilere,'  and  the  difficulties  experienced  by  the 
authors  in  attempting  to  check  the  theoretical  formulae  of  Sir 
John  Perry  and  others  with  the  results  of  actual  experiments 
quoted  by  Perry  himself  and  by  others  have  led  to  the  outline 
of  a  new  theory  which  asrrees 
with  known  exjieriments  to  with- 
in reasonable  limits  of  possible 
error. 

Perry's'  formula  for  the  ef- 
ficiency E  of  a  tube  length  I 
is 


E 


e-"/" 


[1] 


where  e  is  the  Naperiau  base 
2.71828 
c  is  a  constant 
d  is  the  diameter  of  tube. 
For  any  particular  tube,  c/d 
is   a    constant    k,   and    denoting 
distances  along  the  tube  by  x  the 
equation  may  be  written   in  the 
form 

jB  =  1  —  e-'^  or 
log„   (l  —  E)=-~Kx 


where  K  =  k  log,,  c 

From  values   of  E   given   by 
Perry'   for   the   famous   French 

experiments,  the  authors  have  computed  K  by  two  methods; 
first,  by  dividing  the  difference  between  successive  values  of 
logi„  (1  —  E)  by  corresponding  differences  in  x,  and  second, 

log,,(l-£) 


The  authors  have  found  difficulty  in  check- 
ing the  results  of  experiments  quoted  in  the 
literature  rcith  the  theories  commonly  pro- 
posed for  the  transmission  of  heat  from  the 
hot  gases  to  the  teater  in  a  boiler. 

Tliey  have  been  led  to  an  assumption 
which  seems  particularly  reasonable  since 
the  resistance  to  heat  transfer  changes  al- 
most certainly  xvith  temperature.  The  as- 
sumption /.?  tliat  the  quantity  of  heat  lost  by 
a  given  small  weight  of  gas  falls  off  as  the 
gas  passes  down  the  pipe  in  accordance  with 
the  ordinary  damping  law  usual  in  physical 
phenomena. 

The  theoretical  consequences  of  such  an 
assumption  are  tvorked  out  in  detail,  and  are 
brought  to  a  point  where  graphical  check 
xt'iih  numerical  data  is  easily  possible. 


He  makes  the  fundamental  assumption  that  the  amount 
of  heat  oil  transmitted  across  a  small  length  ox  of  the  tube  is 
proportional  to  the  difference  in  temperature  t  between  the 
gas  and  the  water,  and  to 

oil  =  b-r  ox  [2] 
where  6  is  a  constant.'  This 
amounts  to  saying  that  the  con- 
ductivity aH/8x  is  a  constant. 
From  this  he  derives^  the  for- 
mula 


the  area  of  the  tube  wall : 


«.«• 


-cx/d 


where  9  and  6,  are  equivalent  to 
our  T  and  t„  and  where  c/d  is 
a  constant  which  we  shall  call 
c.     Then 


los 


■  ex,  or  T  =  T„f  "  [3] 


by  direct  substitution   in   the  equation 


-7v=- 


If  K  were  constant,  as  it  should  be  if  Perry's  formula  holds, 
the  two  methods  would  of  course  give  identical  results.  In- 
stead, the  values  of  K  diminish  steadily  as  x  increases,  and 
the  last  value  is  only  about  one-third  of  the  first  value. 

Pig.  1  shows  clearly  the  same  discrepancy.  In  it,  values 
of  log,„  (1  —  E)  are  plotted  against  values  of  x.  If  Pen-y's 
formula  [1]  held,  the  resulting  figure  would  be  a  straight  line, 
which  it  clearly  is  not. 

Similar  data  given  by  Kreisinger  and  Ray'^  show  quite  as 
great  discrei)ancy.  A  considerable  number  of  other  sets  of 
data  are  given  in  the  authors'  complete  paper  and  these  are 
compared  in  each  case  with  the  foi-mulae  of  Perry  and  witli 
those  of  this  paper. 

Perry's    work    is    based    on    that    of    Osborne    Reynolds. 


1  Dept.  of  Mathematics,  Univ.  of  Mo. 

=  See  for  example  Perry,  Tbe  Steam  Engine,  1909:  and  Bulletin  IS 
of  the  U.  S.  Bureau  of  Mines,  by  Kreisinger  and  Kav.  entitled  The 
Transmission  of  Heat  into  Steam  Boilers. 

3  Perry,  I.e.,  p.  59i. 

i  Perry,  I.e.,  p.  432. 

'^  Bulletin  IS,  U.  S.  Bureau  of  Mines,  p.  33,  fig.  IG. 

Presented  at  the  Spring  Meeting  of  The  .4.meric.4n  Society  of 
Me™.vnical  Exi'.ineeus.  New  Orleans,  La.,  .\pril,  1916.  Published 
in  The  .lournal  in  condensed  form.  Pamphlet  copies  of  complete  paper 
without  discussion  may  be  olitained :  price  10  cents  to  members,  20 
cents  to  non-members. 


where  c  is  a  constant,  t„  is  the 
value  of  T  at  the  fire-bos  end  of 
the  tube,  and  x  is  the  distance 
along  the  tube,  measured  from 
the  fire-box  end. 

A  reasonable  gi'ound  for  the 
discrepancy  in  these  formulae 
is  to  be  found  in  the  assump- 
tions made  by  Perry  of  the  con- 
stancy of  heat  conductivity,  or 
its  reciprocal,  heat  resistance. 
Everyone  recognizes  that  the  principal  sources  of  heat  re- 
sistance are  the  peculiar  state  and  behavior  of  the  gas  and 
of  the  water  next  to  the  tube,  rather  tliau  the  intrinsic 
resistance  of  the  tube  wall  itself,  the  total  being  of  the  order 
of  one  thousand  times  the  intrinsic  resistance  of  the  tube  wall 
alone,  yet  the  effect  of  these  peculiar  conditions  is  apparently 
neglected. 

The  phenomena  present  around  the  walls  of  the  tube  depend 
upon  temperature,  as  does  the  speed  of  the  gas  which  contracts 
with  cooling.  The  resistance  itself,  therefore,  depends  upon 
temperature,  if  we  mean  by  resistance  that  total  mentioned 
above  rather  than  the  intrinsic  resistance  of  the  metal  alone. 
This  explains  why  a  discrepancy  should  be  present  in  the 
Perry  theory,  and  furnishes  a  basis  for  the  assumptions  to  be 
made. 

The  original  assumption  is  that  as  we  proceed  down  the 
tube,  the  amount  of  heat  loss  from  a  small  quantity  of  gas 
oQ  occupying  a  length  5a;  of  the  tube,  in  passing  a  given  point, 
falls  off  according  to  the  usual  formula  for  any  damping  out 
process  so  that 

loss  of  heat  in    oQ  =  ce^'""  [4] 

where  m  and  c  are  constants. 

It  is  assumed  that  the  decrease  09  in  the  entropy  of  the  gas 
in  a  small  section  of  the  tube  of  length  S,r  is  proportional  to 


619 


'  The  constant  ()  depends  upon  and  changes  with  the  diameter  of  the 
tube,  the  gas  velocity  and  other  variable  phenomena  connected  with 
the  experiment,  but  is  supposed  to  be  the  same  tbrouchout  anv  one 
experiment. 

-  Perry,  Tbe  Steam  Engine,  1909,  pp.  587-591. 
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the  entropy  difference  9  —  9^.  wliere  9  is  tlie  entropy  of  the  gas 
at  the  temperature  of  tlie  gas  and  ^w  the  entropy  the  same  gas 
■would  have  at  the  temperature  of  the  water. 

Since  cp„.  is  constant.  Scf „.  is  zero,  and    09  equals  0(9  —     „), 
and  the  fundamental  assumption  may  be  written  in  the  form 


3  (9  —  9„)  =  —  III  (a  —  9„. )  3.1- 


[5] 


where   m  is  a   positive  constant.     The  following  well  known 
relations  are  also  used : 

OS  =  3^/6  [6] 

H  =  c,b  [7] 

39  =  c,  (36/6)  [8] 

where  6  is  the  absolute  temperature 

H  is  the  heat  content  of  unit  weight 

Cn  the  specific  heat  at  constant  pressure. 
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We  assume  Cp  constant,  and  the  pressure  p  in  the  tube  con- 
stant. 

From  [8] 


?  9w    =   C'l.  loge 


[9] 


and  therefore  [5]  becomes,  in  the  limit  as  3.r  approaches  zero, 
(/loge  (6,,  6..) 


dx 


—  /Hiogv  (6/e„. : 


[10] 


If  we  denote  log,   (6/6„-).  which  is  proportional  to  9  —  9«, 
by  s,  we  have 

3s 


dx 


[11] 


whence  by  integration 

log.s  =  —  mx  -f  K  or  s  =  .'.-?-'"=  [12] 

where  k  and  A-  are  constants,  and  whei-e  k  ^  log.  A'.  If  .c  =  0, 
s  has  the  value  s„  =  loge  (6„/6„),  where  6„  is  the  absolute  tem- 
perature of  the  gas  as  it  enters  the  tube.  Hence,  inserting 
these  values,  k^c^  or  k  =loge.s„;  and  [lli]  may  be  written  in 
the  form 

loge  (s'S(,)  ^  —  mx  or  s  ^  .s„  c~""  [13] 

In  terms  of  6  these  formulas  are 

loge(e/e„)  =  loge ( 6,„  6,- )  f^'""        or  9  9„  =  (6,,  6,)  f"'"'    [14] 

For  comparison  with  numerical  data  it  is  desirable  to  have 
these  formulae  expressed  in  common  logarithms.  Remember- 
ing that 


log,„A'  =  logeA"  X  log„  e 

we  may  write  the  formula  [14]  in  the  form 

log„  (6/9.)  =  log,„  (9ye„)e-'"     .  [15] 

Let  us  set 

H  =  log„  (6  6„.)   and  i?.  =  log,„  (6y9„) 

so  that  i?  is  proportional  to  s  used  above,  or  to  9  —  9..    Using 
this  notation,  and  taking  common  logarithms  again,  we  have 


log„B  =  K  —  Mx 


[16] 


where 


K  =  log,„  i?„  =  log,„  [log,,,  (6„/6w)  ],  and  21/  =^  m  log,„  e 

In  the  numerical  computations  of  this  jiaper  the  quantities 
6,  9  9,r.  -R.  and  log„  i?  are  tabulated  in  that  order.  Denoting 
the  last  of  these  bv  * 


and  we  have 


*=log,„i?  =  log-„[log..(6/6w)] 


*  =  A-  —  Mx 


[17] 


[18] 


where  A'  and  -1/  are  constants  defined  above. 

Prof.  William  Kent  provides  a  set  of  direct  temperature 
measurements  in  a  locomotive  boiler  tube  at  every  foot  of  its 
length.     These  measurements  and  the  corresponding  values  of 
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the  quantities  It  and  *  are  tabulated  by  the  authors  in  their 
complete  paper.  In  Fig.  2,  pairs  of  values  of  x  and  *  are 
shown  by  small  circles  while  for  comparison  with  Perry's  for- 
mula [3],  the  corresponding  points  for  pairs  of  values  of 
log„  T  and  X  are  marked  by  small  crosses.  Were  formula  [3] 
correct,  these  points  would  lie  on  a  straight  line.  From  this 
graphical  presentation,  it  will  be  seen  that  the  formulae 
[14]-[16]  agree  with  the  observed  values  better  than  does  the 
formula  [3]. 

Evidence  of  error  in  measurement  due  to  the  radiation  from 
the  thermal  couple  exists  in  the  diagram,  making  it  reason- 
able to  give  less  weight  to  the  extreme  points. 

The  complete  j^aper  contains  tables  and  diagrams  from  data 
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of  further  tests  in  support  of  the  theory  of  the  authors,  aud 
confirmation  is  evident  in  tests  made  by  Professor  Fesseuden 
to  be  published. 

To  convert  the  preceding  equations  into  forms  which  can  be 
compared  with  these  measurements,  let  us  return  to  equation 
[9],  and  let  us  substitute  in  it  from  [7]  where  H  means  the 
heat  content  reckoned  from  if  =  0  at  6  =  0.     We  have  then 

9  — 9„.  =  Cploge(7?/H,v)  [19] 

and  the  further  reduction  is  precisely  similar  to  that  above, 
with  the  ratio  H/H^.  in  place  of  the  ratio  6,  6„.  Hence  we 
have,  as  in  [14] 

log  (H/H„)  =log.  (HJH„)  e-"'%  or  H/H„  =  {HJH^.)  p""" 

and  also,  as  in  [16]  [20] 

log,,,  [log,„  [H'H^.)]  =  K  —  .1/r  [21] 

where 

A-  =  log,„  [log,,  ( HJH^. )  ] ,  and   3/  =  m  k.g,„ ,'        [22 ] 

The  authors  have  checked  formula  [20]  with  the  experi- 
ments mentioned  in  precisely  the  same  manner  as  formula 
[16]  was  checked  with  direct  temperature  measurements.  In 
all  of  about  forty  experiments  plotted  by  the  authors,  the 
agreement  with  the  theory  is  at  least  as  good  as  those  pub- 
lished in  their  paper,  while  in  the  corresponding  curves  for 
PeiTy's  formula  there  is  a  consistent  tendency  to  be  low  in 
the  middle. 

The  relation  between  .¥  in  equation  [21]  and  the  weight 
of  gas  per  minute  is  shown  graphically  in  Fig.  3  in  which 
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these  two  quantities  are  plotted  against  each  other  from  pairs 
of  values  found  in  a  series  of  nineteen  experiments  using  a 
standard  2-in.  boiler  tube  with  different  furnace  temperatures 
and  gas  velocities.  Other  experiments,  not  yet  sufflcieutly 
complete,  in  which  smaller  tubes  are  used,  seem  to  indicate 
that  M  also  varies  with  the  size  of  the  tube.  The  data  are  not 
yet  sufficiently  complete  to  warrant  a  definite  conclusion  as 
to  the  exact  nature  of  tliis  dependence,  except  that  1/  is  larger 
for  small  tubes  than  for  large  tubes. 

If  .1/  were  constant  for  all  gas  velocities,  it  would  follow 
that  the  boiler  efficiency  would  be  constant  for  all  rates  of 
driving.  The  decrease  in  the  value  of  J/  is  in  accord  with 
observed  practice,  since  it  shows  that  the  efflciency  decreases 
as  the  boiler  is  foi-ced. 

If  the  efficiency  £  of  a  tube  of  length  x  be  defined  as  the 
heat  absorbed  in  that  length  of  tube  divided  by  the  total  heat 
content  of  gases  reckoned  above  water  temperature,  we  have 


Ih  —  H„ 
m  =  M  loge  10  =  2.3026  X  M 


The  rate  of  drop  in  temperature  along  the  tube  is  expressi- 
ble readily  on  carrying  out  the  indicated  differentiation  in 
[10]  ;  this  gives 


r76/dx  =  — 0(6  loge (6/6,.) 


or,  by  [14] 


[24] 


[25] 


dd/(lx  =  —  2.302C  m  Ro  6  f-""" 

Since  the  volume  of  a  given  weight  of  gas  is  proportional  to 
its  absolute  temperature  6.  the  weight  of  the  amount  of  gas 
oQ  in  a  section  of  length  o.i  is  inversely  proportional  to  6.  and 
we  have 

loss  of  heat  in  oQ  =  -\-  ce~""' 
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Fig.  4    Babcock  &   Wilcox    Experiments    No.  3    Check 

AGAINST    PeRRY'.S    AND    AUTHORS'"    FORMULA 

which  agrees  with  [4],  and  shows  the  equivalence  of  the  funda- 
mental assumptions  mentioned  at  the  beginning. 

Finally,  the  conductivity  and  its  reciprocal,  the  resistance, 
may  be  formulated.    The  conductivity  y  is 

6 


Y  =  Cpin 


logJ/e,v  : 


log  6- log  6_,.       ^^^^ 


.e„  ■■■"'■ 6  —  6.. 

Since  we  have  for  values  of  6  less  than  twice  6„-  the  series 

1 


loge  — log  6  „ 

we  have  also 


T 


c„m- 


1 


:[- 


2e„ 


..--,  (6-e„.)=+  .  . 


(6  — 6„.)  + 


whence  it  follows  thai  ■/  approaches  c„in  a  limit  as  6  ap- 
proaches ew.  The  constant  m  which  occurs  throughout  the 
preceding  work  may  therefore  be  thought  of  as  proportional 
to  the  limiting  value  of  the  conductivity  as  the  temperature  of 
the  gases  approaches  that  of  the  water.  Thus  the  fact  that 
the  value  of  M,  which  is  proportional  to  m,  is  smaller  for  a 
large  pipe,  may  be  interpreted  to  mean  that  the  gases  in  the 
large  tube  have  less  contact  with  the  tube  wall  per  unit  of 
volume. 
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In  an  addendum  to  their  original  paper,  the  authors  have 
checked  against  their  theory  the  results  of  a  new  series  of 
experiments  made  by  the  Babcock  and  Wilcox  Company.  Due 
to  the  conditions  under  which  the  experiments  were  made, 
which  differed  somewhat  from  those  under  which  Professor 
Fessenden  made  his  experiments,  the  authors  are  of  the  opin- 
ion that  the  data  should  gi%'e  points  slightly  low  at  the  hot 
end,  and  also  slightly  low  on  the  cold  end. 

The  data  computed  by  the  authors  are  plotted  in  Fig.  4.  It 
will  be  seen  that  the  check,  which  again  consists  in  the  fact 
that  points  should  lie  on  a  straight  line,  is  very  good.  There 
apjaears  to  be  a  slight  lowering  of  the  points  at  both  ends,  as 
would  have  been  expected. 

On  the  same  figure,  the  authors  have  shown  an  attempt  to 
check  the  data  with  Perry's  formula.  The  points  vary  from 
a  straight  line  in  a  manner  similar  to  the  behavior  of  other 
«ets  of  data  previously  discussed. 

The  foiTOulae  given  by  other  writers  and  in  Bulletin  18 
■of  the  U.  S.  Bureau  of  Mines  are  substantially  the  same  as 
Perry's.  Unsatisfactory  attempts  have  been  made  b}'  the 
authoi-s  to  check  Jordan's  formula. 

The  authors  have  checked  through  the  assumption  of  Prof. 
William  Kent  (Steam  Boiler  Economy)  that  the  rate  of  trans- 
mission is  proportional  to  the  square  of  the  temperature  dif- 
ference. Using  the  Babcock  and  Wilcox  data,  it  was  found 
that  the  exponent  of  the  temperature  difference  should  be  1.2 
instead  of  2  or 


instead  of 


q   =    (T-O   '■■■ 


q={T-ty 


-with  a  of  value  about  400  to  satisfy  the  tests.  It  should  be 
noted  that  q  is  the  rate  of  transmission  per  unit  surface  but 
not  per  degree  difference  in  temperature.  The  formulae  of 
Rankine  are  substantially  the  same  as  those  of  Kent. 

The  authors  feel  that  the  tests  agree  substantially  with  the 
theory  they  present,  but  do  not  agree  with  any  other  formulae 
known  to  them  to  the  same  extent. 


ture  of  the  gas  at  the  given  point,  *  that  of  the  water,  and  K 
an  experimentally  determined  constant,  depending,  among 
other  things,  upon  the  weight  of  gases  flowing  through  the 
cross  section  in  a  given  time,  leads  to  astonishingly  accurate 
results,  while  the  usual  assumption,  that  Q  =  K  [T  —  t), 
gives  systematic,  though  not  serious,  inaccuracies. 

The  equation  from  Perry  is  manifestly  untrue  unless  we 
assume  that  the  air  supjDlied  to  the  fire  is  at  the  same  tempera- 
ture as  the  water  in  the  boiler. 

The  authore'  equations,  neither  leading  to  new  conclusions 
regarding  boiler  design,  nor  modifying  appreciably  our  ideas 
of  the  rate  of  heat  transmission,  represent  a  refinement  of  ac- 
cepted theories  in  an  unfortunately  cumbersome  form,  although 
simpler  equations,  representing  the  facts  as  accurately  or 
through  as  wide  a  range  probably  cannot  be  discovered. 

William  Kent,  in  a  written  discussion,  pointed  out  that 
the  chief  value  of  the  paper  lay  in  its  proof  of  the  invalidity 
of  the  formulae  of  Perrv  and  Reynolds  which  are  based  on 
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Temperature   Di-fferenoe-Hundreds  a+  Degrees 

Fig.  5    Relation  of  Heat    Loss  to  Mean  Difference  Be- 
tween Teiiperatuees  of  Gas  and  Water 


DISCUSSION 

F.  E.  Cardullo  presented  a  wr-itten  discussion  in  which  he 
•said  that  equation  [4]  of  the  paper,  although  appearing  to  be 
rational,  could  not  represent  any  actual  physical  law  as  the 
■quantity  of  gas  considered  was  continually  diminishing  ac- 
cording to  some  law  which  was  a  function  of  x;  and  that  the 
assumption  that  decrease  in  entropy  in  a  small  section  of  a 
tube  of  length  Sa;  is  proportional  to  the  entropy  difference 
9  —  Ow  also  appeared  to  be  rational  until,  upon  investigation, 
there  was  found  to  be  no  reason  for  believing  that  the  entropy, 
or  rate  of  change  of  entropy,  had  anything  to  do  with  heat 
transfer,  the  fact  of  its  leading  to  a  correct  conclusion  being 
a  mere  coincidence. 

Since  the  velocity  of  gases  flowing  through  a  constant  cross 
section  wUl  be  greater  at  high  temperatures,  because  of  larger 
speciflc  volume  of  gas,  equations  derived  from  assuming  the 
rate  of  heat  transfer  proportional  only  to  temperature  differ- 
ence will  not  represent  the  facts  unless  modified  to  take  into 
account  the  well  known  fact  of  increased  conductivity  with 
increased  velocity.  Thus  the  empirical  equation  happily  chosen 
by  the  authors,  Q  =  KTlogT/t,  where  Q  is  the  rate  of  heat 
transfer  in  B.t.u.  per  sq.  ft.  per  hr.,  T  the  absolute  tempera- 


the  assumption  that  the  heat  transmitted  varies  directly  as  the 
difference  in  temperature. 

The  results  of  boiler  tests  given  in  the  authors'  paper  and 
accredited  to  Professor  Kent  are  the  averages  of  four  tests 
made  by  C.  B.  Young  and  also  given  in  the  authors'  paper. 

His  discussion  presented  a  comparison  of  figures  obtained 
by  averaging  Mr.  Young's  tests  with  the  average  of  Professor 
Fessenden's  five  tests,  the  results  of  the  Babcock  and  Wilcox 
test  and  the  results  of  computations  of  two  hyiiothetical  cases, 
based  on  Raukine's  formula,  which  differ  only  in  the  amount 
of  gases  (/■  =  20  and  /  =  30)  per  pound  of  fuel.  (See  Steam 
Boiler  Economy,  2nd  edition,  p.  310.)  Taking  the  difference 
in  temperatures  of  two  successive  sections  as  a  measure  of 
the  loss  of  heat  by  the  gas  and  of  the  heat  transmitted  to  the 
water,  and  the  mean  difference  of  the  temperature  between  the 
gas  and  the  water  as  the  average  of  the  temperatures  at  the 
beginning  and  at  the  end  of  a  section,  minus  the  constant  tem- 
23erature  of  the  water,  a  table  was  constructed  showing  the 
relation  of  the  heat  loss  to  the  mean  difference  between  the 
temperatures  of  the  gas  and  water.  These  figures  are  plotted 
on  the  diagram  shown  in  Fig.  5. 

It  is  interesting  to  note  that  the  hypothetical  curve  for 
/  =  30  agrees  almost  exactly  with  the  four  locomotive  tube 
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tests  between  1100  and  700  deg.  temperature  difference,  but 
below  tbe  lower  temperature,  tbe  curve  merges  with  the  curve 
of  the  Babcoek  and  Wilcox  tube.  The  curve  of  the  Fessenden 
tube  shows  a  steeper  inclination  between  (T,  —  t)=297  and 
157  than  it  does  at  the  lower  temperature  range,  from  (T,  —  t) 
=  157  to  33,  while  the  curve  of  the  Babeock  and  Wilcox  tube 
shows  a  considerably  flatter  inclination  at  the  higher  than  at 
the  lower  temperatures.  All  the  curves,  except  that  of  the 
Babcoek  and  Wilcox  tube,  show  a  distinct  tendency  to  becom- 
ing convex  to  the  axis  of  the  abscissae.  The  Babcoek  and 
Wilcox  tube  curve  cannot  be  made  to  fit  the  equation  of  any 
curve  unless  two  of  its  points,  (T,  —  «)=1350  and  1246  are 
shifted  downwards,  when  it  becomes  a  straight  line,  indicating 
that  the  transmission  of  heat  is  proportional  to  the  difference 
in  temperature,  which  is  contrary  to  all  the  other  curves.  The 
curves  of  the  Fessenden  tests  coincide  nearly  with  two  straight 
lines  of  differing  inclination.  From  {T^  —  i)=297  down  to 
157,  the  loss  of  heat  is  0.37(T,  —  t),  while  from  (T,  —  «)  =  157 
•down  to  33,  the  loss  is  0.29  (T,—  f). 

The  result   of  over  thirty   years'    study   has   led   Professor 
Xent  to  the  conclusion  that  for  boilers  driven  at  a  rate  above 
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Fig.  6    Path  of  Heat  Travel  prom  Hot  Gases  Through 
Heating  Plate  Into  Boiler  Water 

3  lb.  evaporation  per  sq.  ft.  of  heating  surface  per  hr.,  at 
which  the  radiation  loss  is  small,  the  formula  for  boiler  efli- 
ciency  is  that  of  a  straight  line,  E  =  A  —  B(W/S  —  3)  in 
which  A  is  the  maximum  efficiency  at  the  3-lb.  rate  of  driving, 
TF  is  the  pounds  of  water  evaporated  from  and  at  212  deg.  per 
hr.,  S  is  the  square  feet  of  heating  surface,  and  B  is  an  experi- 
mental coefficient,  the  value  of  which  depends  chiefly  upon  the 
amount  of  air  per  pound  of  fuel,  but  also  upon  the  complete- 
ness of  combustion  and  the  cleanness  of  the  heating  surface. 
It  apjjarently  has  no  relation  to  the  velocity  of  the  gases. 

The  derivation  of  the  straight  line  formula  will  be  found  in 
Kent's  Steam  Boiler  Economy,  2nd  edition. 

Mr.  Kent  suggests  the  development  of  a  formula  based  upon 
the  assumption  that  the  transmission  of  heat  is  (T — J)  ^-f-o, 
in  which  x  is  an  exponent  other  than  2,  say  1,  1.2,  or  1.5. 

Hi:n'ry  Kreisinger'  and  J.  F.  Barkley"  presented  a  writ- 
ten discussion  in  which  they  reviewed  the  modes  of  heat  prop- 
agation discussed  by  them  in  various  publications.' 


Fearful  that  the  authors  of  the  paper  meiisuied  the  tem- 
peratures in  a  manner  not  sufficiently  accurate,  Messrs  Krei- 
singer  and  Barkley  reviewed  the  reasons  for  and  seriousness 
of  these  possible  inaccuracies.  From  diagrams  made  by  them 
from  actual  measurements,  they  show  that  temperature  meas- 
urements taken  in  the  centre  of  a  boiler  tube  can  not  prove  or 
disprove  any  theory  of  heat  transmission. 

The  original  equation  of  Reynolds,'  II  =  A  (T — t) -\- 
B{T — t)qv,  not  touched  upon  by  the  authors,  applies  to  the 
convection  part  of  the  heat  transmission  in  Fig.  6,  stopping 
at  the  dry  surface  and  not  extending  through  the  plate  to  the 
water ;  that  is,  t  is  the  temperature  of  the  dry  surface.  Perry 
distinctly  states  that  t  is  the  temperature  of  the  film  of  gas 
next  to  the  water.    Further  in  his  discussion,"  he  considers  the 
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Fig.    7    Temperature   Drop   from    Hot    Gases    in   Boiler 
Tube  to  Boiler  Water 

Approximafe  Horsepower  for  Initial  Temp. of  1200  DegXent 
2  27      31  46  56  66        72 


^  Engineer,  U.  S.  Bureau  ot  Mines. 

-Junior  Electrical  Engineer,  U.  S.  Bureau  of  Mines. 

'Bulletin  18.  anil  Tecliniral  Paper  114,  U.  S.  Bureau  <if  Miue> 
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Fig,  8    Truth    op    Perry's    Formula    when    Boiler    Re- 
ceives Heat  Only  by  Convection 

change  in  conductivity  of  the  gas  film  and  its  effect  upon  t, 
obtaining  an  expression  which  includes  the  probable  thickness 
and  conductivity  of  the  film  as  the  velocity  of  the  gases  and 
their  temperatures  vaiy.  He  concludes  that  in  existing  boilers, 
the  resistance  of  the  metal  itself  is  insignificant,  but  as  better 
circulation  is  provided  on  both  sides  of  the  metal  the  total 
resistance  must  approximate  more  and  more  that  of  the  metal 
itself,  A  footnote  adds,  "  The  above  investigation  shows  that 
the  following  simple  way  of  putting  the  whole  matter  is  legiti- 
mate within  certain  limits  of  velocity,  etc." 

Peri-y  then  develops  the  simple  form  of  equation  used  by 
the  authors,  6  =  6,  e — '^,  in  which  6  is  the  difference  in  tempera- 
ture at  any  point  along  the  path  of  the  gases  when  the  initial 
temperature  6,  is  given.  In  Fig.  4,  the  points  obtained  with 
tiie  simple  Perry  expression  are  about  as  much  one  way  from 
a  straight  line  as  the  points  derived  from  the  authors'  formula 
are  the  other  way. 

'  Bulletin  IS,  Bureau  of  Mines,  p,  114. 
=  Perry,  The  .Steam  Ensine,  1909,  p.  .58S. 
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Fig.  7  shows  that  the  largest  temperature  drop  is  in  the 
layer  of  gas  about  %-in.  thick  next  to  the  wall  of  the  tube, 
and  only  a  very  small  drop  from  the  gas  side  surface  of  the 
t  tube  through  the  metal  and  through  the  water  film  to  the 
boiler  water.  The  problem  is  to  get  the  heat  from  the  gas 
into  the  metal  of  the  heating  plate. 

Perry's  simple  formula  gives  an  expression  for  true  boiler 
efficiency  which  is  independent  of  the  initial  temperature.  How 
nearlj'  this  is  true  when  a  boiler  receives  heat  only  by  con- 
vection tkrough  its  flues  is  shown  in  Fig.  8,  which  gives  the 
results  of  some  experiments.  When  a  small  weight  of  gas 
flows  through  the  tube  and  the  velocity  is  low,  the  efficiencies 
for  1200  deg.  cent,  and  600  deg.  initial  temperature  are  4  or  5 
per  cent  ajDart.  As  more  gases  are  pushed  through  the  tube  at 
high  velocity,  the  scrubbing  effect  increases,  and  the  efficiency 
curves  for  the  different  temperatures  come  together.  There 
seems  to  be  considerable  range,  both  as  to  temperature  and 
weight  of  gas,  for  which  the  formula  can  be  applied  with  but 
little  error. 

John  E.  Bell,'  in  a  written  discussion,  pointed  out  that  the 
constant  m  in  the  authors'  equation  (24)  has  the  dimension 
L'^  and  is  independent  of  6,  but  depends  on  the  physical  char- 
acteristics of  the  gas,  the  velocity  of  flow,  and  the  dimensions 
of  the  channel. 

Introducing  the  entropy  of  the  gas,  particularly  as  a  mean 
value,  seems  unwarranted,  and  certainly  equation  [8]  is  in- 
correct. The  left  hand  side  of  this  equation  is  the  variation  in 
the  mean  entropy  of  gas  passing  any  section  of  the  tube  for 
a  slight  variation  in  the  location  of  this  section  along  the  tube. 
This  mean  entropy  must  be  measured  in  the  same  way  as  the 
mean  temperature,  which  is  found  by  averaging  over  the  whole 
section,  taking  into  account  both  the  variation  in  temperature 
and  the  variation  in  velocity  of  flow.  The  mean  entropy  would 
be  figured  in  this  way,  and  equation  [8]  would  not  hold  under 
these  conditions. 

If  i?  represents  the  rate  of  heat  transfer  under  different 
conditions.  TI'  the  weight  of  the  gas  flow,  and  S  the  surface  per 
unit  length  of  channel,  then,  othenvise  using  the  notation  of 
the  authors'  paper, 

n6        —  BS 

(0  — ej 


(Ix 


r„Tr 


Comparing  this  equation  with  equation   (24)  it  is  seen  that 
mc„W  9 


i?  = 


5        -6  —  6, 


loa-eO,,  6, 


which  is  equation  (20)  of  the  paper  with  a  little  different  nota- 
tion.   If  this  equation  be  correct,  the  transfer  rate  is  the  prod- 

net  of  two  factors,  one ;; — ,  independent  of  the  tempera- 

tures  and  dependent  on  the  weight  flow  and  the  dimensions 


of  tlie  channel,  the  other 


loge6/6„,  independent  of  the 


weight   flow   and   channel   dimensions   and   dependent   on    the 
temperature  of  the  gas  only. 

Experimental  data  published  by  the  Babeock  and  Wilcox 
Company  and  dealt  with  in  the  authors'  addendum  shows  that 

J?  =  a-\-hiv 
where  a  is  a  constant  independent  of  the  temperature  and  gas 
^111   Broadway,   New  Tork. 


flow,  h  is  a  coeflicient  that  varies  with  tlie  temperature,  and  w 
is  the  weight  of  gas  per  sq  ft.  of  flue  area  per  hour.  Tliis 
cannot  be  of  the  form  above  unless  the  constant  a  has  a  zero 
value.  Reynolds,  Perry  and  other  writers  w-ho  have  followed 
them,  have  assumed  that  such  is  the  case,  and  have  been  led 
into  conclusions  which  are  not  checked  by  facts.  The  experi- 
ments of  the  Babeock  and  Wilcox  Company  give  to  a  the  value 
2.1,  and  the  experiments  of  Jordan  assign  even  a  greater 
value.  Since  the  value  of  this  constant  is  unquestionably  in- 
dependent of  the  temperature,  it  appears  that  the  law  pro- 
posed in  the  paper  can  be  only  approximately  true.  It  does 
not  seem  that  Professor  Fessenden's  experiments  were  worked 
up  to  a  point  where  the  comparison  made  abo^■e  could  be 
satisfactorilv  carried  out. 


Lawford  H.  Fry  presented  a  written  discussion  in  which 
he  pointed  out  that  the  constants  in  the  authors'  empiric 
formula  for  transmission  of  heat  along  a  boiler  flue  are  con- 
stant only  for  each  particular  case,  no  means  being  offered  by 
which  the  constants  can  be  detennined  for  varying  conditions. 
Furthermore,  it  should  be  borne  in  mind  that  the  temperatures 
measured  in  the  flue  in  the  tests  of  locomotive  boiler  tubes  cited 
by  the  authors  are  probably  affected  by  radiation  to  the  walls. 

If  a  general  formula  for  heat  transfer  is  to  be  established, 
it  must  take  into  account  the  nature  of  the  gas  flowing  in  the 
flue,  the  rate  of  flow,  the  dimensions  of  the  flue,  and  the  vari- 
ation, if  any,  of  the  temperature  along  the  wall  of  the  flue. 
On  such  an  equation,  work  has  been  done  by  Niisselt  [Zeit- 
schrift  des  Vereines  deutscher  Ingenieure,  9  July,  1910)  and 
by  Leprince-Ringuet  (La  Revue  de  Mecanique,  No.  1911). 
It  would  also  seem  necessary  to  take  into  account  the  variation 
m  specific  heat  with  the  temperature.  Equations  for  this  vari- 
ation as  published  by  the  Babeock  and  Wilcox  Company  are 
cited,  and  the  instantaneous  specific  heat  is  calculated,  for  a 
smoke  box  gas  of  composition,  CO,  =  11.1  per  cent,  0  =  6.9 
per  cent  and  N  =  82  per  cent,  to  be  0.2568  at  400  deg.  fahr. 
and  0..3019  at  2000  deg. 


The  Authors.  We  are  pleased  to  note  that  most  of  those 
who  comment  upon  our  paper  agTee  that  our  formulae  repre- 
sent experimentally  observed  facts  better  than  other  proposed 
fonnulae.  We  regret  that  Messrs.  Kreisinger  and  Barklej'  fail 
to  ai^preeiate  this  close  agreement. 

The  original  Reynolds-Perry  equation  used  by  the  Bureau 
of  Mines,  and  quoted  by  Messrs.  Kreisinger  and  Barkley, 


H  =  A{T-t)~B{T-t)qv, 
we  prefer  to  write  in  the  form 


[la] 


H=(A^Bqr){T—t).  [lb] 

In  this  form,  q  is  the  density  and  v  the  velocity  of  the  gas. 
Then  qv  is  proportional  to  the  weight  of  gases  passing,  hence 

H={A^Bxv){T-t)  [1] 

In  any  single  experiment,  the  weight  of  gases  passing  must 
obviously  be  the  same  for  all  parts  of  the  tube,  hence,  for 
any  single  exjDcriment,  the  equations  above  reduce  precisely 
to  a  statement  that  the  heat  transmitted  is  proportional  to  the 
temperature  difference,  and  lead  directly  to  what  we  have 
called  Perry's  formula.  Hence  the  statement  that  this  formula 
was  not  touched  upon  in  our  paper  is  only  superficially  true. 
It  should  be  obvious  that  a  test  of  what  we  call  Perry's  formula 
should  also  be  a  test  of  this  one. 

Possibly  formula   [1]   might  be  made  to  fit  experiments  if 
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the  quantities  A  and  B  are  admitted  to  be  variables  and  not 
constants.  Our  own  tests,  as  well  as  those  of  the  Babcoek  and 
Wilcox  Company,  indicate  clearly  that  B  is  itself  a  function 
of  the  temperature  difference,  which  varies  along  the  tube,  and 
possibly  also  of  the  physical  properties  of  the  gases.  These 
experiments  also  indicate  that  A  probably  varies  with  {T —  t). 

We  agree  thoroughly  with  Messrs.  Kreisinger  and  Barkley 
that  temperatures  measured  by  thermocouples  placed  in  the 
tubes  are  highly  unreliable.  (See  par.  27  and  28  of  original 
paper).  The  Fessenden  experiments  were  conducted  by  al- 
most precisely  the  same  methods  as  those  used  in  the  Babcoek 
and  Wilcox  experiments.  In  neither  were  direct  temperature 
measurements  used,  except  at  the  end  of  the  tubes. 

Mr.  Bell,  quoting  from  the  bulletin  describing  the  Babeock 
and  Wilcox  experiments,  uses  the  formula 


constants  and  coefficients  involved  is  now  in  preparation  and 
will  be  published  in  the  near  future  as  a  bulletin  of  the  Engi- 
neering Experiment  Station  of  the  University  of  Missouri. 


iJ  ^  a  -^-  b  if ; 


[2] 


to  express  the  heat  transfer  rate.  This  is  identical  with  equa- 
tion [1]  above  except  that  b  is  a  variable  depending  upon  the 
temperature  difference  instead  of  a  constant.  It  should  be 
noted  that  the  Babcoek  and  Wilcox  bulletin  (p.  66)  calls  atten- 
tion to  the  fact  that  the  straight  lines  shown  on  the  chart  re- 
ferred to  are  in  reality  secants  or  tangents  to  curved  lines 
which  really  represent  the  facts.  The  same  bulletin  also  shows 
that  a  varies  with  the  weight ;  and  we  have  some  evidence, 
though  not  entirely  conclusive,  that  a  is  also  a  function  of  the 
temperature  difference.  It  would  thus  appear  that  equation 
[2]  should  be 

J?  =  U  -f-  VIV 

where  u  and  v  are  functions  of  the  temperature  difference  at 
least  and  probably  also  of  other  conditions.  It  then  seems 
that  equation  [2]  may  in  reality  be  simply  the  first  terms  of 
a  series  which  might  well  be  expressed  by  the  logarithmic  form 
we  have  used. 

For  Mr.  Fry's  information  it  may  be  stated  that  in  all  of 
our  own  experiments  the  specifie  heat  of  the  gases  was  care- 
fully taken  into  account. 

It  should  be  noted  that  in  making  his  calculations  upon  the 
Fessenden  experiments.  Professor  Kent  has  used  the  heat 
content  of  the  gases  above  the  water  temperature  instead  of 
the  temperature  differences  used  in  compiling  other  data,  thus 
displacing  the  curve  for  these  experiments  far  to  the  right  of 
its  proper  place.  We  object  seriously  to  the  averaging  of 
several  tests;  and  wish  to  state  that  we  did  not  know  that  the 
data  so  kindly  furnished  us  by  Mr.  Kent  was  made  up  of 
averages  from  a  number  of  Mr.  Young's  tests. 

Professor  Kent's  contention  that  the  boiler  efficiency,  and 
therefore  the  heat  transfer  rate,  has  no  relation  to  gas  velocity 
is  manifestly  incorrect.  This  has  been  shown  by  many  experi- 
ments; and  furthermore.  Professor  Kent's  own  formulae  ap- 
parently take  some  account  of  gas  velocity  in  that  they  employ 
the  gas  weight. 

We  do  not  understand  Professor  Cardullo's  use  of  the  term 
"  rational  "  as  opposed  to  "  empirical."  We  contend  that  some 
assumption  underlies  every  theory.  We  cannot  conceive  how 
any  assumption  can  be  called  rational  which  does  not  check 
with  experiment.  The  statement  that  the  rate  of  heat  transfer 
is  proportional  to  the  temperature  difference  is,  in  reality,  an 
assumption ;  and  as  it  is  not  borne  out  by  experiment,  why 
should  it  be  styled  "  rational  "  ? 

A  more  complete  presentation  of  the  Fessenden  experiments, 
together  with  detailed  discussion  of  the  results  and  the  various 


The  Flow  of  Viscous  Liquids  Through  Pipes  has  been  in- 
vestigated by  the  Research  Laboratory  of  Applied  Chemistry 
of  the  Massachusetts  Institute  of  Teclmology  and  the  results 
are  given  by  W.  K.  Lewis  in  The  Journal  of  Industrial  and 
Engineering  Chemistry  for  July  1916. 

Mr.  Lewis  says  that  although  our  knowledge  of  the  resist- 
ance to  flow  of  water  through  pipe  lines  is  relatively  satisfac- 
ton'  and  complete,  there  has  been  practically  no  publication 
on  such  resistance  with  liquids  other  than  water,  and  a  series 
of  tests  was  made  to  study  the  flow  of  mineral  oils  of  varying 
viscosity  and  at  different  rates  of  flow. 

Liquids  of  even  moderate  viscosity  flowing  under  low  heads 
follow  viscous  motion  unless  the  pipes  be  very  large.  It  is 
very  important  to  keep  in  mind  the  fact  that,  so  long  as  the 
motion  is  viscous,  doubling  the  size  of  the  pipe  increases  the 
velocity  four-fold  and  the  discharge  sixteen-fold  for  the  same 
pressure  drop.  For  the  same  discharge  a  pipe  twice  the  size 
requires  only  one-sixteenth  the  pressure  drop  and,  therefore, 
but  one-sixteenth  the  power. 


Introducing  a  paper  on  a  description  and  tests  of  an  eight- 
effect  distilling  plant.  Frank  T.  Leilieh  says  that  all  distilHng 
plants  are  based  upon  the  well-known  prmciple  that  if  water 
containing  salts  or  other  materials  in  solution  or  suspension 
be  vaporized  and  the  dry  vapor  condensed,  the  condensation 
will  be  free  from  impurities;  but  only,  however,  if  the  salts 
are  not  vaporized  at  or  below  the  steam  temperature. 

In  the  distillation  of  sea  water,  apparatus  for  the  produc- 
tion of  pure  water  has,  naturally,  found  its  widest  application 
in  marine  service,  where  it  is  imperative  that  "  make-up " 
water  for  the  boilers  and  also  drinking  water  be  supjDlied. 
Water  containing  up  to  30  gr.  NaCl  per  gallon  may  be  used 
for  drinking  purposes,  but  it  has  a  brackish  taste. 

Except  where  water  is  desired  in  very  small  quantities,  the 
fuel  consumption  per  gallon  of  output  is  perhaps  the  most 
important  consideration,  and  the  author  mentions  the  logical 
development  from  the  simple  and  familiar  closed  water  ves- 
sel in  combination  with  a  coil  condenser,  heated  by  a  gas 
burner,  and  very  wasteful  of  heat,  to  the  method  of  leading 
the  steam  from  the  closed  vessel  to  tubes  or  coils  immersed 
in  water  in  a  second  similar  vessel,  known  as  an  "  effect,"  and 
thus  cause  the  heat  of  the  steam  to  evaporate  water  in  the 
second  effect,  from  which  the  steam  may  be  lead  to  a  third 
effect.  In  actual  practice  the  first  closed  vessel  is  the  steam 
boiler  or  some  other  source  of  steam  supply. 

Mr.  Leilieh  gives  a  description  and  the  data  from  tests  of 
a  5,000  gal.  plant  being  installed  in  an  isolated  fortification, 
where  fuel  is  expensive  and  storage  facilities  limited.  Diesel 
engines  are  used  and  the  boilers  for  the  distilling  plant  are 
fired  with  fuel  oil.  The  specifications  called  for  5,000  gal.  per 
day  of  twenty-four  hours,  and  an  average  production  of  dis- 
tilled water  of  6  lb.  for  each  1,177  B.t.u.  of  total  heat  above 
32  deg.  fahr.  contained  in  the  steam  supplied  to  the  ap- 
paratus. Practically,  this  means  operating  at  a  six  to  one 
efficiency,  1,177  B.t.u.  being  the  total  heat  of  one  pound  of 
dry  saturated  steam  at  a  pressure  of  45  lb.  gage;  the  minimum 
pressure  allowed. 

A  diagrammatic  arrangement  of  the  piping  is  shown  and  the 
results  of  the  tests  are  given  in  charted  and  tabular  forms. — 
Jour.  Eng.  Club  of  Baltimore,  June,  1916. 
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IK  determiniug  the  lubrioatiiig  proierties  of  an  oil,  the 
viscosity  test  is  considered  of  great  value,  since  by  means 
of  this  test  a  good  oil  can  readily  be  distinguished  from  a 
poor  one.  It  is  therefore  very  important  that  the  engineer 
be  able  to  measure  the  viscosity  of  an  oil  and  also  the  varia- 
tion of  viscosity  with  temperature. 

The  present  paper,  dealing  with  the  measurement  of  viscos- 
ity, gives  in  part  the  results  of  a  somewhat  extended  research 
on  the  lubricating  properties  of  oils.  It  is  to  be  followed  by 
a  paper  giving  the  relation  between  the  lubricating  properties 
of  oils  and  some  easily  measurable  physical  properties. 

VISCOSITY 

Matter  in  all  states  exhibits  a  gradual  yielding  to  tangen- 
tial forces  which  tend  to  change  its  form.  This  property  is 
termed  viscosity  and  may  be  defined  quantitatively  as  tangen- 
tial force  per  unit  area  divided  by  shear  per  unit  time. 

To  gain  a  clear  physical  concept  of  this  definition,  consider 
a  plane  surface.  Fig  1,  of  area  S,  parallel  to  and  at  a  distance 
d  from  another  large  plane  surface,  a.nd  the  intervening  space 


filled  with  a  Liquid  whose  coefficient  of  viscosity  is  tj.  If  a 
given  force,  F,  acting  on  this  plane,  is  applied  to  S,  the  sur- 
face will  be  dragged  along  and  will  finally  attain  a  steady 
velocity,  which  denote  by  V.  In  accordance  with  the  above 
definition,  the  relation  between  these  various  factors  would 
then  be 


71  =  F/S  -=-  V/d  or  71  =  F  .  d  -H  <S  .  F 


[1] 


1  Prof,  of  Physics,  Swarthmore  College. 

=  Asst.  Prof,  of  Engrg.,  Swarthmore  College. 


the  value  of  ti  depending  on  the  units  in  which  these  various 
factors  are  measured.  If  absolute  values  are  desired,  the 
factors  on  the  right  hand  side  of  the  equation  are  to  be  meas- 
ured in  C.G.S.  units;  but  if  relative  values  wUl  suffice,  as  is 
the  case  in  nearly  all  engineering  work,  they  may  be  measured 
in  any  units. 

It  must  be  borne  in  mind  that  equation  [1]  is  not  true 
when  the  velocity  V,  is  changing,  for  then  only  a  part  of 
the  force  F,  is  used  to  overcome  viscosity,  a  part  being  used 
in  giving  accelerated  motion.  Under  such  conditions,  another 
term  must  be  added  to  this  equation.  The  natui'e  of  this  term 
is  not  difficult  to  see,  for  let  equation  [1]  be  written  F  = 
■i\  .  S  .  V/d.  When  there  is  accelerated  motion,  the  force,  F, 
will  be  divided  into  two  parts,  the  part  used  to  overcome  vis- 
cosity and  that  used  to  give  accelerated  motion.  CaU  these 
parts  /,  and  /,  respectively,  then  at  any  instant  F  =  f^-{- f^ 


SYNOPSIS 

The  measurement  of  viscosity,  the  property  of  matter  by  which 
it  tends  to  yield  gradually  to  tangential  forces  acting  to  change 
its  form,  is  the  subject  of  this  paper.  This  measurement  is  of 
first  importance  in  determining  the  lubricating  properties  of  an  oil. 

The  treatment  of  the  subject  is  lucid.  The  paper  first  defines 
the  coefficunt  of  viscoAitij  and  then  develops  a  working  formula 
for  determining  this  coefficient.  It  continues  with  a  description, 
with  illustrations,  of  the  various  types  of  meters  for  measuring 
viscosity  now  on  the  market.  These  include  short  capillary 
meters,  in  which  the  liquid  to  be  tested  is  forced  through  the 
capillary  and  the  viscosity  determined  in  terms  of  the  time  oc- 
cupied in  the  flow,  and  orifice  meters,  employing  an  orifice  in 
place  of  the  short  capillary.  The  paper  predicts  the  errors  in- 
troduced by  the  various  types,  and  verifies  these  predictions  in 
the  case  of  the  two  types  mentioned  above  by  comparing  the 
temperature-viscosity  curve  given  by  these  meters  for  a  light  and 
a  medium  lubricating  oil,  with  the  true  curves  as  determined  by 
a  modification  of  the  capillary  method  used  by  Poiseuille,  who, 
with   Girard,  first  measured  viscosity  with   accuracy. 

The  paper  shows  that  the  short  capillary  types  give  results  about 
50  per  cent,  and  the  orifice  types  about  100  per  cent  too  small,  and 
that  none  of  the  meters  heretofore  in  use  gives  accurate  comparative 
results  for  two  different  oils  or  for  the  same  oil  at  different  temper- 
atures. It  states  that  the  only  viscosimeter  on  the  market  that  can 
be  expected  to  give  accurate  results  is  the  Stormer  instrument, 
which  attempts  to  measure  the  viscosity  in  terms  of  the  torque 
required  to  spin  a  disc  within  the  liquid.  This  instrument  is 
debarred,  however,  on  account  of  the  mechanical  difficulties  in- 
volved. 

The  authors  then  describe  their  own  meter,  which  they  claim 
embodies  all  the  good  points  of  the  Stormer  meter  and  none  of 
the  defects.      In  this  meter   the  viscosity  is  measured  in  terms  of 


the  torque  which  a  cylinder  experiences  when  suspended  within  a 
rotating  liquid. 

The  specimen  of  liquid  to  be  tested  is  contained  within  a  cylin- 
drical chamber  which  is  rotated  uniformly  by  a  motor.  A  cylin- 
der is  suspended  within  the  specimen  by  a  wire  so  that  the  axes 
of  the  rotating  liquid  and  cylinder  coincide.  The  specimen  chamber 
is  surrounded  by  an  oil  jacket  in  which  a  thermometer  is  sus- 
pended. The  jacket  oil  may  be  brought  to  any  desired  temperature 
by  a  heating  coil.  The  cover  of  the  jacket  chamber  has  a  scale 
graduated  in  degrees  or  may  be  calibrated  to  read  the  viscosity 
in  terms  of  a  standard  liquid  directly  through  the  deflection  of 
a  pointer. 

The  authors  have  thoroughly  tested  out  the  meter,  and  found 
that  the  results  given  agree  to  within  one  per  cent  with  the  true 
curves  for  the  light  and  medium  oils  and  can  safely  be  used  as  a 
standard. 

The  advantages  claimed  tor  the  meter  are :  The  instrument  can 
be  calibrated  to  give  direct  readings  of  the  viscosity ;  the  oil  is 
not  handled  during  a  complete  test  at  various  temperatures ;  the 
design  of  the  instrument  is  such  that  the  temperature  of  the 
specimen  follows  closely  the  temperature  of  the  bath,  so  the  data 
for  the  temperature  vs.  viscosity  curve  can  be  taken  while  the 
sample  is  cooling ;  the  meter  gives  the  viscosity  of  mixtures,  such 
as  paints,  as  well  as  for  liquids  that  have  been  carefully  filtered ; 
there  are  no  glass  parts  to  break ;  the  personal  error  is  eliminated 
and  the  meter  can  be  made  self  recording. 

In  the  discussion  which  followed  the  presentation  of  the  paper, 
and  which  is  here  published,  there  was  some  criticism  of  the  new 
meter,  in  some  of  which  the  extreme  accuracy  of  the  instrument 
was  questioned,  and  some  of  which  was  incited  by  the  fact  that  the 
meter  gives  results  in  other  than  absolute  units,  and  so  adds 
another  scale  to  the  existing  scales  of  viscosities.  The  questions 
raised  in  the  discussion  are  all  answered  in  complete  form  in  the 
authors'  closure. 


Presented   at   the   Spring   Meeting   of   The   American   Societt   of  Mechanical    Engineers,    New    Orleans.    La., 
copies  without  discussion  may  be  obtained;  price  a  cents  to  members,  10  cents  to  non-members. 
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where  /,  =  7|  .  >S  .  T'/rf  and  /,  =  M  .  dV/dt,  where  M  is  the 
mass  that  is  being  accelerated  and  dV/dt  is  the  average 
change  of  velocity  per  second  of  this  mass.  The  complete 
instantaneous  equation  thus  becomes 

F  =  71  .  SV/d  +  M  .  dV/dt  [2] 

and  the  viscosity  cannot  be  found  from  this  equation  unless 
the  last  term  can  be  evaluated,  which  is  usually  difficult  and 
often  impossible. 

DEVELOPMENT    OF    A    WORKING    FORMtTjA 

In  most  physical  measurements,  comparative  values  are 
more  easily  obtained  than  absolute  values.  As  a  result  meas- 
urements are  made  in  terms  of  some  standard,  the  absolute 
value  of  which  has  been  determined  by  a  more  or  less  labor- 
ious process.  In  making  measurements  of  viscosity,  the 
standard  usually  chosen  is  water  at  a  temperature  of  20  deg. 
cent. 

Girard    and    PoiseuiUe,    by    studying    the    flow    of    liquids 


m- 


'f^fyy^ 


Fig.  1     Conception  of  Viscosity 


Fig.  2     Short  Capillary  Type  Viscosimeter 

through  capillary  tubes,  were  the  first  to  measure  the  absolute 
value  of  viscosity  with  anything  like  accuracy.  On  the  basis 
of  his  excellent  experimental  work  on  the  viscosity  of  water, 
PoiseuiUe  deduced  the  formula 

r  =  K.D\H/L 

where  V  =  volume  of  liquid  transpired 

L  =  length  of  capillary 

D  =  diameter  of  capillary 

H  ^  pressure 

K  =  constant  for  each  liquid  at  a  given  temperature. 
Later,  this  empirical  formula  and  its  corrections  were  proved 
by  several  investigators.' 

By  assuming  there  is  no  slip  at  the  surface  of  the  capil- 
lary, that  the  liquid  flows  steadily  without  eddies  or  turbulent 
motion,  and  that  there  is  no  kinetic  energy  of  efBux,  then  the 


1  Stoke.s.  Trans.  Camb.  Phil.  Soc,  1849,  vol.  8.  p.  287  ;  Wiedmann, 
Poggeudorf's  .\nnalen.  vol.  99,  p.  177  ;  Hagenoack,  Fogg.  Aun..  vol. 
109,  p.  385 ;  Stefan,  Wien.  Bar.,  vol.  40,  p.  495  ;  Couette,  Ann.  Cliim. 
Phys.,  vol.  21,  p.  433  ;  Neumann,  Vortrilge  iibsr  Hydrodynamik  ;  Wil- 
berforce,  Phil.  Mag.,  vol.  31,  p.  407 ;  Jacobson,  Arch.  f.  .Anat.  u. 
Ph.vsiol.,  1860,  p.  SO  :  Knibbs.  J.  Roy.  Soc.  N.  S.  W.,  vol.  29.  p.  77  : 
Boussinesq,  Compt.  Rend.,  vol.  110.  p.  1100;  Brillouin,  La  Visciisite 
(Gauthi«r  Villars,  1907.) 


transpiration  formula  for  a  liquid  flowing  under  its  own  head 
becomes 

t: 
•0  =  —  (hgryiv)  ft 
8 
where  tj  =  coefficient   of  viscosity    (often   contracted   to   vis- 
cosity) 
h  =  liquid  head 
g  =  acceleration  of  gravity 
r  =  radius  of  capillary 
I  =  length  of  capillary 
V  =  volume  of  flow 
t  =  time  of  flow 
p  =  density  of  liquid. 
Experiment   shows   that   the   first   assumjition   is  true   if  the 


Fig.  3    Orifice  Type  Viscosimeter 

liquid  is  one  that  wets  the  surface  of  the  capillary.  The  work 
of  Reynolds  shows  the  second  assumption  is  true  if  the  velo- 
city of  the  liquid  through  the  capillary  is  kept  less  than  700  . 
7i/p  •  r  cm.  per  sec.  The  third  assumption,  of  course,  can 
never  be  true.  The  liquid  must  have  kinetic  energy  when  it 
leaves  the  capillai-y.  In  accordance  with  equation  [2],  a  cor- 
rection term  must  be  added  which,  according  to  Couette,  Fin- 
kener,  and  Wilberforce,  should  be  —  v  p/87tZi.  The  complete 
expression  for  the  viscosity  is  therefore  of  the  form 

Tl  =  p  {A  .  t  —  B/t) 

where  A  and  B  are  constants  for  any  piece  of  apparatus,  p 
and  t  are  the  density  and  time  of  flow,  respectively. 

After  a  thorough  examination  of  the  recorded  data  on  the 
viscosity  of  water,  Knibbs  concluded  that  the  correct  formula 
should  be 

71  =  ■Khgr'ft/8  Iv  —  1.12i>p/87cU 

It  is  to  be  noted  that  the  correction  term  is  larger  than  that 
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given  by  Couette.  Moreover,  this  eorreetion  term  varies  with 
the  time  of  flow,  approacliiiig  zero  when  the  velocity  of  flow 
is  very  slow,  in  which  case  t  becomes  very  great.  The  value 
of  the  term  increases  with  the  temperature  of  the  liquid  since 
the  time  of  flow  decreases,  and  so  the  percentage  of  error  in 
a  viscosity  vs.  temperature  curve  due  to  neglecting  this  cor- 
rection factor  will  increase  abnormally  toward  the  higher 
temperatures.  This  is  due  to  two  causes,  the  correction  to  be 
applied  increases  with  the  temperature  and  the  value  of  the 
quantity  to  be  corrected  decreases  rapidty  with  the  tempera- 
ture. Attention  will  be  called  to  this  fact  when  some  of  the 
various  comparative  methods  are  discussed.  It  is  further  to 
be  noted  that  this  correction  term  varies  inversely  as  the  length 
of  the  capillary.  A  short  capillary  requires  a  large  conee- 
tiou  term. 

This  formula,  as  corrected  bv  Knibbs.  has  been  submitted 


Fig.  4    The  New  Viscosimeter 

to  careful  experimental  test  by  Hosking,  and  by  Bingham 
and  White.  These  investigators  have  determined  the  con- 
stants of  the  formula  exiaerimentally  and  have  obtained  fair 
agreement  with  theory.  The  capillary  tube  method,  as  em- 
ployed by  these  experimenters,  though  complicated  and  labor- 
ious, can  be  depended  upon  for  giving  absolute  values  of  the 
viscosity,  and  the  accuracy  of  any  viscosimeter  can  be  deter- 
mined by  a  comparison  with  the  results  obtained  by  this 
method. 

CLASSIFICATION   OF    VISCOSIMETERS 

Class  1.  Short  Capillary.  In  meters  of  this  tyi)e,  the  liquid 
to  be  tested  is  forced  either  by  gravity  or  by  pressure  through 
the  capillary  and  the  viscosity  is  determined  in  terms  of  the 
time  required  for  a  given  volume  to  pass  through  the  meter, 
as  compared  with  the  time  required  for  a  standard  liquid  to 
discharge  the  same  volume. 

A  cross  section  of  a  meter  of  this  type  is  shown  in  Fig.  2. 
The  essential  parts  of  the  instrument  are  a  cvlindrical  bowl. 


.4,  in  which  the  oil  is  placed  and  a  short  capillary  tube,  B, 
through  which  it  is  discharged.  The  instrument  must  have 
temperature  controlling  and  measuring  devices,  means  for 
starting  and  stopping  the  flow  and  volume  and  time  meas- 
uring ajaparatus. 

To  this  class  belong  the  Saybolt  meter,  adopted  as  a  stand- 
ard by  the  Standard  Oil  Co.;  the  Engler  meter,  adopted  as  a 
standard  by  the  U.  S.  Government  and  Germany;  the  Red- 
wood meter,  adopted  as  a  standard  in  England;  the  Scott 
meter;  and  the  pipette,  adopted  as  a  standard  by  the  Penn- 
sylvania Railroad  and  much  used  by  chemists.  The  majority 
of  the  viscosimeters  on  the  market  are  of  the  short  capillary 
type. 

Class  2.  Orifice.  This  type  employs  an  orifice  in  place  of 
the  short  capillary  of  the  previous  type.  Fig.  3  is  a  section 
of  such  a  meter,  in  the  cylindrical  bowl.  A,  of  which  the  oil 
to  be  tested  is  kept  at  constant  head  above  the  orifice,  B.  The 
Carpenter  meter  belongs  to  this  class. 

Class  3.  Dropping  a  solid  body  throtigh  a  tube  filled  with 
the  liquid,  the  solid  body  being  usually  a  sphere  or  a  plunger. 
Meters  employing  this  principle  determine  the  viscosity  in 
terms  of  the  time  required  for  the  body  to  drop  a  certain  dis- 
tance through  the  liquid,  as  compared  with  the  time  required 
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Fig.  5    Capillary  Tube  Method 

for  the  same  body  to  drop  through  a  standard  liquid.  To 
this  class  of  meters  belong  the  Perkins  meter,  which  em])loys 
a  plunger  and  vertical  tube,  and  the  Flowers  meter,  which 
employs  a  small  steel  sphere  and  a  slanting  tube. 

Class  4.  Oscillating  Disk  or  Cylinder.  These  meters  deter- 
mine the  %iscosity  in  terms  of  the  damping  which  the  oscil- 
lating disk  or  cylinder  experiences  when  placed  in  the  liquid 
as  compared  with  the  damping  when  placed  in  the  standard 
liquid.     The  Doolittle  meter  is  an  example  of  this  class. 

Class  5.  Rotating  Disk  or  Cylinder.  This  type  determines 
the  viscosity  in  terms  of  the  speed  of  rotation  of  the  disk  or 
cylinder  in  the  liquid  under  test  as  compared  with  the  speed 
of  rotation  in  the  standard,  the  driving  torque  remaining  con- 
stant.   The  Stormer  meter  is  an  example  of  this  class. 

DISCUSSION  of  the  various  types 

The  paper  here  enters  into  a  discussion  of  the  value  of 
each  of  the  above  types,  so  far  as  accuracy  is  concerned.  It 
enumerates  the  following  errors  and  indicates  their  causes  and 
magnitudes : 

Acceleration  error.  In  all  meters  of  Classes  1  and  2  the 
acceleration  term  {M  .  dV.'dt)  is  neglected  since  its  evalua- 
tion is  impossible.     This  introduces  an  acceleration  error. 
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Surface  tension  error  introtluoed  in  all  flow  types  due  to 
difference  in  surface  tension  of  the  standard  li(iuid  and  tlie 
liquid  under  test. 

Critical  velocity  error.  A  source  of  error  in  most  capillary 
and  orifice  forms  is  that  the  dimensions  of  the  instrument  are 
such  that  for  the  standard,  water,  the  flow  exceeds  the  critical 
velocity  and  the  I'esultant  turbulent  flow  makes  the  value  of  t 
abuormally  large. 

These  three  errors  are  prominent  in  all  meters  named  above 
as  standards  and  cause  the  viscosity  as  given  by  these  meters 
to  be  much  too  low. 

The  constant  speed  of  rotation  which  a  disk  or  cylinder 
immersed  in  a  liquid  will  attain  under  the  action  of  a  constant 
torcjue  is  a  true  measure  of  the  viscosity  of  the  liquid.  The 
Stormer  viscosimeter  attempts  to  operate  in  accordance  with 
this  principle,  but  the  friction  of  the  moving  parts  is  neces- 
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Fig.  6    Visccsity  Curves  for    Medium    Gas    Engine  Oil 

sarily  such  that  a  constant  torque  cannot  be  obtained.  With 
proper  refinement,  this  meter  could  be  made  to  give  good 
results.  The  fact  that  a  meter  based  on  this  principle  can 
theoretically  give  accurate  results  has  led  to  the  development 
of  a  new  \-iscosimeter  now  to  be  described. 


of  a  standard  liquid.  The  specimen  chamber  and  the  sus- 
pended cylinder  are  both  made  of  copper  to  insure  constant 
temijeratnre  throughout  the  specimen  and  the  outside  of  the 
specimen  chamber  is  provided  with  blades  which  keep  the 
jacket  oil  thoroughly  mixed  as  the  chamber  revolves  and  there- 
by exposes  the  latter  to  a  uniform  temperature.  This  is  an 
important  factor  toward  insuring  constant  temperature 
throughout  the  specimen. 

The  experimental  work  has  shown  that  the  temperature  of 
the  specimen  is  uniform  to  within  a  small  fraction  of  a  de- 
gree. Moreover,  the  temperature  of  the  specimen  follows  the 
temperature  of  the  jacket  oil  so  closely  that  the  temperature- 
viscosity  curve  can  be  taken  while  the  temperature  is  slowly 
raised  or  lowered.  This  proves  to  be  a  great  saving  of  time. 
It  also  saves  labor,  for  one  does  not  need  to  stand  by  the  in- 
strument continually.  The  deflection  of  the  pointer  is  at  any 
instant  a  measure  of  the  viscosity,  so  all  that  is  required  is  to 
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take  simultaneous  readings  of  temperature  and   deflection  at 
intervals  during  the  heating  or  cooling  process. 


experimental  results 


the  new  viscosimeter 

This  viscosimeter  operates  in  accordance  with  the  principle 
liiat  a  solid  body  having  a  surface  of  revolution  experiences, 
when  suspended  in  a  rotating  liquid,  a  torque  which  is  pro- 
jjortional  to  the  viscosity  of  the  liquid.  The  instrument  is 
shown  diagrammatically  in  Fig.  4.  The  specimen,  S,  is  con- 
tained within  a  cylindrical  chamber  which  is  caused  to  rotate 
uniformly  by  a  motor,  M,  througli  a  worm  drive,  R.  A  cylin- 
der, C,  is  suspended  within  the  specimen  by  a  thin  steel  wire. 
It',  so  that  the  axis  of  the  rotating  liquid  coincides  with  the 
axis  of  the  cylinder.  The  specimen  chamber  is  provided  with 
a  cap,  I',  so  shaped  that  the  excess  liquid  can  overtlow  when 
the  cap  is  seated  and  thus  give  constant  conditions  within  the 
chamber.  The  specimen  chamber  is  surrounded  by  an  oil 
jacket,  J,  in  which  a  thermometer,  T,  is  suspended.  The  jacket 
oil  may  be  brought  to  any  desired  temperature  by  means  of 
a  heating  coil,  or  a  side  coil  not  shown  in  the  diagram.  The 
cover,  D,  of  the  jacket  chamber  is  provided  with  a  scale  which 
is  marked  in  degrees  or  may  be  calibrated  to  read  off  directly, 
thi-ough  the  deflection  of  the  pointer,  P,  the  viscosity  in  terms 


To  test  the  accuracy  of  this  viscosimeter,  the  temj;erature- 
viscosity  curve  was  foimd  for  a  light  and  a  medium  gas  en- 
gine oil  by  the  capillary  tube  method,  the  apparatus  for  which 
is  shown  in  Fig.  5.  The  oil  was  drawn  from  vessel  A  to  ves- 
sel B,  and  vice  versa,  by  connecting  each  in  turn  with  the  par- 
tial vacuum  chamber.  C.  These  vessels  were  submerged  in  a 
thermostat  which  could  be  maintained  at  any  desired  tempera- 
ture. The  results,  in  terms  of  the  viscosity  of  water  at  20  deg. 
cent.,  are  given  by  the  points  enclosed  in  circles  for  cur\'es  1 
and  la,  Figs.  6  and  7,  the  latter  referring  to  the  lighter  oil. 
The  viscosity  of  these  same  oils  as  given  by  the  new  meter  is 
represented  on  curves  1  and  la  by  the  ]ioints  enclosed  in 
squares.  The  agreement  between  the  two  methods  is  almost 
l)erfect. 

The  viscosity  of  these  oils  as  given  by  a  meter  of  the  short 
capillary  type.  Fig.  2,  is  given  in  curves  2  and  2a.  Curves  .3 
and  3rt  give  the  viscosity  of  these  oils  as  obtained  with  a  meter 
of  the  orifice  form.  Fig.  3.  As  predicted,  the  results  given  by 
the  short  capillary  type  are  much  too  low  (on  the  oils  tested 
about  100  per  cent  too  low)  and  the  results  given  by  the  ori- 
fice type  are  still  lower. 
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CONCLUSIONS 

The  errors  inherent  in  all  flow  types  of  viscosimeters  have 
been  predicted  and  the  predictions  verified  by  experiment. 
The  magnitude  of  the  errors  are  such  that  these  meters  cannot 
be  depended  on  for  giving  even  approximate  results.  The  va- 
rious meters  of  this  type  on  the  market  do  not  give  results 
which  are  in  agreement,  and  no  one  of  these  meters  can  justly 
be  claimed  as  a  standard. 

The  new  viscosimeter  of  the  non-flow  type  described  has  the 
following  advantages: 

1  It  gives  values  for  the  viscosity  which  are  in  agi'eement  with 

those  given  by  the  standard  capillary  tube  method. 

2  During  a  series  of  tests  at  various  temperatures,  the  oil  is 

not  handled. 

3  The  sensitiveness  of  the  instrument  can  be  made  anything 

desired  by  changing  the  speed  of  rotation  of  the  specimen 
or  by  using  suspension  wires  of  various  diameters. 

4  The  density  or  change  in  density  is  not  a  factor  in  comput- 

ing the  results,  in  fact  the  instrument  may  be  graduated 
to  read  off  the  viscosity  directly. 

5  The  viscosity  of  liquids  which  contain  particles  in  suspen- 

sion can  be  measured,  and  the  operation  of  the  meter  is 
independent  of  the  color  of  the  specimen. 
C  The  temperature-viscosity  curve  can  be  taken  with  a  fair 
degree  of  accuracy  while  the  temperature  is  rising  or  fall- 
ing, as  the  temperature  of  the  specimen  follows  the  tem- 
perature of  the  jacket  so  closely. 

7  The  personal  error  which  arises  in  determining  time  inter- 

vals with  a  stop  watch  is  removed. 

8  The  instrument  is  simple,  rigid  and  self-contained.     It  has 

no  separate  parts  to  get  lost  or  glass  parts  to  get  broken. 

DISCUSSION 

MB.    HEESCHEL    CONSIDERS    THERE    IS    NEED    OF    IMPROVED    LOXJ 
CAPILLAEY   VISCOSIMETER 

WiNSLOw  H.  Herschel  (written)  :  The  authors  practically 
admit  that  the  long  capillary  viscosimeter  is  the  most  accurate 
instrument  for  determining  vijcosity.  No  objection  can  be 
raised  against  this  method  on  grounds  of  aecui-acy,  neither  is 
it  necessarily  "  complicated  and  laborious."  Couette,  who 
experimented  with  both  the  capillary  and  the  concentric  cylin- 
der methods,  regarded  the  capillary  method  as  the  more  exact, 
£ind  ascribed  the  error  in  the  latter  method  to  eccentricity. 
As  far  as  can  be  determined  from  Fig.  4,  I  should  judge  that 
this  error  would  be  greater  in  the  authors'  instrument  than  in 
that  of  McMichael,'  in  which  the  shear  in  the  liquid  is  mainly 
between  the  bottom  of  a  suspended  disk  and  the  bottom  of 
the  revolving  cup.  I  believe  there  is  more  need  of  improving 
old  forms  of  instruments  and  methods  of  calculating  viscosity 
than  there  is  in  devising  new  instruments.  What  is  required 
is  an  improved,  long  cai3illary  viscosimeter  which  is  self-con- 
tained and  portable;  and  the  abandoning  of  such  instruments, 
formulas  and  methods  as  lead  to  the  expression  of  results  in 
any  other  terms  than  of  absolute  viscosity.  The  revolving 
cup  type  of  instrument  may  have  a  field  of  useftdness  in 
commercial  work,  where  quickness  of  determination  is  of  more 
importance  than  extreme  accuracy,  but  it  is  handicapped  by 
its  greater  cost  as  compared  with  a  capillary  tube  instrument. 


MR.    BIXGHAM    RAISES    SOME    POINTS    OF    CRITICISM 


Eugene  C.  Bingham"  (written).     The  great  misfortune  of 
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technical  viscosity  is  that  the  results  are  not  expressed  in 
terms  of  absolute  viscosity.  Instead  of  this  we  have  Engler 
degrees,  Saybolt  seconds,  and  many  other  units  corresponding 
to  the  different  types  of  instruments  already  suggested.  The 
property,  of  interest  in  lubricating  for  example,  can  hardly  be 
expected  to  be  simply  related  to  Engler  degrees  or  any  other 
arbitrary  unit,  even  if  it  is  simply  related  to  viscosity.  It  is 
an  advantage  of  the  proposed  instrument  that  it  can  be  cali- 
brated to  read  in  terms  of  absolute  viscosity,  as  is  true  of  the 
IMcMichael  instrument.  It  is  the  more  unfortunate  that  the 
authors  have  expressed  their  results  in  other  than  absolute 
units. 

It  is  also  an  advantage  of  this  type  of  instrument  that  an 
accurate  determination  of  the  density  does  not  have  to  be 
made  before  the  absolute  viscosity  can  be  determined.  The 
density  undoubtedly  affects  the  rate  of  flow  in  instruments  of 
the  Engler  and  Saybolt  type,  although  the  density  is  quite 
a  distinct  property  from  the  viscosity.  Unless  the  density 
is  determined,  the  best  that  can  be  done  is  to  calculate  the 
viscosity  divided  by  the  density,  i.e.,  the  so-called  kinematic 
viscosity. 

The  revolving  cylinder  and  disk  methods  have  been  found 
to  .be  less  simple  mathematically  and  less  accurate  experi- 
mentally than  the  capillary  tube  methods.  Before  the 
use  of  any  one  of  these  instruments  becomes  established,  it 
should  be  shown  that  it  will  reproduce  the  absolute  viscosity 
of  liquids  of  widely  different,  but  accurately  known,  viscos- 
ities. The  error  due  to  kinetic  energy  correction,  eddy  cur- 
rents, lack  of  perfect  centering,  etc.,  should  be  carefully 
studied. 

The  tests  which  the  authors  have  made  are  not  convincing. 
They  refer  to  the  loss  of  pressure  in  giving  kinetic  energy 
to  the  liquid  as  the  error,  which  is  quite  confusing.  In  instru- 
ments of  the  Engler  and  Saybolt  types  the  times  of  flow  are' 
simply  compared  to  the  times  of  flow  of  water.  Since  these 
are  arbitrary  numbers  there  is  no  error  due  to  acceleration. 
There  are  sources  of  error  in  these  instruments  amounting  to 
two  or  more  per  cent,  due  to  lack  of  perfect  temperature  con- 
trol, etc.,  but  that  is  quite  different  from  the  100  per  cent 
error  mentioned.  The  authors  use  the  term  error  as  synony- 
mous with  what  we  may  better  term  kinetic  energy  correction. 
Their  Figs.  6  and  7  indicate  the  different  values  of  the  kinetic 
energy  correction  for  different  instruments,^  which  would  have 
been  brought  out  clearly  had  they  at  some  point  in  their  paper 
expressed  their  results  in  terms  of  absolute  viscosity.  The 
fact  that  the  curves  for  the  c^illary  tube  and  the  revolving 
cylinder  are  nearly  identical  would  appear  to  mean  that  the 
kinetic  energy  coirections  in  both  cases  are  nearly  the  same. 
It  certainly  does  not  prove  that  the  kinetic  energy  correction 
is  negligible  in  either  case. 

Instruments  of  this  type  have  often  been  suggested  for 
use  with  suspensions.  Such  use  should  be  made  with  caution, 
since  contrary  to  the  statement  in  the  paper,  plastic  sub- 
stances do  not  "  exhibit  a  gradual  yielding  to  tangential 
forces "  imless  the  tangential  force  exceeds  a  certain  limit. 
Suspensions  may  be  plastic,  in  which  case  the  results  with 
instruments  of  this  type  may  not  be  interpretable  on  the  ordi- 
nary assumptions. 

The  authors  (Figs.  6  and  7)  have  made  the  common  mis- 
take of  regarding  times  of  flow  as  proportional  to  viscosity. 
It  cannot  be  emphasized  too  strongly  that  this  is  not  the  case,, 
although  apparent  authority  for  such  a  statement  may  be 
found  again  and  again  in  the  literatiu-e  of  the  subject.  It  is- 
rarely  that  the  serious  consequences  of  this  erroneous  assump- 
tion are  so  dearly  apparent. 
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MR.    PEABODY    EKPHASIZES    NEED   FOR   INTERNATIONAL    STANDARD 
OP   VISCOSITY 

E.  H.  Peabody  (written).  The  determination  of  the  viscos- 
ity of  oils  used  for  fuel  purposes  is  becoming  a  matter  of 
increasing  importance,  owing  to  the  rapidly  growing  use  of 
the  so-called  mechanical  atomizer.  This  type  of  oil  burner 
sprays  the  oil  by  means  of  centrifugal  force  which  is  imparted 
to  it  by  forcing  the  liquid  through  small  passages  tangential 
to  a  central  chamber,  from  which  it  issues  from  an  orifice  the 
center  of  which  usually  coincides  with  the  axis  of  rotation. 
Thus,  the  viscosity  of  the  liquid  has  a  very  direct  and  impor- 
tant bearing  on  the  satisfactory  spraying  of  oil  by  this 
method,  and  usually  the  viscosity  of  the  oil  has  to  be  reduced 
by  heating.  A  knowledge  of  the  temperature-viscosity  prop- 
erties of  fuel  oils  is  almost  a  necessity  to  the  users  of  plants 
in  which  the  mechanical  atomizer  is  installed. 

Any  discussion  of  the  matter  of  viscosity,  therefore,  is  to 
be  welcomed,  and  a  paper  which  has  apparently  been  prepared 
with  so  much  care  as  this  one,  and  which  describes  research 
work  the  result  of  which  presents  such  a  list  of  advantages 
as  those  given  in  the  final  paragraph  of  the  paper,  is  a  distinct 
addition  to  the  art. 

On  the  other  hand,  there  will  be  little  gain,  at  least  in  so 
far  as  the  users  of  fuel  oils  are  concerned,  if  the  net  result 
of  the  work  of  the  authors  is  to  impose  upon  the  unsuspect- 
ing public  still  another  and  additional  scale  of  viscosities. 
Thus,  in  Figs.  6  and  7,  temperature-viscosity  charts  are  given, 
and  the  horizontal  scale  is  perfectly  intelligible  to  ordinary 
minds;  we  all  have  a  reasonable  idea  of  temperature  in  de- 
gi'ees  fahrenheit.  But  I  would  like  to  ask  the  authors  what 
the  vertical  scale  signifies,  wherein  the  viscosity  is  given  in 
figures  ranging  from  0  to  85.  They  call  it  viscosity — and 
the  trouble  now  is  that  there  are  a  score  or  so  of  different 
viscosity  scales  in  use. 

Almost  any  one  of  the  instruments  named  by  the  authors, 
particularly  those  which  have  been  adopted  as  standards  by 
various  interests  (as  the  Saybolt,  Engler,  Redwood,  etc.) 
would  be  entirely  satisfactoi^j'  if  everybody  used  it.  In  other 
words,  comparative  values  are  about  all  we  need,  and  as  long 
as  everybody  bases  his  work  on  the  same  comparative  values 
little  trouble  will  result.  If,  however,  different  standards  are 
used,  each  having  its  own  individual  meaning,  great  confusion 
will  result, — and  this,  unfortunatelj',  is  the  case  with  regard 
to  viscosity.  Thus,  viscosity  measured  on  the  Saybolt  scale 
is  a  vei-y  different  thing  from  that  measured  on  the  Engler 
or  Redwood,  and  it  becomes  necessary  to  specify  whether  the 
results  are  given  in  one  or  the  other  scale.  Further,  there 
appears  to  be  no  very  definite  way  of  making  comparisons 
between  the  various  scales,  due,  doubtleae,  to  the  very  errors 
which  the  authors  of  this  paper  so  clearly  point  out. 

There  is  a  crying  need  today  of  some  international  standard 
for  the  measurement  of  viscosity,  and  it  is  to  be  hoped  that 
either  this  Society  or  some  other  will  initiate  some  movement 
which  wUl  result  in  this  verj'  desirable  agreement  of  all  au- 
thorities. 

In  this  connection,  a  very  interesting  suggestion  will  be 
found  in  the  discussion  of  \'iscosity  in  a  work  entitled  An 
Examination  of  Hydrocarbon  Oils,  translated  from  the  Ger- 
man of  Professor  D.  Holde  by  Dr.  Edward  Mueller,  and  pub- 
lished by  John  Wiley  &  Sons,  1915.  In  this  book  a  formula 
devised  by  Ubbelohde  is  described,  by  which  viscosity  in  de- 
grees Engler  may  be  reduced  to  absolute  viscosity.  The  sug- 
gestion is  made  that  the  viscosity  of  liquids  be  reported  in 
terms  of  the  viscosity  of  water;  in  other  words,  that  the  abso- 


lute viscosity  of  water  be  taken  as  unity,  and  the  absolute 
viscosity  of  other  liquids  (ha\'ing  been  determined  by  the 
Engler  instrument  and  corrected  by  Ubbelohde's  formula,  or 
by  some  other  method)  be  reported  in  terms  of  these  units 
as  specific  viscosity.  This  seems  to  indicate  a  vei-y  satisfactory 
solution  of  the  matter,  and  is  worthy  of  consideration  as  an 
international  standard.  Why  would  it  not  be  quite  as  satis- 
factory to  report  absolute  viscosity  of  liquids  in  terms  of  the 
absolute  viscosity  of  water,  exactly  as  we  take  water  as  a  basis 
in  specific  gravity,  specific  heat,  etc.  1 

1  trust  that  the  authors  will  describe  more  fully  the  mean- 
ing of  their  viscosity  scale,  and  possibly  point  out  a  method 
of  apjDlying  it  to  an  international  standard. 


MR.    HATES  REPLIES   TO  THE   POINTS   RAISED   IX    THE   DISCI'SSION 

H.  C.  Hates.  In  reply  to  Mr.  Herschel,  the  authors  do 
not  "  practically  admit  "  that  the  long  capillary  method  for 
determining  viscosity  is  the  most  accurate.  They  simply 
claim  this  is  the  best  absolute  method  for  determining  the 
viscosity  of  some  standard  liquid,  but  there  are  other  methods, 
comparative  methods,  which  determine  the  viscosity  of  an 
unknown  liquid  in  terms  of  the  viscosity  of  a  standard  liquid 
with  less  error  than  is  introduced  by  the  long  capillary  tube 
method  in  determining  the  viscosity  of  the  standard  liquid. 

The  long  capillary  tube  method  is  certainly  complicated  and 
laborious.  I  have  found  from  practice  that  several  days  are 
required  to  secure  the  data  for  a  temperature-viscosity  curve 
for  a  single  oil.  It  must  be  remembered  that  the  relation 
between  the  head  and  the  tube  dimensions  must  be  such  that 
the  flow  will  never  exceed  the  critical  velocity,  and  this  re- 
quires that  the  time  of  flow  for  the  more  viscous  oils  and  for 
all  oils  at  low  temperatures  will  be  abnormally  gi-eat.  More- 
over, these  capillary  tubes  are  difficult  to  clean  and  hard  ta 
duplicate. 

In  regard  to  the  McMichael  instrument,  the  lines  of  flow 
above  and  below  the  disk  are  spirals,  and  not  circles.  This 
is  due  to  the  centrifugal  action  of  the  rotating  liquid,  and  as 
a  result  an  error  is  introduced,  due  to  the  fact  that  the  liquid 
undergoes  acceleration.  This  error  is  not  great,  but,  such  as 
it  is,  it  is  largely  avoided  in  the  Hayes-Lewis  meter,  where 
a  cylinder  is  used  instead  of  a  disk.  In  this  instrument  the 
ends  of  the  cylinder  do  not  approach  the  top  and  bottom  of 
the  specimen  chamber  closely,  and  as  a  result  most  of  the 
viscous  forces  are  confined  between  the  cylindrical  surfaces  of 
the  cylinder  and  the  chamber.  The  stream  lines  within  this 
region  are  true  circles  and  the  liquid  undergoes  no  accelera- 
tion, and  as  a  result  the  small  acceleration  effect  at  the  ends 
is  negligible.  This  is  one  of  the  reasons  for  our  using  a 
cylinder  instead  of  a  disk. 

For  most  engineering  purjioses  the  specific  viscosity  (abso- 
lute viscosity  divided  by  absolute  viscosity  of  water  at  20 
deg.  cent.)  will  serve  fully  as  well  as  the  viscosity  expressed 
in  absolute  units.  The  specific  viscosity  is  readily  trans- 
formed to  absolute  units  whenever  such  units  are  required,, 
and  the  calibration  of  viscosimeters  is  somewhat  simplified  by 
calling  the  viscosity  of  water  unity. 

Replying  to  Mr.  Bingham,  no  claim  has  been  made  that 
che  Hayes-Lewis  viscosimeter  is  more  simple  than  the  long 
capillary  tube  as  an  absolute  instrument.  It  certainly  is  less 
simple  mathematically,  but  this  fact  does  not  prevent  the- 
instrument  from  giving  excellent  comparative  results. 

In  regard  to  the  reproduction  of  the  absolute  viscosity  of 
liquids  of  widely  different  but  accurately  known  viscosity,  we 
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have  attempted  to  do  tliis.  We  have  worked  with  water,  light 
and  medium  oils,  and  glycerine.  In  each  case  the  absolute 
value  was  obtained  by  the  long  capillary  tube  method  in  ac- 
cordance with  Knibb's  formula: 


T,  =  TJigr'  Qt/Slv  —  1.1-2 


Sttt// 


where  the  meaning  of  the  various  letters  is  in  accordance  with 
Par.  8  of  the  paper.  The  coefficient  of  water  at  20  deg.  cent, 
so  obtained  was  within  0.5  jjer  cent  of  the  value  obtained  by 
Hosking,  and  we  have  assumed  the  values  obtained  for  the  oils 
and  the  glycerine  by  this  same  method  were  of  the  same  de- 
gree of  accuracy.  The  values  so  obtained  were  in  each  case 
divided  by  the  value  obtained  for  water.  In  the  case  of  the 
oils  these  values  are  plotted  as  dots  in  curves  1  and  \a,  Figs.  7 
and  8.  Then  the  deflection  given  by  our  meter  when  water  at  20 
deg.  cent,  was  placed  in  the  specimen  chamber  was  taken  by 
means  of  a  mirror,  attached  to  the  pointer,  and  telescope  and 
scale.  This  angle  was  divided  into  the  deflection  angle  given 
by  the  oils  and  glycerine.  These  values  are  plotted  as  squares 
on  the  same  curves.  The  curves  show  almost  perfect  agree- 
ment between  the  two  methods  for  the  oils  at  various  temper- 
atures. The  agreement  in  the  case  of  glycerine  was  not  quite 
as  good,  the  greatest  variation  being  2  per  cent.  We  were 
several  days  in  securing  these  results  and  attributed  this  va- 
riation to  the  absorption  of  moisture  by  the  glycerine.  All 
told,  it  seems  these  results  are  convincing. 

It  is  to  be  noticed  that  all  kinetic  energy  corrections  were 
made  in  determining  the  absolute  viscosities  in  accordance 
with  Knibb's  formula,  and  as  the  results  given  by  our  meter 
are  in  good  agreement,  the  work  does  prove  that  the  kinetic 
energy  correction  is  negligible  despite  Mr.  Bingham's  state- 
ment to  the  contrary. 

Lack  of  perfect  centering  and  small  variation  in  height  ad- 
justment of  the  cylinder  cause  little  or  no  error,  for  the  rea- 
son that  the  viscous  forces  are  inversely  projiortional  to  the 
thickness  of  the  oil  between  the  cylinder  and  container.  The 
gain  in  viscous  forces  on  one  side  of  the  cylinder,  due  to  im- 
perfect centering,  is  largely  offset  by  the  loss  on  the  opposite 
side,  and  this  is  also  true  for  vertical  displacement,  providing 
the  displacement  or  lack  of  perfect  centering  is  not  gieat. 

The  authors  have  not  claimed  an  error  of  100  per  cent  or 
any  other  figure  for  the  Engler  or  the  Saybolt  instruments 
when  they  are  merely  used  to  obtain  Engler  degrees  or  Say- 
bolt  seconds  respectively.  Their  paper,  as  the  name  suggests, 
deals  with  the  measurement  of  viscosity.  And  when,  as  is 
usually  done  when  viscosity  is  determined  with  these  instru- 
ments the  formula  t,s  =  p^  fi  ?„  is  used  .for  computing  the 
viscosity,  the  100  per  cent  error  mentioned  wiU  be  given. 
This  error  is  due  to  the  kinetic  energy  correction  which  is  not 
corrected  for  and  which  is  quite  confusing.  It  is  true  that 
Ubbelohde's  formula  is  useful  in  making  this  correction  for 
the  Engler  instrument,  and  the  recent  work  done  by  the  U.  S. 
Bureau  of  Standards  giving  the  relation  between  the  Engler 
and  Saybolt  instruments  makes  possible  the  correcting  of  the 
Saybolt  iiistrument  readings.  Even  if  Ubbelohde's  formula 
were  correct  (and  it  is  only  claimed  to  be  approximate)  still 
corrections  that  must  be  made  in  this  roundabout  way  are 
confusing.  There  is  great  need  for  an  instrument  that  gives 
results  which  require  no  correcting  when  absolute  values  of 
viscosities  are  required,  and  which  gives  at  all  times  readings 
proportional  to  the  absolute  values. 

Suspensions  made  of  tempered  steel  may  be  plastic  if  the 
tangential  forces  brought  into  play  exceed  the  elastic  limit, 
but  there  is  no  reason  why  such  forces  should  be  brought  into 


play.  In  fact,  our  instrument  is  so  constructed  that  the  sus- 
pension cannot  be  twisted  beyond  this  limit. 

A  close  reading  of  the  paper  will  convince  anyone  that  the 
authors  have  not  made  the  mistake  of  regarding  time  of  flow- 
as  proportional  to  viscosity.  Our  curves  show  clearly  the 
serious  consequences  of  this  erroneous  assumption,  and  we 
have  regarded  this  as  the  chief  value  of  our  paper. 

In  reply  to  Mr.  Peabody,  we  did  not  intend  to  impose  on 
the  unsuspecting  public  another  meaningless  viscosity  scale. 
In  fact,  when  trying  to  interpret  the  results  given  by  various 
meters  we  have  found  the  same  confusion  that  he  has  appar- 
ently found.  We  have  also  felt  the  need  of  some  standard 
unit  to  which  all  readings  should  be  reduced,  and  we  decided 
that  the  best  unit  would  be  that  of  water  at  20  deg.  cent,  (the 
same  as  Mr.  Peabody  has  suggested).  The  ordinates  of  our 
curves  are  given  as  the  values  of  the  absolute  viscosity  of  the 
oils  divided  by  the  absolute  values  of  the  viscosity  of  water  at 
20  deg.  cent.  It  was  due  to  an  oversight  that  the  ordinates  were 
not  labeled  "  specific  viscosity "  instead  of  "  viscosity."  but 
the  paj)er  states  what  the  ordinates  are. 


Electric  operation  of  freight  trains  has  been  introduced  on 
the  Shilden-Xewport  branch  of  the  Xorth  Eastern  Railway  in 
England.  Locomotives  of  74  tons  weight  are  used,  direct  cur- 
rent at  1500  volts  being  supplied  from  an  overhead  catenary 
system. — Electric  Railway  Journal,  July  1,  1916. 


Some  interesting  details  of  the  making  of  paper  from 
bagasse  at  the  Preston  Central,  Cuba,  are  given  in  the  Bulle- 
tin of  the  Canadian  Department  of  Trade  and  Commerce. 
Ten  months  ago,  as  an  experiment,  this  Cuban  factory  started 
a  department  for  the  manufacture  of  wrapping  paper  from 
the  bj'-ijroducts  of  their  cane  mill.  The  venture  has  proved 
successful  and  arrangements  are  being  made  for  the  manufac- 
ture of  all  grades  of  paper.  The  present  daily  output  is  four 
tons.  Three  weights  of  wrapping  paper  are  made,  of  which 
the  highest  is  80  lb.,  and  it  is  claimed  that  this  paper  made 
from  cane  puljj  is  equal  to,  if  not  slightly  better  than  that 
manufactured  from  imported  kraft  stock,  while  it  can  be  pro- 
duced and  marketed  at  a  considerably  lower  price. — The  I»- 
teniational  Sugar  Journal,  June  1916. 


Advocating  the  adoption  of  some  generally  intelligible  and 
convenient  unit  of  viscosity  measurement,  whose  use  would 
radically  improve  a  state  of  affairs  where  few  know  how  to 
translate  the  results  w-hich  they  obtain  into  results  com- 
I'arable  with  those  obtained  with  another  instrument,  Parker  C. 
Mclihiney  states  that  it  has  been  suggested  that  the  unit  of 
viscosity  expressed  in  C.  G.  S.  units  be  called  the  "  poise  " 
in  honor  of  Poiseuille,  but  the  suggestion  has  not  been 
adopted  generally  and  it  is  customary  to  speak  of  the  ■"  abso- 
lute "  viscosity  of  a  liquid. 

The  study  of  this  important  physical  property  of  liquids 
has  been  seriously  hampered  by  the  lack  of  any  kind  of  uni- 
formity in  its  measurement,  and  if  the  "  poise  "  be  adopted 
as  the  name  of  the  absolute  unit,  use  might  be  made  of  the 
decimal  multiple  and  submultiples  of  this  unit,  and  then  the 
centipoise — 1  cp.  =  0.01  p. — would  be  almost  exactly  the  vis- 
cosity of  water  at  20  deg.  cent,  or  68  deg.  fahr.  Thus  for 
all  i^ractical  purposes  in  the  lubricating  oil  business,  it  would 
be  sufficiently  near  the  truth  to  say  that  the  viscosity  ex- 
pressed in  centipoises  is  the  specific  viscosity,  that  is,  the 
viscosity  as  compared  with  water  at  20  deg.  cent,  or  68  deg. 
t'ahr. — Tlie  Jour.  Iiul.  and  Eng.  Chem..  May.  1916. 


BOILER  SETTINGS  FOR  SMOKELESS  COMBUSTION 

Including    the    Latest    Form    of    Double    Arch    Bridge    Wall    Furnace    Now    Used    by    the 
Chicago  Smoke  Department  for  Burning  High  Volatile  Fuels 

BY  OSBORX    MOXNETT,"   CHICAGO.   ILL. 


ONE  of  the  old  ideas  with  respect  to  smokeless  furnaces 
was  that  if  the  fire  were  suiTounded  with  a  mass  of 
fire  brick,  thereby  keeping  the  Hames  away  from  the  boiler 
heating  surface,  complete  combustion  and  smokeless  operation 
would  be  accomplished.  Following  out  this  idea  a  number  of 
furnaces  were  installed  along  this  line  in  the  early  days  of 
the  present  Chicago  Smoke  Department.  The  first  construc- 
tion adopted  was  known  as  the  full  extension  dutch  oven 
setting,  as  shown  in  Fig.  1.  This  setting  was  extravagant  of 
floor  space  and  also  necessitated  setting  the  boiler  high  in 
order  to  get  the  heavy  fire  brick  arch  under  the  shell.  It  was 
expensive  to  install  and  to  maintain. 


DUTCH  OVEN"  SETTINGS 

In  order  to  meet  tlie  objections  of  engineers  and  architects 
the  setting  was  finally  modified  into  a  semi-extension  setting 
as  shown  in  Fig.  2,  and  later  to  the  flush  front  setting,  Fig.  3 
None  of  these  settings  obviated  the  criticism  of  expensive  head- 
room, nor  did  they  remedy  the  difficulty  of  high  maintenance 
charges. 

Experience  with  these  settings  showed  that  the  idea  of  sur- 
rounding a  fire  with  fire  brick  for  the  purpose  of  smoke  elim- 
ination was  a  fallacy.  It  developed  in  the  course  of  the  ex- 
periments that  the  intense  radiation  from  the  red  hot  fire  brick 
had  the  effect  of  distilling  the  volatile  matter  off  from  the 
fresh  coal  more  rapidly  than  would  be  the  case  with  the  old 
plain  settings.  When  high  volatile  coal  is  thrown  onto  a  fire 
there  is  a  certain  amount  of  volatile  distillation,  due  to  the 
temperature.    We  will  call  this  the  normal  rate  of  distillation. 

On  the  other  hand,  when  coal  is  thrown  into  a  dutch  oven 
furnace  there  is  a  distillation  effect  in  addition  to  that  caused 
by  the  heat  of  the  fire  itself,  due  to  the  radiation  from  the  fire 
brick  arch.  This  produces  a  double  distillation,  which  causes 
the  volatile  gases  to  pass  away  from  the  furnace  so  rapidly 
that  it  is  difficult  to  prevent  smoking. 


DEVELOPMEXT   OF    HAXD-FIRED    FURNACES 

In  the  effort  to  develop  a  hand-fired  smokeless  furnace  for 
return  tubular  boilers  it  was  therefore  necessary  to  take  steps 
to  reduce  the  rapidity  of  volatile  distillation,  bringing  this 
down  to  a  point  which  could  be  taken  care  of  by  the  furnace. 
Following  along  this  line,  the  old  flush  front  dutch  oven,  as 
shown  in  Fig.  3,  was  modified  by  removing  the  fire  brick  arch 
from  over  the  fire.  This  had  the  effect  of  increasing  the 
economy  and  capacity  of  the  setting  as  it  took  advantage  of 
the  direct  radiation  of  the  heat  from  fire  to  shell.  It  still 
provided  a  high  temperature  zone  over  and  back  of  the  bridge 
wall  through  which  the  gases  had  to  travel,  and  then  broke 
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them  up  with  a  bulkhead  and  fire  brick  deflection  arch  in  the 
combustion  chamber.  This  construction,  properly  operated, 
was  successful  as  far  as  the  elimination  of  smoke  was  con- 
cerned. It  was  not,  however,  a  commercial  proposition  as  it 
then  stood.     The  setting  was  rather  high,  expensive  to  install 
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Fig.  1     Full  Extension  Dutch  Oven  Furnace  with 
Deflector  Arch 
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Fig.  2     Semi-Extension  Dutch  Oven  Furnace  with 
Deflector  Arch 
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Fig.  3     Flush 


Front    Dutch    Oven 
Deflector  Arch 


Furnace    with 


and  maintain,  and  recjuired  buck  stays  in  the  side  walls  to 
take  up  the  spring  of  the  main  arch.  It  was  necessary  to  com- 
mercialize this  setting,  making  it  cheaper  to  install  and  to 
maintain,  and  reduce  the  head  room  required  for  its  hi- 
stallatioii. 
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The  construction  tiuallj-  worked  out  to  meet  the  require- 
ments is  shown  in  Fig.  5.  This  is  known  as  the  double  arch 
bridge  wall  setting,  as  now  used  by  the  Chicago  Smoke  De- 
partment. It  consists  of  a  plain  grate  with  the  shell  of  the 
boiler  completely  exposed  to  the  heat  of  the  fire  and  a  high 
temperature  zone  over  the  bridge  wall,  built  with  a  butterfly 
arch  construction  in  two  spans,  this  construction  being  adopted 
because  it  is  cheaper  and  easier  to  install  and  repair;  also  it 
does  not  impose  so  much  stress  on  the  side  walls.  Following 
the  butterfly  arch  is  a  single  span  deflection  arch  with  a  fire 


Fig.  4    Single  Arch  Bridge  Wall  Furnace  with  Single 
Span  Deflector  Ajjch 


Fig.  5    Perspective  View  of  Double  Abch  Bridge  Wall 
Setting  for  2-Course  Boiler 


of  steam  jet,  especially  designed  for  a  low  setting,  is  shown 
in  Fig.  7.  Complete  data  for  the  installation  of  this  furnace 
on  all  sizes  of  return  tubular  boilers  are  appended  in  Table  1, 
included  in  Fig.  8. 

One  of  the  old  fallacies  exploded  by  this  setting  was  the 
idea  that  it  is  necessary  to  set  return  tubular  boilers  very  high 
over  the  gi'ates  in  order  to  get  economical  operation.  It  has 
been  found  that  36  in.  from  dead  plate  to  shell  is  ample  to  get 
good  combustion  conditions  with  a  72-in.  boiler.  The  areas 
through  such  a  furnace,  however,  must  be  worked  out  care- 
fully in  order  to  insure  success  and  not  spoil  the  draft.  The 
combined  free  area  through  the  butterfly  arches  should  be  not 
less  than  25  per  cent  of  the  grate  surface.  The  free  area  be- 
tween the  bridge  wall  and  the  deflection  arch  should  be  not 
less  than  40  per  cent  of  the  grate  surface,  while  50  per  cent 
of  the  grate  surface  should  be  allowed  tinder  the  deflection 
arch;  if  it  is  found  impossible  to  get  such  area  through  this 
part  of  the  setting  with  the  combustion  chamber  on  a  level 
with  the  floor  line,  it  is  permissible  to  excavate  the  floor  of 
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Fig.  6.    Details  of  Steam  Jet  and  Panel  Doors 


brick  bulkhead  above,  the  bulkhead  following  the  curvature  of 
the  boiler. 


firing  methods 

The  operation  of  the  furnace  then  is  as  follows :  When  the 
fire  is  replenished  by  the  alternate  method  of  firing,  the  volatile 
matter  distilling  away  from  the  fire  passes  back  through  the 
red  hot  tunnel  of  fire  brick  in  which  it  is  maintained  at  igni- 
tion temperature  and  where  it  mixes  with  the  auxiliary  air 
admitted  through  the  air  siphon  steam  jets  and  panel  doors 
provided  with  the  setting.  In  the  combustion  chamber  this 
mixture  of  gas  and  air  im]3inges  against  the  bulkhead  wall 
and  passes  under  the  deflection  arch,  being  thoroughly  mixed. 
Thus  the  conditions  necessary  for  complete  combustion  are 
realized,  namelj',  high  temperature,  which  is  obtained  in  the 
zone  over  the  bridge  wall;  oxygen  obtained  by  supplying 
auxiliary  air  and  mixture  of  the  gases.  In  such  a  setting  it 
is  possible  to  observe  a  secondary  combustion  taking  place 
under  the  deflection  arch,  this  combustion  being  as  clean  as 
a  flame  from  a  Bunsen  burner. 

The  ordinary  hand-operated  air  siphon  steam  jets  as  speci- 
fied with  this  setting  are  shown  in  Fig.  6;  while  another  type 
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Fig.  7.    Cincinnati  Steam  Jet  for  Low  Settings 

the  combustion  chamber  to  any  depth  desired.  The  combustion 
chamber  should  be  paved  with  second  grade  fire  brick  on  edge. 

While  the  alternate  method  of  firing  has  shown  the  best 
success,  there  are  other  points  which  should  be  observed  to  get 
the  best  results  with  such  a  setting.  It  has  been  found  that 
the  thick,  heavy  method  of  firing  will  make  less  smoke  than> 
the  thin,  spreading  method.  This  would  seem  to  be  contrary 
to  the  old  accepted  ideas,  but  a  few  moments'  consideration 
will  show  how  this  works  out. 

If  two  shovelfuls  of  coal  are  spread  evenly  over  a  clean, 
bright  fire,  all  of  the  volatile  matter  in  the  coal  is  immediately 
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subjected  to  the  intense  heat  of  the  tire  and  distilled  off,  mak- 
ing a  gi-eat  deal  of  smoke;  if,  on  the  contrary,  the  fire  is  re- 
plenished with  six,  eight  and  ten  shovelfuls  on  one  side,  be- 
ginning at  the  bridge  wall  and  tilling  up  the  low  spots  all  the 
way  to  the  front,  it  will  be  found  that  the  rate  of  volatile 
distillation,  and  consequent  smoke  formation,  is  considerably 
less  than  in  the  first  instance.  The  heat  of  the  fire  must 
penetrate  the  mass  of  coal  more  slowly,  forming  a  film  of 


dense  smoke  is  illustrated  in  Fig.  9.  A  layer  of  fresh  coal  is 
thrown  on  the  clean  grates  to  a  depth  of  about  4  in.  and  some 
red-hot  coals  are  thrown  into  the  furnace  at  the  bridge  wall,  or 
a  fire  of  clean  kindling  is  built  at  this  point.  Ignition  then 
takes  place  from  the  top  downwards.  The  coal  in  front 
gradually  becomes  ignited  and  the  volatile  matter  passing  off 
from  this  part  of  the  furnace  has  to  pass  over  the  hot  fire  at 
the  bridge  wall.     As  a  result,  it  is  possible  to  get  steam  on 
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TABI  F  T  -  DIMENSION  SHEEI  FOR  DOUBLE  ARCH  BRID&E  WALL  FURNACE         [ 
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Fig.   8    Double  Arch   Bridge  Wall   Setting  Dimensions 
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Fig.  9    Method  of  Starting  Fire,  Igniting  Fuel  from 
THE  Top 


Fig.  10     Cleaning  Fires,  Winging  Over  Live  Coals  on  Top 
OF  Fresh  Fuel 


ignited  coal  on  top  through  which  the  gases  must  pass  on  their 
way  to  the  furnace,  causing  an  action  somewhat  akin  to  that 
of  an  underfeed  stoker. 


building  and  cleaning  fires 


Building  and  cleaning  fires  also  must  receive  careful  atten- 
tion where  it  is  necessary  to  keep  the  smoke  down  on  hand- 
fired   units.     The  method   of  building  a  fire  without  making 


the  boiler  without  making  dense  smoke,  by  making  liberal 
use  of  the  panel  doors  to  supply  the  necessary  air  for  com- 
bustion. 

In  cleaning  fires  the  same  principle  is  used:  Pull  out  one 
side  of  the  fire,  cleaning  the  grates,  and  then  onto  the  clean 
grates  throw  a  layer  of  fresh  coal,  quickly  wing  over  red  hot 
coal  from  the  other  side  and  allow  the  cleaned  side  to  ignite 
from  the  top,  as  previously  described.  When  this  side  has 
become  well  ignited  and  built  up,  the  other  side  may  be 
cleaned  in  the  same  manner.     (See  Fig.  10.) 
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HEATING  LOADS 

Many  attcinpis  liavc  l)eti)  iiiade  lo  design  furnafcs  that 
would  run  at  low  rates  ol'  (•oinl»usti(ii)  such  as  on  heating  hiads, 
without  making  dense  smoke.  None  of  the  foregoing  settings 
have  been  successful  with  this  kind  of  load,  owing  to  the 
fact  that  for  success  they  all  depend  upon  the  maintenance  of 
some  form  of  brick  work  at  a  high  temperature.  When  run- 
ning at  a  low  rate  of  combustion  it  is  not  jiossible  to  get  tlie 
liigh  temperature  necessary  to  keep  the  fire  brick  construction 
liot ;  tlierefoi-e  these  furnaces  were  not  successful  in  reducing 
smoke  at  rates  of  combustion  lower  than  1.5  lb.  per  sq.  ft.  of 
grate  surface  yjer  hour. 

The  type  of  furnace  which  lias  linally  become  standard  for 
this  class  of  ser\'ice  is  a  modification  of  the  old  down-draft 
pi-inciple  (Fig.  11)  formerly  used  for  high-pressure  purposes. 
Tlie  success  of  the  down-diaft  priiici]ile  as  far  as  smoke  per- 
formance goes  depends  on  the  frequency  with  which  the  fuel 
bed  is  disturbed.  In  high-pressure  work  where  the  rate  of 
combustion   frequently  exceeded   25  lb.  per  sq.   ft.   of  grate 


The  relative  importance  of  water  power  as  referred  to 
transportation,  dependent  upon  its  cost  and  on  that  of  com- 
peting steam  power,  is  treated  in  a  paper  by  L.  B.  Stillwell, 
lirosented  at  the  1010,  Washington,  D.  C,  meeting  of  the 
A.I.E.E. 

Among  the  imjiortant  points  brought  out  by  the  author 
are  the  proportion  which  the  cost  of  fuel  for  locomotives  in 
the  country  as  a  wliole.  in  various  sections,  and  in  the  case 
of  a  number  of  different  railroads,  bears  to  the  total  cost  of 
ojieration;  the  etifect  upon  water  power  values  of  recent 
progress  in  the  production  of  electric  power,  and  power  and 
transportation  development  on  navigable  streams. 

Illustrations  are  given  showing  the  limit  of  investment  in 
develoi)ing  a  water  power,  as  fixed  by  the  cost  of  steam  power 
in  competition  with  it. 

Railroad  and  canal  operation  are  compared  in  the  matter 
of  power  consumption  for  their  resjiective  speeds. — Proc.  A.I. 
E.E.,  XXXV-5. 
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SiiDuiNi;   I  III:  Dow.v  FJiiAKT  PRixfiPLE  AS  Adapted 
TO  Lriw  Rates  of  Comhustion 


With  a  reduction  in  its  smoke  production  to  an  extent 
whidi  the  chief  of  the  Bureau  of  Smoke  Regulations  places 
at  7.5  per  cent,  Pittsburgh  is  fast  losing  one  of  its  distinctive 
litles. 

Tlie  permissive  density  limit  is  less  than  No.  3  on  tlic  Rin- 
gleman  smoke  chart,  while  for  densities  equal  to  or  above 
that  value  certain  time  limits  are  set  beyond  which  the  emis- 
sion at  such  densities  is  prohibited. 

This  desired  condition  has  not  been  reached  without  con- 
siderable expense  nor  without  that  harmony  and  accord  be- 
tween the  industries  and  the  smoke  authorities,  without  which 
such  ordinances  usually  remain  dead  letters.  This  co(5peration 
is  shown,  in  the  case  of  the  railroads,  in  the  local  use  on  their 
locomotives  of  coal  of  a  lower  volatility,  and  in  the  manu- 
facturing plants  by  the  use  of  appliances  and  methods  better 
suited  to  the  accomplishment  of  the  desired  end. 

Encouraging  progi'ess  seems  to  have  been  made  in  the  abate- 
ment of  the  smoke  nuisance  in  the  Boston  district,  according 
to  the  annual  report  of  the  Board  of  Gas  and  Electric  Light 
Commissioners  of  Massachusetts  for  the  year  1915. 


surface  )>i'r  liour,  it  was  necessary  to  disturb  the  fuel  bed  at 
frequent  intervals,  sometimes  so  often  as  to  slice  green  coal 
down  through  the  w'ater  grates. 

On  the  other  hand  for  rates  of  combustion  of  not  over  10  lb. 
per  sq.  ft.  per  hour,  it  has  been  found  that  this  principle  of 
burning  is  remarkably  successful.  Under  low  rates  of  com- 
bustion it  is  possible  to  run  for  long  periods  during  which  the 
fire  is  not  disturbed,  and  during  this  time  there  is  accumulat- 
ing on  the  water  grates  a  mass  of  coked  coal  which  has 
gradually  given  up  all  of  its  volatile  matter.  Wiien  it  be- 
comes necessary  to  slice  such  a  fire  this  supply  of  eokcd  coal  is 
all  that  falls  to  tlie  bottom  grate  and  no  smoke  is  produced 
At  the  same  time  the  volatile  matter  distilling  from  the  coal 
has  to  pass  down  through  the  zone  of  high  temperature  thus 
insuring  igniting  temperature  to  the  gases. 

Another  reason  why  this  principle  has  been  so  successful  on 
low  rates  of  combustion  is  on  account  of  the  very  efficient 
evaporative  power  of  the  water  grates  at  these  low  rates.  An 
ordinary  plain  grate  boiler  burning  coal  at  very  low  rates  of 
combustion  drops  its  capacity  to  a  point  which  is  practically 
negligible;  while  the  down-draft  furnace  will  simmer  along  on 
a  heating  load  at  a  very  low  rate  of  combustion  and  still  make 
in  tlie  water  grates  themselves  all  the  steam  demanded. 


Fuel  values  per  unit  of  cost,  as  investigated  by  Dr.  J.  H. 
Paterson,  is  the  subject  of  a  paper  presented  at  the  meeting 
of  the  Newcastle  (England)  section  of  the  Society  of  Chem- 
ical Industry,  held  December  15,  1915. 

The  financial  value  to  the  consumer  of  a  fuel  must  be  meas- 
ured by  the  amount  of  heat  which  can  be  obtained  from  that 
fuel  by  the  expenditure  of  a  definite  amount  of  money.  This 
value  is  totally  distinct  from,  and  is  not  affected  by,  the  quan- 
tity of  available  lieat  which  is  utilized  in  any  given  process. 

To  meet  the  dilficulty  encountered  in  dealing  with  fuels  of 
different  classes  the  author  makes  the  common  unit  of  value 
the  number  of  B.t.u.  obtainable  for  a  penny  after  there  have 
been  added  to  the  price  per  ton  all  the  costs  of  handling  the 
fuel  and  causing  it  to  burn.  This  he  calls  the  absolute  heat 
value  of  the  fuel  in  question. 

While  very  generally  recognized  that  the  less  paid  for  coal 
the  more  incombustible  matter  (water  and  ash)  it  is  liable  to 
contain,  it  is  by  no  means  realized  that  the  absolute  heat 
value  increases  rapidly  as  tlie  price  decreases. 

In  tabular  form  the  author  compares  some  ten  classes  of 
fuels  ranging,  on  the  absolute  heat  value  basis,  from  200,000 
B.t.u.  down  to  20.000  B.t.u.— Jour.  Soc.  Cliem.  Ind.,  XXXV-1. 


HIGH   TEMPERATURE   INSULATION 

A  Review  of  the  Requirements  of  the  Problem,  and  a  Description  of  a  New  Higli 
Temperature  Insulating  Material,  with  Applications 

By  P.  A.  BOECK.i  CHICAGO,  ILL. 


THE  value  ami  importance  of  efficient  insulation  for  the 
prevention  of  thermal  losses  are  shown  in  the  extent  of 
the  investigation  and  research  which  have  been  devoted  to  that 
factor  in  the  conservation  of  heat,  but  it  was  not  until  the 
comparatively  recent  introduction  of  the  heat  balance  sheet 
that  the  various  causes  of  heat  losses  and  the  reasons  for  their 
existence  were  brought  to  light. 

Heat  is  a  form  of  energy  consisting  of  molecular  vibrations 
of  a  periodic  character  and  subject  to  the  general  laws  of  wave 
motion.  It  can  be  reflected,  refracted  and  dispersed  by  creat- 
ing the  proi^er  conditions.  In  other  words,  by  the  projDer  me- 
chanical manipulation,  we  can  increase  or  decrease,  within  eer- 


Sadiation. — By  radiation  heat  is  transferred  from  one  body 
to  another  without  any  material  agency  by  wave  motion ;  this 
applies  only  to  the  gaseous  state  of  matter. 

Convection  is  that  process  of  heat  transfer  in  which  some 
portion  of  the  body  whose  temperature  is  raised  moves  to  an- 
other place  in  the  medium  where  the  temperature  is  lower, 
tending  to  raise  the  temperature  of  the  medium.  This  method 
of  heat  transfer  is  therefore  limited  to  licjuids  and  gases. 

Applying  these  methods  to  a  steam  boiler,  the  heat  generated 
by  the  fuel  burning  in  the  firebox  is  imparted  to  the  dry  sur- 
face of  the  boiler  plate  by  radiation   from  the  hot  fuel  bed, 
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Fig.  1     Boiler   Settixg  Wall  Insulated  with   Sil-o-cel 

Brick 

Fig.   2     Boiler   Setting  Wall  Insulated  with   Sil-o-cel 

Powder 

tain  limits,  the  amount  or  rate  of  heat  flow.  One  of  the  most 
common  ways  of  doing  this  is  by  introducing  alternate  layers 
of  materials  having  different  heat-transmitting  values,  thus 
breaking  up  or  changing  the  wave  length.  The  introduction 
of  air  cells  or  voids  within  the  body  is  a  most  effective  method 
of  accomplishing  the  reduction  of  the  conductivity,  though 
large  voids  have  the  effect  of  propagating  heat  by  convection 
and  radiation.  The  density  of  a  body  may  be  taken  as  an  ap- 
proximate criterion  of  its  heat  conducting  capacity. 

Heat  is  a  form  of  energy  consistmg  of  molecular  vibrations 
ferent  methods,  conduction,  radiation  and  convection : 

ConductioH  is  the  action  taking  place  in  the  transfer  of  heat 
in  which  the  heat  energy  is  passed  along  from  a  particle  at  a 
higher  temperature  to  one  at  a  lower  temperature  by  virtue  of 
their  contact.  While  this  method  of  heat  transfer  applies  to 
the  three  states  of  matter,  it  is  of  magnitude  onlv  in  solids. 


^  Chemical  engineer,  Kieselgulir  Co.  of  America. 

Abstract   of   paper   presented   at    the   Chicago   local   section   of   The 
.\MERicAN  Society  of  Mechanical  En'gineers^  January  14,  191C. 


Fig.   3     Typical  Wall   Construction   Showing   Sil-o-cel 
Powder  Supported  by  Metal  Lath  Cement  Finish 

Fig.   4     In.sulating   Powder   Between   Wall   and  Metal 

Casing 


furnace  walls  and  luminous  flames,  and  secondly  from  the 
mo\-ing  gaseous  products  of  combustion  by  convection.  From 
the  dry  surface  it  travels  through  the  soot,  metal  and  scale  to 
the  wet  surface  purely  by  conduction  and  is  in  turn  trans- 
mitted into  the  boiler  water  mainly  by  convection. 

That  portion  of  the  heat  which  is  transferred  to  the  walls 
of  the  furnace  setting  by  any  of  the  three  methods  mentioned 
is  conducted  through  the  setting  and  lost  by  radiation  or  con- 
vection from  the  outer  surface  of  the  setting,  if  means  are  not 
provided  to  prevent.  It  is  the  heat  lost  in  this  manner  and 
methods  for  its  prevention  that  will  be  especially  considered. 

RATE  OF   HEAT  FLOW 

The  amount  of  heat  conducted  through  a  unit  area  from  one 
part  of  the  body  to  another  is  proportional  to  the  difference 
in  temperature  of  the  two  parts;  directly  proportional  to  the 
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thermal  coniluetixity  of  the  body  through  which  the  heat  passes 
and  mversely  iiroiiortioiial  to  the  distance  between  the  two 
parts  of  the  body.  In  other  words,  the  conduction  of  heat 
through  a  solid  body  from  one  jilace  to  another  is  a  direct 
function  of  the  conductivity  of  the  body  and  the  difference 
in  temperature  of  the  two  planes,  and  an  indirect  function  of 
their  distances  apart.  This  is  identical  with  Ohm's  law  for 
transfer  of  electrical  energy. 

The  heat  transferred  from  one  body  to  another  by  radiation 
is  proportional  to  the  difference  of  the  fourth  powers  of  the 
absolute  temperatures  of  the  two  bodies.  While  this  is  strictly 
true  only  of  the  ideal  "  black-bodies,"  the  variation  is  so  small 
that,  for  all  practical  purposes,  this  relation  holds  good  in 
ordinai'y  procedure. 
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Fig.  5    Method  of  Insulatixg  Boiler  Settixg  Walls  with 
SiL-o-CEL  Brick  and  Powder 


This  relation  indicates  why  a  hollow-wall  space  is  an  effec- 
tive insulator  in  low-temperature  work,  such  as  refrigeration, 
etc.,  whereas  in  high-temperature  operations  the  loss  of  heat  by 
radiation  through  a  hollow-wall  space  is  so  great  that  its  in- 
sulating effect  is  less  than  if  this  wall  space  were  tilled  with 
material  of  rather  high  thermal  conductivity.  This  is  espe- 
cially true  if  the  air  space  in  the  hollow  wall  is  near  the  fur- 
nace side  and  becomes  highly  heated.  This  is  entirely  con- 
tradictory of  the  general  belief  that,  since  air  is  a  poor  con- 
ductor of  heat,  air  spaces  built  into  the  walls  of  a  furnace  will 
greatly  reduce  heat  loss  by  radiation.  While  the  heat  does 
travel  very  slowly  through  the  air  by  conduction,  it  leaps  over 
the  air  space  readily  by  radiation,  because  the  quantity  of 
heat  which  passes  across  the  hollow  space  is  a  function  of  the 
fourth  power  of  the  absolute  temperature  of  the  surfaces  en- 
closing it,  which  loss  is  enormously  increased  by  rise  in  tem- 
perature. 


FURNACE    WALLS 

In  general,  in  high-temperature  furnace  construction,  there 
are  two  separate  and  distinct  factors  which  must  be  consid- 
ered to  produce  an  effective  wall. 

The  fii-st  of  these  is  to  provide  a  material  having  the  ability 
to  resist  the  action  of  high  temperatures,  sufBeient  mechanical 
strength  and,  possibly,  the  property  of  resisting  corrosive 
slags,  gases,  etc.,  without  spalling  or  being  eroded. 

The  second  is  to  prevent  the  excessive  loss  of  heat  due  to 
<;onduction  from  the  interior  of  the  furnace  to  the  outside 
where  it  is  lost  by  radiation  or  conduction. 


It  is  rare  that  a  good  refractory  material  is  an  insulator; 
usually  it  is  necessary  to  augment  or  back  up  the  refractory 
with  some  material  having  a  much  lower  heat  conducting  ca- 
pacitj-.  Fig.  7  is  a  graphic  presentation  of  heat  transfers  with 
and  without  such  application. 

The  quantity  of  heat,  H,  in  B.t.u.  per  hr.  per  sq.  ft.  con- 
ducted between  two  surfaces  of  a  wall  is 

g  =  ^    ^  \„ — X(t-0 


f-  +  +- 


where  A,  d^  d,  =  thickness  in  in.  of  component  layers  of  wall, 
c,  c„  c,  =  thermal  conductivities  in  B.t.u.  per  sq.  ft.  per  in. 
thickness  per  hr.  per  1  deg.  difference  in  temperature  at  the 
average  temperature  of  the  component  layers  of  wall,  and 
f,  and  fj  =  surface  temperatures  of  the  respective  sides  of  the 
wall  in  deg.  fahr. 

Fig.  7  is  a  graphic  presentation  of  the  heat  loss  through 
insulated  and  uninsulated  walls;  respectively  289  and  639 
B.t.u.  per  sq.  ft.  per  hr. 

requirements  op  furnace  insulators 

The  requirements  of  the  insulating  backing  for  the  more  re- 
fractory linings  of  furnaces  are  rather  severe,  and  although 
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Fig.  6    Sil-o-cel  Insulation  of  Hot  Blast  Stove 

an  enumeration  of  them  would  seem  a  somewhat  formidable 
array,  there  are  products  upon  the  market  which  fulfill  prac- 
tically all  of  them. 

When  the  kind  of  refractory  material  that  is  best  suited  to 
the  surface  has  been  determined,  the  next  most  important  item 
is  the  thickness  of  the  walls  and  the  nature  of  the  insulating 
material  most  suitable,  and  it  is  necessary  to  determine  the  de- 
gree of  insulation  which  will  produce  the  most  effective  results. 

In  attempting  to  obtain  perfect  insulation,  it  is  entirely  pos- 
sible to  over-insulate,  causing  a  serious  damage  to  the  refrac- 
tories in  the  high  temperature  zones  of  the  furnace.  To  main- 
tain the  inner  walls,  it  may  be  necessary  to  permit  a  consid- 
erable flow  of  heat  through  the  wall,  with  a  corresponding  de- 
crease in  the  temperature  of  the  refractories  at  the  heated 
point,  in  order  to  prevent  their  destruction. 

However,  the  issue  in  some  instances  may  be  met  by  other 
practical  methods,  such  as  increasing  the  working  capacity  of 
the  unit  in  order  to  make  use  of  the  additional  heat  available, 
rather  than  to  let   this  valuable  heat  at  the  critical  period 
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escajie  to  save  the  refractory  lining, — a  method  which  makes 
the  working  load  control  the  temperature. 

In  electric-furnace  practice,  where  extremely  high  tempera- 
tures are  encountered  and  where  effective  insulation  is  uecs- 
sary  because  of  the  relatively  high  cost  of  current,  the  question 
of  insulation  or  rather  over-insulation,  has  been  given  more 
attention  than  in  other  lines. 


DESCBIPTION  OF  CELITE 

The  requirements  of  an  ideal  insulator  being  known,  it  re- 
mains only  to  select  such  an  insulator  as  apparently  most 
nearly  meets  these  requirements. 

A  material  possessing  remarkable  non-conducting  properties 
is  "  Celite,"  so-called  on  account  of  its  extremely  cellular  na- 
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Fig.  7     Heat  Flow  and  Temperature  Gbadien't  Through 
Heated  Walls 


ture.  It  is  a  minei'al  of  a  highly  siliceous  composition  and  of 
vej'y  light  weight,  and  occurs  on  the  Pacific  Coast  in  an  excep- 
tionally pure  state.  Fig.  8  shows  the  material  being  quar- 
ried. It  is  composed  of  numerous  hollow  cells,  and  weighs 
in  its  natural  rock  form,  air-dried,  from  25  to  30  lb.  per 
cu.  ft.  When  this  material  is  ground  properly,  it  weighs 
but  8  lb.  to  the  cubic  foot,  and  has  a  thei'mal  insulating 
power  of  about  9  to  12  times  the  insulating  power  of  ordinary 
firebrick.  In  other  wordis,  a  1-in.  layer  of  this  material  is  the 
equivalent  in  insulating  value  of  from  9  to  12  in.  of  firebrick. 
Being  almost  pure  silica,  its  melting  point  is  high,  2930  deg. 
fahr.  (1610  deg.  cent.)  as  reported  by  the  U.  S.  Bureau  of 
Standards,  and  it  can  be  subjected  to  high  temperatures  with- 
out fear  of  alteration. 

Bricks  and  blocks  of  various  sizes  and  shapes  are  prepared 
.by  sawing  the  natural  material  bv  means  of  gang  saws.    Stand- 


ard 9-in.  straight  "  Sil-o-cel  "  brick  made  from  natural  celite 
weigh  from  IV2  to  2  lb.  each,  and  are  equivalent  in  insulating 
value  to  many  times  their  thickness  of  ordinary  firebrick.  In 
crushing  strength  these  bricks  withstand  over  400  lb.  per  sci. 
in.  and  are  sufficiently  strong  to  stand  transportation  and 
handling. 

The  cost  of  these  insulating  bricks  is  but  little  more  tiian 
that  of  firebrick,  and  that  of  the  powder  about  one-third  as 
much. 

Because  of  the  variation  in  forms  in  which  Sil-o-cel  prod- 
ucts are  supplied — that  of  brick,  blocks  of  various  shapes,  in 
powdered    form    and    as    a    plastic    cement — this    material    is 


Fig.  8    Celite  Being  Quarried  on  Pacific  Coa§t 

adaptable  to  almost  any  form  of  thermal  insulation,  as  will 
lie  shown  in  the  following  typical  examples. 


general  types 

Fig.  1  indicates  the  usual  method  of  using  Sil-o-cel  brick 
interlaid  between  a  course  of  firebrick  and  red  brick  for  the 
1  revention  of  heat  leakage  through  walls. 

Fig.  2  indicates  one  of  the  methods  of  construction  of  an 
insulating  wall  in  which  an  otherwise  hollow  space  is  filled 
with  insulating  powder.  From  2  to  4  in.  is  usually  sufficient. 
The  powder  is  packed  slightly  to  a  density  of  approximately 
12  lb.  to  the  cubic  foot,  at  which  point  it  attains  its  maximum 
insulating  value  and  is  not  subject  to  settling  or  contraction 
due  to  either  vibration  or  heat.  Where  this  form  of  construc- 
tion has  been  in  severe  service  in  high-temperature  furnaces 
for  a  period  of  years,  no  contraction  or  settling  has  taken 
place.    Fig.  9  illustrates  the  cohesion  of  the  material. 

Figs.  3  and  4  indicate  the  methods  of  insulating  brick  walls 
which  are  already  in  place.  In  Fig.  3,  expanded  metal  lath 
is  erected  on  an  angle  iron  at  the  required  distance  from  the 
outer  wall  and  coated  on  the  outside  with  one  or  more  coats 
of  Portland  cement  plaster,  to  which  approximately  20  per 
cent  by  volume  of  Sil-o-cel  powder  has  been  added  to  give 
greater  plasticity  and  ease  of  working  and  to  increase  the' 
heat-resistmg  properties  of  the  cement.  Sil-o-eel  powder  is 
packed  to  a  density  of  12  to  15  lb.  per  cubic  foot  between  the 
brick  wall  and  the  expanded  metal  lath.  In  Fig.  4  the  powder 
is  packed  between  the  brick  wall  and  a  metal  casing. 

Fig.  5  illustrates  the  insulation  of  boiler  settings  by  means 
of  Sil-o-cel  insulating  brick  (left  hand  diagram  and  tops  of 
both  diagrams)  and  by  means  of  Sil-o-cel  powder  in  a  hollow 
wall   (right  hand  diagram). 
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Hot-blast  stoves,  Fig.  6,  provide  an  excellent  example  of 
the  requirements  of  an  insulation  for  high-temperature  work, 
not  so  much  because  of  the  high  temperature  to  which  they 
are  subjected,  but  more  especially  because  of  the  size,  expan- 
sion and  contraction  of  lining  and  shell,  settling,  shrinkage, 
elasticity  and  corrosion  of  the  insulator  and  protection  of  the 
!ihell  itself,  the  constant  change  in  temperature  and  other 
I'actors. 

In  a  20  X  100-ft.  stove,  for  instance,  the  column  of  brick 
1 1  the  lining  may  expand  thi'ough  heat  as  much  as  5  or  6  in. 
i,i  height  from  cold  to  maximum  heat.  Therefore,  the  insulator 
iiiay  be  considered  at  all  times  being  subjected  to  a  certain 
amount  of  stress  and  friction  requiring  an  elastic  medium 
■which  will  take  up  these  continued  strains  without  injury  or 
danger  of  being  crushed,  which  would  result,  as  in  the  ease  of 
granular  slag,  in  constant  settling,  the  accumulation  of  fine 
material  causing  occasional  bulging  of  the  shell  at  the  base 
ox  the  stove  on  account  of  its  inelastic  nature.     Two  principal 


of  the  bustle  pipe  and  gives  a  more  uniform  heat  distribution 
through  the  stack  and  better  temperature  control. 


Fig.  9  Cohesion  of  Sil-o-cel  Powder  After  Remoxal  of 
Front  and  End  Supporting  Walls 

requirements  of  the  insulator  for  this  purpose  are,  then,  elas- 
ticity with  still  suflBcient  strength  to  give  the  proper  support 
to  the  brickwork  and  shell,  and  the  proper  amount  of  cohe- 
sion or  high  internal  coefficient  of  friction  and  light  weight 
so  as  to  overcome  any  tendency  toward  settling  under  the 
movement  or  vibration  of  the  stove. 

Recent  tests  of  a  batten-  of  stoves  and  mains  insulated  with 
Sil-o-cel  powder  and  brick,  as  indicated  in  the  illustration, 
prove  conclusi\ely  not  only  that  can  a  higher  capacity  be  ob- 
tained from  the  blast  furnace  by  insulating  to  produce  a  more 
uniform  temperature  throughout  the  stoves,  but  that  a  more 
uniform  grade  of  product  can  be  made  by  eliminating  fluctua- 
tions in  the  temperature  of  the  blast  itself. 

A  report  of  a  test  carried  out  in  a  blast  furnace,  the  bustle 
pipe  of  which  was  insulated  with  Sil-o-cel  insulating  brick, 
shows  that  the  actual  temperature  of  the  blast  at  the  tuyeres 
on  the  side  of  the  blast  furnace  farthest  ^rom  the  main  is 
more  nearly  the  main  temperature  than  can  be  obtained  with- 
out insulation,  in  fact  there  is  practicall.y  no  temperature  drop 
of  the  gases  during  their  passage  through  the  bustle  pipe. 
This  is  due  to  preventing  the  radiation  losses  from  the  outside 


Water  containing  ten  grains  per  gallon  of  incrusting  ma- 
terial used  in  a  500  h.p.  boiler  operating  at  normal  rating 
and  generating  15.000  lb.  of  steam  per  hour,  has  been  stated 
to  deposit  about  3  lb.  of  scale  per  hr.  The  same  boiler  when 
operating  at  100  per  cent  overload  and  generating  30,000  lb. 
of  steam  per  hour,  deposited  6  lb.  of  scale  per  hour.  Not 
only  was  twice  as  much  scale  thus  deposited,  but  the  scale  was 
baked  harder  to  the  tubes  and  boiler  surfaces. 


Many  tests  have  been  made  upon  engines  using  saturated 
and  superheated  steam  under  varying  conditions,  and  all  show 
a  saving  in  steam  consumption  per  unit  of  power  developed 
when  using  a  superheater.  The  ultimate  gain,  when  the  cost 
of  equipment,  depreciation,  operation,  etc.,  are  taken  into 
account,  will  vary,  and  while  it  is  usually  a  substantial  one, 
there  may  be  eases  where  the  use  of  superheated  steam  will 
result  in  a  loss.  Prof.  G.  F.  Gebhardt,  Mem.Am.Soe.M.E., 
gives  the  average  reductions  in  steam  consumption  with  super- 
heating from  100  to  125  deg.,  based  on  continuous  operation 
in  existing  plants,  as  from  40  per  cent  with  slow-running,  full 
stroke,  or  throttling  engines,  including  direct-acting  pumps, 
to  6  per  cent  with  triple-expansion  engines.  Although  large 
savings  in  fuel  have  been  made  in  some  cases  by  the  use  of 
a  superheater,  amounting  to  its  first  cost  each  year,  these  are 
not  common ;  however,  they  should  be  favorably  considered 
if  their  use  would  effect  a  net  saving  of  10  per  cent  on  the 
first  cost  above  depreciation  and  maintenance  charges;  a  re- 
sult which  should  be  reached  in  any  plant  operated  at  one- 
third  its  capacity  and  burning  coal  at  $2.00  or  over  per  ton. 

Owing  to  the  lesser  density  of  superheated  steam,  as  com- 
pared with  saturated  steam,  it  is  possible  to  employ  much 
higher  velocities  of  flow  through  the  piping,  and  this  in  many 
cases  permits  reduction  of  pipe  areas  of  20  to  50  per  cent.  It 
must,  however,  be  carefully  borne  in  mind  that  certain  ma- 
terials entering  into  the  construction  of  the  piping  system 
should  be  suitable  for  the  higher  temperature  steam,  and  wliile 
there  has  been  much  discussion  regarding  the  comj^arative 
merits  of  cast-iron  and  east-steel  for  fittings  and  valves  for 
this  purpose,  there  does  not  seem  to  be  any  general  agi'eement. 

In  comparing  the  performances  of  engines  using  saturated 
and  superheated  steam,  it  is  necessary  to  base  all  results  upon 
the  heat  consumed  per  horsepower  rather  than  on  the  steam 
consumption  in  order  to  get  a  true  comparison.  While  a  sav- 
ing in  the  weight  of  steam  per  unit  of  power  developed  by 
the  engine  may  be  obtained,  it  does  not  follow  that  the  saving 
in  fuel  is  in  the  same  proportion,  because  the  total  heat  con- 
tained in  a  pound  of  superheated  steam  at  a  given  pressure 
is  gi-eater  than  that  in  saturated  steam  at  the  same  pressure. 

Another  important  item  to  be  taken  into  account,  especially 
in  case  of  a  new  plant,  is  the  reduction  in  boiler  equipment. 
In  the  case  of  a  plant  already  in  operation,  the  addition  of 
superheaters  will  give  one  or  more  resen'e  boilers. 

All  superheaters  should  be  provided  with  safety  valves  set 
to  blow  at  a  pressure  slightly  below  that  of  the  boiler  valves. 
This  is  necessary  in  order  to  insure  a  flow  of  steam  through 
the  superheater  in  case  the  load  is  suddenly  thrown  off  the 
boiler;  or  overheating  would  be  likely  to  take  place. 

In  this  country  steam  temperatures  seldom  exceed  500  deg., 
while  in  Europe  600  deg.  is  a  common  temperature,  with  a 
maximum  of  850  deg. — Charles  L.  Hubbard,  in  The  Engineer- 
ing Magazine,  June  1916. 
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RELATION    OF   ENGINEERING    SOCIETIES 
TO  LEGISLATION  AND  PUBLIC  AFFAIRS 

To  THE  Editor: 

There  was  recently  before  the  Engineers'  Club  of  Phila- 
delphia a  question  of  the  advisability  of  the  Club  going  on 
record  in  favor  of  or  against  legislation  in  general. 

A  conviction  has  been  growing  for  some  time  in  the 
engineering  world  that  engineers  should  and  must  take  a  place 
in  the  community  in  the  shaping  of  public  affairs — a  place 
m  re  in  accord  with  the  importance  of  engineering  in  the 
ecv/nomio  and  social  political  affairs  and  life  of  the  common- 
wealth. 

Any  citizen  who  feels  that  he  can  be  of  benefit  to  his  fel- 
lows by  placing  his  abilities  at  their  disposal  in  aiding  or 
carrying  out  legislation  ought  to  consider  it  his  duty  to  do  so. 
That  duty  of  the  citizen  is  also  a  duty  of  the  engineer  as  a 
citizen.  In  so  far  as  the  engineer  has  become,  by  training  and 
experience,  more  thoroughly  fitted  for  and  more  intimately 
acquainted  with  the  community's  needs,  just  so  far  is  that  duty 
of  citizenship  more  definitely  placed  upon  his  shoulders. 

Whatever  holds  for  the  individual  engineer  is  true  also  for 
the  engineer  as  a  member  of  an  engineering  society,  and  again 
for  engineers  collectively  through  such  societies. 

A  recognition  of  such  duty  is  expressed  in  the  charters,  con- 
st'tutions  and  by-laws  of  most  engineering  associations,  in 
n  larly  all  of  which  the  furtherance  of  the  public  welfare,  in  so 
far  as  that  may  be  affected  by  engineering  activities,  is  stated 
AS  a  fundamental  purpose.  With  that  recognition  there  is 
opened  up  the  question  of  how  best  to  realize  tliis  purpose. 

The  individual  engineer  will  act  in  accord  with  the  dictates 
of  his  personal  conception  of  his  duties  as  an  individual 
citizen ;  that  may  lead  him  to  offer  himself  as  a  candidate  for 
and  to  accept  public  office  as  an  executive  or  legislator,  or 
to  offer  advice  and  counsel  and  advocate  certain  definite  legis- 
lation. Can  engineers  collectively,  when  banded  together  into 
societies,  follow,  in  carrying  out  their  duties  of  citizenship,  the 
same  line  of  activity  as  the  individual  engineer? 

Manifestly  not  altogether.  Public  office  and  direct  legisla- 
tion are  restricted  to  the  individual  and  are,  at  the  present 
stage  of  the  world's  affairs,  not  open  to  societies.  But  the 
proffer  of  counsel  and  advice  and  the  advocacy  of  legislation 
are  activities  as  open  to  societies  as  to  individuals. 

It  is  true,  moreover,  that  along  these  lines  collective  action 
by  associations  is  apt  to  be  more  forcible  and  fruitful  than 
similar  action  by  a  similar  number  of  indiviiluals  acting 
separately.  As  this  may  be  accepted  as  so  self-evident  as  to  be 
axiomatic,  there  remains  for  consideration  the  relative  ad- 
visability of  counsel  as  a  basis  for  legislation  as  opposed  to 
direct  advocacy  of  special  legislation. 

As  between  these  alternatives  the  choice  ought  to  be  gov- 
erned solely  by  consideration  of  their  relative  effectiveness.  It 
is  granted  that  the  only  aim  in  the  pursuance  of  either  course 
is  the  incorporation  into  the  conduct  of  communal  affairs  of 
such  rules,  regulations  and  laws  as  engineers  collectively  may 
have  fomid  through  special  training  and  experience  to  be  best. 


INIan  is  known  to  be  selfish  and  the  more  so  as  he  lives  for 
himself  alone.  This  individual  selfishness  comes  less  to  the 
fore  as  men  band  themselves  into  communities,  partly  by  rea- 
son of  the  fundamental  evolution  to  higher  and  higher  ethics 
of  conduct,  and  more  immediately  because  the  effect  of  com- 
munity action  is  less  directly  connected  with  and  traceable  to 
the  individual's  personal  interest. 

When  a  person  advocates  a  certain  course,  others  are  prone 
to  ask  "  what  has  he  to  gain — what  axe  has  he  to  grind  1 " 
Though  the  answer  may  be,  and  in  all  sincerity  will  be,  "  none," 
men  are  suspicious  and  not  apt  to  accept  such  answer  at  its 
face  value.  This  very  natural  attitude  of  doubt  and  tendency 
to  impugn  motives  will  be  lessened  the  more,  the  more  remote 
the  advocate's  personal  interest  is  recognized  to  be. 

When  any  of  us  wish  to  adopt  the  best  possible  course  for 
any  familiar  undertaking  or  endeavor,  what  do  we  do?  We 
secure  the  best  advice  procurable  and  from  counselors  who  are 
best  fitted  by  training,  experience  and  expert  knowledge  in  the 
particular  field  or  specially  involved.  We  go  to  the  doctor, 
the  lawyer,  the  engineer,  as  the  case  may  be.  More  and  more 
are  communities  following  the  same  practice.  Unfortunately, 
it  is  no  new  experience  that  individuals  of  great  skill  are  found 
to  have  a  personal  interest  that  interferes  with  their  ability  to 
give  entirely  unbiased  advice. 

How  safeguard  against  that?  Why  not,  by  securing  the  ad- 
vice, not  of  an  individual,  but  of  a  professional  group  widely 
representative  of  the  aggregate  training  and  experience  of  the 
community's  specialists? 

While  individual  elements  of  a  group  may  have  selfish  mo- 
tives, the  very  diversity  of  interests  will  rarely  allow  that  of 
any  one  unit  to  govern,  with  the  result  that  the  collective 
sense  of  the  majority  will  usually  be  fairly  sound  and  but  little 
tainted  by  self-interest. 

If  we  felt  ill  would  we  consult  a  lawyer  or  an  engineer? 
The  answer  is  superfluous.  Just  as  in  such  case  we  would  see 
a  medical  man,  we  would  in  other  circumstances  seek  legal  or 
engineering  aid. 

Would  we  be  likely  to  heed  unsought  advice,  whether  med- 
ical, legal  or  engineering,  or  would  we  give  both  ear  and 
weight  to  that  coming  in  response  to  our  direct  request  and 
asked  of  those  in  whom  we  had  faith?  Again,  the  answer  is 
self-evident. 

To  sum  up,  the  best  advice  is  always  that  of  the  trained 
specialist;  the  most  disinterested  counsel  is  that  based  on  the 
collective  experience  of  grouped  specialists. 

This  brings  us  fairly  to  the  question  of  the  advisability  of 
the  Engineers'  Club  of  Philadelphia  going  on  record  in  favor 
of  or  agamst  legislation  in  general. 

Actually  the  question  should  be  stated  more  broadly: 

"  How  best  can  Engineering  Associations,  including  our 
Club  of  Philadelphia  Engineers,  place  their  collective  engineer- 
ing knowledge,  experience  and  training  at  the  sei^viee  of  the 
community?" 

Two  ways  are  debatable :  A  stand  in  favor  of  or  against 
direct  legislation  may  be  taken,  or  engineering  matters  affect- 
ing the  community  may  be  carefully  considered  and   formu- 
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lated,  to  serve  as  a  guide  aud  basis  foi'  tlie  formulation  into 
laws  by  those  more  specifically  fitted  by  experience  and  train- 
ing in  the  framing  of  laws. 

Some,  at  least,  of  the  great  national  engineering  societies, 
some  by  practice  and  some  by  direct  constitutional  require- 
ment, have  decided  to  absolutely  refrain  from  recommending 
or  formulating  laws  and  to  limit  themselves  to  specific  engi- 
neering advice  and  recommendation.  In  so  restricting  them- 
selves, tliey  have  actually  broadened  and  deepened  their  in- 
fluence on  actual  legislation.  They  have  not  sought,  nor  do 
they  seek,  to  influence  legislation,  and  in  so  refraining  they 
have  actually  gamed  a  deep  and  beneficial  influence  in  aud  for 
the  community. 

As  any  course  of  reasoning  is  most  forcible  when  backed  up 
by  actual  results,  a  case  in  point  might  here  be  cited.  It  is 
that  of  the  A.  S.  M.  E.  Boiler  Code  Committee. 

A  number  of  engineers,  members  of  the  Society,  largely  in- 
terested in  steam  boilers  and  their  safe  construction  and  use, 
got  together  a  number  of  years  ago  and  were  constituted  into 
a  special  committee.  Some  membei-s  were  fundamentally  in- 
terested in  safety  alone,  with  no  financial  interests  in  any 
particular  form  or  type  of  boiler;  others  were  directly  inter- 
ested in  some  type  or  accessory  detail.  It  was  soon  recog- 
nized that  the  matter  was  so  broad  and  that  it  so  fundamentally 
affected  the  entire  community,  not  simply  builders  of  boilers, 
that  the  committee  was  expanded  until  it  actually  represented 
the  best  specialized  engineeruig  talent  of  the  entire  country  and 
eo\-ered  every  phase  involved.  The  natural  tendency  of  many 
individuals  to  look  after  only  their  own  particular  interests 
brought  out  their  best  arguments,  to  be  countered  by  those  of 
others  possessed  of  conflicting  interests,  with  the  final  result 
that  a  Code  for  boiler  construction  was  evolved  that,  while 
restraining  no  maker  of  any  particular  type  of  boiler,  made 
certain  that  any  boiler  built  and  used  under  the  Code  was  as 
safe  as  the  combined  experience  and  skill  of  the  designing, 
manufacturing  and  operating  engineers  of  the  country  could 
evolve. 

Did  the  engineering  associations  that  participated  in  this 
work  recommend  the  adoption  of  the  Code  as  the  law  of  the 
land?  Many  members  of  the  committee  most  earnestly  de- 
manded that  that  should  be  done,  but  wiser  counsel  prevailed. 
The  Code  was  published  simply  as  what  it  was — the  crystal- 
lization of  the  best  knowledge  of  the  engineering  profession. 

And  what  was  the  legislative  result?  Various  legislatures 
in  various  States  secured  copies;  some  had  the  Code  reprinted 
in  toto,  and  many  used  it  as  the  basis  for  a  revision  of  their 
boiler  laws.  A  number  of  legislatures  have  incorporated  the 
Code  in  whole  or  in  part  into  organic  law. 

Nowhere  was  the  Code  objected  to,  as  must  inevitably  have 
been  the  case  had  its  framers  worked  for  the  adoption  into 
law.  No  point  was  raised  of  a  selfish  motive  or  a  selfish  end 
to  be  gained  for  any  maker  of  a  boiler  or  of  a  boiler  accessory. 

Even  those  engineers  who  advocated  their  societies  putting 
themselves  behind  the  enactment  of  the  Code  into  law  are  now 
agreed  that  what  they  hoped  for  in  the  interest  of  the  public 
and  community  actually  came  about  much  sooner  and  more 
readily  as  a  result  of  their  confining  themselves  to  their  special 
domain. 

The  above  argument  was  presented  before  the  Engineers' 
Club  of  Philadelphia  by  the  writer,  who,  in  order  to  bring  out 
a  discussion  directed  to  a  definite  issue,  followed  it  by  this 
motion  : 

Whereas,  it  is  the  sense  of  the  Engineers'  Club  of  Phila- 
delphia that  Engineering  Associations  can  best  fulfill  one  of 
the  basic  purposes  of  their  existence — that  of  serving  the  com- 


munity, by  bringing  to  bear  on  any  particular  phase  of  en- 
gineering involving  the  public  welfare,  the  collective  knowl- 
edge, traming  and  experience  of  engineers  and  of  the  profes- 
sion of  engineering: 

Therefore  be  it  resolved  that : 

"  The  Engineers'  Club  of  Philadelphia  shall  recommend 
neither  legislation  nor  laws,  but  shall  restrict  itself  to  the 
formulation  of  the  collective  knowledge  and  experience  of  its 
members  on  any  particular  phase  fundamentally  involving 
engineering  practice  in  the  erecting  or  manufacture  of  en- 
gineering structures  or  constructions,  which  formulation  may 
serve  to  guide  those  seeking  the  best  collective  knowledge  of 
those  fitted  by  engineering  training  and  experience." 

The  writer's  views  upon  this  subject  are  here  submitted  for 
The  .Journal  in  the  hope  that  they  may  stimulate  thought  and 
draw  forth  representative  opinions  which  will  be  of  guidance 
to  the  Society  and  to  other  organizations  in  any  future  ques- 
tions concerning  the  engineering  societies  and  legislation  and 
public  affairs. 

Hestrt  Hess. 

Piiiladelphia,  Pa. 


IVIANUFACTURERS  AND  THE  INDUSTRIAL 
INVENTORY 

To  THE  Editor: 

As  indicative  of  the  frame  of  mind  in  which  many  of  the 
manufacturers  of  this  country  find  themselves,  the  replies 
which  the  writer  and  other  members  of  the  local  committee 
on  the  Naval  Consulting  Board  have  received  in  response  to 
theii'  communications  in  regard  to  the  Industrial  Inventory- 
are  very  illuminating.  We  arranged  to  send  out  return  notice 
postcards  with  all  the  inventories,  and  delivered  them  by  a 
messenger  so  as  to  avoid  any  trouble  with  the  post  office  and 
any  excuse  that  the  mail  was  not  received.  Less  than  10  per 
cent  of  the  return  postcards  were  mailed  to  us.  After  about 
ten  days,  the  firms  were  approached  by  telephone  and  about 
50  per  cent  replied  that  they  did  not  see  why  they  should 
fill  out  the  inventory  because  they  did  not  make  any  war  ma- 
terial, and  did  not  see  what  connection  they  had  with  it.  Of 
course,  the  reply  to  this  objection  is,  that  practically  every 
business  is  affected  in  case  of  a  large  war.  It  even  applies 
to  such  apjiarently  far  removed  businesses  as  hosiery,  under- 
wear and  other  clothing  manufacturers.  Most  of  the  firms 
seemed  to  think  that  the  only  materials  required  in  a  war  are 
rifles  and  ammunition.  They  forget  altogether  that  the  big- 
gest part  of  supplies  to  an  army  are  other  materials  than  those 
for  killing. 

Not  less  than  two  men  raised  the  objection  that  they  did  not 
believe  that  we  e\  er  would  have  a  war,  that  they  were  stamich 
Wilson  men,  and  as  President  Wilson  had  kept  us  out  of  war 
so  far,  he  would  probablj-  continue  to  do  it.  The  reply  seems 
almost  obvious,  considering  the  conditions  in  Mexico.  I  have 
also  asked  these  objectors  what  they  think  is  going  to  be  the 
position  of  the  t!.  S.  after  the  war,  when  the  comparatively 
impoverished  Euroi^ean  countries  with  heavy  holdings  in 
Mexico  are  going  to  call  this  countrj'  to  account  for  either 
bringing  conditions  to  a  proper  state  in  Mexico  or  abandoning 
the  Monroe  Doctrine. 

One  manufacturer  characterized  the  effort  to  get  the  inven- 
tory as  "  all  nonsense,"  although  I  could  tell  from  his  replies 
that  he  had  not  even  read  the  papers.  Another  objection  is 
raised  by  the  excuse  that  they  are  too  busy  and  have  not  found 
time  to  fill  out  the  inventorv.  some  claiming  that  it  takes  them 


August 
1916 


CORRESPONDENCE 


643 


about  a  week  to  do  it.  To  this  the  reply  is  that  it  need  not 
take  more  than  two  or  three  hours,  if  they  go  at  it  earnestly; 
and  also  that  the  information  they  obtain  will  be  of  benefit 
to  themselves  as  well  as  to  ns.  It  seems  hard  to  get  them  to 
realize  that  this  matter  is  of  much  benefit,  or  more,  to  the 
manufacturers  themselves  than  it  is  to  the  Government. 

In  all  it  would  appear  as  if  the  average  manufacturer  did 
not  take  the  situation  in  this  country  seriously  enough,  and  I 
tliink  that  the  publication  of  this  information  in  The  Journal, 
where  it  would  be  likely  to  reach  a  good  many  intelligent  engi- 
neers by  a  more  authoritative  channel  than  usual,  will  have 
some  influence  upon  the  attitude  of  the  manufacturers  with 
whom  they  are  employed. 

It  seems  to  me  that  as  intelligent  and  energetic  a  campaign 
as  the  present  one  conducted  by  the  five  engineering  societies, 
should  receive  all  the  support  possible  with  a  view  to  increas- 
ing the  efficiency  generally  of  governmental  engineering 
matters. 

R.    J.    S.    PiGOTT. 

Bridgeport,  Conn. 

About  90  per  cent  of  the  manufacturers  in  the  countries 
involved  in  the  European  war  are  engaged  in  the  production 
of  materials  which  may  be  broadly  classed  as  munitions.  The 
guns,  powder  and  shells  represent  but  one  phase  of  this  work. 
There  are  nearly  35,000  items  in  the  purchasing  lists  of  the 
departments  responsible  for  the  maintenance  of  an  army  under 
effective  fighting  conditions.  More  than  4000  of  the  larger 
manufacturing  plants  in  England  alone  have  been  taken  over 
bj'  the  government,  and  are  now  being  operated  under  gov- 
ernment control.  In  addition  to  this  unprecedented  industrial 
activity  in  all  the  countries  of  Europe  and  in  Japan,  a  large 
percentage  of  the  manufacturing  establishments  of  neutral 
countries,  including  the  United  States,  have  been  called  into 
munitions  service  for  the  supply  of  materials  to  the  Allies. 

In  the  event  of  any  war  in  which  this  country  becomes  in- 
volved, every  manufacturing  plant  within  the  boundaries  of 
the  country  will  be  called  upon  to  do  its  part  for  the  national 
service.  It  goes  without  saying  that  no  manufacturing  insti- 
tution in  this  country  can,  without  months  of  fatal  delay,  begin 
to  produce  army  and  navy  materials  unless  it  lias  in  time  of 
peace  been  carefully  taught  the  intricate  methods  and  pro- 
cesses involved  in  the  making  of  such  emergency  product. 

True  prejjaredness  in  this  country  can  exist  only  through 
such  an  organization  as  will,  in  the  event  of  emergency,  place 
our  manufacturing  and  producing  resources  instantly  at  the 
government  service,  and  any  and  every  plan  for  the  protec- 
tion of  this  country  against  invasion  may  be  made  effective 
only  through  such  organization.  Every  manufacturer  must 
take  this  great  lesson  of  the  European  war  home  to  himself, 
and  realize  his  responsibilities  under  it.  Every  manufacturer 
must  demand  that  he  be  taught,  in  time  of  peace,  to  make  that 
thing  for  the  Government  for  which  his  equipment  and  the 
training  of  his  men  best  fit  him,  and  which  he  will  be  required 
to  supply  for  the  support  of  the  Army  and  the  Navy  or  the 
civilian  population  in  time  of  war. 

In  thus  demanding  that,  through  prearrangement,  his  manu- 
facturing facilities  be  made  readily  and  quickly  available  to  the 
Government  in  time  of  need,  the  manufacturer  at  this  same  time 
serves  his  own  best  interest.  He  insures  the  operation  of  his 
plant  at  a  reasonable  profit  in  spite  of  the  chaotic  commercial 
conditions  attendant  upon  war,  and  that  his  labor  organization 
built  up  over  a  long  period  of  years  wiU  be  maintained  intact 
as  an  integral  part  of  the  Industrial  Reserve. — Editor. 


STUMPF   UNAFLOW   ENGINE 

To  THE  Editor: 

In  the  July  issue  of  The  Journal  Mr.  Wm.  E.  Bullock  ob- 
jected to  the  credit  given  to  Prof.  Johann  Stumpf,  of  Char- 
lottenburg,  for  the  development  of  the  Unaflow  Engine. 

It  is  evident,  from  the  examples  which  Mr.  Bullock  gives, 
that  the  principle  which  Professor  Stumpf  invented,  and  which 
made  such  a  remarkable  success  of  his  engine,  is  not  under- 
stood. If  Mr.  Bullock  would  build  the  engine  shown  by  Todd, 
or  the  engine  illustrated  in  the  patent  to  John  M.  Hirlinger, 
he  would  find  that  the  economy  recently  secured  by  the  Stumpf 
unaflow  engine  would  not  be  obtained. 

Professor  Stumpf,  as  he  stated  in  his  book,  was  not  aware 
of  the  patent  to  Todd,  but  devised  the  arrangement  of  cylin- 
der, piston,  inlet  ports  and  exhaust  ports  from  theoretical 
considerations,  and  used  this  construction  only  as  a  means  for 
carrying  out  his  real  invention. 

Professor  Stumpf  added  to  the  Todd,  Hirlinger,  and  several 
other  unsuccessful  engines — in  which  the  steam  entered  the 
head  end  of  the  cylinder  and  was  discharged  at  the  middle — ■ 
a  steam  jacket,  through  which  was  circulated  the  hottest  steam. 
This  steam  jacket  was  located  at  the  inlet  ends  and  was  pro- 
tected by  all  available  means  from  the  colder  cylinder  spaces. 

The  cylinder  surfaces  near  the  inlet  end  were  thereby  main- 
tained hot  and  dry  during  both  expansion  and  compression 
strokes.  The  water  of  condensation,  therefore,  became  con- 
centrated on  the  colder  cylinder  surfaces  near  exhaust  which 
never  came  in  contact  with  the  high  temperature  steam.  When 
exhaust  opens  the  wettest  steam  is  eliminated  and  the  dryer 
steam  remaining  is  trapped  by  the  returning  piston  and  com- 
pressed against  the  heated  inlet  surfaces,  receiving  heat  both 
from  the  jacket  and  the  work  of  compression  and  jn-oducing 
a  temperature  in  the  clearance  steam  and  the  cylinder  surfaces 
higher  than  that  of  the  steam  entering  from  the  boiler.  This 
prevents  initial  condensation  on  these  surfaces  to  a  degree 
which  no  other  builder  of  unaflow  engines  approached,  even 
remotely. 

In  designing  his  engine  Professor  Stumpf  also  reduced  the 
area  of  the  entrance  port  to  the  minimum.  When  local  con- 
ditions required  more  heat  he  also  jacketed  a  portion  of  the 
cylinder  as  well  as  the  head,  at  the  same  time  reducing  the 
section  of  metal  between  that  jacket  and  the  exhaust  port  to 
the  minimum. 

The  long  piston  kept  the  cylinder  covered  from  contact  with 
the  exhaust  steam  for  the  longest  possible  time,  thus  preveni- 
ing  the  extraction  of  heat  from  the  cylinder  wall,  and  its  con- 
veyance away  by  the  exhaust. 

It  is  evident  that  both  Todd  and  Hirlinger  invented  a  mech- 
anism rather  than  a  jjrinciple  of  operation.  They  both  jji'o- 
vided  long  entrance  ports,  with  a  surface  that  would  be  sub- 
ject to  changes  of  temperature,  and  which  were  not  jacketed, 
and  located  their  steam  chests  over  the  center  of  the  cylinder 
where  the  heat  could  be  readily  conducted  to  the  exhaust,  and 
they  did  not  heat  the  cylinder  head. 

An  actual  experiment  has  been  made  with  a  Corliss  engine 
cylinder,  first  with  Corliss  exhaust  valves  at  the  head,  and 
then  with  ports  in  the  center  of  the  cylinder.  The  results  of 
careful  tests  showed  very  little  gain  in  economy  by  the  use 
of  the  central  ports  as  compared  with  the  ordinary  exhaust 
valve,  these  experiments  being  made  without  any  head  jacket. 
A\'hen,  however,  the  head  jacket  was  introduced  the  economy 
of  the  engine  was  increased  to  correspond  with  the  figures  ob- 
tained by  Professor  Stumpf. 
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The  tremendous  success  which  Stumjif's  unaflow  engines 
have  had  in  Germany,  where  some  600,000  or  700,000  h.p.  had 
been  built  before  the  war,  is  a  practical  demonstration  of  the 
efficiency  of  his  system,  and  he  is  therefore  entitled  to  the 
credit  for  the  success  of  the  unaflow  engine. 

Some  two  years  ago  the  writer  saw  in  actual  operation  over 
40,000  h.p.  of  these  engines,  built  by  Sulzer  Brothers,  and 
Ehrhardt  and  Sehmer,  from  100  to  8000  h.p.  in  a  single  cylin- 
der. These  engines  were  running  under  all  sorts  of  conditions, 
direct  driven  with  generators  attached,  and  in  the  case  of  the 
8000  h.p.  engine,  direct  connected  to  a  3-high  train  rolling 
mill.  They  were  beautiful  engines,  extraordinarily  well  built, 
and  operated  perfectly. 

The  official  government  tests  showed  a  steam  consumption 
with  ordinary  vacuums  of  9.5  lb.  of  steam  of  150  lb.  gauge 
pressure  per  i.h.p-hr.  for  engines  of  500  h.p.,  which  was  better 
consumption  than  1600  h.p.  triple  expansion  engines  made  by 
the  same  companies,  running  alongside  of  them  and  tested 
under  the  same  conditions.  These  results  had  become  so  well 
known  in  Germany  that  it  was  very  difficult  to  sell  anything 
but  Stumpf  imaflow  engines,  and  (he  only  competition  was 
between  makers  of  this  type. 

The  United  States  is  very  much  behmd  in  the  adoption  of 
tliis  type  of  machine,  and  while  there  are  several  American 
inventors  who  attempted  the  solution  of  this  problem,  they 
always  failed  to  make  the  proper  combination,  and  it  was  not 
until  Professor  Stumpf  perfected  his  unaflow  cycle  that  the 
economies,  which  warranted  the  construction  of  these  machines, 
were  obtained. 

There  are  several  examples  in  the  prior  art,  from  1850  to 
1885,  of  patents  for  unaflow  engines,  all  of  which  missed 
realizing  the  vital  principles  of  the  engine  which  Stumpf 
finally  developed  in  1908.  These  only  increase  the  credit  which 
should  be  due  him,  as  in  spite  of  all  this  information,  which 
was  accessible  to  the  thousands  of  engineers  who  were  strug- 
gling to  improve  the  economy  of  the  steam  engine,  the  use  of 
multiple  cylinders,  with  their  many  losses  and  complications, 
appeared  to  them  to  be  tiie  only  solution. 

Edward  N.  Thump. 

Svracuse,  N.  Y. 


THE  GREAT  NEED    OF   OUR   INDUSTRIES 
AND   CITIZENSHIP 

To  THE  Editor:  ...  ^ ' 

So  much  has  been  said  recently  upon  the  subjects  of 
economic,  social  and  civic  preparedness,  and  our  opportunities 
for  making  our  counti-y  rank  foremost  with  the  other  nations 
■of  the  world  have  been  pointed  out  in  the  columns  of  The 
Journal  and  elsewhere.  The  fact  remains,  however,  that  our 
factories  are  still  looking  for  men,  and  men  are  looking  for 
work. 

What  will  become  of  our  national  industrial  advancement 
unless  engineers  are  soon  provided  with  a  body  of  thought  on 
the  part  of  workmen  who  must  be  depended  upon  for  the  exe- 
cution of  their  plans'?     Where  is  the  trouble? 

Corporations  have  found  it  necessary  to  establish  their  own 
private  schools.  It  was  vital  for  them  to  have  a  certain  num- 
ber of  skilled  mechanics  "  coming  along  "  to  take  care  of  the 
growth  of  business  and  replace  those  who  are  eliminated.  It 
cost  one  corporation  one  thousand  dollars  a  month  just  for 
waste  material  due  to  the  inefficiency  of  a  part  of  their  so- 
called  skilled  workmen.     A  prominent  decorator  who  had  a 


large  contract  to  finish  hired  six  men  in  one  day  and  the  same 
night  had  to  discharge  five  of  them. 

In  one  factory  a  large  number  of  men  were  waiting  at  the 
employment  office.  "What  can  you  do?"  was  asked.  The 
reply  was,  "  Nothing."  Here  was  the  factoi'y  tied  up  with 
work  in  search  of  employees  and  could  not  get  them,  and  here 
were  the  men  looking  for  employment  but  could  not  find  it. 

That,  of  course,  is  greatly  intensified  in  large  cities  and 
large  plants,  but  when  you  trace  it  down  the  condition  is  com- 
mensurate with  and  proportional  to  the  size  of  the  city  and 
plant  with  equal  importance. 

The  public  school  system  has  been  regarded  as  one  of  our 
gi'eatest  and  most  democratic  American  institutions.  Eveiy- 
one  thinks  of  it  as  wonderful  and  supreme  in  its  management, 
direction  and  organization.  One  readily  finds  on  analysis, 
however,  that  the  system  entails  a  tremendous  loss,  because  it 
fails  to  fit  the  great  mass  of  the  people.  On  the  other  hand, 
it  succeeds  admirably  in  accomplishing  the  purpose  it  began — 
which  is  that  of  bringing  the  children  from  the  first  grade 
and  the  home  up  through  the  grammar  school,  the  high  school, 
into  the  college. 

But  there  are  65  to  90  persons  out  of  a  hundred  who  are 
eliminated  annually  and  thrown  out  upon  the  streets  of  every 
community  with  but  little  more  than  an  average  of  six  to 
seven  years'  schooling.  Thus  is  industry  supplied  by  the 
"  slag  "  from  the  schools.  These  young  people  go  out  to  re- 
cruit our  skilled  and  efficient  helpers  and  producers,  to  become 
future  American  citizens,  and  they  have  almost  no  tiaining 
whatever. 

In  New  York  City  it  was  recently  shown  that  there  were 
86,000  children  who  entered  the  second  grade  of  the  grammar 
school.  42,000  of  these  graduated  from  the  eighth  grade. 
23,000  entered  the  high  school  and  but  few  over  4000  gradu- 
ated. 

What  lias  become  of  the  other  eighty-odd  thousand? 

With  the  decline,  due  to  specialization  in  industry  and  piece- 
work, of  apprenticeship  as  it  existed  in  bringing  forth  the 
mechanics  of  today,  it  is  impossible  for  the  boy  to  receive  his 
due  quota  of  industrial  training.  As  a  result  our  industries 
and  our  people  must  suffer. 

The  ideal  of  the  school  system  has  changed,  however,  and 
it  is  beginning  to  bring  education  in  touch  with  the  industrial 
senice  of  every  community,  large  funds  being  appropriated 
amiually  by  States  and  cities,  while  at  the  present  time  an 
appropriation  of  several  millions  is  pending  in  Congress 
which  will  be  dispersed  as  Federal  aid.  We  have  had  to  learn 
our  lesson  from  the  European  countries  and  now  it  is  jier- 
vading  every  State  in  the  Union  as  an  economic  necessity. 

The  State  of  Wisconsin  has  adopted  a  unique  and  unusual 
plan,  having  taken  advantage  of  the  accumulated  experience  of 
Germany.  Other  States  have  adopted  various  other  methods, 
differing  according  to  their  special  condition. 

We  are  facing  the  great  problem  of  the  unemployed,  which 
is  the  result  of  our  educational  system,  as  a  whole,  not  being 
entirely  adapted  to  the  welfare  and  vocational  interests  of  all 
our  people — except  in  so  far  as  general  schooling  is  generally 
helpful.  We  have  been  intensifying  on  the  self-respecting, 
intelligent  citizen.  Let  us  see  what  can  be  done  toward  mak- 
ing him  self-supporting  as  well. 

In  this  lies  our  great  opportunity  for  economic,  social  and 
civic  preparedness  which  will  make  our  counti-j-  rank  foremost 
with  the  other  nations  of  the  world. 

Frank  L.  Glynn. 

Madison,  Wis. 


-II     I     I   I    III      HI  iiiiiiiiiii  lun  m  ■  I  la  I  n  I  III  iiii  II  n  ■  ■  I  III  niiiit  iiiiiiiii  in  ii  iiu  i  i  mii  iiiiiiii  iiwii    ni  iiii  ii  ii  niii    u    g  h  ■  ii  1 1  in  1  ii    11  ihi 


Society  Affairs 


Engineering  Survey 


Society  Affairs  Section Page  645 

Engineering  Survey  Section Page  665 


11  I  II       ■  I    I    I     I  I   I    I     mill  11  II II I    I  II  11      III     III  11  I  iini        II      II  111   I  I  I  HI  1  11  mil  II  II    I     I 


J  I  I  III  1 1      I  II   IIIHI 


THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 


ABRIDGED  LIST  OF  OFFICERS  AND  COMMITTEES' 


OFFICERS  AND  COUNCIL,  1916 


President 

D.  S.  Jacobus 


Past-Presidents 

Members  of  the  Council  for  1916 

Jesse  M.  Smith 

Alex.  C.  Humphreys 

W.  F.  M.  Goss 

James  Hartness 

John  A.  Brashear 


Managers 

Terms  expire  December  1916 

Arthur  M.  Greene.  Jr. 

John  Hunter 

Elliott  H.  Whitlock 

Terms  expire  December  1917 

Charles  T.  Main 

Spencer  Miller 

Max  Toltz 


Treasurer 

William  H.  Wiley 


Honorary  Secretary 

Fkedf.bick  R.  Hutton 


Secretary 
Calvin  W.  Rice 


Vice-Presidents 

Terms  expire  December  1916 

Henry  Hess 
George  W.  Dickie 
James  E.  Sague 

Terms  expire  December  1917 

Wm.  B.  Jackson 

J.  Sellers  Bancroft 

Julian  Kennedy 


Terms  expire  December  1918 

John  H.  Barr 
H.  DE  B.  Parsons 
John  A.  Stevens 


Chairman  of  Finance  Committee 

Robert  M.  Dixon 


Executive  Committee  of  the  Council 

D.  S.  Jacobus.  Chairman 

John  H.  Barr 

Arthur  M.  Greene,  Jr. 

Henry  Hess 

Spencer  Miller 

James  E.  Sague 


COMMITTEES,  ETC, 


STANDING  COMMITTEE 

Finance,  Robert  M.  Dixon 

Meetings,  H.  L.  Gantt 

Public ATioN,  Irving  E.  Moultrop 

Membership,  Henry  C.  Meyer,  Jr. 

Library,  John  W.  Lieb 

House,  William  N.  Dickinson 

Research,  R.  J.  S.  Pigott 

Public  Relations  (not  appointed) 

Constitution  and  By-Laws,  Jesse  M.  Smith 

Standardization,  Henry  Hess 


SOCIETY  REPRESENTATION 

American  Association  Advancement  of  Science 

American  Society  for  Testing  ^^^.TERIALS,  Modi- 
fication Briggs  Standard  for  Pipe  Threads 

Classification  of  Technical  Literature 

Conference  Committee  on  Electrical  Engi- 
neering Standards 

Conference  Committee  of  National  Engineer- 
ing .Societies 

Conference  Committee  to  Determine  Cost  of 
Electric  Power 

Conservation 

Electrical  Engineering  Standards 

Engineer  Reserve  Corps 

Engineering  Foundation 

Expert  Testimony  Committee 

John  Fritz  Medal,  Board  of  Award 

Joseph  A.  Holmes  Memorial 

Naval  Consulting  Board  of  the  Unfted  States 


Standardization  of  Pipe  and  Pipe  Fittings  for 

Fire  Protection 
Trustees  United  Engineering  Society 

SPECIAL  COMMITTEES 

Chairmen 

Administration,  Robert  M.  Dixon 

Am.  Soc.  M.  E.  Junior  Prizes,  Robert  H.  Fernalil 

Am.    Soc.    ^L    E.    Student    Prizes,    Frederick    R. 

Hutton 
Boiler  Code  Committee,  John  A.  Stevens 
Engineering  Education 
Filter  Standardization,  George  W.  Fuller 
Increase  of  Membership,  Irving  E.  Moultrop 
Metric  System 

Nominating  Committee.  Walter  B.  Snow 
Patent  Laws 
Pipe    Threads    International   Standard,    Edwin 

M.  Herr 
Power  Tests,  G<'n.  H.  Barrus 
Refrigeration.  D.  S.  .Jacobus 
Research  Committee,  R.  J.  S.  Pigott 

Sub-Committee   on   Bearing    Metals,   C.    H  . 
Bierbaum 

.Sub-Committee    on    Fuel   Oil,    Raymond    H. 
Danforth 

Ml  B-COMMITTEE       ON       INVESTIGATION      OF      THE 

C'linkering  of  Coal,  Lionel  .S.  Marks 
Sub-Committee  on  Lubrication,  Albert  Kings- 
bury 

SCB-COMMITTEE    ON    MACHINE    TOOLS,    LeOU    P. 

Alford 

SUB-COMMITTEE  ON  SaFETY  \'aLVES 

Sub-Committee   on  .Steam    Meters,    R.   J.   S, 
Pigott 


Sub-Committee  on   Worm  GEARiNa,   Fred   A. 
Halsey 
Sections,  Elliott  H.  Whitlock 
Standard  Flanges  and  Pipe  Fittings,  Henrv  G. 

Stott 
Standards  for  Graphic  Presentation,  Willard  C . 

Brinton 
Student  Branches,  Frederick  R.  Hutton 
Tellers  of  Election,  Robert  H.  Kirk 
Tolerances  in  Screw  Thread  Fits.  L.  D.  Burlin- 

gann- 

SECTIONS  COMMITTEES 

Chairmen  ami  Secretaries 
Atlanta,  Earl  F.  Scott,  Park  A.  Dallis 
Birmingham,  Roy  E.  Brakeman.  Paul  Wright 
Boston,  .\.  L.  Williston,  (Secreturj-  not  appointed) 
Buffalo,  John  Younger,  (Secretary  not  appointedi 
Chicago.  Joseph  Harrington,  R.  E.  Thayer 
Cincinnati,  F.  A.  Geier.  John  T.  Faig 
Detroit  (not  appointed) 

Los  Angeles,  W.  A.  E.  Noble,  Ford  W.  Harris 
Milwaukee,  Edward  Hutchens,  F.  H.  Dorner 
Minnesota.  J.  V.  Martenis,  D.  M.  Forfar 
New  Haven,  H.  B.  Sargent,  E.  H.  Lockwood 
New  Orleans,  W.  B.  Gregory,  H.  L.  Hutson 
New  York.  H.  R.  Cobleigh,  A.  D.  Blake 
Philadelphia,  Emmet  B.  Carter,  Wm.  R.  Jones 
St.  Louis,  H.  R.  Setz.  L.  A.  Day 
San  Francisco,  Frederick  W.  Gay,  C.  F.  Braun 
Worcester,  Paul  B.  Morgan,  Edgar  H.  Reed 


'  A  complete  list  of  the  officers  and  committees  '>: 
the  .Society  will  be,  found  in  the  Year  Book  for  191 1; 
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SOCIETY  AFFAIRS 


A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

AflPairs  of  Interest  to  the  Membership 


DETROIT  and  New  Orleans  have  in  the  past  month  been 
added  to  the  industrial  centers  where  meetings  of  the 
Society  will  be  regularly  held.  Close  cooperation  will  be  had 
between  the  new  Sections  and  the  local  engineering  societies 
of  the  respective  cities,  namely,  the  Detroit  Engineering  So- 
ciety and  the  Louisiana  Engineering  Society.  Similar  coop- 
eration with  other  national  society  sections  is  always  the  pro- 
gram of  the  Am.Soc.M.E.  wherever  it  imdertakes  any  work. 
The  uniform  policy  is  to  build  up  a  spirit  of  professional 
engineering  and  fraternity  in  each  center  with  the  local  engi- 
neering society  as  the  nucleus,  the  sections  of  the  national 
societies  cooperating. 

The  temporary  committee  in  charge  of  the  organization  of 
the  Detroit  Section  consists  of  R.  CoUamore,  Chairman;  F. 
H.  Mason,  Secretary;  E.  J.  Burdick,  H.  H.  Esselstyn  (ex 
officio),  W.  R.  Kales,  and  H.  MeCabe. 

The  Executive  Committee  of  the  New  Orleans  Section  has 
been  duly  nominated  by  the  local  members  and  appointed  by 
the  Council  and  consists  of  W.  B.  Gregory,  Chairman,  Mem- 
ber of  Council  designate;  H.  L.  Hutson,  Secretary-Treasurer; 
R.  J.  Burwell,  H.  F.  Rugan  and  E.  W.  Kerr. 

Other  centers  which  have  plans  for  the  establishment  of 
Sections  under  way  are  Baltimore,  Erie  and  Providence,  and 
it  is  expected  these  will  be  fully  developed  in  the  fall. 

Volume  37  of  Transactions  will  be  issued  during  the  month 
to  standing  members  in  1915.    The  page  size,  6  in.  x  9  in.,  is 


miiform  with  the  preceding  annual  volumes.  A  synopsis  of 
the  contents  is  given  below.  The  volume  contains  1560  -(- 
XVIII  pages,  and  is  the  largest  annual  volume  ever  issued  by 
the  Society.  The  work  of  preparation  has  been  ably  super- 
vised by  the  Publication  Committee,  I.  E.  Moultrop,  Chair- 
man. 

With  the  cooperation  of  the  committees  on  Gas  Power,  Rail- 
roads, Machine  Shop  Practice,  Industrial  Buildings,  Textiles, 
etc.,  the  plans  of  the  Committee  on  Meetings  for  the  thirty- 
seventh  Annual  Meeting  are  developing  rapidly.  The  Com- 
mittee on  Meetings  calls  attention  to  the  necessity  for  receiv- 
ing manuscripts  of  papers  by  September  20. 

The  Committee  on  Air  Machinery  reports  that  it  has  a  large 
amount  of  research  work  on  the  measurement  of  air  on  hand 
in  conjunction  with  the  Navy  Rxperiment  Station  at  Annaji- 
olis. 

The  Research  Committee,  under  the  chairmanship  of  R.  J. 
S.  Pigott,  has  adopted  a  new  plan  of  working  this  year.  The 
Committee  intends  to  hold  three  principal  meetings,  one  on 
September  15,  one  on  December  4,  and  the  third  before  the 
Spring  Meeting.  At  these  meetings  all  the  members  of  the 
Committee  are  expected  to  be  present,  as  well  as  the  chairmen 
and  members  of  the  sub-committees.  The  chairmen  of  all 
sub-committees  report  each  month  in  writing  to  the  chairman 
of  the  Standing  Committee  the  progress  made  by  the  sub- 
committee during  the  month. 


WELCOME  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS! 

Civil  Engineers  to  Share  Engineering  Societies  Building 


The  American  Society  of  Civil  Engineers  has  voted  to  accejJt 
the  offer  of  the  United  Engineering  Society  to  become  an 
equal  partner  with  the  three  Founder  Societies,  the  American 
Institute  of  Electrical  Engineers,  the  American  Institute  of 
Mining  Engineers  and  The  American  Society  of  Mechanical 
Engineers  in  ownership,  occupancy  and  administration  of  the 
Engineering  Societies  Building  and  all  other  activities  which 
the  Societies  may  jointly  undertake.  Thus  is  the  hope  of  Mr. 
Andrew  Carnegie,  the  donor  of  the  building,  fully  realized — 
that  the  building  should  become  the  home  and  headquarters 
of  the  engineering  profession  in  America. 

The  action  of  the  Civil  Engineers  is  the  result  of  a  letter 
ballot  of  its  entire  membership.  This  ballot  closed  on  June  15 
and  was  announced  at  the  Pittsburgh  convention  of  the  society 
on  June  27.  The  vote  was  six  to  one  in  favor  of  the  removal 
of  the  society  from  its  present  headquarters  on  57th  St.,  New 
York. 

Three  stories  will  be  added  to  the  top  of  the  Engineering  So- 
cieties Building  and  specially  planned  for  the  extension  of  the 
Library  and  for  the  use  of  the  Civil  Engineers.  The  cost  will 
not  exceed  $250,000.  The  arrangement  with  the  Civil  Engi- 
neers is  to  permit  them  to  reimburse  the  United  Engineering 
Society  for  the  cost  of  the  enlarged  building,  this  sum  being 
substantially  the  same  as  the  amount  paid  by  the  Founder 
Societies  originally  for  their  participation  in  the  enterprise. 


Thus  all  four  societies  enter  upon  the  same  basis  and  share 
equally  in  all  respects. 

Ten  years  ago,  at  the  time  the  Engineering  Societies  Build- 
ing was  constructed,  the  Civil  Engineers  were  invited  by  Mr. 
Carnegie  to  be  a  Founder  Society  in  the  Building.  They  de- 
cided at  that  time  not  to  accept  the  offer,  however,  but  to  con- 
tinue to  occupy  their  own  house  on  57th  Street,  which  they 
had  built  about  ten  years  earlier. 

At  the  time  of  the  undertaking  of  the  Founder  Societies, 
there  was  doubt  as  to  the  success,  financially  and  technically, 
of  the  scheme  for  associating  several  societies  in  one  building. 
The  construction  and  dedication  of  the  building  were  looked 
upon  by  some  as  the  first  steps  of  a  severe  trial  of  the  manage- 
ment of  the  societies.  Many  questioned  whether  the  three 
participating  societies  in  Mr.  Carnegie's  gift  would  live  to- 
gether in  harmony  and  be  able  to  carry  out  the  plans  sug- 
gested. Some  questioned  the  feasibility  also  of  uniting  the 
three  independent  libraries  of  the  societies  into  one  joint 
library,  useful  to  members  of  any  of  the  three  societies  for 
research  and  consultation.  Some  did  not  see  how  the  housing 
of  the  three  national  societies  and  several  minor  associations 
under  one  roof  would  bring  about  the  desirable  closer  coopera- 
tion of  the  various  membei-s  of  the  profession,  without  at  the 
same  time  causing  some  of  the  organizations  to  be  "  swal- 
lowed up  "  by  some  of  the  others. 
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The  experience  of  ten  years  has  shown  that  all  these  criti-  There  has  likewise  been  increasing-  and  notable  cooperation  be- 
eisms  of  the  project  have  become  gToundless.  The  financial  tween  the  Government  and  the  societies.  There  has  been  in- 
stability of  the  Enaineering-  Societies  Bnilding  is  now  fnlly  creasing  cooperation  between  the  parent  societies  and  their 
established.  The  building  represents  an  investment  of  prac-  local  affiliations,  and  in  turn  there  has  been  increasing  eoop- 
tically  $2,000,000.  The  societies  own  it  free  of  all  encum-  eration  with  the  local  affiliations  of  the  various  societies  with 
brance,  and  have  in   addition  over  .$70,000  in  a  separate  re-  each  other. 

serve    fund    to    provide    for    depreciation    and    amortization.  The  testimony  of  all  will   therefore  be  that   the   action   of 

Each  society  has  itself  prospered.     The  Civil  Engineers  will  the  Civil  Engineers  to  come  in  establishes  their  desire  to  do 

now  pay  about  $225,000  for  the  addition  to  the  building,  and  their  part  in  the  great  cooperative  movement  in  which  the 

each  of  the  four  Founder  Societies  will  then   hold  an  equity  engineers  of  America  are  engaged  for  the  purpose  of  promot- 

in  the  property  of  over  half  a  million  dollars.  ing  the  welfare  of  the  profession  as  a  whole  and,  through  it, 

Eighteen   societies,   including   the    three    original    Founder  of  tl'^  public  at  large. 
Societies,  now  make  the  building  their  headquarters.     Each  is 

under  its  own   management   absolutely,  and  all  live   in   inde-  VOT  TT\TF    '^7    OF   TR  A X^ ACTIONS 
pendence   and    harmony.     Frequent   conferences   are   held   in 

matters  pertaining  to  the  welfare  of  the  engineering  profession  rpj^^  ^^^:^^^  pj  ^j^^   Society  during  the  year  1915   are  re- 
as  a  whole.  corded  in  Volume  37  of  Transactions,  to  be  issued  during  the 
AVith    the    Civil    Engineers,    the    total    membership    repre-  ^^^^^^  ^^  August  to  standing  members  in  1915.     A  general 
sented  in  the  building  will  be  52,677,  as  shown  by  the  followmg  ^.^^j^^  ^j  j,^g  ^^^.^  ^^  ^^^  Society  for  this  year  is  given  in 
figures  of  present  membership  of  the  resident  societies :  ^^^  Annual  Report  of  the   Council  included.     The   Volume 
American  Society  of  Civil  Engineers 8022  contains  a  calendar  of  all  the  meetings  of  the  Society — gen- 
American  Institute  of  Electrical  Engineers 8308  eral  meetings  and  local  meetings — held  during  the  year;  and 

American  Institute  of  Mining  Engineers 5597  the  papers,  with  discussion,  presented  at  the  Spring  Meeting 

The  American  Society  of  Mechanical  Engineers 7149  in   Bulfalo,  April,  1915,  the  Annual  Meeting  in  New   York, 

Aeronautical  Society  of  America 200  December,  1915,  and  the  additional  general  meeting  in   San 

American     Society     of     Heating     and     Ventilating  Francisco,  September,  1915,  in  connection  with  the  Panama- 
Engineers  705  Pacific  International  Exposition  and  the  International  Engi- 

American  Gas  Institute 1530  neering  Congress,  1915,  are  published  practically  in  full.    Pa- 
Association  of  Edison  Illuminating  Companies 73  pers  read  at  local  meetings  and  presented  subsequently  at  a 

American  Institute  of  Aeronautical  Engineers 121  general  meeting  are  also  included;  other  local  meeting  papers 

Emiiire  Gas  and  Electric  Association 115  will  be  found  in  The  Journal,  where  a  more  detailed  account 

Illuminating  Engineering  Society 1350  of  the  local  meeting's  is  given.     The  reports  of  special  eom- 

:Municipal  Engineers  of  the  City  of  New  York 600  mittees  received  by  the  Council  during  1915  and  ordered  pub- 

Naticnal  Electric  Light  Association 14000  lished   are   included   in    the   volume;    of   special   note   among 

National  Association  of  Engine  and  Boat  Manufac-  these  is  the  report  of  the  Power  Test  Committee.     The  reports 

turers 175  of  Standing  Committees  for  the  year  are  published  in  The 

New  York  Electrical  Society 705  Journal,  December,  1915. 

Society  for  Electrical  Develojameut 1128  

Society  of  Naval  Architects  and  Marine  Engineers. .     900  A  members  badge  was  recently  found  in  Chambers  Street, 

Society  of  Automobile  Engineers 1975  ^"ew  Y'ork  City,  near  the   Sixth  Avenue   Elevated  Railway. 

U.  S.  Naval  Consulting  Board 24  The  badge  will  be  returned  to  its  owner  upon  application  to 

the  Secretary. 

Truly  the  aspirations  of  Mr.  Charles  F.  Scott,  Past  Presi-  ■   

dent  of  the  American  Institute  of  Electrical  Engineers,  Mem.  The  United  Engineering  Society  has  installed  a  photo- 
Am. Soc.M.E.,  who  in  1902  pictured  a  magnificent  building.  graphic  duplicating  machine  for  the  reproduction  of  pages 
the  "  Capitol  of  American  Engineering,"  and  the  hopes  of  from  books  and  periodicals,  maps  and  charts,  in  the  Library 
those  progressive  engineers  who  have  so  long' worked  in  vari-  of  the  Engineering  Societies,  and  it  is  now  in  operation, 
ous  ways  toward  the  common  end,  will  now  be  fully  realized,  Orders  may  be  sent  to  the  Library  of  the  Engineering  Soci- 
when    this   enormous   membership — the   largest   in   the   world  eties.  29  West  39th  St.,  New  Y^ork. 

under  one  roof — is  concentrated  in  one  headquarters.  The  process  produces  a  photograph  (white  on  black)  direct 
The  Joint  Library  of  the  United  Engineering  Society  has  on  bromide  paper,  and  from  this  negative  print  a  positive 
in  ten  years  become  the  greatest  and  potentially  the  most  may  be  made  by  re-pliotographing.  The  charge  for  a  print 
useful  engineering  library  in  the  world.  Accessions  are  now  11  in.  x  14  in.,  which  may  cover  two  pages  of  an  octavo  volume 
being  made  at  the  rate  of  three  thousand  annually,  and  the  which  face  each  other,  is  25  cents  for  a  negative  print  and  50 
collection  amounted,  at  the  time  of  the  last  annual  report  of  cents  for  a  positive  print.  Enlargements  and  reductions  up 
the  Library  Board,  to  over  62,500  volumes,  1020  publications  to  11  in.  x  14  in.  are  easily  made.  The  process  has  the  ad- 
were  at  that  date  being  received  periodically,  and  current  num-  vantage  of  accuracy  and  cheapness. 

bers  of  over  1000  periodicals  were  on  file  upon  the  shelves  in  

the  reading  room  so  as  to  be  readily  accessible.  The  consolida-  A  Minnesota  Joint  Engineering  Board  has  recently  been 
tion  of  the  valuable  Civil  Engineers  Library  with  the  others  proposed  for  the  purpose  of  securing  the  most  effective  coop- 
will  enlarge  the  scope  of  the  Librarj-  so  that  it  will  become  eration  among  engineers  of  various  affiliations  for  the  welfare 
of  use  to  any  member  of  the  entire  engineering  profession.  of  the  profession,  to  correlate  the  work  of  the  various  engi- 
There  has  been  of  late  an  increasing  amount  of  cooperation  neering  associations  in  that  State  for  unity  of  action,  and  to 
between  the  societies  through  their  governing  bodies  in  matters  work  generally  for  the  betterment  of  the  standards  of  prac- 
affecting  the  general  welfare  of  the  engineermg  profession.  tice  and  clearer  recognition  of  the  engineer  as  a  civic  asset. 


AMBROSE  SWASEY  ELECTED  HONORARY  MEMBER 


PERHAPS  no  more  flttina:  name  was  ever  added  to  the  list 
of  illustrious  men  who  have  been  honored  by  the  So- 
ciety   than    that    of    Ambrose    Swasey,    student,    scientist, 
inventor,     mechanioal     engineer, 
traveler,  philanthropist  and  man 
of   affairs,    who    has    just    been 
elected  to  honorary  membership 
in  the  Society. 

Certainly  no  engineer  living' 
merits  more  the  distinction  of 
being  ranked  by  the  Society  with 
Holley,  Eiffel,  Sweet,  Edison, 
Brashear,  Leavitt,  Bessemer, 
Westinghouse,  Isherwood,  and  a 
score  or  more  of  othei-s  whose 
names  grace  its  list  of  honorary 
members,  than  does  Dr.  Swasey. 
If  he  were  only  known  (with 
his  partner)  for  his  achieve- 
ments in  constructing  and  erect- 
ing the  largest  telescopes  ever 
made  his  fame  would  be  assured, 
but,  coupled  with  this  attain- 
ment, his  genius  as  an  inventor, 
his  ever  increasing  efforts  to- 
ward advancement  of  the  engi- 
neering profession  and  education 
in  general,  his  unselfish  gen- 
erosity, and  his  wholehearted  in- 
terest in  other  j^eople,  have  more 
than  obligated  for  him  any  rec- 
ognition it  is  in  the  power  of 
any  individuals  or  associations 
of  individuals  to  bestow. 

The  story  of  Mr.  Swasey's  life 
is  a  continuous  record  of  tasks 
planned,  carried  through  with 
perfect   method,   and   completed 

precisely  as  planned.  To  attempt  to  enumerate  these  in 
the  short  space  of  an  article  would  be  futile,  and  a  de- 
scription of  any  one  of  them  would  reveal  his  remarkable 
character,  his  aptitude  for  detail  and  the  precision  to  which 
he  works.  For  instance,  in  each  of  his  journeys  around  the 
world — and  he  has  made  two  such  complete  journeys — he  al- 
Avays  prepared  and  printed  in  advance  a  complete  itinerary 
covering  the  whole  trip  from  the  day  of  leaving  Cleveland 
to  the  day  of  returning,  and  this  he  carried  out  to  the  let- 
ter, returning  precisely  on  the  day  indicated.  The  prepara- 
tion and  carrying  out  of  such  an  itinerary  was  but  an  in- 
finitesimal task  compared  with  the  planning  and  execution  of 
the  epoch-making  professional  works  in  which  he  has  engaged, 
but  it  well  illustrates  his  capacity  for  taking  pains,  which  is 
the  essence  of  all  genius. 

Sketches  of  Mr.  Swasey's  life  have  been  written  a  number 
of  times,  but  the  facts  and  incidents  are  so  interesting  and 
instructive  as  to  be  well  worth  reviewing  again. 

Ambrose  Swasey  was  born  in  Exeter,  N.  H.,  in  1846,  and 
like  many  of  the  foremost  engineers  in  the  country  he  never 
had  the  advantages  of  what  is  known  as  a  technical  educa- 
tion, but  received  what  schooling  he  had  in  the  Little  Red 
Schoolhouse.     At   the   age   of   eighteen    he   entered    upon    the 
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machinist's  trade  in  Exeter,  and  while  learning  his  trade, 
Worcester  R.  Warner  came  to  the  same  shop  and  began  his 
apprenticeship,  and  the  two  struck  up  a  companionship.     In 

1870,  in  company  with  Mr. 
Warner,  he  left  his  native  state 
to  enter  the  employ  of  the  Pratt 
and  Whitney  Company  at  Hart- 
ford, Conn.  His  energy  and 
ability  soon  attracted  attention, 
and  his  aptness  in  the  solution 
of  mechanical  problems  was 
soon  called  into  demand.  While 
in  charge  of  the  gearing  depart- 
ment, he  invented  and  perfected 
the  epicyeloidal  milling  machine, 
and  a  few  years  later  an  entirely 
new  process  for  generating  and 
cutting  spur  gears  which  proved 
a  practical  solution  of  the  very 
important  factor  of  the  inter- 
changeable system  of  gearing. 

In  1880  began  that  remark- 
able business  association — the 
firm  of  Warner  and  Swasey, 
with  the  history  of  which  all 
mechanical  engineers  in  Amer- 
ica are  familiar.  Its  original 
business  was  that  of  machine 
construction,  but  Mr.  Warner's 
taste  for  astronomy  and  his  in- 
terest in  the  appliances  used  by 
astronomers,  combined  with  Mr. 
Swasey's  love  of  design  and  his 
ability  as  a  mechanical  engineer, 
naturally  led  them  into  the  per- 
fection and  manufacture  of 
astronomical  instruments.  The 
history  of  the  firm's  work  in  this 
field  is  linked  with  the  history  of  the  development  of  large 
telescopes  from  the  time  of  the  36-in.  refractor  constructed 
by  that  firm  for  the  Lick  Observatory  in  1886  (at  that  time 
the  largest  and  mogt  powerful  ever  constiiicted  and  a  radical 
departure  in  design  from  any  previous  standards)  to  the 
present,  which  includes  the  completion  and  installation  of  the 
present  largest  telescope,  the  72-in.  reflecting  telescope  for 
the  Dominion  Astronomical  Observatory,  Victoria.  Canada, 
described  in  The  Journal,  July,  1916. 

The  manufacture  of  meridian  circles,  transits  and  other 
astronomical  instruments  of  extreme  accuracy  and  precision 
has  formed  a  large  part  of  the  firm's  work,  and  in  the  de- 
signing of  all  these  instruments  Dr.  Swasey  has  taken  a 
prominent  part.  He  took  up  the  problem  of  designing  a  di- 
viding engine  of  SufiScient  accuracy  for  graduating  astronom- 
ical circles,  and  perfected  such  an  engine  capable  of  automat- 
ically dividing  circles  up  to  40  in.  in  diameter,  within  an 
error  of  less  than  one  second  of  arc.  He  has  also  given  spe- 
cial attention  to  the  development  of  instruments  of  precision 
for  use  in  sea-coast  defense,  and  the  notable  Swasey  depres- 
sion range  finder,  adopted  by  the  United  States  Government, 
is  by  far  the  most  perfect  and  most  practical  ever  invented. 
Turning  from   his  engineering  achievements,  one's  mind  is 
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focused  upon  his  philanthropic  and  beneficent  works,  which 
have  contributed  equally  to  his  fame,  and  which  indicate 
his  real  motive  of  life.  Monuments  to  his  generosity  are 
the  handsome  observatory  he  gave  to  Denison  University, 
Granville,  Ohio;  the  science  building  to  the  University  of 
Nanking,  China;  the  Young  Men's  Christian  Association 
Building  to  the  Canton  (China)  Christian  College,  the  Bap- 
tist Jlinisters  Fund,  and — as  members  of  the  Society  recall 
with  pleasure — his  generous  gift  for  the  inauguration  of  The 
Engineering  Foundation.  These  should  be  supplemented  by 
an  account  of  his  establishment  of  the  school  of  apprentices 
of  The  Warner  and  Swasey  Company,  and  by  details  of  many 
of  his  other  works  of  benefaction  known  only  to  a  few. 

One  of  Mr.   Swasey's  characteristic  traits  is   his   extieme 
modesty,  and  the  honors  that  have  come  to  him   have  cer- 


Mr.   Swasey  at   Chinese  Astronomical   Observatory  on 
Great  Wall  of  China 

tainly  not  been  of  his  own  seeking.  In  1900  he  was  deco- 
rated by  the  French  Government  with  the  Legion  of  Honor 
for  his  achievements  in  the  design  and  construction  of  as- 
tronomical instruments.  In  1905  Case  School  of  Applied 
Science  conferred  upon  him  the  honorarj-  degi-ee  of  Doctor  of 
Engineering,  and  five  years  later  he  received  the  honorary 
degree  of  Doctor  of  Science  from  Denison  University. 

Mr.  Swasey's  connection  with  the  Society  goes  back  io  the 
beginning,  for  he  was  one  of  the  original  forty-eight  men 
whom  Professor  Sweet  called  to  meeting  in  1880  for  the  pur- 
pose of  taking  steps  to  organize  the  Society.  During  his 
period  of  membership  he  has  served  on  numerous  committees, 
including  the  Executive  Committee,  the  special  committee  on 
National  Museum,  and  the  John  Fritz  Medal  Committee;  he 
was  chairman  of  the  Nominating  Committee  in  1912.  He 
served  as  Vice-President  of  the  Society,  1900-1902,  and  as 
President  during  1904.  In  the  latter  capacity  he  presided  at 
Chicago  at  the  joint  meeting  of  the  Institution  of  Mechanical 
Engineei-s  of  Great  Britain  and  this  Society.     He  entertained 


the  visiting  members  of  the  Council  of  the  Institution  at  a 
handsome  dinner  in  New  York  before  they  started  for  the 
meeting  and  graciously  invited  the  members  of  the  Council 
of  the  Society  to  act  with  him  as  hosts.  The  papers  of 
the  meeting  were  by  both  British  and  American  authors  and 
were  published  in  the  Transactions  of  both  societies. 

He  presided  at  the  twenty-fifth  annual  meeting  of  the  So- 


Swasey  Spur  Gear  Cutting  Machine 


Warner  &  Swasey  Circular  Dividing  Engine 

ciety  in  New  York,  1904.  His  presidential  address  was  en- 
titled, Some  Refinements  of  Mechanical  Science,  and  discussed 
the  coming  of  the  standards  of  accuracy  of  the  scientist  and 
instrument  maker  into  the  domain  of  the  engineer,  the  accu- 
racy of  mechanical  work  and  measurement  involved  in  grad- 
uated limbs  of  optical  apparatus,  and  the  wave  length  of  light 
as  a  unit  of  such  mechanical  measurement. 
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His  first  contribution  to  the  proceedings  of  the  Society  was 
made  in  1890.  when  he  described  a  new  process  for  generating 
and  cutting  the  teeth  of  spur  wheels;  the  principle  of  the 
process  was  tlie  utilization  of  a  rack  as  the  cutting  tool.  The 
machine  described  was  the  subject  of  much  comment,  to  which 
Mr.  Swasey  replied  that  it  was  simply  made  to  demonstrate 
the  practical  solution  of  a  principle,  which  it  did  with  very 
satisfactory  results.  He  subsequently  contributed  discussions 
to  the  Transactions  upon  a  variety  of  subjects,  including 
bevel-gear  cutting,  microstructure  of  metals,  industrial  pho- 
tography, steam  turbines,  centrifugal  pumps,  etc. 

On  the  occasion  of  the  inauguration  of  The  Engineering 
Foundation,  the  President  and  Trustees  of  the  United  Engi- 
neering Society  tendered  a  testimonial  dinner  to  Mr.  Swasey 
at  the  Univei-sity  Club,  New  York.  Those  who  had  the  good 
fortune  to  be  present  on  that  occasion  will  long  remember 
the  overwhelming  greeting  to  him  and  the  pledge  to  carry 
out  faithfully  the  trust  he  had  assigned  to  them. 

His  connection  with  other  scientific  and  engineering  socie- 
ties includes  membership  in  the  Institution  of  Mechanical  En- 
gineers of  Great  Britain  and  in  the  British  Astronomical  So- 
ciety. He  is  a  Fellow  of  the  Royal  Astronomical  Society  and 
a  past-president  of  the  Cleveland  Engineering  Society.  He 
was  a  member  of  the  Jury  of  Awards  of  the  Nashville,  the 
Pan-American,  and  the  St.  Louis  Expositions,  and  he  was  also 
Vice-President  of  the  Jury  of  Awards  of  the  Jamestown  Ex- 
position. 

In  1905  he  served  as  President  of  the  Cleveland  Chamber 
of  Commerce,  and  he  performed  the  duties  of  his  position  in 
a  most  unselfish,  intelligent  and  painstaking  fashion.  Presi- 
dent Roosevelt  appointed  him  a  member  of  the  federal  com- 
mission to  test  coins  in  the  government  mints.  In  1907  Mr. 
Swazey  was  made  first  vice-president  of  the  National  Board 
of  Trade. 

The  record  of  Dr.  Swasey's  life  and  attainments  well  illus- 
trates the  remarkable  j^ower  of  one  man  to  rise  by  force  of 
character,  will  power  and  energy,  to  the  highest  pinnacle  of 
the  profession.  Analyzing  his  methods  of  living  and  work- 
ing, we  find  them,  as  in  the  case  of  all  notable  men,  remark- 
ably simple.     Writing  to  Prof.  M.  P.  Higgins,  member  of  the 


Ambition  to  succeed  through  meritorious  work 
Adaptability  to  chosen  occupation 
Studiousness  and  industry 

Tidiness  in  personal  appearance  and  surroundings 
Faculty  for  reading  and  handling  men 
Knowledge    and    experience    in    modern    machine    shop 
practice 

Judgment  as  to  amount  and  quality  of  work  done 
Resourcefulness  in  new  and  improved  methods 


72-In.  Reflecting  Telescope  by  the  Warner  and  Swasey 
Company 


Y.  M.  C.  A.  Building,  Canton  Christian  College,  Canton,  China 


Massachusetts  Commission  on  Industrial  Education,  in  reply       qualifications  which  are  so  well  reflected  in  his  own  personalitv. 
to  a  request  for  his  opinion  as  to  the  nine  essential  qualifica-  it  j^  ^^^^  t„  f,^  „f  ^^,  t^  ^.^j,^,  t^,  wonderful  record 

tions  of  a  machine  shop  foreman,  Dr.  Swazey  specified: 


1     Good  character  and  habits 


which  Dr.  Swasey  has  attained,  but,  inspired  by  him,  may  we 
all  emulate  the  best  example,  as  has  been  his  life-long  aim. 
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SOME   REFINEMENTS   OF  MECHANICAL 
SCIENCE 

By  Ambrose  Swasey 

The  division  of  the  circle  and  the  measurement  of  angles 
has  ever  been  among  the  unsolved  problems  of  the  astronomer, 
yet  in  the  instruments  used  by  him  circles  have  formed  a 
most  important  part. 

Long  before  the  telescope  was  invented,  Tycho  Brahe,  the 
Danish  astronomer,  "the  founder  of  modem  astronomy,"  con- 
structed for  his  observatory,  instruments  of  various  kinds 
having  graduated  circles  and  arcs  of  circles.  His  instruments 
for  the  most  part  were  improvements  on  those  used  by  Arabian 
astronomers  in  the  eighth  and  ninth  centuries,  and"  these,  in 
turn,  were  copied  after  similar  instruments  used  by  the  Greeks 
and  Egyptians  a  thousand  years  previous,  and  it"  is  supposed 
that  such  instruments  were  used  by  the  Chinese  at  an  even 
earlier  period,  so  tliat  gTaduated  circles  have  come  down  to  us 
from  the  far-ofif  ages. 

The  first  circular  dividing  engine  was  made  in  1740  by 
Henry  Hindley,  of  York,  England,  for  cutting  the  teeth  of 
clock  wheels,  and  it  is  interesting  to  note  that  in  the  same 
year  Huntsmann,  another  clock-maker,  of  Sheffield,  invented 
the  process  of  making  crucible  steel,  that  he  might  have  a 
metal  suitable  for  the  springs  of  his  clocks 

Of  the  several  engines  constructed  later,  the  one  most  suc- 
cessful and  representing  the  greatest  progress  was  that  made 
by  Ramsden,  in  1777.  This  engine,  automatic  in  its  move- 
ments, was  made  especially  for  graduating  circles,  and  be- 
cause of  the  great  precision  with  which  he  divided  the  circles 
of  the  instruments  used  by  the  Government,  the  Board  of 
Longitude  awarded  him  the  sum  of  six  hundred  and  fifteen 
pounds.  A  further  and  most  potent  recognition  of  the  ex- 
cellence of  his  work  lies  in  the  fact  that  all  subsequent  eir- 
cukir  dividing  engines  have  followed  closely  the  same  general 
principles  of  construction  embodied  in   the  Ramsden  engine. 

Many  excellent  dividing  engines  have  been  made  that"  are 
quite  sufficient  in  point  of  accuracy  for  the  work  for  which 
they  were  intended,  but  the  perfection  required  in  the  gradu- 
ation of  circles  for  astronomical  instruments  is  such  that  it 
has  been  found  to  be  one  of  the  most  difficult  of  all  mechan- 
ical problems  to  make  an  engine  to  meet  such  requirements. 

In  such  an  engine  the  chief  essential  is  that  the  spindle 
carrying  the  master-plate  shall  be  as  nearly  round  and  as 
closely  fitted  in  its  bearing's  as  is  possible,  for  the  dearee  of 
excellence  with  which  that  work  is  done  determines  how  "closely 
a  circle  can  be  divided. 

It  seems  almost  incredible  that  a  well-lubricated  spindle  of 
four  inches  in  diameter  at  its  largest  part  and  tajiering  three- 
quarters  of  an  inch  to  the  foot,  can  be  made  so  nearly  round 
and  so  closely  fitted  in  its  bearing  that  a  movement  "of  one- 
thousandth  of  an  inch  in  or  out  of  its  bearings,  will  in  one 
case  cause  it  to  turn  with  difficulty,  and  in  the  other  with 
perfect  freedom,  yet  this  has  been  fo'mid  to  be  within  the  limits 
of  mechanical  refinements. 

The  gi-eatest  accuracy  thus  for  attained  in  such  engines, 
IS  one  second  of  arc,  which  arc,  with  a  radius  of  three  miles, 
equals  one  inch,  and  at  twenty  inches,  which  is  the  radius 
of  the  silver  ring  upon  which  the  graduations  on  the  master- 
plate  are  made,  a  line  one-thousandth  of  an  inch  in  width  is 
equal  to  twelve  seconds  of  arc,  or  twelve  times  the  accumu- 
lated errors  of  any  number  of  divisions,  or  twentv  times  the 
greatest  error  of  any  single  division. 

In  automatically  graduating  a  circle,  it  has  been  found  to 
be  impracticable  to  cut  more  than  six  luies  in  a  minute,  and 
it  requires  about  thirty-three  hours  to  divide  a  circle  into 
two-minute  spaces.  As  with  the  running  of  the  finest  clocks, 
the  best  results  can  only  be  obtained  when  the  engine  is  sur- 
rounded with  every  favorable  condition  possible.  Instead  of 
the  large  circles  and  sectors  used  by  the  ancients,  they  have 
been  made  smaller  in  diameter  as  the  methods  for  graduating 
have  been  improved,  until  those  of  the  more  modern  instru- 
ments are  seldom  more  than  thirty  inches,  and  some  of  the 
latest  meridian  instruments  have  circles  of  but  2.5  ui. 


•   ■^?^,*'^??^-,9^  ^'■-  Swasey's  Presidential  Address  which  was  published 
in  Vol.  XX\  I  of  Trans.  .Am.boc.M.E. 


A  twenty-five  inch  circle  read  with  a  microscope  having  a 
power  of  forty  would  be  equivalent  to  a  circle  of  about  eigiity 
feet  in  diameter,  and  a  single  second  of  arc  as  seen  through 
the  microscope  would  be  equal  to  0.0024  of  an  inch,  a  quan- 
tity easily  subdivided. 

Step  by  step  from  the  methods  of  the  Arabian  astronomers 
to  the  time  of  Tycho  Brahe  and  on  down  to  the  jiresent  day, 
improvements  in  the  instruments  and  methods  for  the  meas- 
urement of  angles  have  been  going  on,  until  astronomers  can 
measure  double  stars  with  a  separation  of  one  second  of  arc, 
and  within  less  than  one  second  they  can  define  their  posi- 
tions in  the  heavens. 

In  the  realm  of  the  measurements  of  minute  linear  distances, 
and  the  perfection  of  curved  and  flat  surfaces,  the  refinements 
are  even  greater  than  those  pertaining  to  the  measurement  of 
time  and  of  angles. 

Most  important  in  the  linear  dividing  engine  is  the  screw, 
and  although  much  had  been  accomplished  in  bringing  such 
engines  to  a  high  degree  of  excellence,  it  was  for  Professor 
Rowland  to  make  an  engine  which  has  a  practically  perfect 
screw;  and  without  doubt  it  is  in  all  respects  the  nearest  per- 
fect of  all  the  mechanisms  that  have  been  employed  for  ruling 
lines  exactly  parallel  and  equally  spaced. 

The  Rowland  engine  was  made  especially  for  ruling  diffrac- 
tion gi-atings  which  are  made  of  speculum  metal,  and  with  it 
a  metal  surface  has  been  ruled  with  160,000  lines,  there  being 
about  29,000  to  the  inch,  and  as  many  as  43,000  lines  to  the 
inch  have  been  ruled. 

The  gi-atings  mostly  used  have  from  14,000  to  20,000  lines 
to  the  inch,  and  with  such  exactness  is  the  cutting  tool  moved 
by  the  screw  that  the  greatest  error  in  the  ruling  does  not  ex- 
ceed one  millionth  of  an  inch. 

The  production  of  these  gratings,  which  has  enabled  the 
physicist  in  his  study  of  the  spectrum  to  enter  fields  of  re- 
search before  unknown,  has  not  only  called  for  the  highest 
degree  of  perfection  ever  attained  in  the  spacing  of  linear 
distances,  but  it  has  also  called  for  a  refinement  most 
difficult  in  the  optical  surfaces  upon  which  the  Imes  are  ruled. 
To  Mr.  Brasliear  was  given  the  problem  of  producing  such 
surfaces,  and  notwithstanding  the  many  difficulties  encoun- 
tered in  working  and  refining  the  speculum  metal  plates,  he 
has  made  many  hmidred  plates  with  surfaces  either  flat  or 
curved  with  an  error  not  to  exceed  one-tenth  of  a  wave  length 
of  light,  or  one  four  hundred  thousandth  of  an  inch. 

As  the  established  standards  of  lengih,  which  are  the  yard 
of  Great  Britain  and  the  meter  of  France,  are  made  of  metal, 
and  liable  to  destruction  or  damage.  Professor  Michelson  con- 
ceived the  idea  of  determining  the  lengths  of  these  standards 
in  wave  lengths  of  light,  which  would  be  a  basis  of  value  un- 
alterable and  indestructible. 

For  the  purpose  of  carrying  out  these  experiments,  the  in- 
terferometer was  constructed,  an  instrument  which  required 
the  highest  order  of  workmanship  and  the  greatest  skill  of 
the  optician.  Agaui  Mr.  Brashear  proved  to  be  equal  to  the 
occasion,  and  made  for  the  instrument  a  series  of  refracting 
plates,  the  surfaces  of  which  were  flat  iwithin  one-twentieth 
of  a  wave  length  of  light,  with  sides  parallel  within  one 
second.  This  was  the  most  difficult  work  ever  attempted  in 
the  refinement  of  optical  surfaces. 

Professors  Michelson  and  Morley  devised  a  method  for  using 
the  interferometer  to  make  the  wave  length  of  some  definite 
light  an  actual  and  practical  standard  of  length.  So  satis- 
factory was  the  result  that  Professor  JMichelson  was  invited 
to  continue  the  experiments  at  the  Bureau  of  AVeights  and 
Measures,  at  Sevres,  France,  where  the  standard  meter,  which 
is  kept  in  an  underground  vault  and  inspected  only  at  long 
inteirals,  was  used  for  that  important  work.  The  final  result 
of  the  experiments,  which  occupied  nearly  a  year,  shows  that 
there  are  1,553,164..5  wave  lengths  of  red  cadmium  light  in 
the  French  standard  meter,  at  15  deg.  cent.  So  great  is  the 
accuracy  of  these  experiments,  that  they  can  be  repeated 
within  one  pai't  in  two  millions.  Should  the  material  standard 
of  length  be  damaged  or  destroyed,  the  standard  wave  length 
of  light  will  remain  unaltered,  as  a  basis  from  which  an  exact 
duplicate  of  the  original  standard  can  be  made.  These  two 
marvelous  instruments,  the  Rowland  dividing  engine  and  the 
Michelson  interferometer,  show  the  possibilities  in  the  per- 
fection of  linear  divisions  and  the  standards  of  length. 


AU0TJ!-T 

1916 


SOCIETY  AFFAIRS 


051 


WHAT  THE  SECTIONS  HAVE  DONE  THIS   YEAR 


LAST  month  we  were  able  to  publish  reports  tVom  the 
Sections  at  Birmingham,  Ala.;  Buffalo,  N.  Y.:  Ciiioin- 
nati,  O. ;  Los  Angeles,  Cal.;  New  York,  N.  Y'.;  Philadelphia, 
Pa.,  and  San  Francisco,  Cal.,  summarizing-  their  activities  for 
the  season  just  closed.  Similar  reports  have  since  come  to 
hand  from  the  Sections  at  Chicago,  111.;  Boston,  Mass.;  New 
Haven,  Conn. ;  St.  Louis,  Mo. ;  Worcester,  Mass.,  and  from  the 
Minnesota  Section,  and  are  published  below. 


CHICAGO   HAS   FOUND   DINNER   MEETING   A    SUCCESS 

To  THE  Secretary  : 

We  feel  that  the  Chicago  Section  is  about  as  much  alive  as 
any  part  of  the  Society.  Included  in  our  membership  I  find 
the  names  of  some  of  the  ablest  engineers  in  the  country,  and 
they  all  seem  to  have  an  interest  wliich  is  deep  and  enthusiastic. 
We  bed  four  well  attended  meetings  the  past  year,  at  which  an 
average  attendance  of  at  least  200  was  recorded.  It  is  very 
difficult  to  say  what  technical  subjects  aroused  the  gi-eatest  in- 
terest, as  they  were  all  particularly  well  received.  Speaking 
broadly,  however,  it  would  appear  that  matters  relating  to 
power  plant  design  or  operation,  particularly  the  combustion 
part  of  it.  seem  to  bring  out  the  largest  numbers.  We  ap- 
parently struck  a  happy  medium  between  the  social  and  tech- 
nical aspects  of  these  meetings.  It  is  not  desired  to  have  them 
entirely  one  or  the  other,  but  a  happy  combination  of  both. 
The  dinner  which  precedes  the  business  affords  the  opportunity 
of  social  intercourse  and  mutual  exchange  of  ideas.  This  last- 
ing for  an  hour  or  so  gives  ample  opportunity  for  free  dis- 
cussion and  intermingling.  By  the  time  the  dinner  is  over  we 
are  all  ready  for  the  intellectual  feast. 

We  are  planning  a  very  similar  series  for  nest  winter,  and 
it  is  going  to  be  our  endeavor  to  secure  the  very  highest  class  of 
talent  for  them.  There  is  nothing  too  big  or  too  good  for  the 
Chicago  Section,  and  with  the  possibility  of  bringing  out  three 
or  four  hundred  engineers  of  standing,  the  ablest  speaker  finds 
a  worthy  field  for  his  endeavors. 

Joseph  Harrington, 

Chairman,  Chicago  Section. 


engineer  in  connection  with  the  campaign  for  Preparedness 
now  being  waged,  and  also  the  engineer's  usefulness  in  case 
of  war. 

Two  others  of  our  meetings  were  very  largely  attended.  At 
one  of  these  Prof.  Ira  N.  Hollis,  of  the  Worcester  Polyteclmie 
Institute,  presented  his  paper  on  Naval  Lessons  of  the  Great 
War  for  America.  The  other  was  the  last  meeting  of  the  sea- 
son on  May  23,  when  the  subject  was :  Measurement  of  Steam 
Flow  to  Determine  Boiler  Output  and  Measurement  of  Condi- 
tion of  Fuel  Beds.  The  last  mentioned  paper  doubtless  brought 
out  the  most  discussion  of  any  paper  presented  during  the 
season.    Attendance  at  each  of  these  meetings  was  about  150. 

The  Committee  of  the  Boston  Section,  together  with  a  Com- 
mittee from  the  Boston  Society  of  Civil  Engineers  and  the 
Boston  Section  of  the  A.  I.  E.  E.,  have  had  several  meetings 
at  which  an  attempt  has  been  made  to  secure  more  cooperation 
between  the  different  engineering  societies,  and  if  possible 
reduce  the  total  number  of  engineering  meetings  held  in  this 
community  during  the  season,  it  being  hoped  that  we  might 
in-so-far  as  possible  pick  out  subjects  for  papers  in  most 
eases  of  such  general  interest  that  we  could  have  more  joint 
meetings  and  fewer  meetings  of  the  individual  sections. 

The  success  of  all  our  meetings  at  which  the  social  feature 
has  played  some  part  has  convinced  us  that  this  type  of  meet- 
ing draws  the  crowd  far  better  than  one  where  we  merely 
present  a  technical  paper  and  a  discussion.  This  was  shown 
by  the  large  attendance  at  the  joint  meeting  in  Providence,  at 
the  joint  Annual  Dinner,  and  at  the  meeting  at  the  Engineers' 
Club,  at  which  a  simple  buffet  luncheon  was  served  after  the 
discussion.  The  interest  and  the  attendance  were  by  far  the 
greatest  at  these  three  meetings. 

The  Boston  Committee  feels  very  strongly  that  the  important 
thing  to  do  is  to  have  a  few  meetings  at  which  we  can  have  a 
large  attendance  and  an  opportunity  for  social  intercourse,  be- 
lieving that  such  events  tend  more  strongly  to  up-build  and 
develop  engineering  organizations  than  a  ■  larger  number  of 
meetings  which  are  purely  technical  in  their  program. 

H.  N.  Dawes, 
Chairman,  Boston  Section. 


social  and  engineering  elements  mixed  at  new  haven 


boston  also  fosters  social  meetings 

To  the  Secretary  : 

We  can  only  be  very  enthusiastic  over  the  splendid  results 
obtained  in  connection  with  some  of  our  activities  during  the 
season  just  closed.  The  total  attendance  of  meetings  has  been 
much  greater  than  that  of  any  season  before. 

During  the  season  of  1915-16  we  held  five  meetings,  besides 
three  joint  meetings  and  a  joint  engineers'  dinner  under  the 
auspices  of  the  Boston  Section  of  the  Am.Soe.M.E.,  and  a  big 
joint  meeting  in  Providence  with  the  Providence  Association 
of  Mechanical  Engineers. 

The  best  attended  meeting  during  the  season  was  the  joint 
meeting  at  Providence,  at  which  there  were  over  600  present, 
with  inspection  of  several  of  the  large  manufacturing  plants 
and  the  laboratories  of  Brown  University,  and  a  dinner  at 
the  Narragansett  Hotel,  at  which  each  person  present  had  tele- 
phonic communication  with  a  group  of  engineers  gathered  in 
San  Francisco.  AVe  had  some  notable  addresses  at  this  meet- 
ing,— one  on  Explosives  and  the  Engineer,  by  Charles  E. 
Munroe,  of  George  Washington  LTniversity;  also  Experience 
of  an  Engineer  in  Public  Office,  by  Morris  L.  Cooke,  Director 
of  Public  Works,  Philadelphia,  and  Development  of  a  Na- 
tional Telephone  System,  by  N.  C.  Kingsbury,  vice-president 
of  the  American  Telephone  &  Telegraph  Company.  This  was 
unquestionably  the  biggest  Am.Soe.M.E.  meeting  ever  held  in 
New  England. 

The  next  meeting  of  importance  of  the  season  was  the 
seventh  Annual  .Joint  Dinner  of  the  three  Societies  at  the 
Boston  City  Club,  conducted  by  the  Boston  Committee  of  the 
Am.Soe.M.E.  At  this  there  was  an  attendance  of  373.  Some 
able  addresses  were  made  in  reference  to  the  usefulness  of  the 


To  the  Secretary: 

The  local  membership  of  the  New  Haven  Section  has  in- 
creased nearly  fifty  per  cent  recently  and  interest  in  the  So- 
ciety was  never  keener  than  at  present.  The  cooperation  of 
the  "Sheffield  Scientific  School  has  aided  us  greatly  by  pro- 
viding ideal  facilities  for  meetings  and  service  of  its  faculty 
on  the  Section  committee.  The  heads  of  the  mechanical  and 
electrical  engineering  departments.  Professors  Breekenridge 
and  Scott,  are  members  of  this  Society  and  much  interested 
in  its  work.  Active  student  branches  are  organized  in  both 
departments  and  hold  frequent  meetings  under  their  own 
management.  Changes  in  the  Section  committee  are  the  re- 
tirement of  Prof.  L.  P.  Breekenridge  and  Frank  L.  Bigelow 
after  five  years'  service  and  the  appointment  of  their  suc- 
cessors, Prof.  J.  W.  Roe  of  the  Shetfield  Scientific  School  and 
F.  L.  Mackintosh  of  the  Winchester  Repeating  Arms  Co. 

Two  meetings  have  been  held  during  the  year  with  after- 
noon and  evening  sessions  for  reading  papers  and  discussion. 
About  150  persons  attended  each  meeting  and  half  that  num- 
ber were  at  the  dinner  and  social  hour  between  sessions.  The 
registration  showed  that  half  the  attendance  consisted  of  non- 
members,  and  many  were  present  from  neighboring  cities, 
Bridgeport,  Waterbury,  New  Britain  and  Hartford.  The 
spring  meeting  was  a  joint  one  with  the  civU,  electrical  and 
mining  engineers  of  this  city. 

Four  additional  informal  meetings  for  members  only  have 
been  held,  with  an  average  attendance  of  twenty.  One  meet- 
ing was  a  noonday  luncheon  at  the  Hotel  Taft,  the  others 
were  evening  meetings  with  a  brief  talk  by  one  of  the  mem- 
bers. 

The  last  meeting,  June  29,  was  held  in  the  Mason  Labora- 
tory, when  P.  J.  G.  Renter  gave  an  interesting  talk  on  the 
Diesel  Motor,  with  pictures  of  Swiss  machine-shops  where 
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the  machines  are  built.  The  interest  in  the  monthly  meetings 
shows  the  possibility  of  continuing  them  during  the  summer, 
and  another  has  been  planned  for  July. 

The  new  feature  of  the  year  has  been  the  monthly  meeting 
with  combined  social  and  engineering  elements  that  promise 
well  for  the  future.  The  committee  of  the  New  Haven  Section 
is  H.  B.  Sargent,  chairman;  Prof.  E.  H.  Lockwood,  secre- 
tary; J.  Arnold  Norcross,  Prof.  J.  W.  Roe,  and  F.  L.  Mack- 
intosh. 

E.  H.  Lockwood, 
Secretary,  New  Haven  Section. 


JIINXESOTA  S    EXPERIEXCES    AND    PLANS 

To  THE  Secketaby  : 

In  reviewing  the  work  of  the  Minneapolis  Section  of  the 
past  year,  the  questions  of  policy  for  future  action  naturally 
resolve  themselves  into  specific  classes;  for  instance,  how  to 
increase  our  active  membership,  to  make  the  section  a  more 
potent  force  in  the  State,  to  be  of  greater  value  to  the  mem- 
bers in  their  varied  lines  of  specialized  work,  and  to  promote  a 
higher  standard  of  engineering  ethics. 

Suitable  material  for  membership  is  not  wanting,  but  the 
principal  difficulty  in  enlisting  local  engineers  in  the  Am. 
Soc.  M.  E.  is  due  to  the  number  of  local  engineering  activ- 
ities to  which  they  already  subscribe,  and  a  reluctance  to  as- 
sume further  financial  obligations  or  to  withdraw  from  obliga- 
tions already  incurred.  A  more  active  canvass  for  the  coming 
year  will  be  necessary. 

The  Section  realizes  that  it  can  profitably  lend  itself  to  any 
progressive  plan  to  increase  its  value  to  the  State,  and  will- 
ingly holds  joint  sessions  with  other  engineering  societies.  We 
have  representation  in  the  Minnesota  Joint  Engineering  Boai'd, 
an  organization  which  has  as  its  object  the  promotion  of  engi- 
neering interests  in  the  State. 

The  meetings  of  the  past  year  have  not  been  as  well  at- 
tended as  the  character  of  the  papers  presented  would  war- 
rant. The  topics  discussed  in  the  papers  covered  a  wide  range 
of  engineeiing  work. 

A  symposium  on  Gas  Engines  requiring  both  afternoon  and 
evening  sessions  was  very  successful,  and  it  is  the  intent  to 
have  a  similar  session  during  the  coming  year,  featuring  some 
other  line  of  work. 

The  dinner  dance  was  the  big  social  event  of  the  year,  and 
it  served  as  an  occasion  to  invite  the  participation  of  engi- 
neermg  friends  and  wives  and  sweethearts  of  the  members. 
This  feature  will  be  repeated. 

Occasionally  a  meeting  is  preceded  by  a  huicheon,  which 
permits  of  closer  contact  of  members  and  is  conducive  to  a 
free  interchange  of  ideas. 

We  have  access  to  moving  picture  machmes,  which  have  been 
used  to  present  papers  requiring  their  use  and  to  present  films 
of  a  less  serious  character. 

Located  as  we  are  a  long  way  from  New  York,  there  seems 
to  be  a  lack  of  close  contact  with  headquarters,  a  condition 
which  I  believe  will  be  largely  mitigated  by  the  annual  visit 
of  the  President.  It  is  hoped  that  we  may  be  able  to  get 
other  men  of  large  caliber  to  visit  us  and  leave  a  message, 
both  stimulating  and  inspiring.  We  also  hope  to  have  all  local 
papers  prepared  either  in  full  or  in  abstract  to  be  distributed 
prior  to  their  presentation,  so  that  a  fuller  discussion  of  them 
may  be  had. 

John  V.  Maetenis, 
Chairman  Minnesota  Section. 


ST.    LOUIS    PLANS    TO    increase    ITS    lIEilBERSHlP 

To  THE  Secretart  : 

Our  meetings  of  the  present  year  differed  from  those  of  last 
year  in  better  attendance,  more  social  meetings,  scarcity  of 
local  papers,  and  a  wide  interest  in  military  topics. 

The  meeting  in  October  when  Dr.  Brashear  was  our  guest 
was  of  such  an  epochal  nature  as  to  put  it  in  a  class  by  itself. 
Dr.  Brashear's  lecture  was,  of  course,  the  largest  meeting  we 
have  held.  In  fact,  we  rather  think  it  is  a  record-breaker  for 
any  engineering  meeting  in  this  City.  The  attendance  was 
over  1,200. 


Mr.  Carl  Earth's  paper  in  January  drew  forth  quite  a  crowd, 
with  probably  an  attendance  of  about  125. 

On  account  of  our  relations  with  the  Engineers'  Club  of  this 
City,  it  is  a  little  hard  to  say  specifieally  what  kind  of  a  meet- 
uig  draws  the  best.  A  first  class  paper  at  the  Engineers'  Club 
will  bring  about  seventy  to  one  hundred  at  any  time,  although 
the  proportion  of  this  attendance  that  represents  the  Am. Soc. 
M.E.  depends  very  largely  on  the  nature  of  the  paper,  whether 
mechanical,  electrical,  etc.  The  attendance  of  strictly  Am.Soc. 
M.E.  men  is  generally  better  at  the  social  meetings  than  at 
any  one  of  the  joint  meetings  just  mentioned.  The  Am.Soc. 
M.E.  turns  out  very  well  at  any  one  of  the  trips  to  surround- 
ing plants,  such  as  the  one  to  the  St.  Louis  Plate  Glass  Works 
last  summer. 

The  freest  and  best  discussions  come  out  at  social  meetings, 
where  90  per  cent  of  the  members  are  Am.Soc.M.E.  men,  and 
the  topics  are  of  more  specific  interest.  At  such  meetings  there 
is  no  professional  paper,  but  a  talk  of  general  interest  is  given 
by  someone  outside  of  the  Society  and  a  discussion  of  this 
almost  always  drifts  into  a  technical  discussion- 

For  next  year,  the  new  board  has  in  mind  the  following 
features : 

An  increase  in  social  meetings 
One,  if  not  two,  local  technical  papers 
Several  interesting  industrial  trips 
Greater  activity  in  securing  new  members. 

The  following  suggestions  are  made  to  you  at  headquarters : 
You  could  keep  us  better  posted  as  to  the  election  of  new  mem- 
bers and  inform  us  more  quickly  of  movements  of  members  to 
or  from  this  Section. 

At  social  meetings  more  effort  should  be  put  forward  to 
really  make  the  men  acquainted.  We  ought  to  have  badges 
of  some  kind,  having  letters  not  less  than  %  in.  high,  giving 
the  name  and  firm  to  which  connected. 

The  members  should  not  only  be  introduced,  but  at  dinners 
they  should  be  arranged  in  groups  of  not  over  six  at  a  table, 
and  further  care  should  be  taken  that  at  different  meetings 
different  groups  will  seat  at  the  same  table.  We  find  this  a 
much  better  arrangement  than  seating  all  of  the  members  at 
one  large  table. 

You  could  send  us  some  suggestions  regarding  making  up  a 
new  executive  committee.  As  now  arranged  here,  the  two  pre- 
vious chairmen  automatically  become  members  of  the  new 
committee  and  three  new  members  are  elected.  The  two  ex- 
cbairmen  are  not  eligible  for  office  on  the  new  committee.  We 
believe  that  such  a  committee  should  not  have  over  five  mem- 
bers, but  for  many  reasons  it  would  be  very  desirable  to  have 
the  past  Secretary  on  this  new  committee,  as  at  present  the 
succeeding  Secretary  has  to  feel  his  way  for  some  months, 
getting  little  help  from  the  retiring  Secretary. 

We  regret  very  much  that  we  have  no  special  programs  or 
circulars  to  send  you,  other  than  such  as  have  already  been 
sent  covering  the  October  meeting,  when  Dr.  Brashear  was 
present.  While  these  invitations  were  not  unique,  they  cer- 
tainly were  successful  in  performing  their  function  in  drawing 
a  record  attendance. 

George  R.  Wadleigh, 
Secretary,  St.  Louis  Section. 


WORCESTER  S  FIRST   YEAR   A   SUCCESS 

To  THE  Secretary  : 

Regarding  the  work  of  the  Worcester  Section  for  the  sea- 
son just  concluded,  this  was  our  first  year  and  only  two 
meetings  were  held.  The  fli-st  in  the  fall  was  addressed  by 
Frank  B.  Gilbreth  on  Motion  Study  for  Crippled  Soldiers 
and  was  held  at  Worcester  Polytechnic  Institute.  Attendance 
about  125. 

Our  second  meeting  was  combined  with  a  dinner  at  the 
Hotel  Bancroft  and  was  addressed  by  Dr.  Ira  N.  Hollis  who 
spoke  on'  What  Constitutes  a  Well  Rounded  Fleet.  The  at- 
tendance this  evening  was  a  little  over  200  and  was  a  vei-y 
enthusiastic  meeting. 

Our  local  Committee  was  reelected  for  another  season.  We 
have  placed  before  many  local  engineers,  membership  literature 
and  have  met  with  a  number  of  favorable  replies.  I  regret 
that  exact  figures  are  not  available  as  I  write  to  show  the 
net  increase  in  membership  for  the  section  but  believe  it  is 
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a  sound  and  healthy  growth  eomhig  from  the  individual  rather 
than  from  the  efforts  of  pressure  by  the  Committee. 

We  feel  that  our  expenditures  have  been  small  considering 
that  we  are  maintaining  a  mailing  list  of  upwards  of  1,000 
names. 

E.  Howard  Reed, 
Chairman,   Worcester  Section. 

TRIBUTE  TO  DR.  E.  D.  LEAVITT 

The  special  committee,  consisting  of  C.  T.  Main,  A.  IL 
Mattice,  appointed  by  the  Council  to  prepare  resolutions  upon 
the  death  of  Dr.  Erasmus  Darwin  Leavitt,  Past  President  and 
Honorary  Member,  has  drafted  the  following: 

RESOLUTIONS  UPON  THE  DEATH  OF  DR.  E.  D.   LEAVITT 

The  Council  desires  to  express  its  profound  sorrow  at  the 
death  of  its  past  President  and  Honorary  Member,  Dr.  Eras- 
mus DaiTvin  Lea^att,  which  occurred  on  March  11,  1916. 

In  Dr.  Leavitt's  death  the  engineering  profession  and  the 
Society  lost  a  pioneer  in  the  study  of  economical  and  high- 
class  steam  engineering,  and  an  engineer  of  rare  insight  and 
judgment  in  general  mechanical  construction.  Without  spe- 
cial preliminary  and  technical  instruction,  the  advantages  of 
which  nearly  all  engineers  of  the  present  day  possess,  he  was 
able  to  work  into  the  mysteries  of  the  behavior  of  steam  and 
the  properties  of  materials,  and  through  his  own  unaided  ef- 
forts became  skilled  in  theoretical  and  technical  matters.  No 
mechanical  engineer  has  left  for  our  contemplation  more  im- 
pressive monuments  of  human  skill  than  he. 

The  Society  owes  to  Dr.  Leavitt  a  special  debt  of  gratitude 
for  his  efforts  in  its  foundation. 

In  pumping  engine  design  Dr.  Leavitt.  for  a  time,  was  al- 
most the  sole  occupant  of  the  profession  in  the  best  produc- 
tions. He  took  up  steam  economy  where  it  was  left  by  the 
Cornish  engine  and  carried  it  on,  step  by  step,  to  almost  its 
present  state,  and  in  the  application  of  sound  principles,  pro- 
priety of  design  and  excellence  of  form,  he  was  unsurpassed. 
Dr.  Leavitt  was  able  to  can-y  on  this  work  in  spite  of  some 
delicacy  of  health. 

There  are  few  of  his  contemporaries  in  the  Society  now 
living,  but  they  and  the  younger  members  who  knew  him  will 
miss  his  unfailing  courtesy. 

The  Council  of  The  American  Society  of  Mechanical  Engi- 
neers hereby  places  this  resolution  upon  its  records,  and  sends 
a  copy  to  his  family  and  to  affiliated  associations. 

ALFRED  NOBLE  MONUMENT 

Congress  has  granted  a  site  for  a  monument  to  be  erected 
as  a  memorial  to  the  late  Alfred  Noble,  Past  President  of  the 
American  Society  of  Civil  Engineers  and  of  the  American 
Institute  of  Consulting  Engineers,  and  Past  Vice-President 
of  this  Society  and  member  of  the  Council  at  the  time  of  his 
death,  which  occurred  April  18,  1914. 

The  location  selected  is  opposite  the  new  building  of  the 
Department  of  the  Interior,  on  New  York  Avenue,  Washing- 
ton, D.  C.  The  preliminary  designs  are  in  the  hands  of  a 
sculptor,  and  the  committee  having  the  matter  in  charge  ex- 
pects to  rejiort  as  soon  as  possible  on  the  design  chosen. 

There  are  many  monuments  to  statesmen  and  soldiers,  and 
but  few  to  engineers,  consequently  this  will  be  an  opportunity 
to  which  engineers  should  enthusiastically  respond. 

ENGINEER  SECTION  OF  OFFICERS 
RESERVE  CORPS 

The  engineers  of  the  country  will  be  fully  alive  to  the  op- 
portunity for  national  service  afforded  by  the  passage  of  the 
Army  Reorganization  Act,  which  became  law  on  July  1,  and 
which  provides  for  an  Engineer  Section  of  the  Officers  Re- 
sen'e  Corps. 

The  Act  avoids  any  specific  mention  as  to  how  the  organ- 


ization of  the  Engineers  Section  is  to  be  carried  out,  this 
matter  being  left  to  the  War  Department.  Meanwhile,  Gen- 
eral Black  has  requested  the  Joint  Committee  of  the  National 
Engineering  Societies  on  the  Organization  of  a  National  En- 
gineer Reserve  to  recommend  for  local  boards  of  examiners 
civilian  engineers  in  each  district,  representing  the  civil,  me- 
chanical, electrical,  and  mining  engineering  professions,  such 
engineers  to  serve  with  the  officers  of  the  Corps  of  Engineers 
in  recommending  candidates  for  appointment  to  the  Officers 
ReseiTe  Corps. 

For  the  purpose  of  supplying  to  those  interested  full  and 
complete  information  as  to  the  requirements  for  commissions 
in  the  several  grades,  including  Second  Lieutenant,  Lieutenant, 
Captain  and  Major,  and  for  Master  Engineers  and  Sergeants, 
and  the  method  of  procedure  to  secure  commissions  or  enlist- 
ment, it  is  proposed  to  divide  the  country  into  twenty-eight 
districts,  with  headquarters  in  each  district. 

It  is  hoped  that  in  the  next  issue  we  may  be  able  to  give 
complete  information. 

ENGINEERING  RESEARCH  STATIONS 

Of  special  interest  to  engineers  is  the  Newlands  bill  for 
establishing  experiment  stations  in  engineering,  correspond- 
ing to  the  existing  agricultural  experiment  stations,  in  the 
land  grant  colleges. 

The  land  grant  colleges  and  their  agi-ieultural  experiment 
stations  have  been  of  value  not  only  to  agriculture,  but  to 
education  in  the  several  states  locally  and  to  the  nation. 
They  have  as  well  assisted  in  the  establishment  of  the  state 
universities  as  a  thoroughly  useful  element  in  any  community 
and  correspondingly  increased  the  respect  of  the  people  for 
the  college.  The  land  grant  colleges  and  the  institutions  of 
which  they  are  a  part  received  in  1914  from  the  United  States 
$2,500,000,  and  from  the  states  and  from  other  sources  over 
$30,000,000.  They  have  9,000  instructors  and  105,000  stu- 
dents. 

By  the  Hatch  act  of  1887  and  the  Adams  act  of  1906  the 
sum  of  $30,000  a  year  in  each  state  is  appropriated  for  re- 
search in  agriculture  in  the  experiment  stations.  On  the  other 
hand,  the  colleges  have  more  students  of  mechanic  arts  than  of 
agriculture,  but  there  is  no  provision  for  research  in  the  me- 
chanic arts  and  engineering,  and  the  sciences,  such  as  physics 
and  chemistry,  on  which  they  are  based.  The  plan  is  that  re- 
search in  the  engineering  sciences  will  now  be  equally  encour- 
aged by  the  passage  of  the  Newlands  bill,  which  appropriates 
$15,000  to  each  state  and  territory  for  conducting  investiga- 
tions in  engineering  and  publishing  the  results. 

As  a  result  of  the  greater  service  which  agricultural  de- 
partments render,  their  prestige  is  greater  than  the  engineer- 
ing departments.  Further,  by  the  lack  of  appropriations  for 
the  engineering  departments  the  standing  and  state  of  devel- 
opment is  not  only  below  that  of  the  agi-icultural  departments 
in  the  same  colleges,  but  is  below  the  standard  of  other  engi- 
neering colleges. 

There  is  a  difference  of  opinion  as  to  just  how  to  accom- 
plish this  improvement,  but  there  can  be  no  doubt  of  the  ne- 
cessity of  bringing  up  the  standing  of  the  engineering  deiiart- 
ments  of  the  land  grant  eollea'es. 


An  Am.Soc.M.E.  sub-committee  on  Increase  of  Member- 
sliip  has  been  established  for  the  State  of  Tennessee.  Eugene 
C.  Patterson  of  Chattanooga  has  been  appointed  chairman. 

Lucien  Buck  has  been  appointed  chairman  of  the  Rochester, 
X.  Y.,  sub-committee  on  Increase  of  Membership,  succeeding 
John  C.  Parker. 


ROLL  OF  HONOR 


rUE  Socset ij  is  desirous  of  piibJisliing  lists  of  all  iiwinbers  enlisted  or  contemplating  enlistment  in 
the  Xational  Guard,  the  Regular  Army,  the  Navy,  or  in  any  other  capacity  in  the  services  of 
the  country.  Every  member  who  is,  or  who  knows  of  any  other  member  who  is,  engaged  in  the  service 
of  the  country  is  requested  to  notify  the  Secretary.  In  response  to  the  announcement  in  this  regard 
in  the  July  issue  of  The  Journal,  the  following  names  have  been  received: 


ADDICKS,  LAWRENCE,  Member  Naval  Cousulting  Board 
BALL,  BERT  C,  Oregon  State  Director,  Committfe  on  Industrial  Pre- 
paredness, Naval  Consulting  Board 
BEERS,  B.  L.,  Assistant  Fuel  Engineer,  U.  S.  Bureau  of  Slines,  Pitts- 
Pittsburgh,  Pa. 
BEHR,  F.  J.,  Captain,  Coast  Artillery   Corps,   U.   S.  A.,   Fort  Monroe, 

Va. 
BERUEi',    J.    E..    Leadingman    Draftsman,    Macbiuery    Division,    Navy 

Yard  Bldg.,   Pbiladelphia,   Pa. 
BILLMYER,   CARROLL  D.,   Corporal,   First  Company,  Coast  Artillery 

Corps,  National  Guard  of  Virginia 
BIRNIE,   ROGERS,   Colonel,   Sandy   Hook  Proving   Ground,   Fort   Han- 

cocli,  N.  J.,  and  Governor's  Island,  N.  Y. 
BUYERS,   A.    S.,   Second  Lieutenant,   Coast  .\rtillery   Corps,   U.    S.   A., 

Adjutant,  Fort  Jay,  Governor's  Island,   N.   Y. 
CARLSSON,    CARL   A.   V.,   Ordnance  Engineer,    Navy   Yard,    Washing- 
ton, D.  C. 
CARPENTER,   R.  C,   Mississippi  State  Director,  Committee  on  Indus- 
trial  Preparedness,   Naval   Consulting   Board 
CHADWICK,  GEORGE  A.,  Leading  Ordnance  Draftsman,  U.  S.  Naval 

Gun  Factory,  Washington,  D.  C. 
CHANDLER,   R.   E.,   Florida   State   Director,   Committee  on   Industrial 

Preparedness,  Naval  Consulting  Board 
CHARLES.  L.  J.,  New  Mexico  State  Director,  Committte  on  Industrial 

Preparedness,  Naval  Consulting  Board 
COBURN,    FREDERIC    G.,    Naval   Constructor,    Construction    Corps   of 

the  U.  S.  Navy,  Boston,  Mass. 
COFFIN,   HOWARD  E.,  Member  Naval  Consulting  Board 
COKER,   J.  L..  JR.,   South  Carolina   State  Director,   Committee  ou   In- 
dustrial  Preparedness,   Naval   Consulting  Board 
COLE,    WINTHROP,    Mechanical    Engineer,    Engineering    Experiment 

Station,  U.  S.  Naval  Academy,  Annapolis,  Md. 
CONTI,  ANGELO,  Chief  Computing  Draftsman,  Bureau  of   Steam  En- 
gineering, Navy  Department,  Washingtou,  D.  C. 
COOKE,  STANLEY  S.,  Private,  Troop  D,  1st  Squadron  Cavalry,  Colo- 
rado  National  Guard 
COYLE,   A.    M.,   Mechanical   Engineer,   Coast   Defense,    Board   of   Engi- 
neers,  U.   S.   A. 
CROCK.^RD,  P.  H.,  Alabama  State  Director,  Committee  on  Industrial 

Preparedness,  Naval  Consulting  Board 
CROUCH,    CALVIN    H.,    North    Dakota    State    Director,    Committee   on 

Industrial  Preparedness,  Naval  Cousulting  Board 
CURTIS,   GREELY  S..  Lieutenant,  Junior  Grade,   lotb   Deck   Division. 

Massachusetts  Naval  Militia 
DAVIDSON,  M.  W.,  South  Dakota  State  Director,  Committee  on  Indus- 
trial Preparedness,  Naval  Consulting  Board 
DE   B.VUFRE,    WILLIAM    L.,    Mechanical   Engineer,    U.    S.    Naval    En- 
gineering Experiment  Station,  .\nnapolis,  Md. 
DI.4.MUND.    GEORGE    A.,    Alaska    Director,    Committee    on    Industrial 

Preparedness,  Naval  Consulting  Board 
DICKIE.    G.    W.,    California    State    Director,    Committee   on    Industrial 

Preparedness,  Naval  Consulting  Board 
DOTY,   PAUL,   Commissary   General,   with   rank   of  Brigadier  General. 

Minnesota  National  Guard,  St.  Paul,  Minn. 
DOW,  ALEX,   Michigan   State  Director,  Committee  on    Industrial   Pre- 
paredness, Naval  Consulting  Board 
EDISON,  THOMAS  A.,  Chairman,  Naval  Consulting  Board 
ELSAS,    OSCAR.    Georgia    State    Director,    Committee    on    Industrial 

Preparedness,  Naval  Consulting  Board 
EMMET,  WILLIAM  L.  R.,  Member,  Naval  Consulting  Board 
FISHER,   F.   P.,    Oklahoma   State   Director,   Committee   on    Industrial 

Preparedness.   Naval  Consulting  Board 
FLAD,  E.,  Missouri  State  Director,  Committee  on  Industrial  Prepared- 
ness. Naval  Consulting  Board 
FLAGG,  SAMUEL  B.,  Engineer,  U.  S.  Bureau  of  Mines.  Pittsburgh,  Pa. 
FL.\THER,  J.   J.,  Minnesota   State  Director,   Committee  on   Industrial 

Preparedness,  Naval   Consulting  Board 
FRY,    THOMAS    W.,    New    Hampshire    State    Director,    Committee    on 

Industrial  Preparedness,  Naval  Consulting  Board 
G.\NTT,    H.  L.,   New   Jersey   State  Director,   Committee  on   Industrial 

Preparedness,   Naval  Consulting  Board 
GARDNER.   WILLI.\M  M.,  Assistant   Engineer,  U.    S.   Engineer  Office, 
Memphis,  Tenn. 


GILLIS,  H.  A.,  Committee  on  Engineer  Reserve  Corps 

GLADFELTER.  HERBERT  S.,  Junior  Mechanical  Engineer,  U.  ^•. 
Engineer  OUice,  Memphis.  Tenn. 

GOSS,  DR.  W.  F.  M.,  Illinois  State  Director,  Committee  en  Industrial 
Preparedness.  Naval  Consulting  Board 

GURNEY,  D.-VYTON  A.,  Draftsman,  Charge  Field  Carriage  Div.,  Ord- 
nance Othce,  U.  S.  A. 

H.\MMETT,  P.  M.,  Maine  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

IIARTNESS,  JAMES,  Vermont  State  Director,  Committee  on  Indus- 
trial  Preparedness,  Naval  Consulting  Board. 

IIOEFER.  E.  G.,  Wyoming  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

IIOLLIS,  IR.V  N.,  Massachusetts  State  Director,  Committee  on  Indus- 
trial Preparedness,  N.ival  Consulting  Board 

HOLMES,  URBAN  T.,  Commander,  U.  S.  N.,  Bureau  of  Steam  Engi- 
neering. Navy  Department,  Washington,  D.  C. 

HOOD,  OZNl  P.,  Chief  Mechanical  Engineer,  U.  S.  Bureau  of  Mines, 
Pittsburgh,   Pa. 

HUMPHREYS,  ALEX.  C,  Committee  on  Engineer  Reserve  Corps 

HUNT,  ANDREW  M..  Member,  Naval  Consulting  Board 

HUNT,  LEIGH,  Lieutenant,  Machine  Gun  Company,  1st  Kansas  In- 
fantry,  Eagle  Pass..  Texas. 

IREL.VND,  M.\RK  L..  Captain,  Coast  Artillery  Corps,  U.  S.  A.,  Fort 
Greble.  R.   1. 

JENKS,  GLEN  F..  Major,  Ordnance  Dept.,  U.  S.  A.,  Manila  Ordnance 
Depot,  Manila 

JOHNSON,  ARTHUR  E.,  Designer,  Ordnance  Office,  War  Department. 
Washington.   D.  C. 

JOHNSviN.  THEODORE  W.,  Professor  Mathematics,  U.'  S.  X.,  U.  S. 
Naval  Academy,  Annapolis,  Md. 

KENNEDY,  JULIAN,  Pennsylvania  State  Director,  Committee  on  In- 
dustrial Preparedness,  Naval  Consulting  Board 

KENNEY,  LEWIS  II.,  Drattsman-in-Charge,  Machinery  Div.,  Navy 
Yard,  PhiJadelpbia,  Pa. 

KINGSTON,  AR'THUR,  Lieutenant,  U.  S.  Marine  Corps,  Marine  Bar- 
racks 

KREISINGER,  HENRY,  Engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh, 
Pa. 

L.\W.\TSCH,  FRANK  R.,  Ordnance  Draftsman,  Sandy  Hook  Proving 
Ground 

LEE.  WILLI-iM  S.,  North  Carolina  State  Director,  Committee  on  In- 
dustrial I'reparedness,  Naval  Consulting  Board 

LEWIS.  WILFRED,  Committee  on  Engineer  Reserve  Corps 

LOCKEIT'.  A.  M.,  Louisiana  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

McGregor,  \.  G.,  Arizona  State  Director,  Committee  ou  Industrial 
Preparedness,   Naval   Consulting   Board 

.MlIvEEN,  WM.  R..  Nebraska  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

M.VRSHALL.  W.  H.,  New  York  State  Director,  Committee  on  Indus- 
trial Preparedness,  Naval  Consulting  Board 

METZ,  W.VLTER  R.,  Supt.  of  Buildings,  Government  Printing  Office, 
Washington,  D.  C. 

MILLER,  Sl'ENCER.  .MeniLer.  Naval  Consulting  Board 

MOUNT,  W.  D.,  Virginia  State  Director,  Committee  on  Industrial  Pre- 
paredness. Naval  Consulting  Board 

NOISDBERG,  C.  V.,  Montana  State  Director,  Committee  on  Industrial 
Preparedness.  Naval  Consulting  Board 

NORTON.  U.\ROLD  P..  Captain,  U.  S.  N.,  Mem.  Naval  E-xamining  and 
Retiring  Boards,  Navy  Yard,  Washington,  D.  C. 

OSGOOD.  WENTWORTH  II.,  Ensign,  U.  S.  N.,  U.  S.  S.  Nevada 

PELOT.  JOSEPH  II.,  Captain.  Ordnance  Dept.,  U.  S.  A.,  Frankford 
.\rsenal,  Pbiladelphia 

PATERSON.  J.VMES  V..  Washington  State  Director,  Committee  on  In- 
dustrial Preparedness.  Naval  Consulting  Board 

POTTER,  -i.  A.,  Kansas  State  Director,  Committee  on  Industrial  Pre- 
paredness, Naval  Consulting  Board 

QUINLIVAN,  OSWALD,  Mechanical  Engineer,  U.  S.  Engineer  Office, 
Albany,  N.  Y. 

RAYNAL,  .ALFRED  H..  Mechanical  Engineer,  Bureau  of  Steam  Engi- 
neering, Navy  Department,  Washington,  D.  C. 

REED,  CHARLES  M.,  Engrg.  Observer,  U.  S.  Naval  Engrg.  Exper. 
Sta.,  Annapolis,  Md. 
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REED,  JAMES,  JR.,  Naval  Constructor,  U.  S.  N.,  Mare  Island  Navy 
Yard,  Vallejo,  Cal. 

RIKER,  ANDREW  L.,  Member  Naval  Consulting  Board 

RITTENOUR,  FREDERICK  U.,  Draftsman,  Department  Marine  En- 
gineering and  Naval  Construction,  U.  S.  Naval  Academy,  Annap- 
olis, Md. 

ROCKWOOD,  GEORGE  O.,  Indiana  State  Director,  Committee  on  In- 
dustrial Preparedness,  Naval  Consulting  Board 

RUSSELL,  JAMES  GORDON,  Instructor  Mechanical  Engineering,  Post 
Graduate  Department,   U.   S.   Naval   Academy,   Annapolis,   Md. 

SANDERS.  NEWELL,  Tennessee  State  Director,  Committee  on  Indus- 
trial Preparedness,  Naval  Consulting  Board 

SANDSTROM,  C.  C,  Captain,  Company  L.,  3rd  Regiment,  Mo.,  Laredo, 
Texas. 

SARGENT,  H.  B.,  Connecticut  State  Director,  Committee  on  Indus- 
trial Preparedness,  Naval  Consulting  Board 

.SAUNDERS,  WILLIAM  L.,  Second  Vice-Cliairman,  Naval  Consulting 
Board 

SCOTT,  FRANK  A.,  Ohio  State  Director,  Committee  on  Industrial  Pre- 
paredness, Naval  Consulting  Board 

SCRUGHAM,  JAMES  G.,  Nevada  State  Director,  Committee  on  In- 
dustrial Preparedness,  Naval  Consulting  Board 

SHARPS,  HENRY  D.,  Rhode  Island  State  Director,  Committee  on  In- 
dustrial Preparedness,  Naval  Consulting  Board 

SMEALLIE,  JOHN  M.,  Lieutenant,  U.  S.  N.,  Navy  Yard,  Brooklyn. 
N.  Y. 

SMITH,  CARL  D.,  Engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 

SMITH,  R.  W.,  Delaware  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

SMITH.    WILLIAM    WALKER,    Lieutenant, 

SPEED,    W.    S.,    Kentucliy    State    Director, 
Preparedness,  Naval  Consulting  Board 

SPERRY,  ELMER  A.,  Member.  Naval  Consulting  Board 

STEARNS.  T.  B.,  Colorado  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 


U.    S.    N.,    Pittsburgh.    Pa. 
Committee    on    Industrial 


STEEL,  REGINALD  A.,  Corporal,  Compauy  A,  22nd  Corps  of  Engi- 
neers, National  Guard,  New  Yorii 

STRATTON,  S.  W.,  District  of  Columbia  Director,  Committee  on  in- 
dustrial  Preparedness,    Naval   Consulting  Board 

STROTHMAN,  L.  B.,  Wisconsin  State  Director,  Committee  on  Indus- 
trial Preparedness,  Naval  Consulting  Board 

STUART,  MILTON  C,  Mechanical  Engineer,  U.  S.  Naval  Engineering 
Experiment  Station,  Annapolis,  Md. 

SWIFT,  JOHN  B.,  Lieutenant,  Company  E,  1st  Battalion,  Illinois  En- 
gineers 

TAYLOR,  L.  B.,  Torpedo  Engineer,  U.  S.  Naval  Torpedo  Station,  New- 
port. R.  I. 

THOMAS,  C.  C,  Maryland  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

TUTTLE,  W.  B.,  Texas  State  Director,  Committee  on  Industrial  Pre- 
paredness, Navsjl  Consulting  Board 

VOORHEES,  ALBERT  C,  Draftsman,  Charge  Government  Division, 
California  Shipbuilding  Co. 

WADDELL,  GEORGE  F.,  Idaho  State  Director,  Committee  on  Indus- 
trial Preparedness,  Naval  Consulting  Board 

WARD,  CHARLES  E.,  West  Virginia  State  Director,  Committee  on 
Industrial  Preparedness,  Naval  Consulting  Board 

WESTERVELT,  W.  I.,  Major,  Ordnance  Department,  U.  S.  Govern- 
ment, Sandy  Hook  Proving  Ground,  Fort  Hancock,  N.  J. 

WILEY,  WM.  H.,  Chairman.  Committee  on  Engineer  Reserve  Corps 

WILSON,  B.  N.,  Arkansas  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board 

WOOD,  HORATIO  N.,  First  Lieutenant  of  Engineers,  U.  S.  Coast 
Guard,  U.  S.  Cutter  Morrill,  Detroit,  Mich. 

WOODWARD,  S.  M.,  Iowa  State  Director,  Committee  on  Industrial 
Preparedness,  Naval  Consulting  Board  . 

WRAITH,  WILLIAM,  Utah  State  Director,  Committee  on  Industrial 
Preparedness.  Naval  Consulting  Board 


PERSONALS 


/A^  these  columns  are  inserted  items  concernincj  members 
of  the  Society  and  their  professional  activities.  Mem- 
bers are  ahvays  interested  in  the  doings  of  their  felloie>- 
members,  and  the  Society  welcomes  notes  from  members 
and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to 
the  Secretary  and  items  should  be  received  by  the  18th 
of  the  month  in  order  to  appear  in  the  succeeding  issue 
of  The  Journal. 

ANNOUNCEMENTS 

Rali'H  W.  Bunge  has  become  associated  with  the  W'm.  H.  Bunge 
Company,   Chicago,   III. 

Lester  G.  French,  editor  of  The  Journal,  has  recently  undergone 
a  severe  operation,  but  is  now  out  of  danger  aud  is  recovering  rapidly. 

Dennis  J.  O'Brien  has  assumed  the  duties  of  assistant  superin- 
tendent of  power  of  the  New  Orleans  Railway  and  Light  Company, 
New  Orleans,  La. 


HOLDEN  A.  Evans,  formerly  vice-president  and  general  manager  of 
The  Baltimore  Dry  Docks  and  Ship  Building  Company,  was  elected 
president  of  the  company  on  June  1. 

George  T.  Snyder,  formerly  chief  engineer  at  the  National  Tube 
Company,  McKeesport,  Pa.,  has  been  transferred  to  a  similar  position 
at  the  Lorain  Works  of  the  Company  at  Lorain,  O. 

Henry  G.  Stott,  superintendent  of  motive  power.  Interborough 
Rapid  Transit  Co.,  New  York,  has  recently  undergone  a  severe  opera- 
tion.    According  to  the  latest  report,  he  is  recovering  rapidly. 

Louis  E.  Strothman,  manager  and  chief  engineer  of  the  pumping 
department  of  the  Allis-Chalmers  Manufacturing  Company,  Milwaukee, 
Wis.,  was  recently  elected  president  of  the  Engineers'  Society  of 
Milwaukee. 


Frank    L.    .\li.en,    representative    of    The    Landis    Tool    Company, 


Waynesboro,  Pa.,  has  been  elected  secretary-treasurer  and  member  of 
the  Board  of  Directors  of  the  Dugger  Motor  Sales  Company  cf  In- 
dianapolis, Ind. 

Joseph  H.  Podnd,  Instructor  In  charge  of  mechanical  engineering. 
Rice  Institute,  Houston,  Tex.,  is  assisting  with  the  plans  for  increas- 
ing the  capacity  of  the  plant  of  the  Houston  Lighting  and  Power 
Company. 

Reginald  Trautschold,  who  has  specialized  in  the  power  plant 
field  for  a  number  of  years,  is  the  winner  of  the  second  prize  of 
$25  offered  by  the  Diamond  Power  Specialty  Company  for  the  best 
papers  on  mechanical  soot  blowers. 

H.  Kenyon  Borch,  chief  engineer  of  the  Inspiration  Consolidated 
Copper  Company,  has  completed  his  work  pertaining  to  the  design 
and  construction  of  the  plant,  and  left  on  July  1  for  an  extended 
vacation  trip  throughout  the  East. 

Walter  N.  Polakov,  recently  superintendent  of  power  of  the  N. 
Y.,  N.  H.  &  H.  R.  R.,  and  consulting  engineer  to  the  Board  of  Esti- 
mate and  .\pportioument  of  the  City  of  New  York,  is  now  directing  the 
foreign-trade  engineering  work  of  David  Vershbinsky,  Inc.,  New  York. 


CHANGES  OF  POSITION 

Ralph  W.  Bingaman,  formerly  engineer  with  the  Communipaw 
Steel  Company,  New  York,  has  become  associated  with  the  Morris  Iron 
and   Steel  Compauy.   New  York. 

Rhea  H.  Robinson  has  become  affiliated  with  L.  V.  Estes,  Inc., 
Chicago,  111.  He  was  until  recently  in  the  employ  of  the  Economy 
Fuse  Company  of  the  same  city. 

W.  DoKE  Scott,  formerly  engineering  assistant  with  the  Syracuse 
Lighting  Company,  Syracuse,  N.  Y.,  has  become  alBliated  with  the  New 
Haven  Gas  Light  Company,  New  Haven,  Conn. 

Henry  W.  Crowell,  formerly  connected  with  the  Eureka  .\ir  Com- 
pressor Company,  Inc.,  Montclair,  N.  J.,  has  accepted  a  position  with 
the  Otis  Elevator  Company,  New  York,   N.   Y. 

Frank  L.  Cocks,  formerly  connected  with  Arbuckle  Brothers,  in 
the  capacity  of  special  machine  designer,  has  become  identified  with 
the  Obex  Laboratories,  Marietta,  Ohio,  as  superintendent. 
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Eknest  B.  Nelson,  formerly  iu  the  emplo.r  of  the  Chile  Explora- 
tion Company,  Chuquicamata.  Chile,  S.  A.,  has  become  associated  with 
the  Andes  Exploration  Company,  Chanaral,   Chile,   S.   A. 

William  H.  Gillam,  Jn.,  has  resigned  his  position  as  superin- 
tendent of  .Tames  Boyd  and  Brothers,  Inc.,  Philadelphia,  Pa.,  to  accept 
a  position  with   the  Scott  Paper  Company  of  the  same  city. 

JA.MES  F.  Cyphers  has  resigned  his  position  as  supervising  engineer 
of  Merck  and  Company,  Rahway,  N.  J.,  to  become  mechanical  superin- 
tendent  of   the   Eagle   Rock   Manufacturing   Company,    Verona,    N.   J. 

Paul  E.  Good,  formerly  connected  with  the  Southwark  Foundry 
and  Machine  Company,  Philadelphia,  Pa.,  as  mechanical  engineer,  has 
accepted  a  position  with  the  Rateau  Battu  Smoot  Company  of  New 
York. 

Parker  M.  Robinsox,  until  recently  associated  with  Yale  Uni- 
versity, New  Haven.  Conn.,  has  accepted  an  industrial  management 
position  w^ith  H.  L.  Gantt,  and  is  located  at  The  Celluloid  Company, 
Newark,  N.  J. 


Laikexce  Mehakg  has  resigned  his  position  of  mechanical  engineer 
with  the  Allls-Chalmers  Manufacturing  Company,  Philadelphia.  Pa., 
and  has  accepted  a  position  with  the  Hazel-Atlas  Glass  Company, 
Washington,   Pa. 

George  S.  Wheatley,  instructor  of  mechanical  engineering.  Uni- 
versity of  Pennsylvania,  Philadelphia,  Pa.,  has  become  associated  with 
the  Cambria  Steel  Company,  Johnstown,  Pa.,  in  the  steam  engineering 
department. 

JOHX  W.  MoRTO.v  has  assumed  the  duties  of  chief  draftsman  of 
the  Baltimore  Oil  Engine  Company,  Baltimore,  Md.  He  was  formerly 
connecte<l  with  the  designing  department  of  the  Mcintosh  &  Seymour 
Corporation,  .\uburn,  N.  Y. 

Hexry  W.  Johnsox  has  resigned  his  position  as  efficiency  engineer 
with  the  Russell,  Burdsall  and  Ward  Bolt  and  Nut  Company.  Port 
Chester,  N.  Y'.,  to  accept  the  position  of  superintendent  of  the  Putnam 
Machine  Company  of  Fitchburg,  Mass. 

CoxRAD  R.  Adams  has  resigned  his  position  of  assistant  engineer 
with  the  Chandler  Motor  Car  Company,  Cleveland,  0.,  and  has  be- 
come connected  with  the  Sibley  Machine  Tool  Companj',  South  Bend, 
lud.,  in  the  capacity  of  factory  manager. 

Hexry  O.  Poxd  has  resigned  as  mechanical  engineer  of  Westing- 
house,  Church,  Kerr  and  Company,  to  take  charge  of  the  timber,  pulp 
and  water  power  interests  in  the  northwest  of  E.  B.  Cadwell  and  Com- 
pany, Inc.,  with  offices  at  23  Broad  Street,  New  York. 

Burt  H.  Westox,  formerly  instructor  in  mechanical  and  engineer- 
ing drawing  and  design  in  The  David  Ranken,  Jr.,  School  of  Mechan- 
ical Trades,  St.  Louis,  Mo.,  has  severed  his  connection  with  the  school 
and  has  opened  an  office  in  Dayton,  O.,  where  he  will  conduct  the 
business  of  consulting  and  equipment  engineer.  Mr.  Weston  Is  the 
inventor  and  patentee  of  a  disk  valve  for  interna!  combustion  engines. 


APPOINTMENTS 

O.  C.  SicixxER  has  been  appointed  superintendent  of  the  Standard 
Steel  Works  Company,  Burnham,  Pa. 

A.  L.  HOERR.  steam  and  hydraulic  engineer  of  the  National  Tube 
Company,  McKeesport,  Pa.,  has  been  appointed  chief  engineer  at  the 
National  works  to  succeed  George  T.  Snyder. 

E.  J.  Burdick  has  been  appointed  assistant  general  manager  of  the 
Detroit  United  Railway.  Mr.  Burdick  has  been  engaged  in  operating 
work  with  the  company  and  its  predecessors  for  the  past  thirty  years. 

George  W.  Fuller  has  been  appointed  special  lecturer  on  sanitary 
engineering  (sewage  disposal)  at  Sheffield  Scientific  School,  Yale  Uni- 
versity, New  Haven,  Conn.  Mr.  Fuller  has  also  been  made  supervising 
engineer  of  the  operation  of  the  sewage-disposal  tank  at  I'ork,  Pa. 

L.  H.  Mesker,  formerly  in  charge  of  the  Ohio  territory  of  Kearney 
and    Trecker    Company,  ■  Milwaukee,    Wis.,    has    been    appointed    sales 


manager  of  the  company,  with  headquarters  in  Milwaukee.  He  will 
have  complete  charge  of  the  sales  department  and  will  also  retain 
supervision  over  the  Ohio  territory  through  the  Cleveland  office. 


AUTHORS  OF  PAPERS,  ETC. 

Thomas  T.  Eyre  Is  the  author  of  a  paper  entitled  Effect  of  Early 
Cutoff  on  Wiredrawing  which  appears  in  a  July  Issue  of  Power. 

Cloyd  M.  Chapman  has  contributed  a  brief  article  on  Strength 
the  Essential  in  Concrete  Aggregates  to  the  July  8  number  of  E7igi- 
neering  Record. 

Dr.  Johx  a.  Brashear  delivered  an  address  on  the  attitude  of 
science  to  engineering  at  the  June  27-30  convention  of  the  American 
Society  of  Civil  Engineers  in  Pittsburgh,  Pa. 


NECROLOGY 

GEORGE   MEREDITH   PEEK 

George  Meredith  Peek  was  born  at  Richmond,  Va.,  on  Sep- 
tember 29,  1870.  He  received  his  preparatory  education  in 
the  home  schools  and  at  the  age  of  16  began  his  business  life 
as  an  apprentice  in  the  machine  shop  of  the  Baltimore  &  Ohio 
Railroad  at  Baltimore.  In  1888,  as  traveling  electrician  for 
the  Baxter  Electric  Motor  Company,  he  had  charge  of  their 
exhibit  at  the  Milwaukee  Industrial  Exposition.  From  1888 
to  1891  he  was  engaged  in  machine  work  and  general  drafting 
with  the  Richmond  Locomotive  Works  and  also  in  the  drawing 
room  of  the  Newport  News  Shipbuilding  and  Dry  Dock  Com- 
pany. 

In  1890,  Mr.  Peek  entered  the  University  of  Virginia  at 
Charlottesville,  as  a  student.  He  remained  at  the  University 
for  six  years,  during  which  period  he  received  degrees  in  both 
mechanical  and  civil  engineering  and  became  an  instructor 
under  Prof.  William  H.  Thornton.  From  1896  to  1898  he 
occupied  the  chair  of  Civil  and  Mechanical  Engineering  at  the 
University  of  Arkansas. 

After  this  extended  period  of  study,  he  engaged  in  consult- 
ing work  for  a  year  and  then  entered  the  employ  of  the  Pelton 
Water  Wheel  Comjjany  in  New  York  as  engineer,  designing 
and  installing  water  power  plants.  While  with  this  company 
he  designed  and  installed  plants  in  the  United  States,  Mexico, 
Canada  and  Spain,  pre-eminent  among  which  were  the  Animos 
Power  Plant  in  Colorado  and  the  power  plant  for  the  Com- 
panie  General  de  Asfeltos  y  Portlant  in  Spain.  Mr.  Peek  also 
designed  the  motive  power  equipment  of  the  Niagara  Falls 
pumping  plant  and  designed  and  erected  the  regulating  ap- 
paratus. 

In  1910  he  entered  the  employ  of  the  St.  Louis  Water  De- 
partment and  devoted  his  energies  to  many  improvements  in 
the  service.  He  was  appointed  engineer-in-charge  of  the  con- 
struction branch,  which  position  he  held  up  to  the  time  of  his 
death  which  occurred  on  May  2,  1916. 

Mr.  Peek  became  a  member  of  the  Society  in  1892. 


CHESTER    BIDWELL   ALBREE 

Chester  Bidwell  Albree  was  born  at  Allegheny,  Pa.,  on 
April  8,  1862.  He  received  his  preparatory  education  in  the 
Western  University  of  Pennsylvania  and  his  technical  educa- 
tion at  the  Worcester  Polytechnic  Institute  in  Massachusetts, 
from  which  he  graduated  with  the  degree  of  B.  S.  in  1884. 
Following  his  graduation  Mr.  Albree  spent  a  year  in  travel, 
visiting  manufactories  in  various  cities,  and  selling  lubricating 
oils.  Before  entering  into  business  with  his  father,  he  worked 
in  the  drawing  room  at  Thomas  Carlin's  Sons  in  Allegheny. 
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The  remainder  of  his  business  life  was  spent  in  establishing 
and  managing  The  Chester  B.  Albree  Iron  Works. 

While  his  principal  business  was  ornamental  iron,  Mr.  Al- 
bree started  to  manufacture  pneumatic  compression  riveters 
in  1900,  and  did  all  the  designing  of  these  machines  himself. 
He  originated  the  very  successful  universal  bail,  whereby  a 
suspended  machine  may  be  turned  in  any  position  by  merely 
swinging  it  through  a  bail,  so  constructed  as  to  keep  always 
the  center  of  gravity  of  the  machine  at  the  same  height,  and 
thus  preserve  stable  equilibrium.  Among  his  other  valuable 
patents  was  one  covering  an  automatic  pneumatic  compression 
riveter  which  does  away  with  the  adjustment  screw  entirely. 
He  was  widely  known  as  a  manufacturer  and  designer  of 
bridge  railing,  and  many  of  his  beautiful  designs  can  be  seen 
in  all  parts  of  the  United  States. 

Mr.  Albree  was  a  past  president  of  the  Engineers'  Society 
of  Western  Pennsylvania  and  a  member  of  the  American  Asso- 
ciation for  the  Advancement  of  Science.  He  became  a  mem- 
ber of  this  Society  in  1886.    He  died  on  May  27,  1916. 

DON    JUAN    WHITTEMORE 

Don  Juan  Whittemore  was  born  at  Milton,  Vt.,  on  Decem- 
ber 6,  1830.  After  his  graduation  from  the  Bakersfleld 
Academy,  Mr.  Whittemore  joined  the  engineering  staff  of  the 
Vermont  Central  Railway,  later  going  with  the  Western  Rail- 
way of  Canada  and  the  Central  Railway  of  Ohio. 

Mr.  Whittemore  became  chief  assistant  engineer  of  the.  La 
Crosse  &  Milwaukee  Railroad,  where  he  served  for  four  years, 
and  was  then  made  chief  engineer  of  the  Southern  Minnesota 
Railway  and  assistant  chief  of  the  Western  Railway  of  Cuba. 
He  later  returned  to  the  La  Crosse  &  Milwaukee  Railroad  and 
in  1863,  became  connected  with  the  Chicago,  Milwaukee  & 
St.  Paul  Railroad,  where  he  remamed  until  1910,  retiring  as 
consulting  engineer  of  the  road. 

Mr.  Whittemore  was  a  past  president  of  the  American  So- 
ciety of  Civil  Engineers,  and  had  received  the  degree  of  C.  E. 
from  the  University  of  Vermont  and  those  of  Ph.  D.  and 
LL.  D.  from  the  University  of  Wisconsin. 

He  became  a  member  of  the  Society  in  1889.  He  died  at 
his  home  in  Milwaukee  on  July  17,  1916. 

WILLIAM    A.    WARMAN 

William  A.  Warman  was  bom  at  Latrobe,  Jackson  Co., 
Ohio,  on  June  28,  1861,  and  received  his  education  at  the  home 
schools.  From  1878  to  1886  he  devoted  his  time  to  developing 
inventions  and  following  this  he  had  six  years'  shop  experience 
in  various  western  railroad  shops.  From  1892  to  1894  he  was 
connected  with  the  Rodwell  Co.,  of  Buffalo,  and  the  following 
year  he  managed  a  shop  of  his  own  at  Niagara  Falls.  In  1898 
he  was  engaged  by  the  Buffalo  Metal  Manufacturing  Co.,  and 
from  1898  to  1901  he  held  a  position  with  the  Ritter  Dental 
Company.  During  1902  and  1903  he  was  with  the  Dieks  Press 
Guard  Manufacturing  Company,  and  became  a  pioneer  in  the 
development  of  press  guards  for  stamping  presses.  In  1904 
he  worked  for  the  American  Tobacco  Company  and  in  1905 
formed  tlie  Warman  Company,  which  soon  thereafter  consol- 
idated with  the  Keller  Mechanical  Engraving  Company.  With 
this  concern  he  held  the  position  of  designer  of  special  ma- 
chinery. He  also  did  much  original  research  work  in  connec- 
tion with  internal  combustion  engines  and  gas  turbines  until 
the  time  of  his  death. 

Mr.  Warman  was  the  inventor  of  a  number  of  safety  devices, 
also  of  the  hollow  set  screw.  He  became  a  member  of  the  So- 
ciety in  1908.    He  died  on  July  2,  1916. 


Professor  Ernest  Mach  recently  died  in  Munich,  Germany, 
at  the  age  of  78.  His  treatises  on  Mechanics  and  The  Theory 
of  Heat  have  long  since  become  classics.  Just  before  his 
death  he  completed  a  book  on  The  Principles  of  the  Theory  of 
Light,  as  a  companion  volume  to  the  two  former  books.  The 
works  of  Dr.  Mach  have  been  noted  for  the  broad  spirit  in 
which  they  treated  complicated  problems  of  physics,  and  for 
the  interesting  in\estigations  of  the  historical  development  of 
theories  of  physical  phenomena. 


There  is  now  being  inserted  in  the  pages  of  the  Advertising 
Section  of  The  Journal  each  month  (See  p.  57  this  month) 
a  Card  Index  summarizing  the  contents  of  The  Journal  for  the 
preceding  month.  A  facsimile  of  this  index  appears  below. 
Members  may  clip  this  out  of  the  Advertising  Section  and 
paste  it  on  a  card  for  use  in  their  files. 
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July,  1916  CARD  INDEX  Vol.  38,  No.  7 

Mechanical  Equipment  used  in  the  Port  of  New  Orleans.  By 
William  von  Phul.  Describes  several  installations  of 
special  interest  to  important  industries 51S 

A  Novel  Method  of  Handling  Boilers  to  Prevent  Corrosion  and 
Scale.  By  Allen  H.  Babcock.  Highly  alkaline  treatment 
of  boiler  water S29 

Capacity  and  Economy  of  Multiple  Evaporators.  By  E.  W. 
Kerr.  Illustrates  types  of  sugar  evaporators  and  gives 
results  of  tests. 539 

Drainage    Pumping.     Discu-ssion    by    prominent    engineers    of 

methods  of  low-lift  pumping 553 

Correspondence.     Letters    on    matters    of    current    engineering 

interest 559 

Society  .\iTairs 5^3 

Engineering  Survey.  Review  of  engineering  publications  in  all 
^        languages 5S9 


The  Illuminating  Engineering  Society  will  hold  its  annual 
convention  in  Philadelphia,  September  21  to  28. 

Following  the  convention,  a  course  of  lectures  on  illuminat- 
ing engineering  will  be  given  under  the  joint  auspices  of  the 
society  and  the  University  of  Peunslyvania,  at  the  University. 
Associated  with  the  lectures  will  be  an  exhibition  showing  tli^' 
latest  developments  in  illuminating  appliances  and  novel  ap- 
plications of  light.  R.  H.  Fernald,  Mem.  Am.  See.  M.  E., 
is  a  member  of  the  University  Committee  in  charge  of  par- 
ticipation. 


The  executive  committee  of  the  Board  of  Supervising  In- 
spectors of  the  United  States  Steamboat-Inspection  Service  has 
adopted  a  rule  eliminating  the  requirements  for  reduction  of 
area  of  steel  boiler  plate,  pending  an  investigation  by  the  U.  S. 
Bureau  of  Standards.  The  amendment  was  approved  by  the 
Secretary  of  Commerce  on  June  7,  1916. 

The  requirements  referred  to  and  which  were  eliminated 
were  contained  in  the  first  paragraph  of  Section  5,  Rule  1, 
General  Rules  and  Regulations  of  the  Board  of  Supervising 
Inspectors.     The  paragraph  as  amended  reads  as  follows: 

5.  When  the  tensile  strength  determined  by  the  test  is  less 
than  63,000  lb.,  the  minimum  elongation  shall  be  25  per  cent  for 
plates  over  %  in.  and  under  in  thickness  and  22  per  cent  for  plates 
over  %  in.  in  thickness.  The  quench-bend  specimen  shall  bend 
through  ISO  deg.  around  a  curve  the  radius  of  which  is  three- 
fourths  the  thickness  of  the  specimen.  When  the  tensile  strength 
determined  by  the  test  is  63.000  lb.  or  greater  the  minimum  elonga- 
tion shall  be  22  per  cent  tor  plates  %  in.  and  under  in  thickness 
and  20  per  cent  for  plates  over  %  in.  in  thickness.  The  quench- 
bend  specimen  shall  bend  through  ISO  deg.  around  a  curve  the 
radius  of  which  is  one  and  one-half  times  the  thickness  of  the  speci- 
men.    (See  4430  R.  S.) 


APPLICATIONS  FOR  MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  SEPTEMBER  10,  1916 


MECHANICAL  ENGINEERS  desirous  of  securing  membership  in  the  Society  during  the 
current  calendar  year  must  file  their  applications  not  later  than  August  '25.  Favorable 
action  will  then  entitle  them  to  attend  the  Annual  Meeting,  1916,  as  members,  receive  the  1916 
volume  of  Transactions  and  be  listed  in  the  1917  Year  Book. 


Members  are  requested  to  scrutinize  with  care  the  following 
list  of  candidates  who  have  tiled  applications  for  membership 
in  the  Society.  These  are  subdivided  according  to  the  gi-ades 
for  which  their  ages  qualify  them  aiid  not  with  regard  to  pro- 
fessional qualifications,  i.  e.,  the  ages  of  those  under  the  fii-st 
heading  place  tliem  under  either  Member,  Associate  or  Asso- 
ciate-Member, those  in  the  next  class  under  Associate-Member 
or  Junior,  and  those  in  the  third  under  Junior  grade  only. 
Applications  for  change  of  grading  are  also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume  their  share  of  the  responsibility  of  re- 

NEW    APPLICATIONS 

FOR    CONSIDERATION    AS     MEMBER.    ASSOCIATE    OB    ASSOCIATE-MEMBEB 

.ARMSTRONG.  E.  R.,  Mecb.  Supt., 

E.  I.  (lu  Pont  lie  Nemours  &  Co., 
BACON,  WILLIAM,  Supt.  Prentice  Dept., 

Reetl-Prentice  Co., 
BARRETT,  GEORGE  E.,  Asst.  Engr., 

Sprague  Elec.  Wks.,  General  Electric  Co. 
BADMIS,  Frank  J., 

with  Manning,  Maxwell  &  Moore. 
BEESON,  ALEXANDER  C,  Chief  Engr., 

Four  States  Coal  Co.. 
BEST,  William  E..  Supt., 

The  National  Cash  Register  Co., 
BLAKESLEE.  JuDD  W.,  Supt.. 

Blakeslee  Mfg.  Co., 
CLINE.  McGarvev,  Vice-Pres., 

Florida  Pine  Co., 
DANIELSON.  John  W.,  Engr.,  Mgr.,  Secy., 

Mecca  Machinery  Co., 
D.WIS,  Edwin  P.,  Engr.  E.xper.  Dept., 

Remington  Arms  &  Ammunition  Co.. 
DURR,  Herbert  \.,  Cons.  Engr.  and  Mech.  Engr., 

Schmidt,  Garden  &  Martin, 
FOSTER,  Dean  E.,  Prof,  of  Mech.  Engrg., 

State  College  of  Washington, 
FRENCH.  Thomas  E..  Prof,  of  Engrg.  Drawing. 

The  Ohio  State  Univ.. 
GAGE,  William  P.,  First  Vice-Pres.  and  Genl.  Supt. 

Lone  Star  Gas  Co., 
GRANGER,  Dean  M.,  Head  of  Engrg.  Dept., 

Washburn  &  Granger. 
HADLOW,  H.  Ralph,  Cons.  Mech.  Engr., 

918  Citizens  Bldg., 
H.iWLEY.  RANSO.M  S.,  Prof,  and  Head  of  Mech.  Engi 

Colorado  School  of  Mines. 
HICKS,  R.  L.,  Mech.  Draftsman, 

Alabama  Power  Co., 
HOLLANDER,  Walter  L., 

Winchester  Repeating  .\rms  Co., 
KNOWLES,  Clarence  R.,  Supt.  Water  Service. 

Illinois  Central  &  Yazoo  &  Mississippi  Valley  Railroads. 

Chicago,  111. 
LATHAM,  Bernard  W.,  Asst.  Mech.  Engr., 

New  York  Central  R.  R.,  New  Y'ork 

LENONE,  Jose  M.,  Asst.  to  Chief  Draftsman, 

Armour  &  Co., 
McKENN.i,  .Alexander  F.,  Supt.  of  Erection 

Western  Canada  Balicock  &  Wilcox  Co., 
McPARTLAND,  Michael  B.,  Master  Mech., 

Chicago.  Rock  Island  &  Pacific  R,  R.. 
MOORE.  James  S.,  Engr., 

Greensboro  Supply  Co.. 
MORTON,  Arthur  B..  Chief  Draftsman, 

Messrs.  Thompson  &  Co.,  Prop.  Ltd., 

Castlemaine.  Victoria.  .Australia 


City  Point,  Va. 

Worcester,  Mass. 

Bloomfield.  N.  J. 

New  York 

Worthingtou.  W.  Va. 

Dayton,  Ohio 

Du  B(]is,  III. 

Jacksonville.  Fla. 

Brooklyn.  N.  Y. 

Bridgeport.  Conn. 

Chicago,  111. 

Pullman.  Wash. 

Columbus,  Ohio 

Fort  Worth,  Tex. 

New  York 

Cleveland,  Ohio 
g.  Dept.. 

Golden,  Colo. 

Birmingham.  .\la. 

New  Haven,  Conn. 


Chicag 


111. 


Montreal.  Canada 


Goodland,  Kan. 


Greensboro,  N.  C. 


ceiving  these  candidates  into  membership  by  advising  the  Sec- 
retary promptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  All  correspondence  in  regard  to 
such  matters  is  strictly  confidential,  and  is  solely  for  the  good 
of  the  Society,  which  it  is  the  duty  of  every  Member  to  pro- 
mote. Unless  objection  is  made  to  any  of  the  candidates 
posted,  by  September  10,  1916,  and  providing  satisfactory 
replies  have  been  received  from  the  required  number  of  refer- 
ences, these  candidates  will  be  balloted  upon  by  the  Council. 
Those  elected  to  membership  w'ill  be  notified  by  the  Secretary 
about  October  15,  1916. 


PANGBORN.  Thomas  W.,  Pres., 

Pangborn  Corp.. 
PESCAY,  Charles  H.,  Adjuster, 

Fire  Losses, 
ROBERTSON,  Donald  M.,  Chief  Draftsman, 

The  Holt  Mfg.  Co.. 
ROWE,  Hartley,  Elec.  Supt., 

■Elec  Div.,  The  Panama  Canal, 
TROTTER,  Henry  R.,  Mech.  Engr., 

S.  K.  F.  Ball  Bearing  Co., 
UPTON,  George  B.,  .\sst.  Prof,  of  Exper.  Engrg., 

Sibley  College.  Cornell  Univ., 
W.\LKER,  Edwin  C,  Indus.  Engr., 

The  Hess  Spring  &  .Axle  Co.. 
WOOLSON,  Clifford  G..  Asst.  to  Chief  Engr., 

Barber  Asphalt  Paving  Co., 


Hagerstown,  Md. 

New  Orleans.  La. 

Stockton,  Cal. 

Balboa  Heights,  C.  Z. 

Hartford,  Conn 

Ithaca,   N.   Y. 

Cincinnati,  Ohio 

Maurer,  N.  J. 


for  consideration  as  associ-ate-member  or  junior 


BISHOP.  Ernest  B.,  Draftsman, 

Remington  Typewriter  Wks., 
BJORGE,  Oscar  B..  Chief  Engr., 

Clyde  Iron  Works, 
FELLERS,  William   M..  Chief  Draftsman. 

L'.  S.  Navy  .Aeronautic  Sta., 
HOFFMAN,  J.   Roy,  Vice-Pres., 

Smith-Booth-Usher  Co.. 
HUBB.ARD.  Cecil  R.,  Designing  Engr.. 

National  Metal  Molding  Co., 
INGALLS,  James  A.,  Mech.  .Asst.,  Testing  Bureau, 

Tra'nsit  Development  Co., 
ISHIMURA.  Sakichi.  Draftsman. 

U.  S.  Electro  Galvanizing  Co., 
KING,  Howard  V.,  Inspector, 

with  Lima  Locomotive  Corp., 
McNINCH,  Harry  T.,  Engr., 

Babcock  &  Wilcox  Co.. 
MAYER,  Edward  R.,  Supt., 

City  Light  &  Water  Co., 
MEIGS,  Robert  R.,  Motive  Pwr.  Insptr., 

Pennsylvania  R.  R.. 
MILLER,  Emilio  G.,  Tech.  Staff. 

Shipyard  "  Officina  Camelier." 
MOREY,  Edwin,  Secy,  and  Supt.. 

E.  J.  Flather  Mfg.  Co., 
ROLLINS.  Lewis  M..  Consulting  Engr., 

290S  E.  Franklin  .Ave.. 
SILLCOX,  Lewis  K.,  Mech.  Engr.. 

Illinois  Central  R.  R.   System. 
SPATZ,  Ralph  L.,  Erecting  Engr., 

H.  Koppers  Co.,  of  Pittsburgh.  Pa., 
THOMAS,  Leon  I..  Managing  Editor  "  Factory," 

.A.  W.  Shaw  Co., 
VERSHBINSKY,  David  M..  Pres., 

David  Vershbinsky.  Inc., 
WENZLIK.  Richard  H,.  Architect  and  Engineer, 

Houehin-.Aiken  Co.,  Inc., 


Ilion.   N.   Y. 

Duluth.  Minn. 

Pensaeola,  Fla. 

Los  .Angeles,  Cal. 

.Ambridge,  Pa. 

lOlec.  Engrg.   Dept., 

Brooklyn,  N.  Y. 

Brooklyn.  N.  T. 

Lima,   Ohio 

Bayonne,  N.  J. 

.Amarillo,  Tex. 

Pittsburgh.  Pa. 

Para,  Brazil 

Nashua,  N.  H. 

Minneapolis.  Minn. 

Chicago.   111. 

Lorain.  Ohio 

Chicago,  111. 

New  Y'ork 

Brooklvu,  N.  Y. 
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FOR    COXSIDEUATION    AS    JUNIOR 

ALSFELDER,  Ferd  r..   Draftsman, 

The  Lunkenheimer  Co., 
ANTHONY,  Graham  H.,  Equipment   Supt., 

William  L.  Gilbert  Clock  Co., 
BRES,  Edward  W.,  Inspector, 

United  States  Engrg.  Dept., 
CALL.\N,  John,  Engr.-in-cliarge  Roller  Plant, 

Louisiana  Irrigation  &  Mill  Co., 
CHALKLEY,  Ci'RTis  R., 

with  Cincinnati  Planer  Co., 
DEAN,  HuuEKT  R.,  Engr., 

with  .lohn  A.  Stevens.  Cons.  Engr., 
DE  GROOT,  John,  Asst.  Engr., 

Westinghouse,   Church,   Kerr  &  Co., 
EARL,  Ralph, 

with  George  G.  Earl, 
FARNHAM,  GEORGE  W.,  Junior  Eugr., 

The  Elbert  Clarke  Co., 
HAYES.  Ralph  S.,  Student, 

Dartmouth  College, 
JACOB,  Charles  L.,  Engr., 

Jarrett  Chamber  Co., 
JONES,  Warren  G.,  Vice-Pres., 

W.  A.  Jones  Fdy.  &  Mch.  Co., 
KOCH,  Charles,  Ordnance  Draftsman, 

Philadelphia  Navy  Yard, 
LIGHTOWLER,  George  R.,  Eugr., 

Austin  Baldwin  Co., 
LITHGOW,  Richard  P.,  Chief  Engineer, 

Arkansaw  Water  Co., 
LORENTZEN,  GustaV  A., 

with  W.  F.  Schrafft  &  Sons  Corp., 
McCARTY,  Dale,  Mech.   Rep., 

Enterprise  Rwy.  Equipment  Co., 
MANUEL,  Charles  J.,  Mch.  Designer  and  Mech. 

Lewiston  Bleachery  &  Dye  Wks., 
MUIR,  Leonard  S..  Ch.  Draftsman. 

with  Dwight  Seabury,  Arch.  &  Engr., 
NEWMAN,  Paul  A.,  Asst.  Engr., 

New  York  Rwys.  Co., 
PARADIES,  Walter  F.,  Mech.  Engr., 

Chile   Exploration  Co., 
PRUDEN,  Richard  M.,  Bxper.  Engr., 

-Vdvance  Rumely  Co., 


Cincinnati,  Ohio 

Winsted,  Couu. 

New  Orleans,  La. 

Crowley,  La. 

Cincinnati,  Ohio 

Lowell,  Mass. 

New   York 

New  Orleans,  La. 

Rochester,  N.  Y. 

Hanover,   N.    H. 

Paris,   Idaho 

Chicago,  111. 

Philadelphia,   Pa. 

New  York 

Little  Rock.  Ark. 

Boston,  Mass. 

Chicago,  111. 

Lewiston,  Me. 

Pawtucket,  R.  1. 

New  York 

New   York 

La  Porte,  Ind. 


Eugrg 


REED.  Ja.me.s  K., 

with  S.  Keighley  Metal  Ceiling  &  Mtg.  Co., 
SCHMITZ,  Arthur  J.,  Engr., 

Allls-Chalmers  Mfg.  Co., 
SCHUBERT,  Frank  R.,  Engrg.  Dept., 

Ferro  Mch.  &  Fdy.  Co., 
SHEA,  Thomas  F.,  Engr., 

Canal  Construction  Co., 
SOLOMON,  Reuben  J.,  Draftsman, 

The  H.  P.  Townsend  Mfg.  Co., 
STROTT,  John  C,  Asst.  Works  Engr., 

Curtis  Bay  Chemical  Co., 
VANSANT,   William   L., 

with  Dravo-Doyle  Co., 
WAY,  William  F., 

2  First  Avenue, 


Follansbee,  W.  Va. 
Milwaukee,  Wis. 
Cleveland,  Ohio 
Memphis,  Tenn. 
Hartford,  Conn. 
Curtis  Bay,  Md. 
Pittsburgh,  Pa. 
Johnstown,   N.  Y, 


APPLICATIONS  FOR   CHANGE   OF  GRADING 


St.  I'aul.  Minn. 


PROMOTION    FROM    ASSOCIATE-MEMBER 

FLOWERS,  Dean  W.,  Supt.  Gas  Wks.  Dept., 

St.  Paul  Gas  Light  Co., 
TILLSON,  Benjamin  F.,  Head  of  Mining  Dept., 

The  New  Jersey  Zinc  Co.,  Franklin  and  Ogdeusburg,  N.    1. 

WALDEN,  ALBERT  E.,  Supt.  and  Chief  Engr., 

Baltimore  County  Water  &  Elec.  Co., 


Baltimore,  Md. 


promotion  from  junior 


CAREY,   HERBERT  W.,  Chief  Draftsman, 

Harley  Co..  Springfield,  Mass. 

N'EWCOMB,  Robert  E.,  Supt,  Deane  Pump  Wks., 

Worthington'  Pump  &  Mchy.  Corp..  Holyoke,  Mass. 

STONE,  Thomas  W..  Mech..  Engr., 

Western  Gas  Constr.  Co.,  Fort  Wayne,  Ind. 

WINTERROWD,  William  H.,  Asst.  to  Chief  Mech.  Engr., 

Canadian  Pacific  Rwy.,  Montreal,  Canada 


SUMMARY 

New   Applications S3 

-Applications  for  change  of  grading  ; 

Promotion    from    -Associate-Member .'i 

Promotion   from   Junior 4 

Total 9a 


GEOGRAPHICAL   LIST 
(Applications  for  promotion  from  any  grade  Kill  be  indicated  by  the  initials  of  that  ijrade) 


-Alabama 

Uinningham — Hicks.    11.   L. 

.4rkaDsas 

Little  Rock — Litbgow.   R.   P. 

Australia 

Vastlemaine — Morton,  A.  B. 

Brazil 

Para — Miller,    E.    G. 

California 

Los  Angeles — Hoifman,   J.   R. 
Stockton — Robertson,    D.   M. 
Canada 

Montreal — McKenna,   A.   F. 

Winterrowd,  W.   H.    (J.) 
3Vcw  Westminster,  B.  C. — Peck,  J- 
Canal  Zone 

Balboa — Rowe,  H. 
Colorado 

Golden — Hawley,  R.  S. 
Connecticut 

Bridgeport — Davis,  E.  P. 
Hartford — Solomon,   R.  J. 
Trotter,    H.    R. 
2Ve«o  Haven — Hollander,   W.    L. 
M'insted — Anthony,    G.    H. 
I^lorida 

JacksonciUe — Cline,  M. 
Prnsucola — Fellers,   W.   M. 
Idaho 

Paris — Jacob.  C.  L. 
Illinois 

Chicago — Durr,    H.   R. 
Jones,  W.  G. 
Knowles,  C,  R. 
Lenone.    J.    M. 
McCarty,  D. 
Sillcox,    L.    K. 
Thomas,    L-    I. 
Dit  Boise — Blakeslee,  J.   W. 


Indiana 

Fort  Wuync — Stone.  T.  W.   (J.) 

La  Porte — Pruden,   R.   M. 
Kansas 

Goodland — -McParthuuI,    M.    B. 
Louisiana 

Crowley — Callan,   J. 

Hew  Orleans — Bres,  E.  W. 
Earl,     R. 
Pescay,    C.    II. 
Maine 

Leiviston — Manuel,    C.    J. 
Maryland 

Baltimore — Walden,  A.  E.    (A.  M.) 

Curtis  Bay — Strott,  J.   C. 

Hagerstown — Pangborn,   T.    W. 
Massachusetts 

Boston — Lorentzen,  G.  A. 

Holyoke — Newcomb,   R.  E.    (J.) 

Lowell — Dean,   H.    R. 

Springfield — Carey,    H.   W.    (J) 

Worcester — Bacon,    W. 
Minnesota 

Duluth — BJorge,    O.    B. 

Minneapolis — Rollins,    L.    M. 

ft.  Paul — Flowers,  D.  W. 
New  Hampshire 

Hanover — Hayes,    R.    S. 

yashua — Morey,   E. 
New  Jersey 

Bayonne — McNinch,    H.   T. 

Bloomfield — Barrett,   G.  E. 

Franklin — Tillson,  B.  F. 

Maurer — Woolson,    C.    G. 
New  York 

Brooklyn — Danielson,  J.   W. 
Irigalls,  J.  A. 
Ishimura,    S. 
Wenzlik,     R.     H. 

Ilion — Bishop,   E.    B. 

Ithaca — Upton,   G.   B. 


Jolmstown — Way,  W.  F. 
\cw  York — Baumis,   P.   J. 
de  Groot,  J. 
Granger,   D.   M. 
Latham,    B.    W. 
Lightowler,  G.  R. 
Newman,    P.    A. 
Paradise,   W.   F. 
Vershbinsky,    D.    M. 
Rochester — Farnham,  G.  W. 
North   Carolina 

Greensboro — iloore,  J.   S. 
Ohio 

Cincinnati — Alsfelder,  F.   P. 
Walker,    E.    C. 
Chalkley,    C.    i:. 
Cleveland — Hadlow.  H.  K. 

Schubert,  F.   K. 
Columbus — French,   T.  E. 
Dayton — Best,  W.   E. 
Lima — King.    H.   V. 
Lorain — Spatz,   R.   L. 
Pennsylvania 

Aml)rid(je — Hubbard,  C.   R. 
Philadelphia — Koch,  C. 
Pittsburgh — Meigs,  R.  R. 

Vansant.  W.  L. 
Rhode  Island 

Pawtueket — Muir,   L.    S. 
Tennessee 

Memiihis — Shea,    T.    F. 
Texas 

Amarillo — Mayer,   E.    R. 
Fort  Worth — Gage,  W.  P. 
\'irginia 

City  Point — -Armstrong,  E.  R- 
^\'asliinKton 

Palhnan — Foster,   D.    E. 
West    Virginia 

Follansbee — Reed,    J.    K. 
Worthington — Beeson,  A.  C. 
Wisconsin 

M iUraukcc — Schmitz,  A.  J. 
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SOCIETY  MEETINGS 


The  Journal 
SOCIETY  AFFAIRS  Am.Soc.M.E. 

CIVIL  ENGINEERS  ANNUAL  MEETING 


/T  is  of  the  highest  importance  in  the  development  of  the 
monthly  meetincjs  of  the  Society,  both  of  the  Sections 
and  of  the  Student  Branches,  that  comprehensive  reports  of 
these  meetings  he  published  in  The  Journal  regularly.  Sec- 
retaries of  the  sections  and  student  branches  are  urged  to 
male  every  effort  to  get  the  complete  reports  of  their  meet- 
ings to  this  office  as  quickly  as  possible  after  the  meetings 
are  held,  and  also  xahere  possible,  copies  of  the  papers  pre- 
sented should  be  sent  in;  if  desired,  the  copy  of  the  paper 
will  be  returned  after  examination.  The  reports  of  meet- 
ings in  order  to  appear  in  the  next  issue  of  The  Journal 
must  be  received  in  this  office  before  the  18th  of  the  month. 

NEW   HAVEN,   JUNE   29 

The  last  meeting  of  the  season  of  the  New  Haven  Section  of 
the  Society  was  held  on  June  29  at  the  Mason  Laboratory. 
P.  J.  Gr.  Renter  gave  an  interesting  talk  on  the  Diesel  Motor, 
which  was  illustrated  with  pictures  of  Swiss  machine  shops 
in  which  Diesel  engines  are  built. 


PROVIDENCE,  JUNE  28 

A  meeting-  of  the  Providence  Engineering  Society  was  held 
on  June  28.  Through  the  invitation  of  F.  E.  "Winsoi',  chief 
engineer  of  the  Providence  Water  Supply,  more  than  120 
members  of  the  society  were  taken  around  the  proposed 
Scituate  Reservgir  which  will  eventually  supply  Providence 
and  some  of  the  neighboring  towns  and  cities  with  water.  The 
members  were  accomodated  in  twenty-tive  automobiles  which 
were  provided  by  the  Water  Supply  Board. 

Following  a  dinner  at  the  University  Club,  the  annual 
business  meeting  of  the  Society  was  held.  The  reports  showed 
that  in  the  past  year  the  membership  has  doubled.  The  fol- 
lowing officers  were  elected:  Prof.  J.  Ansel  Brooks,  Mem. 
Am.Soc.M.E.,  president;  R.  W.  Adams,  G.  A.  Carpenter,  W. 
T.  Robertson,  vice-presidents;  A.  E.  Thoruley,  secretary;  W. 
C.  Kennedy,  recording  secretary  and  A.  H.  Whatley,  treasurer. 

Following  the  business  meeting,  JIv.  Winsor  gave  an  illus- 
trated lecture  on  the  Scituate  water  supply,  detailing  the  faults 
of  the  present  system.  The  speaker  said  that  the  source  of  the 
Providence  water  supply  at  the  present  time  is  very  polluted, 
but  that  the  water  is  reasonably  safe  because  it  is  filtered.  If 
an_\-thing  should  happen  to  the  filters,  however,  the  people  of 
Providence  would  have  to  drink  the  contaminated  water. 

G.  T.  Seabury,  an  engineer  of  the  Water  Supply  Board,  told 
of  the  borings  that  are  being  made,  particularly  at  the  dam  site 
at  Kent,  to  determine  the  kind  of  dam  which  will  be  necessary 
at  the  outlet  end  of  the  reservoir.  Borings  are  being  made 
constantly  at  this  site  and  at  the  site  for  the  filters  and  other 
places  where  artificial  structures  are  to  be  built.  He  said  that 
they  have  bored  130  holes  from  80  to  92  ft.  deep,  and  have 
taken  samples  of  the  soil  every  five  feet  until  they  struck  bed 
rock.  Mr.  Seabury  also  explained  the  various  methods  used  in 
drilling  and  bringing  up  samples  of  the  soil  and  the  working 
of  the  diamond  drills  used  in  boring. 

F.  E.  Waterman,  another  engineer  of  the  Board,  told  of  the 
problems  that  were  met  in  determining  the  ownership  of  the 
land  condemned  by  the  city.  Some  of  the  deeds  of  the  land 
dated  back  to  1795  and  1800,  and  it  was  very  difficult  to  find 
an  exact  or  accurate  description  of  the  bounds  or  extent  of  the 
parcels  of  land. 


The  Summer  Meeting  of  The  American  Society  of  Civil 
Engineers  was  held  at  Pittsburgh,  June  27  to  30. 

A  notable  feature  of  the  meeting  was  the  address  of  Clem- 
ens Herschel  on  the  Advancement  of  the  Profession  by  the 
Civil  Engineer,  wliich  he  introduced  by  a  feeling  allusion  to 
the  death  of  Dr.  Corthell,  president  of  the  society,  and  to 
whose  duties  Mr.  Herschel  succeeds.  Dr.  Brashear.  Past 
President  of  The  American  Society  of  Mechanical  Engineers, 
addressed  the  opening  session  on  the  attitude  of  science  to 
engineering. 

Of  much  interest  was  the  announcement  of  the  ballot  on 
the  transfer  of  the  society's  headquarters  from  57th  St.  to  the 
building  of  the  United  Engineering  Societies.  An  overvphelm- 
iug  preference  was  expressed  by  vote  for  the  change  of  head- 
quarters. 

ELECTRICAL  ENGINEERS  ANNUAL 
MEETING 

The  thirty-third  annual  convention  of  the  American  Insti- 
tue  of  Electrical  Engineers  was  held  at  Cleveland,  June  27  to 
30.  Professional  Sessions  were  held  on  Industrial  Power, 
Power  Transmission,  Protective  Apparatus,  Electrophysics, 
and  miscellaneous  subjects.  Percy  H.  Thomas,  Mem.Am.Soc. 
M.E.,  chairman  of  the  Institute's  Committee  on  Transmission, 
presented  the  report  of  this  committee.  J.  T.  Lawson,  Mem. 
Am.Soc.M.E.,  was  the  joint  author  with  N.  0.  Pollard  ot 
a  paper  on  Experience  in  Recent  Developments  of  Central 
Station  Protective  Apparatus. 

H.  W.  Buck  was  elected  president  of  the  Institute  for  the 
forthcoming  year.  Mr.  Buck  is  of  the  firm  of  Viele,  Blackwell 
&  Buck,  Consulting  Engineers  in  New  York,  and  is  also  known 
in  connection  with  the  installation  of  some  of  the  great  plants 
at  Niagara  Falls. 

SOCIETY     OF    AUTOMOBILE     ENGINEERS 

PROPOSE   TO   CHANGE    NAIVIE 

AND   ENLARGE   SCOPE 

During  the  summer  meeting  of  the  Society  of  Automobile 
Engineers,  held  on  a  steamer  on  Lake  Huron,  Howard  E. 
Coffin,  Mem.Am.Soc.M.E.,  and  a  member  of  the  U.  S.  Naval 
Consulting  Board,  and  Henry  Souther,  Mem.Am.Soc.M.E., 
consulting  engineer.  Aeronautical  Division,  War  Department, 
proposed  that  certain  changes  be  made  in  the  constitu- 
tion of  the  S.A.E.  so  as  to  include  in  the  field  of  activities 
of  that  society  aeronautics,  motor  boats  and  tractors.  On  a 
motion  made  by  Vice-President  E.  S.  Foljambe,  an  amend- 
ment to  the  constitution  was  adopted  as  follows: 

Tlie  name  of  the  society  to  be  changed  to  that  of  Society 
of  Automotive  Engineers,  this  name  having  been  selected  with 
tlie  view  of  retaining  the  former  initials. 

The  society  to  have  affiliated  with  it  automobile,  aeroplane, 
motor  boat,  tractor  and  stationai-y  internal  combustion  engi- 
neers. 

The  new  society  will  have  a  president,  a  vice-president  and 
four  second  vice-presidents,  each  of  the  latter  in  charge  of  one 
of  the  activities  of  the  society. 

The  work  of  the  new  society  will  be  conducted  with  the 
cooperation  of  the  Government  La  the  establishment  of  stand- 
ards and  in  the  furtherance  of  the  Industrial  Preparedness 
movement. 


EMPLOYMENT  BULLETIN 

The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Society 
the  medium  for  assisting  members  to  secure  positions,  and  is  pleased  to  receive  requests  both  for  posi- 
tions and  for  men.  Copy  for  the  Bulletin  must  be  in  hand  before  the  18th  of  the  month.  The  notices 
appear  in  the  Employment  Bulletin  in  a  form  which  indicates  the  classification. 


POSITIONS    AVAILABLE 

llii'se  odt-crtiKcnicnts  are  placed  bij  members  of  the  Society  or  per- 
sons vouched  Jor  lij  members.  The  Society  is  pleased  to  act  as  a 
"  ilcaring  house  "  but  is  not  responsible  for  results. 

In  forwarding  applications,  stamps  should  be  enclosed  for  iransmittnl 
of  applications  to  advertisers ;  applications  from  non-members  should 
be  accompanied  btj  a  letter  of  reference  or  introduction  from  a  member, 
such  reference  letter  to  be  filed  by  the  Society. 

I-'ESIGNER  ;  on  heavy  machine  tools  ami  similar  machinery  ;  good 
opportunity  for  high  grade  designer  with  chiefly  drawing  office  experi- 
ence.    Location   Pennsylvania.      40. 

S.\LESM.\N  with  technical  education  as  mechanical  engineer  to  be- 
come head  salesman  of  company  manufacturing  heavy  capacity  auto- 
matic scales  for  factory  and  warehouse  uses  ;  man  between  30  and  40  ; 
position  does  not  call  for  an  engineer,  but  business  to  be  transacted 
is  almost  entirely  with  engineers ;  one-third  of  time  at  factory  in 
middle  west,  two-thirds  in  held.     Salary  liberal.     42. 

ASSISTANT  CHIEF  ENGINEEK— Young  man  who  has  had  experi- 
ence, or  special  study  in  the  operation  of  a  power  plant,  to  assist  in 
running  a  wood  working  factory  of  11)00  h.p.  ;  knowledge  of  the  de- 
sign of  exhaust  steam  heating  on  a  large  scale  a  desirable  asset.  An- 
swer, stating  age,  past  position  and  salary  expected.     S3. 

DRAFTSMAN  experienced  in  design  of  heavy  machinery,  rolling 
mills,  etc.     Location,  Connecticut.     98. 


POKEMAN  of  shop  for  manufacturing  chemists, 
sey.     104. 


Location  New  Jer- 


CHEMIST  for  firm  of  manufactuiing  chemists.  Location,  New  Jer- 
sey.     100. 

TEXTILE  PL.\NT  ENGINEER  :  one  capable  of  studying  textile  op- 
erations with  view  of  making  improvements  In  machines  or  proces.-es  ; 
who  has  had  experience  in  similar  lines,  or  a  practical  designer  in 
connection  with  textile  machinery.  Salary  $2,000  to  $3,000,  dependent 
upon  ability  and  experience.     Location,  New  England.     130. 

DRAFTSMAN  ;  thorough  technical  training  with  at  least  5  to  6 
years  practical  experience  as  draftsman  and  designer  of  heavy  high 
speed  machinery,  such  as  steam  turbines,  centrifugal  pumps  and  her- 
ringbone gears.  Must  be  neat,  quick  and  accurate  and  possess  such 
characteristics  as  would  justify  his  promotion  to  chief  or  assistant 
chief  engineer  In  one  to  two  years*  time.  Salary  to  begin  moderate 
until  ability  is  proven.     Location,  Maryland.     104. 

DR.VFTSM.\N ;  for  interchangeable  parts  on  Hue  balances. 
Young  man  with  tool  making  experience  preferred.  Eastern  location. 
180. 

TOOL  DESIGNER  who  is  resourceful  and  can  follow  work  through 
to  completion.  Technical  man  with  practical  shop  experience.  Loca- 
tion, Connecticut.     183. 


DR.\FTSM.\N  with  blast  furnace  and  rolling  mill  experience, 
tion,   Pennsylvania.      187. 


Loca- 


SALES  ENGINEERS. — Young  men  between  the  ages  of  25  and  30 
years,  of  good  appearance,  graduates  of  some  approved  engineering  col- 
lege, preferably  M.E.  degree  ;  would  be  expected  to  undergo  a  period 
of  probation  and  training  in  the  various  offices  of  company  before 
being  given  more  responsible  and  higher  positions  in  sales  work.  If  a 
call  cannot  be  made,  application  may  be  made  by  letter  in  the  appli- 
cant's own  handwriting,  stating  age.  education,  previous  business 
training,  if  any,  salary  desired,  etc.     Location,  New  York.     205. 

.\GENTS  to    handle    sales    of    products    in    own    territory    for    firm 

specializing  in   manufacture   of   crushers,    adapted   for   road   building. 

contracting,  mining,  rock  crushing,  gravel  plants,  block  and  tile  plants. 
232. 

SUPERINTENDENT  FOR  FACTORY  engaged  in  the  manufacture  of 
oil  and  gasoline  engines;  must  be  familiar  with  modern  methods  of 
manufacture,  active,  tactful,  a  close  student  of  human  nature  and  a 
natural    leader.      Exceptional    manufacturing    men    even    thougli    not 


actively  engaged  in  gas  engine  work  are  encouraged  to  reply.  Position 
offers  a  splendid  opportunity  for  one  who  can  qualify.  Give  complete 
experience,     -ipply  by  letter.     Name  confidential.     24G. 

M.A.N.\GER  for  firm  in  India  manufacturing  clay  products,  as  drain- 
age pipes,  tile  floors,  bricks  and  wall  tiles.  Correspondence  will  be 
handled   through   New  York   firm.      250. 

TOOL  DESIGNERS  and  DRAFTSMEN.  American  or  English.  Lnca- 
tion,  near  Philadelphia.     255. 

ESTIM.\TOR,  experienced  in  grey-iron  and  steel  castings,  pattern 
and  machine  work ;  a  position  calling  first  for  accuracy.  Location 
Maryland.      273. 

TOOL  DESIGNERS  to  take  charge  of  tool  drafting  department  in 
concern  manufacturing  small  interchangeable  parts  ;  one  with  experi- 
ence in  tool  designing  for  concerns  making  typewriters,  adding  ma- 
chines, electrical  apparatus,  etc.,  preferred.  In  reply  state  age,  nation- 
ality, former  places  of  employment,  experience  and  salary  expected. 
288. 

ASSIST.VNT  PROFESSOR  IN  EXPERIMENTAL  ENGINEERING 
is  desired  to  fill  a  vacancy  in  a  large  engineering  school  In  Atlanta, 
Georgia,  beginning  the  fall  term  In  September.  Applicants  must  have 
an  engineering  degree  from  some  well  recognized  technical  school  and 
either  teaching  experience  or  extensive  practical  experience  In  ex- 
perimental and  research  work.  The  work  involves  experimental  work, 
steam,  hydraulic  and  mechanical  testing  materials,  refrigeration  and 
other  mechanical  subjects.  Give  full  details  of  education,  post-gradu- 
ate work  and  practical  experience,  Including  references.     293. 

MEN  EXPERIENCED  IN  HIGH  CLASS  GAGE  WORK,  with  practi- 
cal tool  making  experience,  some  organizing  power  and  tact,  to  visit 
various  plants  and  pass  on  gage  work  for  Canadian  concern.     320. 

ASSISTANT  SHOP  ENGINEER  familiar  with  wood-working  machin- 
ery, to  look  after  production  side  of  work  and  upkeep.  Location,  Ver- 
mont.    327. 

GRADUATE  MECHANICAL  ENGINEER  with  experience  in  de- 
velopment and  research  work,  to  take  charge  of  experimental  depart- 
ment of  old  established  firm  manufacturing  carburetor  equipment  for 
automobile  engines.     381.     .Vlso  one  or  two  assistants.      382. 

Scientific  soundness  and  familiarity  with  systematic  methods  are 
of  more  importance  than  experience  with  carburetors,  fuels  and  en- 
gines,   but    both    qualifications    most    desirable.      Permanent    positions. 

TOUNG  ENGINEER  with  experience  of  one  or  two  years  in  elec- 
trical lines,  wiring  buildings  and  plants,  motors,  etc.,  for  concern  in 
Toronto,  Canada.     384. 

YOUNG  GRADUATE  METALLURGICAL  ENGINEER  for  manu- 
facture of  steel  castings  and  car  wheels,  located  in  middle  west, 
desiring  to  create  position  of  time  study  and  efficiency  engineer  for 
entire  plant;  prefer  graduate  of  western  college.  In  writing  give 
experience,  age,  physique,  condition  of  health,  denomination,  married 
or  single,  with  whom  associated,  college  and  branches  of  work,  salary. 
383. 

YOUNG  ENGINEER,  preferably  of  class  1916,  who  is  willing  to 
start  and  learn  the  business  from  the  selling  end,  of  printing  press 
company  with  headquarters  in   New  York  office.     386. 

INDUSTRIAL  ENGINEER,  22  to  25  years  of  age,  willing  to 
learn  the  business  and  make  himself  useful  in  the  drafting  and  en- 
gineering side  of  concern  of  consulting  and  contracting  engineers, 
sugar  factories  and  equipment,  marine  work,  etc.     387. 


MECHANICAL    INSTRUCTOR    for    colle 
$1,000.      388. 


;e    in    California.       Salary 


MECHANICAL  DRAFTSMAN  for  permanent  position  with  well- 
known  firm  near  New  York  City.  Several  years  experience  in  the 
design  of  dynamo  electric  machinery  preferred  ;  must  be  responsible, 
accurate  and  rapid  worker,  capable  of  handling  detailers  and  tracers. 
State  age.  experience,  salary  expected  and  give  references.     392. 

SEVERAL  COLLEGE  CRADU-VTKS.  of  from  one  to  five  years  ex- 
perience in  manufacturing,  wanted  by  a  New  Jersey  plant,  to  take 
positions  in  production  department  which  is  being  developed.      Salary 
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to  start,  $25  a  week.     Good  future  for  the  right  man.     In  making  ap- 
plication give  full  history  and  record.     395. 

ESTIMATOR,  young  man,  technical  graduate  who  has  had  experi- 
ence in  foundry  and  pattern  work  and  familiar  with  cast  iron  and 
cast  steel,  to  take  charge  of  estimating  department  for  large  foundry. 
Location   Maryland.   397. 

TECHNICAL  GR.VDTJATE,  1916  preferred,  energetic  and  resourceful 
for  general  engineering  work  in  connection  with  general  sales  office 
of  concern  t>uilding  fuel  economizers  and  located  in  New  York.     398. 

DESIGNER  on'  automatic  machinery.  Location  Brooklyn,  N.  Y. 
400. 

SALESMEN  ON  POWER  PLANT  EQUIPMENT— Consisting  of 
boilers,  engines,  force  draft  blowers,  pumps  and  elevators.  Com- 
mission basis.    402. 

HIGH  GRADE  ENGINEER,  capable  of  designing  and  laying  out 
power  plants.     Location,  New  York  City.     407. 

WANTED — by  a  Company  introducing  a  modern  system  of  manage- 
ment, men  who  have  had  both  college  training  and  practical  experi- 
ence.    Location  New  Jersey.     40S. 

EXPERIENCED  MAN  ON  TWIST  DRILLS,  one  thoroughly  familiar 
with  twist  drill  making  machines  and  able  to  assist  in  their  design 
for  new  factory,  to  have  charge  of  department  as  soon  as  started. 
413. 

SALES  M.\N.\GER,  fully  capable  of  taking  entire  charge  of  sales 
for  old  established  manufacturing  company.  Preference  will  be  given 
to  one  having  experience  in  steam,  plumbing,  power  plant  and  water 
works  supplies ;  a  good  organizer  of  salesmen  who  has  demonstrated 
his  ability  along  these  lines.  In  reply  state  full  details  of  experi- 
ence, age  and  salary  expected.  A  good  position  with  bright  possi- 
bilities.    414. 

DRAFTSMAN,  experienced  in  tool  and  jig-  work,  salary  about  |25. 
opportunity  for  advancement  to  right  man.  Work  is  on  standard 
line.     No  war  orders.     Location  Southern  Ohio.     415. 

SALES  ENGINEER,  mechanical  engineer  or  salesman  with  equi%'a- 
lent  ability,  to  sell  small  special  tools  direct  to  the  manufacturer. 
A  high  grade  position  for  a  high  grade  man.  To  be  considered  ap- 
plicant should  give  age,  references,  past  experience,  salary  expected, 
and  whether,  or  where  now  employed.     416. 

PERMANENT  POSITION,  with  established  company  developing  an 
epoch  making  mechanical  system,  for  young  graduate  engineer  with  a 
liking  for  research  w^ork  of  a  practical,  semi-commercial  nature, 
preferably  with  a  knowledge  of  physical  chemistry ;  must  be  of  a 
practical  bent,  and  willing  to  begin  at  the  beginning.  A  good  future 
for  a  man  who  knows  how  to  take  advantage  of  an  opportunity. 
Location  near  New  York.     417. 

YOUNG  ENGINEER  familiar  with  estimating  detail  and  final 
costs.  One  familiar  with  machine  shop  and  metal  stamping  practice ; 
will  afford  opportunity  for  other  constructive  work  in  cost  depart- 
ment just  being  organized  by  large  corporation.      418. 

HEATING  AND  VENTILATING  DRAFTSMAN ;  position  open  in 
consulting  engineer's  office  for  one  with  sufficient  experience  and  tech- 
nical training  to  work  out  designs  for  high  class  installations.  Ap- 
plicants should  state  full  particulars  of  training,  age,  experience  and 
salary  expected.     Location  New  York  City.     419. 

INSTRUCTOR  in  machine  shop  in  a  western  state  college.  Must 
have  bad  shop  experience  and  some  technical  education.  Experience 
in  teaching  and  ability  to  interest  and  instruct  young  men  also 
essential.  420. 

A  LARGE  PUBLIC  INSTITUTION  of  the  Middle  Northwest  is  seek- 
ing the  services  of  a  strictly  Iiigh  class  man  who  can  conduct  classes 
and  give  lectures  on  automobiles ;  must  be  a  technical  graduate,  have 
had  considerable  practical  experience  and  not  afraid  of  work.     421. 

DRAFTSMAN  for  metallurgical  plant  in  process  of  construction  ; 
man  should  be  thoroughly  familiar  with  steel  and  general  construction 
work.     425. 

ENGINEER-SALESM.\N  capable  of  approaching  with  confidence 
architects  and  consulting  engineers  on  the  larger  building  operations  in 
New  York  and  vicinity  for  concern  manufacturing  steam  and  water 
specialties.     426. 

TWO  ASSISTANT  SUPERINTENDENTS,  ONE  NIGHT  SUPERIN- 
TENDENT, for  concern  in  Jlissouri  manufacturing  special  machiner.v 
and  steel  castings.  Salary  to  start  .$150  to  $175  a  month  according 
to  ability.     428. 

INDUSTRIAL  ENGINEER,  COST  ACCOUNTANT.— A  well  estab- 
lished firm  can  offer  exceptional  opportunities  for  effective  and  inter- 


esting work  to  engineering  graduates  who  have  had  substantial  experi- 
ence with  modern  industrial  accounting,  with  special  reference  to  man- 
ufacturing costs.  In  reply  state  age,  education,  experience,  present 
and  expected  salary.     431. 

SUPERINTENDENT  FOR  FOUNDRY  employing  250  men,  tlior- 
oughly  experienced  on  medium  and  light  castings,  including  gas  engine 
cylinders ;  must  know  how  to  produce  good  castings  with  minimum 
loss  and  low  cost,  and  possess  tact  and  energy.  Give  complete  details 
of  experience  and  references  and  compensation  expected.     432. 

SALES  ENGINEERS  OR  AGENCY  desired  for  the  following  terri- 
tories :  Tennessee,  North  Carolina,  Minnesota,  North  and  South  Da- 
kota. Past  record  must  show  familiarity  with  boiler  plant  practice. 
Work  can  be  handled  by  engineer,  on  commission  basis,  who  is  handling 
other  iincs.     433. 

HEATING  AND  VENTILATING  ENGINEER  ;  position  involves 
preparation  of  specifications,  design  and  supervision  of  installations 
of  heating  and  ventilating  systems,  for  State  Department  of  one  of  the 
eastern  states.     434. 


MEN   AVAILABLE 

Onlii  members  of  the  Society  are  listed  in  the  pubUslicd  notices. 
Xotices  (ire  not  repeated  in  consecutive  issues  of  the  Bulletin. 

Members  sending  in  notices  for  the  Men  Available  section  are  par- 
tivularlif  requested  in  the  future  to  indicate  the  classification  unde}' 
ichich   they  desire   their  notices   to  appear. 

SUPERINTENDENT  OF  CONSTRUCTION  for  the  far  east.  As- 
sociate, Japanese  graduate  of  electrical  and  mechanical  school  in 
United  States ;  varied  experiences  along  mechanical  and  electrical 
engineering  since  1903,  now  employed  with  railway  company  as 
power  house  designer,  wishes  to  represent  an  American  engineering 
company  on  construction  work  in  Japan  or  China. — H-266. 

ADMINISTRATIVE  or  EXECUTIVE  position.  Member  technical 
and  commercial  training,  at  present  employed,  desires  to  become  iden- 
tified with  manufacturing  or  industrial  -plant  in  responsible  position. 
Varied  experience  in  design  and  construction  of  machinery  and  build- 
ings :  remodeling,  maintenance  and  operation  of  industrial  plants  and 
equipment ;  systematizing  of  shops  and  processes  along  scientific  man- 
agement lines ;  familiar  with  the  handling  of  men.  drawing  up  con- 
tracts, purchasing  equipment  and  material,  modern  methods  of  manu- 
facturing and  marketing  product — H-267. 

LABORATORY  and  EXPERIMENTAL  RESEARCH  ENGINEER 
for  mechanical  engineering ;  specialty  heat  and  combustion,  calori- 
metry,  fuel  economy. — H-26S. 

DESIGN,  CONSTRUCTION  or  OPERATION  of  power  plants; 
twenty-five  years  practical  experience  in  mechanical  and  electrical 
engineering.     At  present  employed — H.-269. 

MANAGER,  ASSISTANT.  SUPERINTENDENT,  EXECUTIVE  or 
SALES  ENGINEER,  .\ssociate,  age  42,  Lehigh  University  graduate 
in  mechanical  engineering ;  varied  experience  in  mechanical  electrical 
aud  civil  engineering  lines  involving  design,  inspection  reports,  re- 
sponsible charge  of  construction  work,-  plant  operation,  management, 
purchasing,  etc.,  in  connection  with  power,  lighting  aud  industrial 
plants,  electric  railways,  etc.     Salary,  $3,000. — H-270. 

JUNIOR  MEMBER,  graduate  mechanical  engineer,  at  present  em- 
ployed as  assistant  to  chief  engineer,  desires  position  with  established 
engineering  firm  ;  desirous  of  specializing  in  costs  and  accounting  ;  will 
consider  salary  secondary  to  opportunity.  Available  after  September 
1,  1916.— H-271. 

MECHANICAL  ENGINEER,  Associate  member,  Stevens  graduate, 
who  is  energetic,  capable  of  taking  initiative  and  has  executive  ability, 
with  ten  years"  engineering  experience  in  power  plant  work,  boilers, 
stokers,   etc.,   desires   position   in   engineering    capacity. — H-272. 

MANUFACTURERS'  REPRESENTATIVE  or  SALES  ENiUNEER  ; 
Member ;  age  37 ;  16  years'  experience  in  the  design  of  special  ma- 
chinery, compressors,  engines,  etc.  :  thorough  knowledge  of  modern 
factory  methods ;  wide  experience  in  selling  organization.  Will  con- 
sider offer  as  New  England  representative  of  a  good  product  that 
can  be  developed  by  efficient  and  diligent  business  methods. — H-273. 

MECH.ANICAL  ENGINEER,  34,  technical  graduate.  Member,  as- 
sistant in  engineer  department :  nine  years'  varied  technical  and 
executive  experience  with  a  large  car  building  company  :  divided  into 
designing  tools  and  niaclunery.  plant  construction,  freight  and  pas- 
senger ear  designing  and  estimating :  sales  engineer  and  valuation 
analyst.  Desires  change  to  aggressive  company,  preferably  in  same 
line  of  work  and  doing  an  export  business. — H-274. 
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MANAGER,    ASSISTANT   MANAGER   or  CHIEF   ENGINEER.     Age 

34.  Experienced  in  the  manufacture  of  water  tube  boilers  and  gen- 
eral plate  construction  as  designer,  estimator,  chief  engineer  and 
manager.  A  good  organizer  and  capable  of  filling  any  responsible 
position  in  this  line  of  worli.  Would  also  consider  position  as  sales 
engineer. — H-275. 

GRADUATE  M.E.  Twelve  years'  varied  experience.  For  past  six 
years  chief  engineer  in  charge  design,  construction  and  maintenance 
of  engineering  work,  also  in  charge  City  light  and  water  depiirtment; 
one  and  a  half  years  master  mechanic  of  a  Colorado  sugar  factory. 
One  year  operating  in  water  and  Ught  company  :  four  years'  con- 
struction experience  in  turbine  department  of  large  company,  desires 
to  take  up  new  position  of  responsibility — September  1st  or  October 
1st.     Salary  $2,000.-11-276. 

SALES  ENGINEER,  MANAGER  or  MANUFACTURERS  REPRE- 
SEN'r.\TIVE.  Technical  graduate,  with  present  employers  since 
graduation  June,  1912,  and  now  department  manager.  Experienced 
in  sales  work  in  Philadelphia  territory  ;  wants  to  hear  from  manu- 
facturers  of  power  plant   apparatus.     Location    Philadelphia. — H-2T7. 

SALES  ENGINEER,  .American,  age  33,  thorough  technical  train- 
ing, possesses  executive  ability,  speaks  Portuguese,  Spanish  and 
German,  eleven  years'  experience  in  selling  electrical  and  mechanical 
machinery,  excellent  references,  desires  position  for  Cuba,  or  as 
branch  manager  western  part  of  United  States.  Thoroughly  ac- 
quainted   with    intermountain    and    Pacific    Coast    territory. — H-278. 

PRODUCTION  ENCilNEER,  FACTORY  MANAGER  OF  TOOLS 
AND  METHODS.  Member,  wishes  to  correspond  with  well  established 
concern.  Nineteen  years  experience  in  several  of  the  largest  and 
well  known  concerns  in  this  country  and  Europe,  manufacturing 
small,  and  medium  size  accurate  interchangeable  parts,  such  as  add- 
ing machines,  typewriters,  cash  registers,  watches  and  electrical 
mechanism.  Natural  mechanical  and  e.xecutive  ability,  together  with 
broad  experience  in  developing  production  of  work  as  mentioned 
above.  Location — Middle  West  preferred.  All  correspondence  treated 
as   confidential. — H-279. 

EXECUTIVE.  ENGINEERING  or  SALES,  familiar  with  sale  of 
oils  and  handling  by  pipe  lines,  motor  trucks  and  ships,  .\bility  to 
design  and  install  pipe  lines,  power  plant  equipment,  tanks,  etc. 
Capable  of   handling   accounts   and   cutting   costs.      Several   years   ex- 


perience in  conducting  efficiency  tests  of  power  plant  equipment, 
lubricants,  air  compressors  and  shop  material.  Technical  graduate. 
Initial  salary  secondary  consideration.  Can  handle  men  without 
friction  and  obtaia  results. — H-280. 

EXECUTIVE  or  MECHANICAL  ENGINEER,  experienced  in  or- 
ganization, design  of  special,  elevating  and  conveying  machinery, 
technical  graduate,  at  present  employed,  desires  Interview  with 
parties  seeking  reliable  aggressive  man  for  responsible  position. 
Location  New   York  or  vicinity. — H-281. 

DRAFTSM.iN,  technical  man  witli  three  years  shop  and  two  years 
drafting  experience ;  also  one  year  on  production  and  experimental 
work  seeks  position  in   or  near  New  York  City. — H-282. 

EXECUTIVE  ;  position  desired  by  member,  age  35,  American,  tech- 
nical graduate ;  employed.  Thirteen  years  experience  in  varied  en- 
gineering work,  mining,  smelting,  blast  furnace  and  general  steel 
plant   work — operation,   construction   and   design. — H-283. 

CHIEF  ENGINEER,  Member,  successful  designer  of  automatic  ma- 
chinery. 20  years  experience,  desires  charge  of  maintenance  and 
operation  of  industrial  plants.  At  present  employed  in  executive 
position.      Salary   $4,000. — H-284. 

WORKS  ENGINEER,  Cornell  M.E.,  1904,  with  experience  on  design 
of  steam  and  gas  engines,  in  power  department  of  steel  mill  and  on 
engineering  force  of  large  copper  smelters,  desires  position  with 
larger  responsibility  and  a  better  future. — H-285. 

UNIFLOW  ENGINES.  Mechanical  engineer  of  reputation  having 
long  experience  with  poppet  valve  engines  offers  to  introduce  uniflow 
enginees  (patented)  suitable  for  condensing  and  non-condensing 
work.  Extremely  simple  and  compact  arrangement ;  several  engines 
in  actual  operation. — H-286. 

MECHANICAL  AND  STRUCTURAL  DESIGNER  now  doing  respon- 
sible work  for  $200  a  month,  must  leave  this  class  of  work  on  ac- 
count of  eye  strain.  Will  start  for  $100  a  month  with  large  firm  as 
traveling  salesman.  American  horn  ;  35  years  of  age  ;  single  :  technical 
education ;  fifteen  years  wide  experience  in  engineering  work  in  10 
cities  of  U.  S.  and  3  foreign  countries.  Now  in  Canada.  Pleasing 
personality  and  good  mixer,  especially  adapted  for  dealings  with  for- 
eigners.    Many  references. — H-2S7. 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the  Society 
and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS  BY  THE  SOCIETY 

AiiERiCAX  Gas  Centenary,  1816-1916.  BalUmvre,  rji6.  Gift  of  Con- 
solidated Gas,  Electric  Light  and  Power  Company   of  Baltimore. 

Boston.  Metropolitan  Water  and  Sewerage  Board.  15th  Annual 
Report,  1915.     Boston,  I'JtG.     Gift  of  Board. 

Cambridge  (Mass.)  W.atek  Board.  Annual  Report  .\pril  1,  1914- 
April  1,   1915.     Camhrklgc,  1915.     Gift  of  Water  Board. 

Carnegie  Foundation  for  the  Advancement  of  Teaching.  10th 
.\nnual  Report.     1915.     Netc  York,  1V15. 

Bulletin  no.  9.     Ketc  York,  1916.     Gift  of  Foundation. 

El  Sistema  de  Taylor  y  su  Critica,  C.  iloutullo.  Biirceluna,  1916. 
Gift  of  author. 

Mea.sl'ring  the  Value  of  Coal.  Xew  York,  iw.;.  Gift  of  Fuel  En- 
gineering  Company. 

National  Marine  Engineers'  Beneficial  Association.  Journal  of 
Proceedings,     vol.  14.     Washington,  1910.     Gift  of  Association. 

New  York  City.  Board  of  Water  Sifply.  Information  for  bidders, 
forms  of  proposal,  contract,  bond  and  certificates,  specifications 
and  drawings  for  the  construction  of  the  two  gate  chamber  super- 
structures, balustrades  and  brick  paving  and  miscellaneous  work 
at  Silver  Lake  Reservoir,  Borough  of  Richmond.  A'etc  York  Citii, 
1916.     Contract  144.     Gift  of  Board  of  Water  Supply. 

New  York  State.  Department  of  Health.  35th  Annual  Report, 
vols.   1-2.     Alhanij,  1916.     Gift  of  Department  of  Health. 

Putting  Facts  Behind  Your  Choice  of  Coals.  Sew  York,  i9ia. 
Gift  of  Fuel  Engineering  Company. 

The  Sanction  of  International  Law.  Amos  J.  Peaslee.  Reprinted 
from  .\merican  Journal  of  International  Law,  April,  1916.  Gift 
of  author. 

Taxing  Inco.mes  op  Foreign  Investors  in  American  Stocks  and 
Bonds,  .\mos  J.  Peaslee.  Reprinted  from  The  Columbia  Law  Re- 
view.    June,  1916.     Gift  of  author. 

Travelers  Insurance  Company.  Y'ear  Book,  1916.  Ifurlfurd,  nilK. 
Gift  of  Company. 


EXCH.4^NGES 

American   Gas   Institute.     Proceedings,     vol.   10,   1915.     JN'eic   York, 
1916. 

Membership  list,  year  ending  Aug.  31,  1915,  corrected  to  Jan. 

1,  1916. 

Index  to   Proceedings,   vol.   1-10,   1906-1915.     yeto   York,  1916. 

Institution  of  Engineers  and   Shipbuilders   in   Scotland.     Trans- 
actions,    vol.  LVIII.     Qlasyow,  1915. 

Victorian   Institute  of  Engineers.     Proceedings,     vol.   XIV.     Mel- 
hourne,  I91.'i. 


TRADE  CATALOGUES 

Flanxerv  Bolt  Co.  Pittsbiirgli,  Pa.  Staybolts.  June,  l9lo-Uayj316; 
vol.  4.  no.  1. 

Gould  Manufacturing  Co.  Seneca  Falls,  X.  Y.  Bulletin  no.  120. 
Multi-stage  centrifugal  pumps.     1910. 

Texas  Co.     New  i'ork,  N.  Y.     Lubrication.     June,  1916. 

Thompso.v  &  Co.  Victoria,  Australia.  Manufacture  of  modern  ma- 
chinery in  Australia.     51  pp. 

Walworth  Mfg.  Co.     Boston,  Mass.     Walworth  Log.     April  July,  1916. 


ADDITIONS  BY   THE   UNITED  ENGINEER- 
ING SOCIETY 

Abstracts  of  Current  Decisions  on  Mines  and  Mining,  reported 
from  October  to  December,  1915.  U.  S.  Bureau  of  Mines.  Bul- 
letin 118.      Washington,  1916. 

Die  ABW.issER  ads  der  Kaliindustrie.  Ergiinzungsheft.  J.  H.  Vogel. 
Berlin,  1915. 
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AMERICAN'  Chemical  Societv.  Directory.  1914.  Gift  of  American 
Cliemical  Society. 

ATL.tNTic  Gold  Distiuct  and  the  Nohth  Laramie  Mountains,  Fre- 
mont, Converse,  and  Albany  Cocxties,  Wyoming.  U.  S. 
Geological   Survey.      Bulletin  026.      Wasliington,  am. 

.\tlas  of  the  State  of  New  yoRK,  Julius  Bien.     Hew  York,  1S95. 

The  Acthextic  History  of  the  United  St.^tes  Steel  Corporation, 
Arundel   Cotter.      New   York,   Moodu   Magazine   Sr   Book   Co.,   1916. 
Gift  of  publisher. 
The  author  admits  a   prejudice  in   favor  of  the  corporation.      It  is 
an   interesting   contribution   to   industrial   history. 

By-Products  Recovered  in  the  Manufacture  of  Coke,  W.  H.  Childs. 
1916.     Gift  of  D.   D.   Berolzheimer. 

Bibliography  on  Valuation  of  Public  Utilities  to  Dec.  23.  191.5. 
Sexc  York,  19JS.     Gift  of  .\merican  Electric  Railway  Association. 

Boston  Society  op  Civil  Engineers.  Constitution  and  By-Laws  and 
List  of  Members,  June,  1916.     Boston,  1916. 

Busi-XESS  After  the  War,  G.  E.  Roberts.  -Yew  York,  1916.  Gift  of 
National  City  Bank. 

The  Caddo  Oil  and  Gas  Field,  Loiisiaxa  and  Texas.  V.  S.  Geolog- 
ical Survey.     Bulletin  619."  Washington,  1916. 

Car  Builders'  Dictionary,    ed.  S,  1916.     Neiv  York,  1916. 

Carxegie  Library  op  Pittsburgh.  Index  to  the  classified  catalogue 
of  the  Technology  Department,     ed.  2.     Pittsburgh,  1916. 

Chlorixe   and   Chlorine   Products,   G.   Martin.      London,  1915. 

City  Officials  of  the  United  States,  1916.  Gift  of  Engineering 
News. 

Commercial  Fertilizer.     Year  Book,  1916.     Atlanta,  lOlG. 

Cotton  Production  in  the  United  States.  Crop  of  1915.  Was/i- 
ington,  1316. 

Concrete  Construction  for  Rural  Communities,  R.  A.  Seaton. 
yeiB  York,  1916. 

Defenseless  America,  Hudson  Maxim,  yew  York,  1915.  Gift  of 
author. 

Deposits  of  the  Useful  Minerals  and  Rocks;  Their  Origin,  Form 
AND  CONT'ENT.    F.    Beyschlag  and   others,      vol.    II.      London,   1916. 

Determination  op  Time,  Longitude,  Latitude  and  Azimuth,  ed.  5. 
U.  S.  Coast  &  Geodetic  Survey.  Special  Publication  no.  14.  Wash- 
ington, 1913. 

The  Diesel  Engine  in  Practice,  J.  E.  Megson  and  H.  S.  Jones. 
San  Francisco,  1916. 

Dutch  East  Indies.  Jaarboek  van  het  Mijnwezen.  1914 — Verhan- 
delingen,  Eerste  deel.     With  Atlas.     's-Oravenhage,  1915. 

Effect  of  Motion  Study  Upon  the  Workers,  Frank  B.  and  Lillian 
M.  Gllbreth.  Reprinted  from  The  .\nnals  of  American  Academy 
of  Political  and  Social  Science,  May,  1916.     Gift  of  authors. 

Electrical  Contractor,  L.  W.  Moxey,  Jr.     A'ew  York,  1916. 

English-Frexch  axd  French-English  Dictionary  of  the  Motor 
Car,  Cycle  and  Boat,  Frederick  Lucas.     London,  1915. 

The  Etheridge  Mineral  Field.  Queensland.  Geological  Survey. 
Publication  245.     Brisbane,  1915. 

Experiments  on  the  Rate  of  Heat  Transfer  from  a  Hot  Gas  to 
A  Cooler  Metallic  Surface.  New  York,  Babcock  &  Wilcosi  Co., 
1916.     Gift  of  publisher. 

Fauna  of  the  Chap.man  Sandstone  of  Maine.  U.  S.  Geological 
Survey  Professional  Paper  S9.     Washington,  1916. 

Financing  an  Enterprise,  Francis  Cooper.  A  manual  of  informa- 
tion and  suggestion  for  promoters,  investors  and  business  men 
generally,     cd.  4.     New  York,  1915. 

Foreign  Publications  for  Advertising  American  Goods.  Washing- 
ton, 131i.     Gift   of  U.    S.   Department   of  Commerce. 

Die  FUNKENTELEGRAPHIE,  H.  Thukn.     ed.  3-     Leipzig,  1915. 

Geology  and  Coal  Resources  of  Castle  Valley  in  Carbon,  Emeey, 
AND  Sevier  Counties,  Utah.  V.  S.  Geological  Survey.  Bulletin 
628.      Washington,  1916. 

Geology  and  Mineral  Resoukces  of  the  Southern  Coal  Field. 
Part  1 — South  Coastal  Portion.  With  Maps  and  Sections.  New 
South  Wales.  Memoirs  of  the  Geological  Survey.  Geology  no.  7. 
Sgdney,  1915. 

Geology  and  Underground  Water  of  Luna  County,  New  Mexico. 
U.  S.  Geological  Survey.     Bulletin  618.     Washington,  1916. 

Ground  Water  in  the  Hartford,  Stamford,  Salisbury,  Willimantic 
AND  Sayerook  Areas,  Connecticut.  U.  S.  Geological  Survey. 
Water  Supply  Paper  374.      Washington,  1916. 

in   San   Joaquin   Valley,   California.      U.    S.    Geological   Survey. 

Water   Supply   Paper  398.      Washington,  1916. 
Handbook   and   Descriptive   Catalogue   of   the   Meteorite   Collec- 
tions IN  the  United  States  National  Museum.     Bulletin  no.  9-1. 
Washington,  1916. 
Handbuch  der  Gastechnik,  E.   Schilling  and   H.   Bunte.     Vol.  VIII. 

Munchen,  1916. 
Handbuch  der  Physikalisch  Chemischex  Technik   fijr  Forscher 

UND  Techniker,  Kurt  Arndt.     Stuttgart,  1915. 
Hydraulics,  R.  L.  Daugherty.     .Yew  York,  1916. 

Indiana — Report  of  a  Geological  Reconnoissance  and  Survey  1837 
AND  1838,  D.  D.  Owen.     Indianapolis,  1S39. 


International    Engineering    Congress.      Transactions.      Vol.    SI — 

Miscellany.      San  Framisco,  1915. 
Die    Kaliindustrie    und    ihre    Abwasser,    Dr.    Tjaden.      Berlin,   1915. 
Kansas.     Geological  Survey,     vol.  I.     Topeka,  JMC. 
KoN.      INSTITUUT     VAN     Ingenieurs.       Naamlijst     der    Leden,     1916. 

■«'  Grarenhage,  1916. 
Lathe   Design,   Construction   and   Operation,   O.   E.    Perrigo.     -Yew 

York,   1916. 
Leading  Opinions  Both  for  and  Against  National  Defense.  Hudsm 

Maxim.     New  York,  1916.     Gift  of  author. 
Locomotive  Dictionary,     ed.  4,  1916.     New  York,  19:6. 
Manufacture   of   Organic   Dyestuffs.     Translated   from   the   French 

of  Andre  Wahl,  F.  W.  .\tack.     London,  191i. 
Die  Maschinelehre  der  Elektrischen  Zugfurderung,  W.  Kummer. 

Berlin,  1915. 
Mechanical  E-ngineers'  Handbook,  L.  S.  Marks.     New  York,  1916. 
Messdngen    an    Elektrischen    Maschixen,    Rudolf    Krause.      ed.    3. 

Berlin,  1916. 
Microscopical    Determixation    of    the    Opaque    Minerals,    Joseph 

Murdoch.     New   York,  J.   Wiley  d  Sons,  1916.      Gift   of  publisher. 

Price,  $2.0U. 
Treats  of  the  technique  of  mineral  examination  by  treatment  with 
various   reagents   under  the  microscope.     Ingeniously   arranged   tables 
are  provided. — W.  P.  C. 
Minebalogic  Notes,  Series  3.     U.  S.  Geological  Survey.     Bulletin  610. 

Washington,   1916. 
Motor  Manual,     ed.  15.     London.     Gift  of  Frank  Gilliland. 
National  Parks   Portfolio.     Washington,  1916.     Gift  of  Departiueut 

of  Interior. 
Natural  Gas  Resources  of  Parts  of  North  Texas.     U.  S.  Geological 

Survey.      Bulletin   629.      Washington,   1916. 
One  Century   in  Business,   1816-1916.     Peter  .\.   Frasse  &  Co.,   Inc. 

History.     New  York,  1916.     Gift  of  Company. 
Oscillating  Current  Circuits.  V.  Bush.     1916.    Gift  of  Massachusetts 

Institute  of  Technology — Electrical  Engineering  Dept. 
Panama  Canal.    .\n  engineering  treatise.    Under  the  direction  of  G.  W. 

Goethals.     Vols.  1-2.     .Yew  York,  1916. 
Petroleum    and    Natural    Gas    Prospects    at    Roma.      Queensland. 

Geological   Survey.      Publication   247.     Brisbane,  1915. 
Power  Transmission  by  Leather  Belting,  R.  T.  Kent.     New  York, 

J.  Wiley  A  Sons,  1916.     Gift  of  Publisher.     Price,  $1.25  net. 
Belting  practice  has  changed  greatly  in  the  past  fifteen  years.     The 
literature  is  buried  in  the  transactions  of  engineering  societies  and  in 
technical  journals.     Ths  book  seeks  to  gather  this  into  a  compilation 
of  the  greatest  service  to  the  user  of  belting. — W.  P.  C. 
Predetermination    of    True    Costs   and   Relatively    True    Selling 

Prices,  F.  .\.  Parkhurst.     New  York,  J.  Wiley  A  Sons,  1916.     Gift 

of  publisher.     Price,  $1.25  net. 
Outlines  a  system  of  scientific  records  and   forms   to  be  used  as  a 
basis  for  determining   costs,   as   used   in   several   well-known   manufac- 
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Economy  in  power  generation  has  always  been  a  leading 
topic  among  engineers,  but  never  so  vital  as  now,  when  the 
approaching  competition  among  nations  is  more  and  more 
emphasizing  the  necessity  of  attaining  the  highest  efficiency 
in  all  departments  of  industrial  life  of  a  nation.  In  one  field 
of  industry  in  particular  there  are  additional  reasons  for  en- 
deavoring to  reduce  the  cost  of  power  as  much  as  possible,  and 
that  is  in  the  central  station  field.  There  the  necessity  of  meet- 
ing the  growing  cost  of  labor  and  raw  materials  without  rais- 
ing rates  in  a  corresponding  manner  on  one  hand,  and  the 
constant  supervision  of  and  accountability  to  various  public 
utility  boards  on  the  other,  makes  it  particularly  essential  to 
keep  down  the  unit  cost  of  power  as  low  as  possible. 

This  can  be  achieved  in  one  of  two  ways,  dependent  upon 
local  conditions.  The  central  station  with  very  large  loads 
can  meet  the  difficulty  by  increasing  tremendously  the  size 
of  the  unit,  and  in  the  present  issue  a  brief  description  is 
given  of  some  of  the  features  of  one  of  the  largest  power 
generating  units  in  the  world,  Unit  No.  3  at  the  Northwestern 
Station  of  the  Commonwealth  Edison  Company  of  Chicago, 
rated  at  45,000  h.p. 

For  small  stations  with  widely  varying  loads,  one  way  of 
reducing  power  cost  is  to  introduce  types  of  prime  movers 
equally  or  nearly  equally  eflieient  at  loads  varying  from  about 
one-third  to  peak.  The  double-nozzle  gear-type  steam  turbine 
described  in  the  section  Steam  Engineering  offers  one  of  the 
solutions  of  the  problem. 

THIS  month's  articles 

An  abstract  of  an  article  describing  the  fuel  oil  installation 
and  equipment  on  the  Florida  East  Coast  Railway  gives, 
among  other  thmgs,  a  comparative  statement  of  fuel  cost  per 
engine  mile  with  coal  and  oil. 

In  the  section  Foundry  will  be  found  a  report  of  some 
jiractical  results  that  have  been  obtained  by  the  use  of  steel 
scrap  in  the  different  classes  of  castings  produced  in  the 
foundrj'  of  a  company  making  carwheels. 

The  casting  of  non-ferrous  metals  in  chill  molds  is  de- 
scribed, and  a  table  is  given  showing  the  comparison  of  the 
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physical  properties  of  copper  alloys  cast  in  sand  and  perma- 
nent molds. 

Two  articles  are  abstracted  on  the  flow  of  viscous  fluids, 
one  on  flow  of  oil  through  orifices  and  the  other  on  the  carry- 
ing capacity  of  pipes  for  viscous  fluids.  In  the  first  of  these 
articles  an  interesting  fact  is  disclosed,  namely,  that  the  dis- 
charge for  a  given  orifice  is  always  the  same  with  a  given 
pressure,  provided  the  oil  be  at  or  above  its  critical  tempera- 
ture. 

An  abstract  of  an  article  on  roll  pressures  in  cold-rolling 
steel  gi\'es  formulae  for  the  pressure  used  as  a  function  of 
the  projected  area  of  the  rolls  in  contact  with  the  metai. 

Oliver  W.  Storey  presents  a  discussion  of  the  sherardizing 
process,  in  which  an  attempt  is  made  first  to  establish  condi- 
tions insuring  the  uniformity  of  the  product,  and  second  to 
show  how  a  ma.ximum  protection  of  iron  may  be  obtained 
with  a  minimum  expenditure  of  zinc  dust.  Among  other 
things  the  writer  shows  that  it  is  of  great  importance  tu 
maintain  a  unifonn  metallic  content  in  the  zinc  dust,  and  also 
explains  the  fact,  wliich  seemed  to  be  quite  puzzling,  that  con- 
cerns which  obtained  very  good  results  with  sherardizing  at 
first  began  to  have  trouble  after  having  used  the  process  for 
some  time.  It  seems  now  that  the  cause  of  this  was  simply 
the  enrichment  of  the  dust  by  iron,  which  made  it  necessary 
to  use  a  high  temperature  for  sherardization,  resulting  in  a 
coating  less  resistant  to  weathering. 

A  method  of  bobbing  high  prime-number  spur  gears  is  de- 
scribed by  Will.  0.  Wynne.  Curiously  enough,  the  machine 
described,  which  permits  of  hobbmg  a  gear  with  any  number 
of  teeth  up  to  1000,  is  actually  simpler  than  the  ordinary 
machine,  which  cannot  hob  high  prime  numbers. 

C.  D.  Young,  Mem.  Am.Soc.M.E.,  shows  by  a  number  oi 
tests  that,  providing  proper  care  is  taken  in  the  handling  of 
steel  during  the  quenching  process,  water  is  preferable  to  oil 
as  a  quenching  medium.  He  also  recommends  that  in  all 
specifications  for  forgings  which  are  to  be  heat  treated  there 
be  included  a  clause  to  govern  the  allowable  amount  of  segre- 
gation. 

In  the  section  Mechanics,  attention  is  called  to  the  article 
on  the  whirling  speed  of  shafts  by  W.  M.  Wallace. 
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Firing  and  Fuel 

Fuel  Oil  Installatiox  axd  Equipmext 

Description  of  the  fuel  oil  installation  and  equipment  on  the 
Florida  East  Coast  Railway,  the  most  recent  of  the  large  sys- 
tems to  change  from  coal  to  oil  fuel  for  its  locomotives.  This 
change  was  made  only  after  considerable  preliminary  experi- 
ence involving  the  conversion  of  some  twenty-five  engines  from 
coal  to  oil  burners. 

The  locomotive  equipment  used  is  characteristic  of  that  em- 
ployed on  other  large  systems.  A  Clarke  burner  is  used;  the 
installation  is  fully  described  in  the  article.  The  fire  pans  are 
of  the  round  bottom  variety  sloping  from  back  to  front  in  such 
a  way  that  whatever  surplus  of  oil  may  accumulate  in  the  pan 
is  drained  out  at  the  foi-ward  end  and  does  not  bring  about 
danger  from  explosion.  A  course  of  brick  is  set  on  edge  along 
the  sides  of  the  fire  pan  to  protect  the  lower  portions  of  the 
side  sheets  from  the  intense  heat,  and  at  the  same  time  assist 
in  sealing  the  pan  at  the  point  of  its  attachment  to  the  mud 
ring. 

Particular  attention  has  been  given  to  the  matter  of  draft. 
Air  is  admitted  at  two  points,  through  a  damper  at  the  front 
wall  of  the  fire  pan  and  through  a  second  damper  controlling 
the  supply  through  the  flash  hole  located  about  two-thirds  of 
the  distance  from  the  burner  back  to  the  rear  of  the  pan. 

The  perforations  in  the  front  wall  of  the  fire  pan  covered 
by  the  first  mentioned  damper  have  inserted  in  each  a  4-in. 
length  of  tubing.  Air  supply  for  combustion  is  received  at 
this  point  during  the  operation  of  firing-up.  After  steam  has 
been  raised  and  the  engine  starts  working  this  damper  may  be 
partly  or  entirely  closed,  and,  further,  air  for  combustion  may 
be  received  through  the  second  damper  at  the  flash  hole.  Tins 
second  damper  is  manipulated  by  means  of  a  notched  lever  set 
in  the  floor  of  the  cab. 

Table  1  gives  a  comparison  of  the  fuel  expense  per  engine 
mile  as  between  coal  and  oil  for  a  period  ending  with  the 
month  of  March,  1916,  from  which  it  is  seen  that  a  saving  of 
about  18  per  cent  in  the  cost  of  fuel  has  been  realized  from  the 
use  of  oil.  (Bailway  Review,  vol.  58,  no.  26,  p.  903,  4  pp.,  6 
figs,  a.) 


TABLE    1. 

COMPARATIVE    ST.\TEMENT    OF    FUEL    C 

OST    PEE 

ENGINE  MILE,  COAL  ts    OIL,  FLORIDA  EAST  COAST  RY. 

Coxs.  OF  AVG.  Price. 

Coal— 

Forwarded. 
March 

Mileage. 
1,304,663 
237,920 

Coal-                                            Miles  run  Cost  per 
tons.     Per  ton.        Cost.          per  ton.  mile  run. 
71,524     $3.03     $216,722.97      18.24     $0.166114 
13,667       3.07          41,957.69     17.41          .176352 

Total  &  avg. 

1.542,583 

85,191     $3.04     $258,680.66     18.11 

$0.167628 

Oil- 
Forwarded. 
March 

467,341 
115,591 

Gal.            Gal.                                Gal. 

3,719,841     $0,017     $03,482.97     .126 

991,367          .0168     16.654.97     .117 

$0.135830 
.144085 

Total  &  avg. 

582,962 

4,711,208     $0,017     $80,137.94     .124 

$0.137467 

failures.  A  small  percentage  of  scrap  steel  was  then  added  in 
place  of  a  portion  of  the  No.  6  and  7  grades  of  charcoal  pig 
iron,  the  mixture  being  figured  on  the  analysis  basis  instead  of 
by  fracture.  An  improvement  was  noticed.  By  degrees  the 
addition  of  steel  was  increased  from  10  to  12  per  cent.  Now 
10  per  cent  of  scrap  steel  is  regularly  carried  in  the  mixtures 
for  general  locomotive  and  car  castings,  the  other  components 
being  30  to  40  per  cent  pig  iron  and  50  to  60  per  cent  ma- 
chinery and  returned  scrap.  The  writer  found  that  in  this 
mixture  the  use  of  steel  closes  the  gi'ain  of  the  casting  and  in- 
creases the  strength  without  affecting  the  chilling  qualities 
sufficient  to  cause  any  trouble  even  in  very  thin  sections. 
While  the  use  of  scrap  steel  in  these  amounts  tends  toward  im- 
proving the  quality  of  the  casting,  it  does  not,  in  the  belief  of 
the  writer,  give  any  distinctive  characteristics  to  the  metal  that 
would  warrant  any  claim  for  it  other  than  that  of  being  a 
good  grade  of  machinery  or  chilled  casting.  With  larger  per- 
centages of  steel,  and  when  properly  melted,  however,  an  iron 
is  produced  which  apparently  could  not  be  obtained  without 
the  use  of  steel.  Under  ordinary  foundry  conditions  such 
eastings  are  more  expensive  to  produce,  are  more  efficient  for 
certain  specific  uses,  and  consequently  demand  a  higher  price 
regardless  of  the  name.  In  special  light  castings,  which  in- 
clude light  pipe  fittings  requiring  high  strength  and  great 
density,  30  to  40  per  cent  of  scrap  steel  is  used.  An  interest- 
ing discussion  is  presented  on  canvheel  chillers.  Until  some 
three  years  ago  when  the  writer  began  experimenting  with 
special  chiller  mixtures  he  was  of  the  opinion  that  the  softer 
the  chiller,  the  more  adapted  it  would  be  to  the  service  con- 
ditions, those  of  periodical  expansion  and  contraction.  Prac- 
tical tests  have  shown,  however,  that  the  resistance  of  the  metal 
to  sudden  expansion  and  contraction  depends  essentially 
neither  on  hardness  nor  the  chemical  constitution  of  the  metal 
but  upon  its  metallurgical  structure. 

Tests  were  made  to  determine  the  effects  of  the  addition  of 
steel  on  the  strength  and  properties  of  test  bars  cast  from  irons 
of  like  analysis.  It  was  found  that  the  semi-steel  iron  shows  an 
increase  of  61.4  per  cent  in  tensile  and  23.9  per  cent  in  trans- 
verse strength  over  the  gray  iron;  the  hardness  as  shown  by 
the  Brinell  test  is  slightly  gi'eater  in  the  case  of  the  semi-steel 
but  the  "  toolability  "  of  both  is  approximately  the  same.  The 
useful  characteristics  of  semi-steel  are  its  uniformity  of  struc- 
ture throughout  the  whole  section  of  a  casting  and  freedom 
from  paper  chills;  but  correct  cupola  practice  is  very  essen- 
tial to  the  successful  production  of  semi-steel.  While  there  is 
no  sijecifie  formula  by  which  to  melt  it,  as  a  general  rule  it  is 
essential  to  use  smaller  cupola  charges  and  greater  total  tuyere 
area  than  commonly.  The  writer  found  a  charge  of  150  lb.  of 
metal  per  sq.  ft.  of  cupola  area  and  a  tuyere  ratio  of  1  to  5 
to  give  veiy  satisfactory  results  in  cupolas  from  32  to  84  in.  in 
size.  (The  Iron  Age,  vol.  97,  no.  26,  p.  1541,  June  29,  1916, 
5  pp.,  27  figs,    dp.) 


Foundry 

Steel  Scrap  in  Various  Foundry  Mixtures,  G.  S.  Evans 

Report  of  some  practical  results  that  have  been  obtained  by 
the  use  of  steel  scrap  in  the  different  classes  of  casting-s  pro- 
duced in  the  foundry  of  the  Lenoir  Car  Works  of  Lenoir  City, 
Tenn.,  of  which  the  writer  is  superintendent. 

At  first  this  Company  used,  in  the  manufacturing  of  car 
wheels,  a  mixture  consisting  of  different  grades  of  charcoal 
pig  iron  and  scrap  wheels,  the  mixture  being  made  by  fractural 
gTading.  A  large  percentage  of  the  wheels  had  been  rejected 
by  the  railroad  inspector  on  account  of  either  drop  or  thermal 


The   Casting  of  Non-Fereous  Metals  in   Chill   Moulds, 
F.  Johnson 

After  a  brief  discussion  of  the  advantages  obtainable  with 
chill  molds  the  author  proceeds  to  the  consideration  of  the 
molds  themselves.  Of  the  three  materials  suitable  for  these 
molds,  gray  cast  iron  and  steel  have  been  used  and  found 
satisfactory  (the  third  is  malleable  cast  iron).  Cast-iron 
molds  should  be  produced  with  a  generous  allowance  for  ma- 
chining to  the  exact  dimensions  required  for  the  production 
of  a  casting,  and  also  for  the  removal  of  surface  defects. 
The  thickness  of  the  walls  of  the  mold  dejjends  upon  its  size. 
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For   small   eastings   tlie   walls   need   not   be   more   than    2   in. 
thick.    Steel  molds  may  be  thinner. 

Whether  the  parts  of  the  mold  form  vertical  or  horizontal 
joints,  strong  clamps,  of  a  simple  type  adapted  to  rajiid  tight- 
ening and  loosening,  should  be  provided.  If  the  parts  of  the 
mold  are  hinged  together,  the  hinges  should  work  smoothly 
and  easily.  Strict  attention  should  be  paid  to  the  venting  of 
the  joints,  since  if  there  is  insufficient  provision  for  the  escape 
of  air  the  casting  will  either  be  spongy  or  its  surface  spoiled 
by  the  presence  of  air  pockets. 

The  ctimposition  of  the  iron  for  cast-iron  moMs  is  imixir- 
tant.  The  iron  should  be  tough  and  close-grained  and  free 
from  blowholes.  W.  J.  May  recommends  the  following  com- 
position of  iron  sucessfully  used  for  molds: 

Per  cent 

Combined  Carbon 0.84 

Graphitic   Carbon 2.76 

Silicon   2.02 

Sulphur 0.07 

Phosphorus    0.89 

Manganese 0.29 

The  high  phosphorus  content  is  justified  by  May  on  the 
ground  that   the  fluidity  which  it  confers  enables  molds  of 


Fig.  1     Cross-Sectiok  of  Permanent  Irox  Mold  for  Nox- 
Ferrous  Metals 

sharper  outlines  to  be  produced.  He  also  states,  however,  that 
an  iron  high  in  combined  carbon  would  probably  gi-ow  and 
become  deformed  under  repeated  heating.  The  presence  of 
phosphorus,  moreover,  increases  brittleness,  and  therefore  a 
east  iron  with  a  low  phosphorus  content  is  preferable,  for 
even  if  sharp  outlines  are  not  obtained  the  surface  can  be 
machined. 

To  protect  the  mold  surface  and  to  facilitate  the  extraction 
of  the  casting,  a  coating  is  applied.  Seal  oil  liberally  mixed 
■with  fine  plumbago  appears  to  be  as  satisfactory  as  anything. 
In  contact  with  the  molten  metal  partial  distillation  of  the 
dressing  takes  place,  with  the  production  of  gaseous  hydro- 
carbons which  are  trapped  in  the  casting  before  they  can  gain 
egress  from  the  mold.  Just  sufficient  coating  is  required  to 
form  a  gaseous  envelope  between  the  casting  and  the  mold  to 
give  a  clean  surface  to  the  former,  to  facilitate  its  extraction 
and  to  protect  the  surface  of  the  mold.  If  carbonaceous  coat- 
ings are  considered  undesirable,  an  emulsion  of  bone  ash  and 
water  applied  with  a  brush  to  the  warm  surface  of  the  mold 
should  prove  satisfactory. 

Steel  cores  appear  to  be  preferable  to  sand  cores  in  iron 
molds.  The  pi'ovisiou  of  a  satisfactory  gate  for  chill  molds 
has  introduced  difficulties.    Owing  to  the  rapid  chilling  effect 


of  the  iron  no  marked  constriction  of  space  at  the  junction  of 
the  head  with  the  easting  can  be  allowed,  as  the  setting  of  the 
metal  is  likely  to  take  place  here  before  the  casting  has  solidi- 
fied. By  carefully  diminishing  the  rate  of  pouring  as  the  mold 
fills,  this  difficulty  may  be  partly  overcome;  but  still  a  con- 
siderable amount  of  metal  is  required  for  the  head  when 
formed  in  the  mold  itself.  The  writer  tried  to  use  a  much 
smaller  head,  kept  molten  until  after  the  solidification  of  the 
casting.  To  do  this  the  gate  was  made  in  sand  in  a  detachable 
ring  placed  on  top  of  the  mold,  and  kept  firmly  in  position 
wliile  pouring.  The  lower  thermal  conductivity  of  the  sand 
enabled  the  small  head  to  do  all  the  feeding.  A  small  riser  was 
also  added  for  the  purpose  of  securing  free  egress  of  gas  and 
air  from  the  mold.  In  Fig.  1  the  halves  of  the  mold  are  in- 
dicated by  A ;  B  is  the  east  iron  base  and  C  the  steel  ring  for 


T\BLE    2.      COMPARISON    OF    THE    PHYSICAL    PROPERTIES    OF 
ALLOYS   CAST  IN   SAXD  AND   PERMANENT  MOLDS. 


CompositioQ 


Copper,  85  per  cent. ; 
aluminum,  5  per  cent. . 

Copper,  So  per  cent.; 
aluminum,  5  per  cent. . 

Copper,  90  per  cent.; 
aluminum,  10  per  cent. 

Copper,  90  per  cent.; 
aluminum,  10  per  cent. 

Copper,  SS  per  cent.; 
aluminum,  10  per  cent.; 
manganese,  2  per  cent .  . 

Copper.  8S  per  cent.; 
aluminum.  10  per  cent, 
manganese,  2  per  cent.  , 

Copper,  56  per  cent.; 
zinc,  41  per  cent.;  iron. 
1.0  per  cent. ;  tin.  0.9  per 
cent.;  aluminum,  0.45 
per  cent.,  and  manga 
nese,  0.15  per  cent. . . . 

The  same  alloy  as  given 
above 


Yield 

Breaking 

Elon- 

How 

point. 

stress. 

gation 

cast 

tons  per 

tons  per 

per 

sq.  in. 

sq.  m. 

cent 

Sand 

4.3 

18.1 

75.0 

ChiU 

7.1 

18.1 

60.5 

Sand 

11.3 

31.7 

21.7 

ChiU 

12.4 

36.93 

30.5 

Sand 

13.2 

34.44 

24.0 

Chill 

16.8 

37.0 

25.0 

Sand 

33.44 

20.0 

ChiU 

38.4 

25  0 

1 

Reference 


Eighth  report  of 

■  the  alloys  research 

committee,  1907 


Ninth  report  of 

the  aUoys  research 

committee.  1910 


sand.  The  gate  is  shown  at  D;  E  E  are  the  risers  and  F  F 
the  handles.  The  small  heads  proved  that  the  feeding  was 
satisfactory.  In  one  experiment  the  weight  of  the  head  rep- 
resented only  8  per  cent  of  the  total  weight  of  metal  used. 
This  method  also  has  the  advantage  of  securing  a  more  effec- 
tive elimination  of  dross,  air  and  gas. 

In  pi-oducing  brass  castings  in  chill  molds,  the  elimination 
of  dross  from  the  surfaces  of  the  casting  has  proved  to  be 
the  gi-eatest  diflSculty.  The  position  of  the  mold  has  some  bear- 
ing on  the  problem.  The  best  way  to  secure  eastings  with 
smooth  cleaning  surfaces  is  to  prevent  ingress  of  all  dross  and 
oxide  to  the  mold.  A  suitable  flux  which  will  dissolve  zinc 
oxide  is  useful.  The  addition  of  aluminum  to  copper-zinc 
alloys  has  the  effect  of  checking  oxidation  of  the  zinc,  and 
no  other  deoxidizer  ha.s  been  proved  to  have  such  a  marked 
influence  in  this  respect. 

To  prove  that  dross  was  the  cause  of  rough  surfaces,  the 
following   experiment   was   made:    A   graphite    crucible   was. 
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pierced  at  the  bottom  with  a  Vi-in.  hole,  aud  a  1,2-in.  are-lamp 
carbon  was  used  to  plug  up  the  hole  and  act  as  a  stopper. 
This  crucible  was  heated  to  redness  and  placed  in  position  over 
the  gate  of  the  mold.  Molten  metal  was  poured  into  the  hot 
crucible,  and  when  it  was  reasonably  certain  that  all  the  dross 
had  risen  to  the  surface  the  stopper  was  removed  and  the 
clean  metal  from  the  bottom  was  allowed  to  teem  into  the 
mold.  By  this  means  castings  were  produced  quite  free  from 
surface  imperfections. 

The  superiority  of  the  mechanical  properties  of  chill  cast- 
ings over  sand  castings  may  be  seen  from  the  data  collected 
in  Table  2.  (Paper  read  before  the  Birmingham,  England, 
Branch  of  the  British  Foundrymen's  Association,  abstracted 
through  The  Mechanical  Engineer,  vol.  37,  no.  9.58,  p.  429, 
June  2,  1916,  3  pp.,  3  figs,    pd.) 


Hydraulics 


Flow  of  Oil  Through  Orifices 


Data  of  measurements  of  flow  with  fuel  oil,  power  distillate, 


200  r- 

[— [— [ 

___- 

— [ — 

— PT 

] 

f-'  1 

~ 

i 

1 

•" 

-h 

1 

^ 

0 

1 

j- 

X. 

r 

I , 

C 

s 

; ' 

? 

5 

[ 

e 

s 

^ 

s 

■ 

u. 

i^ 

tf' 

C ' 

nlDO 

Sf 

•Si 

s 

6 

i^ 

\ 

^ 

;? 

^ 

( 

0 

3 

', 

■qfl 

i 

li- 

.01 

1 

in 

» 

3] 

i 

<n 

s 

ti 

(V 

i^ 

1 

i. 

^  1 

tj) 

Ti' 

-  'W 

1  '> 

Vm 

;  ' 

0    - 

4' 

.h 

1^ 

1 

5 

ii^^^T 

<S 

-- 

Ufc^ 

i^^ 

-M — 

4? 

x^ 

\ 

Tj    ' 

«T 

¥■ 

'is 

■  ]- 

t 

? 

1 

i 

* 

0 

T 

f 

/ 

/ 

7 

i 

/ 

. 

^' 

^      1 

f  , 

^  ^ 

^  >- 

.-- 

' 

y 

^ 

^"IX- 

.-" 

" 

fefe 

. 

—  ' 

50  ■-' 

^■f-pn 

0 

£ 

5 

4 

5             6 

Dlscharqe,  Cubic  Inches  per  Second 

Fig.  2    Discharge  of  Steaji  Ctlixder  Oil  at  Different 
Temperatures 


and  Kansas  crude  under  different  pressures  and  with  different 
sized  orifices,  made  last  year  at  the  State  University  of  Iowa. 
The  experiments  were  made  at  a  constant  temperature  of  70 
deg.  fahr.,  with  six  pressures  ranging  from  10  to  350  lb.  and 
five  orifices  ranging  from  0.0232  to  0.0807  in.  diameter.  Ad- 
ditional tests  in  wliich  the  temperature  was  varied  were  made 
on  hea'\'y  steam-engine  cylinder  oil. 

The  most  interesting  results  were  obtained  with  -the  steam 
cylinder  oil.  Observations  were  made  in  which  the  temper- 
ature was  varied  from  50  to  200  deg.  fahr,  using  the  0.063  in. 
orifice  and  pressures  from  10  to  250  lb.  It  was  found  that  at 
each  pressure  there  was  a  temperature  above  which  the  dis- 
charge became  independent  of  the  temperature  and  below 
which  the  discharge  dropped  off  at  an  increasing  rate  with  a 
decrease  in  temperature.  These  critical  temperatures  decrease 
as  the  pressure  increases.  Fig.  2  shows  the  relation  between 
discharge  and  temperature  of  this  heavy  oil. 

The  discharge  per  second  above  the  critical  temijerature  is 
in  all  cases  nearly  the  same  as  the  discharge  for  the  other  oils 
at  70  deg;  fahr.  This  would  point  to  the  fact  that,  no  matter 
what  kind  of  oil  be  used,  the  discharge  from  a  given  orifice 


with  a  given  pressure  will  be  always  the  same  if  the  oil  be  at 
or  above  its  critical  temperature.  (From  thesis  by  G.  P.  An- 
thes,  Power,  vol.  44,  no.  2,  p.  58,  July  11,  1916,  2  pp.,  5 

fias.  e.) 


The  Flow  of  Viscous  Fluids  Through  Pipes,  W.  K.  Lewis 

Investigation  of  the  carrying  capacity  of  pipes  for  liquids 
other  than  water,  of  interest  because  of  the  lack  of  any  pub- 
lished figures  on  this  subject. 

Previous  investigations  have  shown  that  at  low  velocities 
viscous  liquids  move  in  straight  lines  parallel  to  the  axis  of 
the  tube,  but  when  the  velocity  is  sufficiently  increased  the 
lines  of  fiow  become  distorted,  the  filament  forming  violent 
eddies  of  constantly  changing  form  and  position.  From  this 
the  author  deduces  that  at  least  two  different  laws  must  govern 
the  flow  of  fluids,  the  one  above  and  the  other  below  the  critical 
velocity,  with  the  possibility  of  a  third  for  an  intennediate 
state.  Poiseuille's  law  would  be  the  one  to  use  below  the 
critical  point,  since  his  formula  applies  entirely  to  straight 
line  motion.  For  flow  above  the  critical  point,  the  author 
suggests  an  equation  derived  from  observation  of  the  for- 
mula for  flow  of  steam,  air  and  water  above  the  critical  point. 
This  formula  is 

P  =   -^ — 
9^ 

(notation  at  end  of  abstract)  and  it  is  sui-prising  to  find  that 
they  all  have  approximately  the  same  constant  /  and  also 
nearly  the  same  value  of  »?. 

For  the  expression  of  pressure  drop,  the  author  suggests  a 
general  equation 

(ATa-f  C)F° 


P  = 


rf™ 


for  all  sizes  of  pipes  with  varying  velocities  and  different 
degrees  of  internal  roughness  (the  constants  doubtless  vary). 
The  author  shows  that  flowuig  liquids  of  all  viscosities,  when 
in  sinuous  motion,  follow  substantially  the  same  equation,  dif- 
fering only  in  the  coefficient  of  that  equation ;  that  is,  the  flow 
of  any  liquid  in  sinuous  motion  may  be  expressed  as  a  con- 
stant times  some  function  of  velocity  leng:th  and  radius,  this 
function  being  independent  of  the  viscosity. 

For  estimating  the  carrying  capacity  of  the  pipe  for  viscous 
liquids,  the  author  suggests  the  formula 

/  =  /„  (0.955  +  0.045  z) 

where  /^  is  the  hydraulic  coefficient  for  the  flow  of  water 
tlu-ough  a  pipe,  /  that  of  any  liquid,  and  z  is  the  relative 
viscosity  of  the  liquid  in  question  to  water.  The  best  way  to 
determine  z  is  to  measure  the  relative  time  of  efflux  of  the 
liquid  and  water  through  the  same  capillary  tube.  The  writer 
experimentally  confirms  the  accuracy  of  this  formula  by  data 
up  to  viscosities  of  twenty-fold  that  of  water.  Up  to  this 
point  the  equation  term  for  viscosities  in  the  different  fonnulfe 
is  small,  but  for  very  high  viscosities  such  as  are  encountered 
in  heavy  mineral  oils,  glycerin,  etc.,  this  term  becomes  very 
great.  In  fact  the  writer  doubts  the  validity  of  this  formula 
for  high  viscosities. 

Liquids  of  even  moderate  viscosity  flowing  under  low  heads 
foUow  viscous  motion  imless  the  pipes  be  very  large.  As 
long  as  the  motion  is  viscous,  doubling  the  size  of  the  pipe  in- 
creases the  velocity  four-fold  and  the  discharge  sixteen-fold 
for  the  same  pressure  drop. 

Liquids  flowing  through   pipes  flow   either  in   straight-line 
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motion,  in  wliieli  ease  tliey  follow  Poiseuille's  formula. 

8.J1/T' 
,,r 

or  in  sinuous  motion,  the  pressure  drop  being  represented  by 

floV 
P  =  -^ 
or 

The  flow  will  follow  that  formula  wliich  requires  the  higher 
pressure  drop,  the  higher  radius,  or  gives  tlie  lower  velocity, 
as  the  case  may  be.  Both  formulas  must  therefore  be  em- 
ployed, and  the  result  chosen  according  to  the  above  rale.  To 
obtain  tlie  coefficient  /  of  the  formula  for  sinuous  motion  :  look 
up,  in  suitable  hydraulic  tables,  the  value  of  the  coefficient  for 
water  flowing  in  the  same  size  pipe  at  the  same  velocity,  and 
multiply  this  coetflcient  by  the  expression  (0.955  +  0.0452^) 
wherein  g  is  the  viscosity  relative  to  water  of  the  liquid  flowing. 
These  formulie  have  been  experimentally  substantiated  only 
for  use  in  pipes  up  to  2  in.  in  diameter  and  for  the  flow  of 
liquids  of  viscosity  (relative  to  water  at  20  deg.)  of  20.  They 
are  probably  safe  for  use  iu  larger  pipes  and  at  higher  vis- 
cosities, but  more  exact  expressions  for  these  conditions  must 
be  determined  by  further  experimentation. 

Nomenclature 
P  =  pressure  drop  in  gTams/cm".  or  Ib./sq.  ft. 

_    J   eoeflficient  of  absolute  viscosity  in  sec.  dynes/cm',  or 
I*  ~    j    sec.  poundals/sq.  ft. 
I    =  length  of  the  pipe  in  cm.  or  ft. 
r  =  radius  of  pipe  in  cm.  or  ft.    (d  =  diameter) 
p   =  density  of  the  fluid 
V  =  mean   velocity  in  cra./see.  or  ft./see. 
f  =  hydraulic  frictional  coefficient. 

{The  Journal  of  Industrial  and  Engineering  Chemistry,  vol. 
8,  no.  7,  p.  627,  July,  1916,  6  pp.,  4  figs.    eA.) 

Machine  Shop 

The  Painting  op  Iron  and  Steel,  .James  Scott 

The  paper  is  based  on  the  fact  discovered  on  the  Continent 
(The  Journal,  1912,  p.  637)  that  a  single  coat  of  paint  resists 
the  rust  of  the  metal  more  than  either  two,  three  or  four  coats. 
From  this  the  writer  comes  to  the  conclusion  that  it  may  be 
possible  to  not  only  economize  in  paint  but  to  obtain  better 
results  by  this  less  expensive  method. 

Although  paints  do  not  appear  to  possess  much  structure 
when  viewed  by  the  naked  eye,  the  pigments  of  which  they  con- 
sist are  revealed  very  definitely  upon  magnification.  In  some 
cases  the  granules  are  exceptionally  minute,  uniform  and 
equally  distributed.  Frequently,  however,  they  are  either  in- 
itially coarse,  or  coalesce  into  groups  which  practically  become 
enlarged  nodules.  In  many  specimens  the  actual  speck-like  pig- 
ment is  accompanied  by  semi-crystalline  particles  of  apparent- 
ly large  dimensions  either  hard  or  soft,  or  a  mixture  of  the  two 
kinds,  and  upon  these  objects  depends  to  a  great  extent  the 
success  or  failure  of  the  paint  to  be  properly  protective.  The 
nature  of  the  solvent  is  also  important  and  operates  with  much 
influence  in  regard  to  the  pigment  itself. 

The  writer  covered  glass  slides  thinly  with  even  coats  of 
various  paints,  and  then  sent  reflected  light  up  through  them  on 
the  assumption  that  what  is  seen  on  the  glass  is  the  same  forma- 
tion as  when  it  is  over  the  metal,  unless  indeed  the  in-egularities 
are  increased,  thus  helping  to  miderstand  what  happens.  The 
author  gives  several  plates  depicting  films  of  various  kinds. 
The  one  reproduced  here  in  Fig.  3  is  a  view  of  a  black  varnish 
paint  containing  a  fair  proportion  of  spirit  "  turps,"  the  pres- 


ence of  which  produces  a  very  different  modification  explained 
subsequently. 

A  wholly  spirituous  paint  or  varnish  resolves  itself  into  a 
gyrating  mass  of  comparatively  large  globules  owing  to  the 
extreme  mobility  of  the  solvent.  The  granules  are  rolle  1  over 
most  remarkably,  and  arranged  alternately  into  a  central  spot 
in  each  globule,  and  swished  to  the  contours  where  they  meet 
others  adjoining  and  form  large  angular  patterns.  These 
movements  keep  up  until  the  solvent  has  evaporated,  and  then 
the  granules  subside  and  coalesce  into  overlying  flaky  films. 
The  point  to  note  is  that  as  the  globular  collections  of  pigment 
gi-anules  are  disposed  of  they  produce  bold  hexagonal  designs 
with  intervening  clear  spaces.  Air  and  moisture  can  find  their 
way  underneath  the  flakes,  and  when  the  latter  harden  there 
remain  little  tunnels  level  with  the  plane  of  the  metal. 

The  outer  surface  of  paint  dries  first  so  that  the  resultant 
film  thus  formed  tends  to  press  down  upon  the  softer  under 
part  and  force  it  into  available  cavities,  thereby  filling  them 
with  pigment  and  rendering  them  fairly  imper^'ious. 

In   actual  practice  the  following   happens:    A  moderately 


Fig.  3  A  Portion  of  Black  Quick-Drying  or  Spirituous 
Paint,  About  1/24  In.  Wide.  Comparatively  Large 
Mobile  Globule.s  Shift  the  Pigment  Granules  into 
Various  Patterns,  Beneath  Which  Slender  Tunnels 
Form 

thin  layer  of  paint  is  applied.  It  dries  with  open  spaces 
around  its  larger  granules;  then  there  are  tiny  cellular  cavities 
where  free  oil  globules  or  air  have  been  present,  narrow  under 
gi'ooves,  and  scattered  particles  of  fairly  large  size.  To  all 
appearances  it  becomes  hard,  firm  and  intact,  but  really  it  is 
not  so.  Upon  adding  another  coat  to  this  first  one,  it  is  partly 
redissolved;  the  fresh  substance  soaks  rapidly  through  the 
spaces  of  the  first  layer  and  resoftens  the  under  parts.  It 
also  dissolves  the  soluble  granules  and  thus  opens  up  for  itself 
an  extra  number  of  passages.  The  second  coat  apparently 
dries,  but  in  reality  it  has  made  an  increased  amount  of  poros- 
ity. Each  additional  coat  must  be  supposed  to  produce  the 
same  effect  until  finally  when  we  think  there  is  a  thick,  firm 
water-proof  layer,  it  is  really  slenderly  honeycombed  from  top 
to  bottom  with  intercommunicating  pores  as  invisible  a?  those 
in  an  egg  shell,  and  yet  as  free  as  the  latter  in  admitting  air 
and  vapor.  On  the  other  hand,  if  a  fairly  thick  single  coat  of 
paint  is  laid  and  undisturbed  by  too  much  brushing,  the  fine 
pigment  granules  and  the  larger  particles  sink  to  the  bottom 
and  the  solvent  flows  above  them  and  during  gi-adual  oxidation 
prevents  the  formation  of  the  empty  spaces.  (The  Bailway 
Engineer,  vol.  37,  no.  437,  p.  133,  June  1916,  2  pp.,  3  figs. 
edp). 
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Third  Annual  Convextiox  of  Drop  Forgers 

Brief  abstracts  of  papers  presented  at  the  third  annual 
convention  of  the  American  Drop  Forgers'  Association  held 
in  Philadelphia,  Pa.,  June  9  and  10.  1916. 

Of  these  addresses  the  following  are  of  general  interest  to 
mechanical  engineers:  R.  T.  Herdegen  read  a  paper  on  the 
selection  of  proper  machines  for  making  forging-s,  in  which 
he  pointed  out  the  necessity  of  the  selection  of  machine  units 
suited  to  the  particular  job  in  question  as  a  means  of  securing 
minimum  costs.  He  considered  three  types  of  machines,  board 
drops,  steam  drops  and  upsetting  machines,  and  gave  ex- 
amples to  show  a  minimum  cost  job  for  each  type  with  fig- 
ures including  die  cost,  material,  direct  labor  and  the  com- 
plete overhead  charges. 

Jules  Diercks  in  a  paper  on  multiple  mechanical  die  sink- 
ing pointed  out  the  advantages  of  mechanical  sinking  of  dies 
on  the  Keller  machine. 

J.  F.  Zwieker  gave  an  interesting  and  detailed  description 
of  his  method  of  producing  the  Elliott  type  I-beam  section 


T^:r 
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Fig.  4    DiAGRAit  of  Rolls  Acting  on  Metal 


front  axle  for  automobiles,  as  used  in  the  Overland  car.  The 
discussion  of  this  paper  brought  out  the  feasibility  of  thin 
forging  alloy  steel  flanges;  according  to  Mr.  Zwickei's  ex- 
perience this  is  possible  on  a  IVo  in.  diameter  flange  5-16  in. 
thick,  gathered  from  11/2  in.  stock,  tliis  case  being  the  wheel 
flange  on  the  rear  axle. 

W.  C.  Petei-son  presented  a  series  of  personal  investiga- 
tions on  different  methods  of  heat  treatment  of  drop  forgings, 
with  particular  reference  to  automobile  forgings.  He  told  of 
tests  on  the  structure  of  the  same  forgings  made  under  a 
varying  number  of  blows  and  pointed  out  the  advantage  in 
granular  structure  and  tensile  strength  secured  by  a  large 
number  of  blows. 

H.  N.  Taylor's  paper  on  the  manufacture  of  drop  forging 
steel  dealt  with  the  method  of  rolling  billets  into  bare,  with 
a  view  to  eliminating  pipes  and  seams,  as  applied  to  carbon- 
steel  forging  stock  produced  by  his  company. 

W.  C.  Lytle,  in  his  paper  on  sand  blasting  of  forgings, 
described  the  methods  of  cleaning  forgings  by  pickling,  tum- 
bling and  various  types  of  sand  apparatus,  including  the  bar- 
rel type,  the  cabinet  type,  hose  type  and  table  type.  During 
the  discussion  the  purposes  of  sand  blast  for  uncovering  de- 
fects was  taken  up.    The  difficulty  in  cleaning  alloy  steel  forg- 


ings by  the  sand  blast  process  were  said  to  be  overcome  by  the 
use  of  No.  5  round  chilled-steel  shot.  A  member  told  of  the 
installation  of  wire  brushes  at  his  hammere  at  the  Buick  plant 
for  the  purpose  of  uncovering  defects  prior  to  completing  the 
forgings. 

A.  A.  Holbeck  (Sources  of  Heat  for  Forging  Furnaces)  de- 
scribed the  operation  of  a  powdered  coal  plant  adapted  foi 
small  furnaces,  with  distribution  of  coal  by  air  in  galvanized 
pipes.  As  small  a  fuel  consumption  as  10  lb.  per  hour  per 
furnace  is  possible  with  this  system;  the  temperature  of 
combustion  is  3400  deg.  and  the  final  cost  with  coal  at  $3.00 
per  ton  is  equivalent  to  fuel  oil  at  IV2  cents  per  gallon. 

F.  0.  Andrews  illustrated  the  recent  developments  in  the  use 
of  upsetters  by  showing  a  forged  spiral  beveled  gear  blank 
in  whicli  the  teeth  had  been  produced  in  a  total  of  three  op- 
erations on  an  upsetter. 

During  the  executive  session  a  resolution  was  passed  unani- 
mously placing  the  members  of  the  American  Drop  Forgers' 
Association  on  record  as  holding  themselves  in  constant  readi- 
ness at  all  times  to  serve  this  country  with  their  trade,  knowl- 
edge and  equipment  for  any  necessary  military  defensive  ac- 
tion the  Government  may  require  from  them.  (American  Ma- 
chinist, vol.  44,  no.  25,  p.  1082,  June  22,  1916,  2  pp.,  g.) 

Roll  Pressures  in  Cold-Rolling  Steel,  Wm.  K.  Shepard 
and  George  C.  Gumer,  Mem.Am.Soc.M.E. 

Report  of  an  investigation  carried  out  in  the  Mason  Labora- 
tory of  Mechanical  Engineering  at  the  Sheffield  Scientific 
School  of  Yale  University  into  the  pressures  required  to  cold- 
roll  annealed  hot-rolled  steel  and  unannealed  steel  that  had 
been  partly  cold-rolled. 

One  grade  of  steel  was  used  in  all  of  the  tests, — 0.10  per 
cent,  carbon  and  under. 

The  article  describes  the  methods  of  conducting  the  tests 
and  presents  the  results  in  the  form  of  tables  and  curves,  the 
latter  being  plotted  with  the  pitch  in  inches  as  abscissae,  and 
pounds  pressure  for  a  strip  one  inch  wide  as  ordinates.  The 
curves  either  have  a  slight  curvature,  usually  in  the  early 
part,  or  practically  follow  the  straight  line  law.  When  rolls 
of  different  diameters  are  used,  the  pressure  will,  it  is  be- 
lieved, depend  on  the  projected  areas  of  the  rolls  in  contact 
with  the  metal  (the  meaning  of  this  term  is  shown  in  Fig.  4). 

When  a  piece  of  metal  1  in.  wide  is  being  roUed  between 
the  rolls  -4  and  B  from  a  thickness  t  to  t^  in.,  the  projected 
area  of  the  rolls  acting  on  the  metal  will  be  equal  to  b,  the 
sectioned  area  in  the  top  view.  For  a  strip  of  metal  w  in. 
wide  the  jDrojected  area  will  be  w  times  that  for  a  1  in. 
width.  The  per  cent  rolling  wiU  equal  {t-t^)/t.  From  Fig. 
4  it  is  seen  that  the  projected  area  6  for  any  pinch  t  -t^  on  a 
1  in.  strip  can  be  found  from  the  relation 


b  =  VB=  —  (i?  —  cy 

where  i?  =  radius  of  the  rolls  and  C  =  (t—t,) -^2.  The 
writer  has  calculated  the  values  of  the  projected  areas  of 
various  rolls  from  5  to  20  in.  acting  on  a  strip  of  metal  1  in. 
wide  for  different  amounts  of  pinch.  When  the  values  so  ob- 
tained are  plotted  on  logarithmic  cross-section  paper,  it  is 
seen  that  there  is  a  straight-line  relation  between  the  projected 
areas  and  the  different  pinches  of  each  size  of  rolls.  The 
ratios  of  these  projected  areas  of  different  size  rolls  to  the 
projected  areas  of  5-in.  rolls  for  three  pinches,  are  given  in  a 
separate  table.  (American  Machinist,  vol.  44,  no.  26,  p.  1117, 
June  29,  1916,  4  pp.,  6  figs,  e.) 
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The  Sheeardizino  Process,  Oliver  W.   Storey 

Discussion  of  the  sherardizing  process,  mainly  from  the 
point  of  view  of  securing  the  maxiumm  of  protection  of  iron 
with  the  minimum  expenditure  of  zinc  dust.  This  question 
has  become  now  of  particular  importance  because  of  the 
spectacular  rise  in   the  price  of  zinc. 

The  exact  compositions  of  the  alloys  of  zinc  and  iron  are 
not  known.  The  solubility  relations  of  the  two  metals  have 
been  studied  by  Wologdine  and  von  Vegesaek,  but  their  re- 
sults are  not  entirely  iu  accordance.  This  makes  the  exact 
nature  of  the  alloys  formed  in  sherardizmg  of  some  doubt. 
Several  investigators  have  made  a  study  of  the  zinc-iron  alloys 
formed  in  the  sherardizing  process  but  came  to  different  con- 
clusions. They  have  found  the  iron  content  to  vary  from  iJ 
to  30  per  cent,  and  the  coating  to  consist  of  from  one  to  four 
layers  of  different  zinc-iron  alloys. 

The  writer  has  detei-mined  to  a  limited  extent  the  effect  of 
temperature  on  the  iron  content  of  sherardized  coatings.  The 
analyses  were  made  on  coating-s  of  approximately  the  same 
thickness  with  the  same  time  of  deposition,  while  the  con- 
centration of  zinc  in  the  dust  determined  the  temperature 
necessary  to  secure  a  given  thickness  of  coating.  Unfortu- 
nately it  was  impossible  to  secure  accurate  temperature  meas- 
urements. 

The  metallic  content  of  the  zinc  dust  varied  from  18  to  42 
per  cent.  The  variation  in  temperature  necessary  for  these 
extremes  was  about  65  deg.  cent.,  the  higher  metallic  content 
requiring  the  lower  temperature.  The  data  obtained  with  in- 
termediate metallic  percentages  shoVed  that  the  iron  content 
of  the  sherardized  coating  is  proportional  to  the  temperature 
used,  the  rate  of  deposition  being  constant.  This  explains  the 
variation  in  iron  percentages  reported  by  earlier  investigators, 
as  no  investigation  of  the  sherardized  coating  with  reference 
to  its  structure  can  be  considered  complete  without  a  knowl- 
edge of  deposit  conditions.  The  higher  the  temperature  of 
deposition  the  higher  the  percentage  of  iron  in  the  alloy,  pro- 
viding the  rate  of  deposition  is  the  same. 

The  author  discusses  also  the  slierardizing  of  copper,  and 
thinks  that  copper  and  zinc  form  two  definite  compounds  at 
sherardizing  temperatures,  CuZn  and  CuZn^,,  while  no  others 
are  formed.  Further,  from  the  results  obtained  in  sherardiz- 
ing copper  he  concludes  that  the  higher  temperature  results 
in  a  higher  copper  content  in  the  coating  and  the  alloys  formed 
aie  in  definite  layers,  each  having  a  definite  composition  cor- 
responding to  an  intermetallic  compound. 

From  this  the  author  proceeds  to  a  discussion  of  the  theory 
of  sherardizing.  He  finds  that  the  so-called  vapor  theory  is 
not  without  objections.'  He  found  much  trouble  in  the  sher- 
ardizing of  large  pieces  of  flat  work  in  non-revolving  boxes; 
if  the  dust  was  not  in  close  contact  with  the  entire  area  those 
parts  which  were  not  touched  by  the  dust  were  not  sherardized. 
The  sherardizing  process  should  not  become  confused  with  the 
vapor  coating  process,  in  which  much  higher  temperatures  are 
used. 

Tlie  writer  compares  the  behavior  of  zinc  with  that  of  otlier 
metals,  and  finds  that  sherardizing  may  be  carried  out  with 
various  metals,  especially  antimony,  at  temperatures  used 
ordinarily  in  sherardizing  with  zinc  dust.  He  further  points 
out  that  zinc  at  the  sherardizing  temperature  is  more  or  less 
plastic  and  can  be  easily  welded  or  joined  to  other  metals  in 
the  same  manner;  and  that  iron,  platinum  and  other  metals 
may  be  welded  together  well  below  their  fusing  temperature. 
Tliis  welding  action  is  aided  by  the  formation  of  the  inter- 
metallic  i-(ini])(>unds.      By   analogy   witli    other   active   metals. 


zinc  will  unite  with  iron,  copper,  nickel  and  other  metals  be- 
low its  melting  jjoint  because  of  the  ailinity  of  the  metals 
hivolved  as  shown  by  the  intermetallic  compounds  formed. 

The  iron  in  the  sherardized  coating  has  an  important  effect 
on  its  iieatlierliKj  prdpcrliia.  The  writer  has  found  that  coat- 
ings containing  high  percentages  of  iron  withstand  weathering 
puoi'ly.  The  amount  of  iron  in  the  zinc  dust  used  is  also  im- 
portant. If  the  zinc  dust  used  is  high  in  iron,  2  to  4  per  cent, 
the  dust  clinging'  to  the  coating  will  turn  red  when  it  becomes 
moist.  The  writer  has  found  that  some  manufacturers  were 
unable  to  turn  out  as  good  a  coating  at  the  end  of  the  year 
as  when  they  first  installed  the  process.  When  the  process 
was  new  the  metallic  content  of  the  zinc  dust  was  high,  while 
the  iron  content  was  negligible.  As  the  zinc  dust  was  used 
the  metallic  content  dropped  and  the  iron  content  of  the  dust 
increased  due  to  various  causes.  The  temperature  required 
for  sherardizing  had  to  be  increased,  and  as  a  result  the  coat- 
ing became  less  resistant  to  weathering. 

To  obtain  the  best  possible  results  in  service  corrosion  tests, 
the  sherardizing  process  has  been  studied  in  detail  at  the  Gen- 
eral Electric  Company.  By  studying  the  process  in  detail  the 
practice  was  standardized.  '  It  was  found  that  in  order  to 
secure  comjjlete  control  of  the  process  it  was  necessary  to  have 
complete  temperature  control  and  an  unvarying  quality  of 
zinc  dust.    Electric  heating  was  found  to  give  the  best  results. 

The  zinc  dust  used  consists  principally  of  the  so-called 
"  sherardizing  zinc,"  a  granulated  zinc  with  an  addition  of  a 
small  proportion  of  "blue  dust"  or  oxide.  It  contains  from 
80  to  92  per  cent  of  metallic  zinc.  It  would  be  impossible  to 
run  "  blue  dust "  with  this  high  metallic  content  due  to  its 
caking.  With  such  a  high  metallic  content  the  temperature 
regulation  has  to  be  close.  The  temperature  used  is  about 
365  deg.  cent. 

From  time  to  time  the  zinc  dust  is  run  through  a  magnetic 
separator  which  prevents  an  undesirable  accumulation  of  iron. 
A  study  of  their  data  on  sherardizing  shows  that  the  specific 
gravity  of  the  coat,  under  a  certain  set  of  conditions,  varies 
from  1  at  35  per  cent  of  metallic  zinc  in  the  dust  to  6.75  at 
80  per  cent.  This  shows  that  the  coatings  obtained  under  the 
usual  sherardizing  conditions  are  more  or  less  porous,  or  con- 
tain occluded  oxides,  etc.  The  specific  gravity  has  a  decided 
influence  on  the  resistance  of  the  coating  to  corrosion.  By 
means  of  the  salt  spray  test  it  was  found  that  only  a  coating 
with  a  density  of  at  least  6.75  would  stand  up  satisfactorily. 
This  means  that,  if  the  sherardizing  is  done  with  a  dust  con- 
taining less  than  80  per  cent,  the  salt  water  spray  test  will 
he  unsatisfactory,  due  to  the  porosity  of  the  coating. 

The  article  discusses  further  corrosion  tests  on  sherardizing. 
removal  of  zinc  dust  from  coated  articles,  zinc  dust  control, 
and  the  testing  of  sherardizirg.  Of  practical  importance  are  tlie 
following  conclusions  arrived  at  by  the  author:  Sherardizing 
when  carried  out  properly  gives  a  coating  that  is  highly  re- 
sistant to  corrosion.  Sherardizing  should  be  carried  out  at 
the  lowest  temperature  economically  possible  to  secure  a  low 
iron  content  in  the  coating.  A  zinc  dust  having  a  liigh  me- 
tallic content  will  give  the  best  coating.  The  copper  sulphate 
test  gives  good  results  for  daily  furnace  control  tests.  (Mi'lnl- 
Inrgical  and  Chemical  Eni/iiicerinij.  \'ol.  14,  no.  12,  p.  681!. 
.lunc  15,  1910,  9  pp.  'ptf-A.) 

HoBBiNG    HioiT    Prime-Number    Spur-Gears    Withotit 
SPEri.\L  Mechanism,  Will.  O.  Wynne 

The  usual  clause  in  almost  any  description  of  a  modern 
gear-hobbing     machine     is    "with     the     exception     of     prime 
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luimbers."  The  author  describes  a  method  of  oonstruction  of 
a  machine  foi-  hobbing  any  number  of  teeth  up  to  1000.  The 
method  is  based  on  tlie  following  consideration :  Although 
tlie  prime  number  cannot  be  factorized  it  can  be  separated  into 
two  numbers  one  of  ■which  is  less  than  10  and  the  other  divis- 
ible by  10,  the  sum  of  the  two  forming  the  prime  number. 
Wliile  nothing  in  the  nature  of  a  dividing  plate  can  be 
adopted  in  the  bobbing  machine,  the  addition  and  subtraction 
of  continuous  motions  are  easily  dealt  with  by  a  differential 
gear  and  this  is  what  is  used  in  the  first  place  to  enable  one 
to  cope  with  the  prime-number  problem.  It  is  well  to  re- 
member that  although  high  prime  number  spur  gears  may  not 
be  in  general  demand,  the  introduction  of  reduction  gear- 
ing for  turbines  has  rendered  the  production  of  high  prime- 
number  helical  gears  almost  imperative  in  order  to  avoid  syn- 
chronism and  to  distribute  wear. 

The  author  shows  the  application  of  his  method  to  a  gear 
hobbuig  machine  with  and  without  a  differential  gear,  and 
shows  that  high  prime-number  spur  gears  can  be  produced  on 
an  ordinary  gear-hobbing  machine  without  special  gearing. 

Among  the  methods  of  handling  this  problem  the  following 
is  of  interest  because  of  its  comparative  simplicity :  Any  prime 
number  up  to  1000  is  within  5  of  a  number  which  will  fac- 
torize  into  factors  less  than  100;  therefore  if  the  driving  gear 
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0.8  revolution 


Tims  equal  wheels  at  E  will  irai)art  0.8  additional  revolu- 
tion to  .1  per  revolution  of  table.  But  it  is  necessary  to  sub- 
tract 3  revolutions.  Therefore,  an  adverse  purchase  of  gears 
at  E  of  3  -^  0.8  ^  90  -^  24  must  be  introduced,  taking  care 
tiiat  the  direction  of  rotation  of  the  differential  gear  is  such  as 
will  snbtraet  from  the  motion  of  H,  controlled,  if  necessary, 
by  an  intermediate  at  E. 

24       20  90 

Dividing  gears  =  — —  X  „„    •  spiralling  gears  adverse  =  — 

Again,  let  the  table  make  20  revolutions. 

60  80         62 

Rev.  ofH  =  20X   T^  2l  '^W   =  ^^'^^^^ 

Revolutions  subtracted  from  H  by  differential  gear  in  20 
revolutions  of  table  = 


60         20  15  1  90         2 

20  X   Y    X  50"  X  60"    ^  I^  ^  24    ^  T 


Total  revolutions  of  ,1  =  12,400 


00 


=  60 
12,340.    Number  of 


Fkj.  5     HoiiBiN'c   Machine  wiTn  a   Differential  Gear  in 
THE  Hob  Drive 

can  be  arranged  so  as  to  cut  within  5  of  the  required  number 
and  the  differential  gear  used  to  put  on  or  take  off  uji  to  .i 
revolutions  per  revolution  of  the  work,  then  any  number  up 
to  1000  can  be  dealt  with. 

In  Fig.  5,  wliere  the  worm  drives  tlie  tal)le  throuijli  feed 
gears,  E  are  the  spiralling  gears  leading  to  the  differential 
gears  and  so  to  A.  There  is  no  reason  whatever  why  the  gears 
E  cannot  be  arranged  of  ratios  which  will  impart  1,  2,  3,  4, 
or  5  additional  revolutions  to  A,  or  take  away  that  number 
of  revolutions  from  A  for  one  revolution  of  the  table,  alto- 
gether independent  of  the  dividing  gears  B.  Assume  that 
it  is  necessary  to  cut  617  teeth.  The  dividing  gears  are  then 
arranged  to  cut  620  teeth  and  by  means  of  the  differential 
gear  three  revolutions  are  taken  off  from  the  hob  jier  revolu- 
tion of  the  table.  The  spiral  lead  does  not  now  come  into  the 
question  at  all. 


Ratio  of  change  gears  = 


60 
620 


24         20 

y  

80   •^  62 


r.     ,  20  15 

Feed  gears  to  screw  =   — --  X  tttt 

Assume  equal  wheels  at  E.  Let  table  nuike  one  revolution, 
then  revolutions  at  -1  with  di\'iding  gears  B  and  shaft  II 
stationary  = 


12340 
revolutions  of  hob  per  revolution  of  work   =  — ;r- —   =   617. 

It  must  lie  pointed  out  that  with  the  method  used  the  feed 
enters  into  the  calculations,  because,  although  in  itself  it  bears 
no  important  relation  to  the  motions  which  are  operating  to 
produce  the  s])ur  gears,  the  geare  which  lead  up  to  the  feed 
screw  form  part  of  the  train  which  is  either  taking  off  the 
spiral  from  the  prime-number  gear  (in  a  method  described  in 
the  article),  or,  in  the  method  shown  above,  takes  from  the  hob 
three  revolutions  during  the  one  revolution  of  the  table. 

An  interesting  fact  is  that  in  the  arrangement  described 
which  can  cut  any  number  up  to  1000,  less  gearing  actually  is 
necessary  than  on  a  machine  arranged  to  produce  the  usual 
limited  range.  (Engineering,  vol.  101,  no.  2634,  p.  591,  June 
23,  1916,  2  pp.,  4  fig's,     d.) 


Oil  versus  Water  for  Quenching  Forcings,  C.  D.  Young. 

Data  of  an  investigation  made  to  sliow  tlie  difference  be- 
tween the  physical  projierties  of  a  large  forging  quenched  in 
water  and  those  of  a  smaller  forging  quenched  in  oil. 

The  results  obtained  indicate  that  there  is  an  advantage  in 
the  use  of  water  as  a  quenching  medium,  providing  proper  care 
is  taken  in  the  handling  of  the  steel  throughout  the  process. 

The  forgings  used  for  this  experiment  consisted  of  two 
10-in.  locomotive  driving  axles  having  a  center  bore  2  in.  in 
diameter  extending  the  entire  length.  Both  axles  were  from 
the  same  melt  of  steel,  and  preliminary  chemical  analysis  in- 
dicated the  same  chemical  composition.  Results  of  tension 
tests  in  which  comparison  is  made  with  respect  to  the  distance 
of  the  test  specimens  from  the  axis  of  the  axle,  and  with 
respect  to  the  location  of  the  test  specimens  along  the  length 
of  the  axle,  show  that  the  average  results  are  more  nearly 
uniform  in  the  latter  case  than  in  the  former.  This  may  be 
due  to  segregation,  as  it  was  found  by  chemical  analysis  that 
the  carbon  content  was  not  uniform  throughout  the  section. 
This  leads  the  author  to  recommend  that  in  all  specifications 
for  forgings  which  are  to  be  heat-treated  there  be  included  a 
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clause  to  govern  tlie  allowable  amount  of  segregation ;  other- 
wise it  may  be  expeoted  that  extreme  segregation  will  be 
found,  as  in  the  case  of  tiie  specimens  described  in  the  article. 
(Tlie  Iron  Age,  vol.  97,  no.  26,  p.  1546,  June  29,  1916,  2  pp., 
eA.) 

Mechanics 

The  Dynamic  Balance  of  Machink.s,  Chas.  L.  Clarke 

The  article  is  in  the  form  of  a  statement  from  the  consulting 
engineering  department  of  the  General  Electric  Company,  and 
gives  a  brief  exposition  of  the  fundamental  principles  of 
mechanics  as  related  to  the  phenomena  of  dynamic  balance,  as 
well  as  the  reasons  why  the  question  of  dynamic  balance  is 
becoming  more  ami  more  imijortant.  The  writer  points  out 
that  on  top  of  the  refinement  in  balancing  necessary  for  engin- 
eering reasons  comes  a  growing  insistence  on  a  condition  of 
reasonable  quietude  in  relation  to  the  operation  of  machines, 
which  may  be  expressed  as  proceeding  from  a  condition  of 
nerves — people  are  getting  more  "  touchy  " ;  their  perceptive 
faculties  for  noise  and  vibration  are  more  acute  and  more 
easily  upset  than  formerly;  there  is  jolt  and  jar  and  clangor 
enough  without  adding  to  it  when  avoidable,  and  with  the 
rapidly  increasing  use  of  machines  in  the  home  and  business 
jilaces,  no  noise  or  vibration  of  distracting  amounts  should 
enter  with  them,  while  in  the  factory  where  line  shafting  and 
belts  have  been  supplanted  by  motors,  tlie  continuous  purr  of 
the  former  must  not  be  rej)laced  by  an  annoying  high-pitch 
tremble  or  deep  rumble  coming  from  ill-balanced  motors. 
Other  things  being  equal  the  quiet  machine  will  get  the  market. 

The  following  is  given  as  practical  advice : 

When  a  machine  is  apparently  badly  out  of  balance  do  not 
be  in  haste  to  condemn  it.  Look  into  the  conditions  of  its 
use  and  see  whether  they  may  not  reasonably  be  so  modified 
as  to  cause  the  apparently  undue  out-of-balance  to  disappear 
else  it  may  prove  to  be  largely  oneself,  from  the  all-around 
teciinical  and  also  commercial  point  of  view,  that  is  in  reality 
out  of  balance.  {General  Electric  Review,  vol.  19,  no.  7,  p. 
(119.  July,  1916,  3  pp.    g.) 

The  Critical  Speeds  of  Shafts,  W.  M.  Wallace 

Discussion  of  the  whirling  speed  of  sliafts,  based  not  on 
mathematical  methods  of  investigation  but  on  data  obtained 
from  actual  tests. 

The  writer  objects  to  an  exclusively  mathematical  method 
(if  reasoning.  He  states  that  in  actual  tests  he  noticed  that, 
for  shafts  loaded  as  is  usual  in  actual  machines,  the  whirling 
frequency  was  never  far  remo\ed  from  the  vibration  frequency 
of  the  shaft  when  not  rotating.  The  slight  difference  between 
tile  two  is  due  to  the  gyroscopic  action  of  the  masses  forming 
the  load  on  the  shaft.  This  action  tends  to  increase  the  fre- 
quency at  whirling.  In  practice  it  is  usually  very  difficult  to 
detect  this  difference,  partly  because  it  is  very  small,  but 
chiefly  because  other  factors  such  as  the  effect  of  the  length 
and  play  of  the  bearings  are  of  far  greater  importance.  In 
the  usual  mathematical  treatment  it  is  this  gyroscopic  action 
which  looms  large  while  the  bearings  and  other  effects  are 
neglected. 

If  the  attached  masses  are  sufficiently  eccentric  to  produce 
an  appreciable  whirl  when  on  the  critical  speed,  then  the 
shaft  whirls  through  a  range  of  speeds,  and  it  is  not  easy  to 
detect  exactly  when  the  whirling  commences  or  ends.  In 
fact  in  jjractice  with  actual  materials  all  sorts  of  things  hap- 
pen. Some  shafts  do  not  whirl  at  all,  but  have  two  distinct 
critical    speeds    not    far    removed    from    each    other    and    on 


each  of  which  the  shaft  vibrates  transversely.  In  one  case  a 
iiorizontal  loaded  shaft  freely  supported  at  its  ends  was 
driven  l)y  a  Iiorizontal  belt  on  a  pulley  mounted  in  the  shaft 
between  the  two  supports  and  at  a  short  distance  from  one 
support.  To  limit  the  deflection  of  the  shaft  when  at  the 
critical  speed,  a  cast-iron  ring  encircling  the  middle  of  the 
shaft  was  firmly  attached  to  a  stand.  On  speeding  up  a 
speed  was  reached  at  which  the  shaft  commenced  to  hammer 
the  ring  in  a  vertical  direction.  At  a  slightly  higher  speed 
this  hammering  ceased  and  the  shaft  ran  steadily  tiirough  a 
short  range  of  speeds,  until  it  commenced  hammering  again, 
but  tins  time  in  a  horizontal  direction.  At  higher  speeds  the 
shaft  ran  quite  steadily.  If  by  a  whirl  is  meant  the  motion 
of  the  center  of  the  section  in  an  approximately  circular  path 
then  that  siiaft  did  not  whirl.  It  is  not  necessarily  true  either 
that  the  true  critical  speed  for  a  shaft  is  at  the  arithmetical 
mean  of  the  speeds  at  which  whirling  commences  and  ceases 
respectively.  This  serves  to  throw  some  light  on  the  fact  that 
the  critical  speed  of  a  motor  or  turbine  when  speeding  up 
differs  slightly  from  that  observed  when  running  down. 

The  distortion  of  the  true  whirl  may  be  also  caused  by 
variations  in  the  elastic  qualities  of  the  material  of  the  shaft 
for  bending  in  different  planes,  but  this  is  very  rarely  uniform 
for  a  rod  or  turned  shaft. 

The  author  derives  liis  exjiressions  for  tlie  critical  speed  by 
introducing  a  term  indicating  the  stiffness  of  the  siiaft,  wiiicli 
is  done  through  the  use  of  an   expression   for  strain   energy 
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Fi(3.  6     ViRnATioNS  OF  A  Massless  Cantilever 

in  the  shaft  in  terras  of  the  deflection  of  the  shaft  under 
static  loading. 

Consider  a  massless  cantilever  EA,  Fig.  6,  with  the  load 
IF  at  one  end  supported  horizontally  by  a  prop  under  the 
load.  On  suddenly  removing  the  prop,  the  load  falls  thi-ough 
a  distance  y  to  its  statical  position  of  rest  C,  where  it  has 
acquired  a  velocity  r  such  that  Wif  ^-2g  ^  Wi/ ^-2.  Al- 
though the  load  loses  potential  energy  Wy  in  falling  from  A 
to  C.  half  of  this  is  stored  as  strain  energy  in  the  cantilever. 
Continuing  its  downward  journey,  it  comes  to  rest  at  B  where 
CB  =;  CA.  Now  V  is  the  velocity  of  a  point  in  the  equivalent 
circular  path  of  radius  y  and  is,  therefore,  equal  to  2'Ky  -^  T 
where  T  is  the  periodic  time.    Hence : 

Wy        47c"2/' 

With  the  number  of  masses  on  the  cantilever  at  different 
points,  since  the  sum  of  the  potential  energies  in  tlie  extreme 
position  is  equal  to  the  sum  of  the  kinetic  energies  in  mid- 
position,  we  must  have 


or  T 
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^Wy' 


(jz,  Wy 

All  this  would  apply  to  a  shaft  supported  at  the  ends  or 
ill  any  other  manner,  and  since  in  most  cases  the  whirling  time 
is  practically  equal  to  the  time  of  vibration  this  gives  a  simple 
rule  for  expressing  it.  The  critical  or  whirling  speed  is  then 
expressed  in  revolutions  per  minute  by 
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tlic  (juaiitity  y  in  the  terms  -  Wif  and  ij  -  Wy  is  tlie  defleetidn 
of  the  shaft  at  the  point  at  which  any  load  W  is  applied  when 
statically  loaded  by  the  particular  systems  of  load. 

The  gyroscopic  action  of  the  masses  attached  to  the  shaft 
may  induce  a  stiffening  couple  on  the  shaft  and  thereby  in- 
crease the  frequency  at  which  wliirling  commences.  In  most 
cases  it  is  insignihcant.  In  fact  the  writer's  experience  shows 
that  in  practice  so  many  factors  operate  to  lower  the  frequency 
that  one  welcomes  a  slight  tendency  in  the  opposite  direction 
to  balance  matters  a  little.  However,  if  the  attached  masses 
have  large  radii  of  gyration  R  about  the  axis  perpendicular 
to  the  shaft,  and  are  so  situated  that  a  considerable  amount  of 


Power  Generation 

DiK.'^Ei,  Engines  vs.  .Steam  Turbines  for  Mine  Power 
Plants,  Herbert  Haas 

Cheap  power  is  essential  to  large-scale  mining  and  metal- 
lurgical operations,  particularly  where  fine  grinding  of  large 
tonnages  has  to  be  resorted  to  as  is  the  case  with  an  increas- 
ing number  of  mines  treating  disseminated  copper  ores  or  low 
grade  gold  ores.  As  many  of  our  most  important  mines  are 
located  in  sections  where  neither  cheap  coal  nor  water  power 
is  available,  and  the  price  of  oil  fuel  is  increased  by  long  hauls, 
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angular  momentum  is  imparted  to  them  when  the  slalt 
vibrates,  the  more  correct  exjjression  for  the  whirling  fre- 
quency is 


N  =- 


30 


...  g'^  Wy 


where  0  is  the  angle  that  the  deflected  shaft  makes  with  the 
line  of  centers  at  the  point  of  application  of  the  load.  In 
actual  practice  it  is  unnecessary  to  estimate  the  gyroscopic 
term,  since,  as  the  author  shows,  it  affects  actual  results  by 
only  a  fraction  of  one  per  cent. 

The  large  difference  between  the  actual  and  the  theoretical 
whirling  frequencies  is  due  in  the  writer's  opinion  to  an  in- 
accurate estimate  of  the  length  of  the  vibrating  shaft.  This 
is  an  extremely  important  factor  as  the  frequency  varies  as 
L  '^■.  When  a  shaft  is  supported  at  the  two  ends  only  the 
length  should  be  taken  to  the  extreme  outer  ends  of  the  bear- 
ings for  the  usual  clearances  allow  of  an  appreciable  deflection 
of  the  shaft  at  the  middle  of  the  bearings.  {The  Engineer. 
vol.  121,  no.  31.55,  p.  495,  Tune  16,  1916,  serial  article,  not 
finished.) 


the  Diesel  engine  will  become  a  prime  mover  of  increasing  im- 
jiorlance,  especially  in  the  Southwestern  States  where  an 
amjile  supply  of  cold  water  for  condensing  purposes  is  unusual 
and  local  climatic  conditions  interfere  in  securing  the  high 
vacua  essential  to  high  turbine  efficiency. 

About  twelve  times  as  much  water  will  be  required  for  con- 
densing purposes  with  steam  turbines  under  general  conditions 
as  is  needed  for  jacket-cooling  of  2-stroke  cycle  Diesel  en- 
gines; 4-stroke  cycle  Diesel  engines  require  only  1/20  of  the 
cooling  water. 

Another  condition  favoring  the  use  of  Diesel  engines  is  the 
high  load  factor  at  which  most  mine  power  plants  operate. 
The  influence  of  load  factor  on  the  cost  of  generating  power  is 
shown  in  Fig.  7. 

The  author  compares  the  cost  of  the  power  with,  on  one 
hand,  four  3000  b.h.p.  Sulzer  Diesel  engines  direct-connected 
to  alternators  and  exciters,  and  on  the  other  hand  with  two 
6000  kw.  steam  turbines.  (The  author  gives  the  reasons  favor- 
ing the  selection  for  purposes  of  comparison  of  two  6000  kw. 
steam  turbines  and  four  3000  kw.  Diesel  engine  generating 
sets.)  The  results  the  author  finds  are  that,  with  outputs  of 
70,000,000,  52,500,000,  35,000,000  and  17,500,000  kw.-hr.  per 


AuGVKT 

1916 


KNGINEERING  SURVEY 


()75 


year  respectively,  a  kw.-lir.  will  cost  from  1.0257  for  the  liish- 
est  output  to  1.6201  cents  for  the  lowest  output  with  steam 
turbines,  and  from  0.6045  to  1.0856  cents  with  Diesel  engines. 
In  general  the  selection  of  either  type  of  prime  mover  will 
be  governed  by  the  following  economic  conditions: 

(1)  Fuel  is  of  chief  influence  on  the  total  cost  where  both 
B.t.u.  price  and  load  factor  are  high.  By  B.t.u.  price  is  here 
meant  the  cost  for  a  given  number  of  B.t.u,  say  1,000,000,  all 
fuel  prices  being  reduced  to  this  standard  of  comparison. 

(2)  Interest  and  redemption  are  of  chief  influence  on  the 
total  power  cost  with  low  B.t.u.  price  and  low  load  factor. 

(3)  Steam  power  will  remain  the  cheapest  power  wherever 
waste  heat  gases  are  available,  as  for  instance  gases  from  re- 
verberatory  smelting  furnaces. 

(4)  Up  to  capacities  of  1000  b.p.,  steam  turbines  can  com- 
pete with  Diesel  engines  only  in  special  cases,  such  as  supply- 
ing exhaust  steam  for  heating  purjioses.  For  such  small  units, 
jiarticularly  for  gTeatly  varying  loads,  high-grade  reciprocat- 
ing steam  engines  are  preferable. 

In  comparing  prices  of  different  kinds  of  fuel  such  as  gas, 
coal  or  liquid  fuels,  it  is  well  to  reduce  all  fuel  prices  to 
a  common  basis  of  absolute  cost  for  1,000,000  B.t.u.  This,  to- 
gether with  the  knowledge  of  the  thermal  ettii  iencies  of  differ- 
ent prime  movers,  will  enable  one  to  arrive  at  the  absolute  fuel 
cost  of  each  per  brake  horse-power-hour  with  different  kinds  of 
fuel.  When  a  supply  of  liquid  fuel  is  available,  the  sound 
economic  application  of  steam  turbines  and  Diesel  engines  is 
determined  by  fuel  prices  and  load  factor.  The  author  gives  a 
diagram  (  Fig.  8)  showing  at  a  glance  whether  a  steam  tur- 
bine or  a  Diesel  engine  power  plant  is  in  jdace  with  the  given 
fuel  price  and  load  factor.  The  power  costs  represented  by 
the  curves  include  cajiacity  costs  and  fuel  costs  but  not  operat- 
ing labor.  The  latter  is  about  the  same  for  either  type  of 
plant,  except  for  very  large  steam  turbine  plants  which  re- 
quire less  operating  labor  than  Diesel  engines.  The  curves 
marked  quarter  load  cover  fuel  costs  for  14  kw.-yr.,  or  2,190 
kw.-hr.,  and  the  same  capacity  charges  as  for  full  load;  to 
arrive  at  the  cost  per  kw.-yr.  (8,760  kw.-hr.)  at  quarter  load, 
the  amount  shown  in  dollars  must  be  multiplied  by  4. 

The  curves  for  steam  turbine  plants  are  based  on  12  and  16 
per  cent  efticiency  (overall  of  the  entire  power  plant);  the 
higher  figure  is  secured  only  with  large  units  in  sizes  from 
10,000  kw.  upward. 

The  cost  for  lubrication  is  considerably  higher  for  Diesel 
plants  than  for  turbine  plants,  and  amounts  to  from  $2.00  to 
.$4.00  per  kw-yr.,  depending  on  the  type  of  lubricating  sys- 
tem used  and  the  care  of  oilers.  In  turbine  jjlants  this  greater 
expense  for  Diesel  engines  is  partly  balanced  by  the  large 
amount  of  water  required  for  condensing,  which  is  12  to  20 
times  greater  than  the  supply  needed  for  cooling  Diesel  en- 
gines. Only  in  plants  with  units  in  excess  of  6000  kw.  have 
turbines  decided  advantages  over  Diesel  engine  plants.  {Bul- 
letin of  the  American  Institution  of  Mining  Engineers,  no.  11 "), 
p.  1171,  July  l!)l(i,  13  pp.,  6  figs,  cp.) 

Railway  Engineering 

Santa  Fe  Type  Locomotives  for  the  Ekie  Railroad 

Description  of  two  of  the  most  recently  developed  types  of 
heavy  non-articulated  locomotives,  in  each  of  which,  though 
they  are  designed  for  the  same  service,  certain  important  devia- 
tions have  been  incorporated.  An  important  detail  of  one  of 
these  designs  is  the  provision  for  lateral  motion  in  the  driving 
wheels,  a  feature  of  design  not  heretofore  attempted  and  put 


into  practice  in  the  so-called  "  rigid  wheel  base  "  locomotive. 

The  apidication  of  lateral  motion  driving  axles  and  boxes 
to  these  locomotives  was  made  for  the  purjjose  of  reducing  the 
rigid  wheel  base  to  that  which  is  in  common  use  on  locomotives 
of  smaller  capacity,  and  at  the  same  time  securing  the  advan- 
tages of  the  10-cou]iled  wheel  arrangement  with  the  resulting 
increased  capacity  of  the  locomotive.  The  driving  and  rigid 
wheel-base  dimensions  of  these  engines  arc,  respectively,  22  ft. 
6  in.  and  16  ft,  6  in.,  well  within  the  figures  used  on  a  very 
large  number  of  Mikado  and  consolidation  locomotives. 

The  lateral   box   arrangement   consists  of  two   indejiendcnt 
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Fuel  Prices 

Oil  Cosla  Based  on  1  Bbl.  Containing  6,000,000  B.  t.  u. 

Coal  Costa  Based  on  1  lb.  Containing  12,000  and  14,000  B.  t.  u. 

Fig.  8  Di-^gram  Showing  Comparative  Costs  of  Steam 
Turbine  and  Diesel  Engine  Plants  at  Given  Fuel 
Price  and  Load  Factor 


driving  boxes,  whose  transvei-se  lateral  centers  are  about  mi  a 
line  with  the  inside  of  the  main  engine  frames.  When  the 
boxes  are  deflected  by  a  side  movement  of  the  first  pair  of 
driving  wheels  from  their  normal  central  position,  they  and 
the  bridge  casting  move  laterally  in  reference  to  the  member 
carrying  the  springs.  This  movement  deflects  the  inverted 
i-ockers,  which  offer  a  definite  resistance  against  the  motion. 
The  spring  and  equalizer  work,  however,  is  not  shifted  from 
its  normal  position  when  the  boxes  are  deflected  laterally. 

The  operation  of  the  lateral  motion  axle  should  be  con- 
sidered in  connection  with  the  engine  truck  which  is,  on  this 
engine,  of  the  inverted  rocker  type  having  a  resistance  of  50 
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per  cent  against  the  initial  movement,  while  the  resist<ince  of 
the  lateral  device  at  the  first  driver  is  20  per  cent.  These  re- 
sistances are  so  chosen  in  relation  to  the  weig-ht  coming  upon 
each  centering  device,  that  the  lateral  resultants  at  the  engine 
truck  and  the  fii-st  driver  are  about  the  same  in  amount. 

The  resistance  of  the  lateral  motion  box  is  proportioned 
with  the  idea  of  providing  enough  initial  resistance  so  that, 
for  any  ordinary  road  service  on  tangent  track  or  road  curves, 
the  first  driver  will  remain  in  normal  )iosition  and  deflect  only 
when  passing  through  turn-outs  and  yard  curves.  The  action 
of  the  rockers  provides  a  limit  to  the  lateral  pressure  which 
can  be  placed  upon  the  first  driving  wheel  flange,  the  excess 
lateral  pressure  being  transferred  by  the  deflection  of  the  boxes 
to  the  second  pair  of  drivers.  This  divides  the  work  of  guid- 
ing the  engine  tlirough  curves  between  the  truck  and  the  first 
and  the  second  drivers,  instead  of  between  the  truck  and  the 
first  pair  of  drivers  only  as  in  the  ordinary  10-coupled  locomo- 
tive. 

The  same  article  describes  Baldwin  2-10-2  Santa  Fe  loco- 
motives for  the  Erie  railroad,  with  straight  boiler  96.25  in.  in 
diameter  and  a  superheating  surface  of  1389  sq.  ft.,  the  latter 
composed  of  48  elements.  In  this  design  the  Gaines  arch  is 
rei^laced  by  a  combustion  chamber  which  has  the  efifeet  of 
increasing  the  plate  heating  surface  of  the  fire-box  end  by  63 
sq.  ft.  {Railway  Review,  vol.  58,  no.  24,  p.  817,  Jinie  10,  1916, 
6  pp.,  9  figs,  d.) 

The   Modern    Superheater  .^nd   Its   Performance,   S.    S. 

Riegel 

The  jjaper  describes  the  application  of  superheaters  espe- 
cially to  locoraoti\e  use.  The  writer  points  out  that  as  there 
are  now  over  16,000  superbeatere  of  the  so-called  fire-tube 
type  in  service  in  the  United  States  and  Canada,  this  may 
be  called  standard  equipment  on  American  railroads.  At  firet 
considerable  trouble  was  experienced  with  the  header's  and 
cracks  developed  between  the  unit  seats  in  the  lower  faces  of 
the  headers.  This  was  overcome  by  a  later  design  providing 
free  movement  of  the  several  parts,  the  so-called  loose  finger 
design.  Another  recent  improvement  in  the  American  super- 
heater is  the  substitution  of  a  welded  return  bend  for  the  old 
cast-steel  form  known  as  the  torpedo  end. 

For  the  maintenance  of  a  permanently  tight  connection  be- 
tween the  unit  and  header,  the  header  bolts  must  have  a  high 
elastic  limit  of  about  70,000  lb.  and  an  ultimate  strength  of 
over  100,000  lb.  per  sq.  in.  This  prol)lem  has  been  solved  by 
the  use  of  a  special  material. 

The  conversion  of  existing  locomotives  to  supei'heater  loco- 
motives is  discussed  mainly  from  an  economic  standpoint.  In 
general,  the  modernizing  of  existing  engines  by  the  application 
of  superheaters  has  permitted  the  railroads  to  keep  pace  with 
increased  demands,  as  the  change  from  wood  to  steel  equip- 
ment, heavier  rails,  more  exact  service,  etc.  During  the  year 
1915.  out  of  3667  superheaters  applied  in  the  United  States 
and  Canada  more  than  2000  were  used  on  old  engines,  and  as 
a  matter  of  fact  locomotives  are  today  superheated  which 
would  not  have  been  considered  three  years  ago.  A  compara- 
tively recent  development  is  the  superheating  of  switch  en- 
gines. 

As  to  lubrication,  the  writer  states  that  it  is  not  sufficient  to 
have  lubricators  which  w-ork  uniformly,  but  drifting  steam 
must  be  used  under  automatic  control.  Results  without  drift- 
ing steam  are  usually  unsatisfactory.  The  superheater  in  the 
present  form  is  very  sensitive,  but  with  proper  handling  and 
maintenance  is  giving  very  satisfactory  results.     The  author 


advises  the  use  of  some  instrument  like  the  pyrometer  for  the 
l)roper  detennination  of  the  amount  of  superheat  in  the  steam 
when  more  reliable  records  are  required. 

He  concludes  by  questioning  whether  the  type  of  super- 
lieater  so  universally  used  is  one  which  will  endure,  or  if  it  is 
to  be  superseded  by  a  more  durable  and  more  eliicient  type. 
(Central  Railway  CM),  vol.  24,  no.  3,  p.  137,  May  Meeting, 
1916,  8  pp.  g.) 

Equalization  of  Long  Locomotives 

Discussion  of  the  subject  of  the  equalization  of  long  loco- 
motives presented  as  a  report  of  a  committee  of  which  Wil- 
liam Elmer,  Mem.Am.Soc.M.E.,  was  chairman,  before  the  con- 
vention of  the  American  Railway  Master  Mechanics'  Associa- 
tion at  Atlantic  City,  ,lune  20,  1916.  The  report  ,i;i\es  a  brief 
review  of  early  locomotive  invention,  and  then  [u-oceeds  to 
develop  formulae  from  which  to  devise  systems  of  equalization 
for  locomotives  of  the  less  complicated  types  now  in  use. 

The  methods  followed  in  working  out  the  actual  e(jualization 
of  the  various  classes  of  locomotives  depend  on  the  type.  The 
simplest  form  of  wheel  base  is  0-4-0  or  four-wheel  switcher. 
In  order  to  allow  the  wheels  to  follow  the  irregularities  in  the 
track  without  materially  changing  the  loads  on  tlie  journals, 
it  is  necessary  to  adopt  the  so-calleil  three-legged  stool  prin- 
ci])le.  This  involves  designing  the  spring  rigging  so  that  the 
engine  frames  and  all  parts  attached  to  them  shall  be  carried 
on  the  fundamental  jioints  of  support  commonly  called  the 
three  point  suspension.  Tlie  author  derives  formulae  for  the 
loads  carried  by  each  of  the  springs  at  their  supports. 

The  author  next  discusses  locomotives  of  the  0-6-0  type  hav- 
ing six  driving  wheels  and  no  truck  and  derives  formulae  for 
this  case.  In  the  eight  and  ten  driving  wheel  locomotives  with 
no  truck,  the  spring  hangers  have  to  be  anchored  to  the  frames 
between  the  drivers  between  which  the  center  of  gravity  of  the 
spring-borne  parts  comes.  If  this  point  is  overlooked  there 
will  be  danger  of  some  of  the  wheels  not  carrying  enough 
weight  in  case  the  springs  or  spring  hangers  are  not  properly 
made  and  a  derailment  may  occur.  He  discusses  next  locomo- 
tives of  the  Mogul,  consolidation,  decapod  and  American  types, 
and  derives  the  proper  formulae  as  to  loads  on  supports  for 
each  one  of  these  types.  From  these  formulae  the  weight  dis- 
tribution of  any  properly  designed  locomotive  can  be  accu- 
rately determined.  The  writer  points  out  that  there  are  loco- 
motives in  service  in  this  country  in  which  the  spring  rigging 
has  not  been  properly  desianed,  and  these  locomotives  require 
constant  attention  to  see  that  the  different  axles  carrj'  the 
proper  weight.  [Railway  RerieiL\  vol.  59,  no.  1.  p.  12,  .July 
1,  1916,  4  pp.  tm.) 

Draft  Gear  Committee's  Tests  on  Draft  Channels 

Abstract  of  tlie  report  of  the  Draft  Gear  Committee  pre- 
sented at  this  year's  convention  of  the  Master  Car  Builders' 
Association,  reporting  data  of  tests  made  to  determine  the 
maximum  end  force  that  could  be  put  on  the  end  frames  of 
freight  cars  without  overstraining  them.  The  tests  were  made 
at  the  laboratory  of  the  Union  Draft  Gear  Company,  equipped 
with  a  15,000-lb.  pendulum  hammer  so  arranged  that  it  can 
be  raised  to  any  desired  height  and  allowed  to  drop  against 
a  30,000- lb.  car  that  runs  on  a  straight  level  track. 

The  method  of  testing  was  to  mount  some  fonn  of  draft 
gear  and  place  the  car  so  that  the  top  of  the  hammer  stood 
against  the  improvised  coupler  shank  with  the  pendulum  ham- 
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iiier  at  its  lowest  point.  The  iiammer  was  then  raised  to  a 
ilesired  height  by  means  of  a  large  electric  magnet,  and  the 
recording  drum  started  with  the  pencil  in  contact  with  the 
paper.  The  hammer  was  di-opped  and  in  this  way  any  move- 
ment of  tlie  ear  was  recorded  on  the  paper,  these  records  being 
cheeked  by  a  10  in.  Berry  strain  gage. 

Seven  sets  of  channels  were  tested,  five  ordinary  and  two 
heavy  sets,  all  12  in.  deep ;  the  five  had  a  weight  of  25  lb.  per 
ft.  and  the  two  heavy  ones  a  weight  of  40  lb.  per  ft. 

The  data  are  presented  in  the  form  of  tables  and  curves. 
It  was  found  tliat  the  maximum  end  force  on  the  25-lb. 
channels  is  approximately  600,000  lb.  but  that  a  force  of  ap- 
proximately 450,000  lb.  will  cause  the  channel  to  be  over- 
strained. On  the  heavier  channels  the  maximum  of  the  chan- 
nel capacity  was  not  reached  because  the  lugs  sheared  at  about 
850,000  lb.  The  overstrained  point  on  the  heavier  channel 
was  found,  however,  as  lying  probably  a  little  over  700,000 
lb.  It  was  furtlier  found  that  if  a  draft  gear  in  a  car  goes 
solid  before  all  the  energy  is  absorbed  or  transmitted  to  the 
next  car,  the  pressure  is  transmitted  to  the  underframe  im- 
mediately. It  took  only  about  5000  ft-lb.  of  energy  to  do  it 
in   this  case. 

It  is  the  opinion  of  tiie  Draft  Gear  Committee  that  a  draft 
gear  is  needed  that  will  absorb  enough  of  the  energy  to  keep 
the  pressure  down  below  the  elastic  limit  of  the  sills.  The 
Gommittee  calls  attention  to  the  fact  that  ten  rivets  were 
sheared  otf  in  two  of  the  tests  and  that  a  longer  lug  with  more 
rivets  in  it  should  be  provided  by  the  Association  in  the  M. 
C.  B.  lug. 

(As  the  Railway  Review  points  out  in  an  editorial  [June 
24,  p.  921]  a  very  great  saving  can  be  made  by  using  a  draft 
gear  of  greater  ability  to  do  the  woi'k  rather  than  increasing 
the  weight  and  strength  of  the  car  end  frames  so  that  both 
tlie  lading-  and  superstructure  have  to  suffer.  {Railway  Review, 
\()1.  58,  no.  25,  p.  864,  June  17,  1910,  4  pp.,  0  figs.  eA). 

Steam  Engineering 

Kfpicikxcik.s  of  Steam  Prime  Movkrs,   Prof.   F.   O.   Ellen- 
wood,  Mem.Am.Soc.M.E. 

The  writer  discusses  various  conceptions  of  efficiency  of 
steam  prime  movers,  giving  in  every  case  attempted  definitions 
of  the  terms  and  side  by  side  equivalent  terms  used  in  engi- 
neering literature,  with  references  to  published  works  wheie 
these  terras  are  so  used. 

The  ai-ficle  covers  the  subjects  of  the  Carnot  efficiency, 
elfioiency  of  the  Rankine  cycle,  and  also  the  Indicated  Thermal 
Efficiency,  Brake  Thermal  Efficiency  and  Combined  Thermal 
Elficiency,  with  their  ecjuivalents.  The  discussion  comprises 
also  the  various  etifieiency  ratios,  such  as  Indicated  Efficiency 
Ratio,  Brake  Efficiency  Ratio  and  Combined  Efficiency  Ratio. 
Eig.  9  gives  a  bird's-eye  view  of  tlie  terras  suggested  by  the 
author  and  their  relation  to  one  another.  It  also  serves  to 
show  how  the  three  woi'ds,  indicated,  brake,  and  combined, 
when  ap]died  to  the  two  bases,  thermal  efficiency  and  efficiency 
ratio,  give,  without  any  tax  on  the  memory,  a  definite  and 
concise  expression  for  each  of  the  six  important  efficiencies 
commonly  required  in  engineering  practice.  The  author  con- 
siders it  unnecessary  to  introduce  a  term  for  expressing  the 
relation  between  the  net  work  of  the  Rankine  cycle  and  the 
net  work  of  the  Carnot  cycle  for  the  same  temperature  limits 
(various  writers  have  used  for  it  such  terms  as  relative  effi- 
ciency and  tyjJc  efficiency).  At  the  end  of  the  article  a  brief 
bibliography  is  given.      (The  Sibley  Journal  of  Engineering, 


Cornell  University,  vol.  ;)0,  no.  9,  ]i.  288,  June  IDKi,  6  pp.,  1 
fig.     tc). 

Some  Errors  in  Steam  Tables 

Some  very  elaborate  and  convenient  steam  tal)les  issued  of 
late  yeai"s  have  as  their  basis  certain  experimental  work  carried 
out  in  Germany.  To  the  belief  of  the  writer,  the  compilers 
appear  to  have  adopted  the  results  of  these  experiments  with- 
out sufficient  criticism  of  the  methods  employed,  with  the 
result  that  their  tabulated  \'alues  of  total  heats  and  specific 
volumes  of  steam  are  mutually  inconsistent. 

The  author  sees  tiiis  inconsistency  in  the  following :  When 
steam  is  expanded  adiabatically,  the  work  done  can  be  esti- 
mated in  two  ways.     It  is  equal  to  the  area  of  the  indicator 

/144     n  \ 

diagram  { I   Vdp    j,  and  also  to  the  difference  between 

the  total  heats  of  the  steam  in  its  initial  and  final  conditions. 
Hence  if  the  tables  are  correct  the  two  should  equal  each  other, 
but  as  a  matter  of  fact  this  does  not  hold  it  the  (]uantities  in- 
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volved  be  abstracted  from  tables  based  upon  the  experimental 
work  referred  to,  as  the  author  shows  in  examples.  He  comes 
to  the  conclusion  that  the  absolute  values  of  the  total  heat 
tabulated  are  probably  materially  in  error.  The  author  does 
not  sitecifically  mention  the  ta))les  in  Avliich  he  found  these 
errore.  {Engineering,  vol.  101,  no.  2632,  i>.  545,  June  9,  1916, 
1  p.  9.) 

High  Tcrisine  Economy  at  Poor  IjOad  Factors 

High  turbine  economies  have  usually  been  dilficult  to  ob- 
tain in  small  stations  operating  at  poor  load  factors,  because 
a  sulficient  number  of  differently  rated  generatoi-s  is  not 
usually  installed  to  permit  the  operation  of  such  a  combination 
tliat  each  n\achine  will  carry  its  full  rate  of  load  under  all 
conditions.  The  introduction  of  double-nozzle  gear-type  steam 
turbines  offers  one  solution  to  this  problem  by  making  it  [los- 
sible  to  operate  these  units  at  almost  as  high  economy  below- 
rated  load  as  at  full  load. 

The  article  gives  data  of  the  operation  of  two  small  cen- 
tral stations,  one  at  Dowagiac,  Mich.,  and  the  other  at  Hoopes- 
ton.  111. 

The  generating  equipment  at  the  Michigan  station  includes 
a  two-nozzle  Wesfinghouse  turbine  designed  I'or  150  lb.  pres- 
sui-e  and  7-!!)!)  r.p.ni.,  geaied  8  to  1   to  a   15(l4<\v.  Iln-ee-pliasc, 
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plying  electrical  energ>-  to  a  group  of  mines  at  the  Lucerne 
Mines,  Lucerne,  Pa.  The  interest  of  the  plant  lies  in  the  fact 
that  bone  fuel  varying  in  heating  value  from  8500  to  12,000 
B.t.u.  and  containing  from  20  to  35  per  cent  of  ash  is  used  in 
the  furnaces.  The  average  water  evaporated  per  pound  of  fuel 
is  about  7I/2  lb. 

The  ashes  from  the  furnace  ash  pits  are  wetted  down  and 
loaded  directly  into  empty  coal  cars  run  into  position  for  re- 
ceiving them. 

To  burn  the  bone  fuel  successfully  forced  draft  is  necessary 
(about  150  tons  of  fuel  are  burned  each  24  hours).  The  draft 
is  supplied  by  two  11-ft.  diameter,  5  ft.  3  in.  wide  semi- 
inclosed  fans,  each  driven  by  a  13-in.  x  16-in.  horizontal  en- 
gine at  a  maximum  speed  of  223  r.p.m.  An  air  pressure  of 
from  2  to  2^^  in.  of  water  is  maintained. 

There  are  two  3000-kw.  turbines  of  an  older  design  and  one 
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60-cycle,  1150-2300-volt.,  900-r.p.m.  belted-type  generator. 
The  turbine  operates  condensing.  The  300-kw.  Westinghouse 
units  at  Hoopeston  are  designed  for  150  lb.  throttle  pres- 
sure and  run  6000  r.p.m.  non-condensing.  The  efficiency  is 
practically  the  same  at  one-quarter  and  one-half  load  as  it 
is  at  three-cjuarteis  and  full  load.  The  nozzles  of  the  turbine 
at  Dowagiae  are  set  to  carry  equal  loads,  while  in  the  Hoopes- 
ton plant  they  are  set  to  carry  one-third  and  two-thirds  of 
the  total  respectively.  Because  of  dissimilar  recpiirements,  dif- 
ferent adjustments  are  used  at  these  two  plants.  At  Dowagiae 
the  load  is  practically  fixed.  The  steam  pressure  is  main- 
tained at  125  lb.,  which  reduces  the  capacity  of  one  noz- 
zle from  75  kw.  at  150  lb.  to  approximately  60  kw.  so  that 
the  turbine  may  be  operated  with  one  nozzle  at  nearly  full 
load,  and  at  any  time  the  capacity  of  the  turbine  when  oper- 
ating with  one  nozzle  can  be  increased  to  75  kw.  by  boosting 
the  steam  pressure  without  resetting  the  nozzle.  This  is  par- 
ticularly so  as  the  economy  is  practically  the  same  at  125 
as  at  150 .  lb.  steam  pressure.  At  Hoopeston  the  one-third, 
two-tliirds  setting  makes  it  possible  to  operate  the  300-kw. 
units  at  almost  full-load  economy  on  practically  all  loads. 

The  article  gives  the  guaranteed  steam  consumptions  in  the 
form  of  a  table  and  data  on  performances  in  the  form  of 
curves.  {Electrical  World,  vol.  68,  no.  2,  p.  66,  July  8,  1916, 
3  pp.,  7  figs,     d.) 

Unit  No.  3  at  the  Northwestern  Station,  Thomas  Wilson 

Description  of  a  compound  turbine  with  its  auxiliaries  in- 
stalled in  the  latter  part  of  1915  in  the  Northwestern  station 
of  the  Commonwealth  Edison  Company  of  Chicago.  The  tur- 
bine of  this  machine,  which  has  high  and  low  pressure  elements 
mounted  in  tandem  on  the  same  shaft  but  in  separate  casings, 
is  rated  at  45,000  h.p.  Steam  at  230  lb.  pressure  and  200  deg. 
fahr.  superheat,  or  at  a  temi)erature  ajiproximating  600  deg. 
fahr.,  is  su|)j)lied  to  the  turbine.  Within  the  steam  chest  there 
are  14  steam  admission  valves,  all  under  the  control  of  the 
governor  and  delivering  steam  to  the  upper  half  of  the  first 
stage.  There  are  also  four  overload  valves,  each  opening 
simultaneously  witli  one  of  the  last  four  admission  valves. 
These  valves  through  a  series  of  nozzles  discharge  steam  from 
the  firet  into  the  fourth  stage.  Fig.  10  shows  diagi-ammatically 
the  steam  and  water  piping.  Circulating  water  for  the  con- 
denser is  drawn  from  the  intake  tunnel  by  a  48-in.  double  suc- 
tion tri-rotor  pump  driven  directly  by  a  650-h.p.  Curtis  non- 
condensing  turbine  at  1500  r.p.m.  With  the  pump  working  at 
its  rating  and  the  condenser  at  its  normal  capacity,  72  lb.  of 
water  would  be  sui)plied  per  pound  of  steam.  The  tremendous 
size  of  the  installation  can  be  seen  from  the  fact  that  in  a  day 
of  24  hours  a  total  of  74,880,000  gal.  of  circulating  water 
would  be  delivered. 

Entering  the  condenser  the  steam  comes  in  contact  with  the 
indicating  feed-water  tubes,  giving  up  part  of  its  heat  before 
passing  into  the  condensing  S|)ace  proper.  The  air  and  con- 
densate are  taken  from  the  condenser  through  a  single  outlet 
by  a  turbo  air  pumj)  on  the  same  shaft  as  the  circulating 
pump. 

The  condensate  passes  from  the  lieater  to  the  turbine-driven 
boiler  feed  pumps,  of  which  there  are  two  and  which  discharge 
to  the  economizers  located  above  the  boilers.  (Power,  vol.  43, 
no.  25,  p.  866  June  20,  1916,  3  pp.,  5  figs,    d.) 

Lucerne  Mines  Power  Plant,  Warren  0.  Rogei-s  Classification:    c,   comparative;    d,   descriptive;    e,   experi- 

mental ;  g,  general ;  h,  historical ;  m,  mathematical ;  p,  practi- 
Description  of  12,000-kw.  capacity  steam  turbine  plant  sup-       cal;  s,  statistical;  t,  theoretical;  A,  special  merit. 
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Fici.  10  Diagrammatic  Sketch  op  Steam  and  Water  Pip- 
ing of  the  45,000-h.p.  Turbine  Installation  at  the 
Northwestern  Station,  Chicago 

6000-kw.  unit  new.  Significantly,  the  new  unit  having  a  ca- 
pacity ecjual  to  the  other  two  machines  occuijies  practically 
the  same  floor  space,  and  when  running  with  a  5000-kw.  load 
will  save  the  steam  that  can  be  generated  by  one  of  the  500-li.p. 
boilers  over  what  would  be  consumed  if  the  same  load  were 
being  carried  by  the  two  smaller  units.  {Power,  \ol.  44,  no. 
2.  ]..  42,  July  11,  1916,  4  j.p.,  4  figs.     (/.) 

Steam   Power  Plants   for   Aeroplanes,    Robert    Cramer, 
Mem.Am.Soc.M.E. 

Description  of  the  Winslow  boiler,  a  watertube  boiler  of  the 
circulating  type,  constructed  entirely  of  steel  tubing.  It  con- 
sists of  a  number  of  individual  sections,  each  connected  at 
the  bottom  to  a  common  mud  drum,  and  at  the  top  to  a 
common  steam  drum. 

Operating  pressures  in  the  Winslow  boiler  have  been  fre- 
quently carried  to  600  lb.  per  sq.  in.,  and  in  special  cases  as 
high  as  1500  lb.  {Journal  of  the  Aeronautical  Society  of 
America,  vol.  1,  no.  3-4,  p.  28,  March-April  1916,  4  pp.,  4 
figs,  d.) 
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pp.,  20  figs. 
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of  the  Aeronautical  Society  of  America,  vol.  1,  no.  3-4,  March- 
April  1916,  2%  pp.,  illustrated. 

On  the  Elementary  Design  of  Aeroplane  Engines,  John  Wallace. 
Aeronautics,  vol.  10,  no.  141,  June  28,  1916,  2%  pp.,  2  figs. 

Wisconsin  Adds  Aviatio.n  Engine.  The  Automobile,  vol.  35,  no.  1, 
July  6,  1916,  2  pp.,  illustrated. 


The  Zinc-Copper-Couple  Hypothesis  of  Brass  Corrosion,  Arnold 
Philip.  Transactions  of  the  Faraday  Society,  vol.  11,  parts  2 
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Tests  of  Reinforced  Concrete  Pipe,  Joseph  S.  Lambie.  The  Iron 
Trade  Review,  vol.  59,  no.  2,  July  13,  1916,  2  pp.,  illustrated. 

How  TO  Conduct  Fire  Brick  Tests,  C.  E.  Nesbitt  and  M.  L.  Bell. 
The  Iron  Trade  Review,  vol.  59,  no.  2,  July  13,  1916,  7  pp.,  16 
figs. 

Strength  and  Other  Properties  of  Concretes  as  Affected  by 
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Vieze  power  plant. 
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THE  original  business  of  natural  gas  handling  and  selling- 
was  confined  to  the  discoverer,  or  owner,  taking  the  gas 
from  his  own  wells  through  his  own  pipes  to  various  j^ur- 
chasers,  and  supplying  them,  in  consideration  of  certain  fixed 
monthly  payments,  with  all  the  gas  they  could  use.  This 
eliminated  the  whole  problem  of  gas  measurement. 

Some  twenty  years  ago  this  simple  and  effective  solution 
became  impossible  because  of  its  extravagance,  and  the  famil- 
iar domestic  meter  of  the  artificial  gas  business  was  slightly 
modified  to  take  care  of  the  domestic  and  small  industrial 
consumer  of  natural  gas.  The  operation  of  these  meters  is 
based  on  actual  displacement  from  alternate  filling  and  emiDty- 
ing  chambers,  and  is  comparatively  simple.  Where  properly 
cared  for  and  installed,  these  meters  have  given  continuous 
measurements  well  within  the  commercial  limits  of  required 
accuracy  over  long  periods  of  time. 

The  discovery  of  new  gas  fields  has  been  practically  a  con- 
tinuous process,  and  many  fields  were  opened  up  in  the  vicin- 
ity of  towns  previously  piped  for  artificial  gas.  In  time,  sell- 
ing contracts  were  made  between  the  owners  of  gas  wells  and 
the  artificial  gas  companies  already  equipped  to  serve  domestic 
consumers,  the  sale  of  gas  being  effected  at  the  town  border. 
Also,  large  industrial  consumers  were  connected  up  to  gas  lines 
and  took  gas  in  quantities  too  large  to  measure  by  the  stand- 
ard type  of  meter,  leading  to  suggestions  of  many  devices  for 
taking  care  of  the  measurement  of  these  larger  quantities. 

Today,  approximately  two  and  a  half  million  people  in  this 
country  make  or  receive  a  monthly  settlement  based  on  the 
measurement  of  natural  gas.  The  gas  must  be  handled  from 
its  original  location  in  the  gas-bearing  rock  strata  to  its  point 
of  consumption  without  being  seen  or  weighed.     The  basis  on 


which  the  gas  changes  ownership  at  various  periods  during 
its  handling  consists  of  indications  on  dials  and  charts  of 
various  apparatus;  and  in  numerous  cases  where  the  faith  of 
one  or  both  parties  in  these  indications  is  insufficient,  the 
quantity  of  gas  which  has  changed  owners  must  be  settled  by 
arbitration  and  compromise. 


AVAILABLE  MEANS  OF  MEASUREMENT 

While  very  accurate,  the  large  wet  meters  used  for  station 
meters  at  the  producing  plants  of  artificial  gas  companies, 
by  reason  of  size,  cost  and  care  required  for  operation,  were 
not  adapted  to  the  much  larger  quantities  of  lower-priced  gas 
handled  in  the  new  industry.  The  measuring  devices  suggested 
to  meet  this  problem,  up  to  within  the  last  three  or  four  years, 
were  of  three  general  classes :  o  proportional  meters ;  b  pitot 
tips  in  ordinary  pipe  lines;  and  c  calibrated  tubes  containing 
pitot  tips. 

The  proportional  meter  is  simple  and  ingenious  in  principle. 
The  gas  passing  through  this  meter  is  divided  automatically 
into  a  large  and  a  small  channel,  each  having  a  definite  ratio 
of  resistance  to  the  gas  flow,  so  that  the  quantities  of  gas 
passing  through  the  two  channels  have  a  fixed  ratio,  varying 
from  1/50  to  1/200  according  to  the  size  of  the  meter.  The 
smaller  quantity  is  measured  by  an  ordinary  domestic  meter 
with  a  multiplying  dial  register. 

If  the  gas  to  be  measured  had  been  a  clean,  pure,  perfect 
gas,  it  is  probable  that  proportional  meter  records  would  have 
been  satisfactory.  However,  to  the  initial  mechanical  diffi- 
culties of  devising  such  a  meter  were  added  difficulties  caused 


SYNOPSIS 

Tliis  paper  deals  with  the  metliods  employed  by  a  eompany 
operating  over  1200  miles  of  pipe  lines  in  the  mid-continental  ga-i 
field,  in  establishing  a  standard  of  measurement  for  natural  gas  in 
large  quantities. 

After  pointing  out  the  commercial  importance  of  such  a  standard, 
the  author  describes  the  various  available  means  of  measurement — 
proportional  meters,  pitot  tips  in  ordinary  pipe  lines,  calibrated 
tubes  containing  pitot  tips,  the  Thomas  meter,  the  orifice  meter, 
etc.,  stating  their  respective  advantages  and  shortcomings.  He 
then  takes  up  a  specific  problem  of  loss  in  the  system  mentioned, 
and  in  selecting  a  point  of  attack,  chooses  the  large-capacity  meas- 
urements with  orifice  meters  as  promising  quicker  results  for  a 
given  amount  of  work,  and  for  the  reason  that  such  meters  do  not 
involve  delicate  mechanism  or  the  employment  of  complex  formulae. 

Some  serious  inconsistencies  which  developed  after  the  first  two 
months'  operation  were  attributed  to  fundamental  error  of  some 
kind  in  the  principle  employed,  and  the  basic  assumptions  of  the 
method  were  accordingly  subjected  to  verification  in  several  ways, 
the  quantity  of  gas  metered  being  taken  as  equal  to  the  sum  of  the 
gas  lost  by  leakage,  the  gas  added  to  or  taken  from  line  by  change 
of  pressure,  and  the  gas  compressed. 

All  of  the  orifice  calibration  work  has  been  compiled  and  plotted 
in  a  chart  which  gives  the  velocity  coefficient  for  all  sizes  of  pipe 


on  a  basis  of  ratio  of  diameter  of  orifice  to  diameter  of  pipe,  and 
the  author  believes  that  the  fair  curve  through  the  plotted  points 
gives  values  that  may  be  safely  applied  to  any  practicable  size  of 
pipe  line  :  they  are  now  actually  in  use  on  the  system  in  question. 

In  the  course  of  the  work  it  was  found  necessary  to  develop  a 
differential  recording  gage  to  eliminate  certain  operating  difficulties, 
the  outcome  being  a  special  type  of  mercury  float  gage,  particulars 
of  which  are  given  in  the  paper. 

It  has  been  found  impossible  to  obtain  accurate  measurements 
with  a  pulsating  flow  of  gas,  this  being  particularly  true  when  the 
pulsations  are  rhythmic,  as  in  the  vicinity  of  compressor  stations. 
As  numerous  attempts  to  measure  under  such  conditions  have  been 
unsuccessful,  efforts  are  now  being  directed  toward  the  elimination 
of  pulsation,  and  one  device  which  seems  promising  is  described. 

In  the  discussion,  the  attitude  and  regard  for  scientific  accuracy 
displayed  by  the  author's  company  were  commended,  and  attention 
was  called  to  the  fact  that  two  independent  sets  of  investigations 
as  to  the  variation  of  natural  gas  from  the  laws  of  perfect  gases 
are  now  in  progress.  The  hope  was  expressed  that  some  body,  such 
as  the  Societ.v,  working  in  conjunction  with  the  Bureau  of  Mines, 
the  Bureau  of  Standards,  the  state  universities  and  others,  would 
correlate  the  work  of  various  investigators  and  establish  uniformity 
in  the  constants  or  coefficients,  in  the  types  of  apparatus  to  be  used 
in  the  determination  of  specific  gravity  and  measurement  of  gases, 
and  in  differential  pressure-recording  instruments. 
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by  dust  and  sand  from  the  rock  formation,  water,  salt,  oil 
and  gasoline  from  the  wells,  dirt  left  in  the  pipes  when  the 
line  was  laid  and  small  bits  of  debris  from  the  same  source, 
including  occasionally  portions  of  carcasses  of  animals  that 
ventured  into  the  lines  during  construction,  and  in  winter  time, 
quantities  of  hoar  frost  forming  on  the  inside  of  the  pipe 
line,  and  moving  along  with  the  gas  whenever  the  temperature 
rose  suflfleiently  to  loosen  the  frost  from  the  pipe.  The  num- 
ber of  competent  men  in  this  counti-y  today,  trained  to  ad- 
just and  calibrate  these  meters,  is  wholly  inadequate  to  secure 
a  continuous  and  satisfactory  record  of  the  gas  to  be  meas- 
ured. The  best  condition  for  proportional  meter  operation 
is  in  the  distribution  plant,  a  long  distance  from  the  fields, 
where  the  gas  has  passed  many  drips  and  cleaning  devices  and 
is  comparatively  clean.  The  most  unpropitious  location  is  in 
the  fields  close  to  the  wells. 

The  pitot  tube  furnishes  a  more  certain  and  dependable 
method  of  measurement  of  very  large  quantities,  and  has  been 
widely  used  in  various  forms.  There  are  two  general  types  of 
installation :  The  first  consists  of  inserting  pressure  and  veloc- 
ity tips  in  the  ordinary  pipe  line  through  a  tap  made  for  the 
purpose,  assuming  an  average  velocity  at  a  given  distance 
from  the  circumference  (taken  at  various  values  by  different 
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Fig.  1    PiTOT  Tube  Traverse,  8-In.  Pipe 


writers).  The  quantity  of  gas  passing  is  measured  by  ob- 
serving the  difference  of  pressure  between  static  and  velocity 
tips,  and  calculating  the  quantity  passed  by  the  fundamental 
pitot  tube  formula  F^  ^/ (2gh).  The  fundamental  weakness 
of  the  formula  is  that  a  different  and  unknown  coefficient 
should  be  applied  to  each  individual  installation  to  take  care 
of  the  slight  variation  from  nominal  diameter  and  the  effect 
of  roughness  of  the  pipe.  The  coefficient  is  also  modified  by 
irregularity  of  velocity  in  the  same  zone,  shown  by  the  erratic 
results  obtained  in  different  pipe  traverses  where  the  velocity 
tip  (or  both  tips)  is  stationed  progressively  at  regular  in- 
tervals across  the  diameter  of  the  pipe,  and  observations 
plotted  to  show  the  variations  in  velocity  at  different  distances 
from  the  center.     (See  Fig.  1.) 

The  second  and  more  refined  form  of  installation  of  the 
same  instrument — for  many  years  considered  the  standard  for 
large-quantity  measurements — consists  of  tubes  of  polished 
brass  carefully  compared  with  similar  standardized  tubes  and 
the  coefficients  determined  by  esjaeriment.  This  instrument 
has  been  fully  described  by  Thos.  R.  Weymouth'  and  B.  C. 
Oliphant.' 


'Measurement   of   Natural   Gas,   T.   R.    Weymouth,   Trans.   Am.Soc.- 
M.E.. vol.  34,  p.  U)91. 

-  I'roc.  Nat.Gas.Assn.  of  America,  vol.  4,  p.  212. 


These  tubes  at  their  best  are  capable  of  giving  very  close 
results.  They  are  calibrated  by  experiment  individually,  and 
each  one,  therefore,  is  liable  to  have  a  coefficient  varying 
slightly  with  the  personal  equation  of  the  man  making  the 
test.  In  actual  practice  the  tubes  are  occasionally  found  not 
to  run  harmoniously  in  tandem  on  the  same  quantity  of  gas. 
Only  recently  have  satisfactory  differential  gages  been  devised 
for  recording  automatically  the  obsers'ed  differential  pressures 
used  in  the  formula  for  computing  the  quantities.  It  was, 
therefore,  found  necessary  to  have  these  meters  installed  at 
regular  24-hr.  operating  points  and  the  gage  readings  recorded 
generally  at  15-min.  intervals  by  observers,  thus  bringing  an- 
other personal  equation  into  the  result.  The  long  piping 
usually  installed  from  these  tubes  to  the  observing  station 
would  show  a  material  effect  on  the  indication  from  small 
leakages.  In  many  cases  also  it  was  found  that  sand  or  salt 
lodged  against  the  velocity  opening,  partially  or  wholly  closing 
the  exposed  tip,  again  affecting  materially  the  indication  with- 
out the  knowledge  of  the  observer.  In  one  case  a  small  tin  can 
hung  itself  neatly  over  the  velocity  tip  and  put  an  important 
measuring  station  temporarily  out  of  commission. 


MORE  RECENTLY  SUGGESTED  MEANS  OP  MEASUREMENT 

In  the  last  few  years  additional  standards  of  measurement 
which  promise  a  distinct  advance  have  been  proposed.  The 
Thomas  electric  meter'  operates  on  the  most  ingenious  prin- 
ciple of  imparting  a  small  quantity  of  heat  to  the  gas  elec- 
trically, and'  maintaining  a  constant  temperature  increase  be- 
tween the  incoming  and  outgoing  gases.  The  quantity  of  gas 
is  directly  calculated  from  the  quantity  of  heat  supplied,  as 
measured  by  the  electrical  input  necessary  to  furnish  the  heat. 
This  meter  has  the  great  advantage  of  being  theoretically  ac- 
curate without  a  specially  calibrated  coefficient,  and  also  of 
working  indeisendent  of  the  pressure  at  which  the  gas  passes, 
giving  in  effect  a  measurement  of  mass.  The  question  arises, 
however,  as  to  the  adequacy  of  available  data  on  the  specific 
heat  of  gas  of  widely  varying  composition  and  with  daily 
changes  in  specific  gTavity.  Its  installation  involves  consid- 
erable expense  per  unit  as  compared  with  other  types. 

The  so-called  orifice  meter  is  another  comparatively  recent 
suggestion.  This  well-known  principle  of  fiow  of  fluid  through 
a  thin-edged  orifice  is  very  simple  of  application  to  jiipe  lines, 
and  seems  to  give  promise  of  good  results;  but  thei'e  has  been 
great  difficulty  in  securing  recording  gages  delicate  enough  to 
retain  their  accuracy  and  rugged  enough  to  keep  in  continuous 
operation  under  severe  field  conditions, — occasionally  with- 
standing excessive  pressures,  either  forward  or  backward. 

The  venturi  meter  has  also  been  applied  to  some  large  and 
important  measurements.  The  comments  above  apply  prac- 
tically to  the  venturi  meter  with  the  exception  that  the  range 
is  somewhat  wider,  the  cost  of  installation  is  considerably 
heavier,  and  a  true  formula  is  more  complex. 

The  rotary  station  meter,  quite  generally  adopted  in  arti- 
ficial gas  plants,  has  also  been  applied  recently  to  a  compara- 
tively few  installations. 

Very  delicate  and  complex  apparatus  that  has  proved  suc- 
cessful for  steam  meters  in  expert  hands  is  wholly  impractical 
under  the  rough  conditions  of  natural  gas  measurement. 

With  the  meter  difficulties  enumerated,  for  many  years  nio^t 
of  the  gas  companies  did  not  attempt  a  complete  measurement 
of  the  gas  produced  from  their  own  wells  until  it  reached  the 


'  J.  C.  Wilson.  Proc.  Nat.Gas.Assn.  of  America,  vol.  6.  p.  2in. 


September 
1916 


STANDARD  OF  MEASUREMENT   OF   NATURAL   GAS,   F.   P.   FISHER 


683 


point  of  consumption  and  sale.  But,  while  the  extravagance 
of  the  ultimate  consumer  has  been  soundly  and  properly  elimi- 
nated by  selling  him  gas  in  measured  quantity,  the  loss  of  gas 
between  the  producing  wells  and  the  consumer  remains  hidden, 
owing  to  difficulties  of  measurement. 

Due  to  various  causes,  however,  in  many  fields  the  tendency 
in  recent  years  has  been  towards  the  separation  of  the  owner- 
ship of  the  wells  from  that  of  the  great  pipe-line  systems  con- 
necting the  producing  fields  with  ultimate  markets.  This  has 
raised  an  imperative  call  for  field  measurement,  involving 
financial  settlement,  for  large  quantities  of  gas  taken  at  the 
wells.  The  result  is  that  the  comparison  of  the  amount  of 
gas  purchased  and  sold  has  been  forcibly  emphasized  by  its 
financial  aspect,  with  very  surprising  results  in  many  cases, 
showing  enormous  unaccounted-for  losses  of  gas. 

To  avoid  the  difficulty  of  large  quantity  measurement,  many 
contracts  for  sales  have  been  made  with  separate  distribution 
companies  having  pipe-line  systems,  where  the  supplying  com- 
pany takes  a  percentage  of  the  domestic  meter  sales.  Thus, 
the  losses  in  towns  themselves  were  not  generally  realized. 
Instances  have  developed  where  from  35  per  cent  to  an  extreme 
of  80  per  cent  of  all  gas  entering  town  distributing  systems 
appeai-s  as  unaccounted  for  in  meter  sales,  and  some  large 
pipe-line  systems  have  discovered  overall  losses  approximating 
50  per  cent  of  all  gas  entering  the  system.  In  fact,  it  was 
discovered  recently  that  losses  in  excess  of  25  per  cent  are  the 
general  rule  rather  than  the  exception. 


A  SPECIFIC  PROBLEM  OP  LOSS 

Some  three  years  ago  the  writer  became  associated  with  the 
reorganized  management  of  a  natural  gas  piping  system  in  the 
Mid-Continent  field,  comprising  something  over  1200  miles  of 
main  lines  with  corresponding  field  and  distributing  plants. 
In  the  course  of  investigations  preparatory  to  outlining  a  gen- 
eral policy,  there  was  discovered  between  purchase  and  sales 
a  loss  of  gas  which  seemed  wholly  unreasonable  and  the  elimi- 
nation of  which  would  be  the  shortest  and  most  effective  road 
to  early  increase  of  earnings. 

The  total  loss  could  be  made  up  from  losses  from  six  pos- 
sible causes: 

1  Leakage  of  field  lines 

2  Leakage  of  main  lines 

3  Leakage  in  distribution  systems 

4  Errors  in  large-capacity  meters 

5  Errors  in  domestic  meters 

6  Errors  in  estimates  of  unmeasured  gas 

The  first  step  in  eliminating  this  waste  was  to  provide  an  ac- 
curate gas  measurement  at  strategical  points,  for  segregating 
the  leakage  so  that  the  repair  work  could  be  made  efficient. 
Manifestly,  the  first  problem  was  that  of  large-capacity  meter 
installation,  and  with  part  of  our  losses  possibly  due  to  meter 
inaccuracy,  the  first  step  was  the  establishment  of  a  definite 
standard  of  accuracy  in  meters.  The  work  done  to  establish 
this  standard  has  been  continued  by  a  technical  staff  for  ap- 
proximately two  and  one-half  years  at  considerable  expense. 
It  has  now  passed  the  second  phase  of  installing  measuring 
stations  to  segregate  and  locate  definitely  the  remaining  leak- 
age losses. 

Jleanwhile,  repairing  of  the  most  evident  weak  places  and 
reduction  of  95  per  cent  of  our  purchase  and  75  per  cent  of 
our  larger  sales  to  standard  bases,  have  reduced  the  imac- 
counted-for  losses  about  one-half,  and  we  are  prepared  to  get 
after  the  more  difficult  remainder  with  more  efficient  tools  and 


better  promise  of  quick  results.  The  matter  of  critical  study 
of  domestic  meters,  believed  to  be  the  final  step  in  this  cam- 
paign, is  reserved  until  other  corrections  and  improvements 
are  initiated  and  in  operation. 


POINT  OP  ATTACK 

In  selecting  a  point  of  attack,  the  large-capacity  measure- 
ments were  chosen  as  promising  quicker  results  for  a  given 
amount  of  work.  The  small-capacity  meters  as  now  operated 
are  more  reliable,  but  the  number  is  so  great  that  imj^rovement 
through  checking  these  meters  would  necessarily  be  slow. 

In  connection  with  large-capacity  measurement,  a  catalog 
of  the  weaknesses  and  objections  to  all  known  and  available 
methods  has  been  given  earlier  in  the  paper.  It  was  deter- 
mined that  the  relative  objections  be  weighed  and  one  of  the 
systems  chosen  as  a  standard  to  be  developed  to  a  closer  de- 
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Fig.  2    Chart  of  Revolutions  of  Compressor  and  Intake 
Pressuee 

gree  of  accuracy  than  heretofore  available.  The  method  chosen 
for  development  was  the  orifice  meter,  in  the  belief  that  the 
objections  to  the  existing  types  could  be  overcome  at  less  cost 
and  more  simply  than  in  any  of  the  others.  Further  consider- 
ation was  the  absence  of  delicate  mechanism,  and  the  sim- 
plicity of  the  formula.  There  is  no  question  but  what  any  one 
of  the  other  methods  of  measurement  is  capable  of  an  equal 
degree  of  refinement,  but  the  present  paper  is  chiefly  con- 
cerned with  the  work  actually  done  on  this  one  type  of  meter. 
In  order  to  give  the  work  a  sound  foundation,  it  was  con- 
sidered necessary  to  establish  a  standard  of  reference  entirely 
independent  of  existing  meter  inrlications.  and  a  250,000-cu.  ft. 
capacity  artificial  gas  holder  at  Joplin,  Mo.,  was  taken  as  a 
reference  quantity.  This  part  of  the  work  has  been  described 
concisely  and  accurately  in  a  paper  presented  to  the  Society 
in  December,  1915,  by  E.  0.  Hickstein.  Some  500  standardized 
flows  were  made,  covering  a  period  of  nearly  a  year,  for 
establishing  a  wholly  independent  and  authoritative  coefficient 
which  could  be  relied  on  in  actual  service.    This  work  was  con- 
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fined  to  various-sized  orifices  in  8  and  10-in.  pipes,  inasmufU 
as  the  quantities  to  be  measured  first  were  large  and  would 
necessitate  such  installations. 

In  the  meantime,  while  these  calibrations  were  being  made, 
the  manufacturers  of  differential  recording  gages  were  ui-ged 
to  perfect  and  deliver  recording  differential  gages  having  a 
range  of  zero  to  50  in.  water  pressure,  and  operated  by  an 
iron  float  in  a  mercui-y  U  tube.  These  gages  were  finally  per- 
fected and  delivered  about  the  time  of  the  completion  of  the 
Joplin  tests,  and  about  twenty  of  the  most  important  installa- 
tions were  made  in  rapid  succession. 

ORIGINAIi  CONSTANTS  CALLED  IN  QUESTION 

With  the  results  of  these  installations,  after  the  first  two 
months'  operation  some  serious  inconsistencies  appeared  which 
were  attributed  to  fundamental  error  of  some  kind  in  the  prin- 
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ciple  being  employed.  We  considered  it  necessary  at  once  to 
verify  the  following  basic  assumptions  not  previouslj'  experi- 
mented on. 

T'irst  Assumption.  Coefficients  detei'mined  by  experiment^; 
with  differentials  of  4%  io-  of  water  or  less,  representing 
velocities  of  less  than  100  ft.  per  min.,  are  constant  with 
velocities  up  to  300  ft.  per  min.,  represented  by  differentials 
up  to  50  in.  of  water,  which  were  utilized  in  actual  service. 

Second  Assumption.  CoeflEicieiits  determined  at  atmospheric 
pressure  are  constant  and  unchanged  by  static  pressures  up 
to  365  lb.  absolute. 

Third  Assumption.  Coefficient  determined  with  air  at  point 
of  saturation  is  applicable  to  natural  gas  by  applying  cor- 
rection for  specific  gravity. 

Fourth  Assumption.  Natural  gas  is  a  perfect  gas,  having 
pressure  and  volume  relations  according  to  Boyle's  law. 

The  work  of  verifying  these  assumptions  was  undertaken 
in  three  ways.     The  first  was  by  a  careful  comparison  under 


operating  conditions  of  orifice  meter  registration  with  a  cali- 
brated compressor  displacement. 


vroEK  to  establish  constants 

There  was  available  at  Bigheart,  Okla.,  a  compressor  station 
consisting  of  three  duplex  units  of  about  950  h.p.  rating  twin- 
tandem  gas  engines,  each  driving  two  double-acting  compressor 
cylinders  with  poppet  valves,  only  one  engine  being  used  in 
the  test. 

Fifty  miles  distant,  near  the  north  end  of  the  Gushing  field, 
was  located  a  measuring  station  with  a  10-in.  orifice  meter  con- 
taining a  disk  with  6V2-in.  opening.  The  dimensions  of  the 
intervening  lines  are: 


Nom.  Diam., 
In. 

Actual  I.D. 

Area.  Sq.  In. 

Area,  Sq.  Ft. 

Length 

Capacity, 
Cu.  Ft. 

18  O.D. 
16  O.D. 
10  I.D. 
12  LD. 
12  O.D. 

17.375 
15.375 
10.192 
12.250 
1   .4316 

237.10 
185.66 
81.585 
117  860 
102.036 

1.646 

1.289 

0.5661 

0.8185 

0'7125 

Tota    Cu 

42,091 
79,823 
6,747 
84,549 
28,947 

Ft. 

69.300 

102,900 

3,822 

69,  )90 

20,630 

265,742 

The  first  factor  to  be  determined  was  the  leakage.  The  line 
was  filled  to  about  300  lb.  and  closed  in.  After  the  pressure 
had  equalized,  the  pressures  were  carefully  taken  at  half-hour 
intervals  until  the  pressure  reached  270  lb.  Then  the  com- 
pressors were  started  and  the  pressure  reduced  to  230  lb. 
After  the  pressure  was  equalized  again,  the  pressures  were 
taken  as  before.  In  this  way  the  leakage  was  determined  at 
a  number  of  points,  approximately  280,  225,  165,  and  115  lb., 
giving  the  same  results  that  would  have  been  obtained  by 
allowing  the  whole  volume  of  gas  to  leak  out.  Fig.  4  gives  a 
graphical  representation  of  the  pressure  log  during  the  leak- 
age test.  Fig.  5  was  derived  fi'om  Fig.  4  by  plotting  to  a  large 
scale  and  drawing  a  fair  curve  through  the  resulting  points  to 
eliminate  errors  in  gage  readings.  Then  the  rates  of  di'op  at 
various  pressures  were  plotted.  To  determine  rate  of  leakage 
at  any  pressure,  multiply  line  volume  by  drop  in  pressure  per 
hour  and  divide  the  result  by  14.41,  which  will  give  the  cubic 
feet  of  gas  leakage  per  hour. 

After  determining  the  leakage  as  shown  in  the  curves  in 
Figs.  4  and  5,  one  of  the  compressor  units  was  carefully  over- 
hauled to  secure  good  valve  and  packing  ring  conditions.  An 
automatic  counter  equipped  with  indicating  chart  was  mounted 
on  the  secondary  shaft  with  a  pressure  spring  automatically 
recording  the  intake  pressure  of  the  compi'essor  cylinders, 
tracing  a  line  on  the  same  chart.  This  gave  a  chart  as  shown 
in  Fig.  2,  in  which  the  outer  loops  each  represent  1000  revo- 
lutions. The  line  was  filled  and  shut  in  at  both  ends  and 
allowed  to  equalize.  The  compressor  was  started  and  the  in- 
take pressure  held  constant  by  regulating  a  gate  on  the  station 
intake.  Fifteen-minute  readings  were  taken  on  all  gages  and 
thermometers.  The  total  and  intermediate  numbers  of  revo- 
lutions of  the  comjiressor  were  taken  from  a  revolution 
counter.  The  line  pressure  being  taken  at  the  start  and  finish 
of  the  test,  the  volume  of  gas  taken  from  the  line  would  equal 
the  initial  pressure  minus  the  final  pressure  divided  by  14.41, 
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the  result  multiplied  by  the  line  volume.  From  this  the  leak- 
age was  deducted,  leaving  the  volume  of  gas  taken  by  the  eom- 
pressor.  With  the  proper  temperature  corrections,  the  volume 
of  gas  taken  by  the  compressor  divided  by  the  cylinder  dis- 
placement during  test,  equals  volumetric  efficiency.  Two  re- 
liable tests  were  made,  and  the  average  of  the  two  results  was 
taken  as  the  final  figure.  The  results  of  two  such  runs  were 
as  follows: 


August  4,  1914 

Time  of  Start 8  :  35  :  30  a.m. 

Time  of  Stop 12  :  09  p.m. 

Duration  of  Test 2131/2  min. 

Average  Intake  Pressure,  lb.  per  sq.  in 121 . 5 

Average  Intake  Temperature,  deg.  fahr 81 

Revolutions  during  Test 22,445 

Average  rev.  per  min 105 

Cylinder  Displacement  per  Revolution,  cu.  ft 13.496 

Cylinder  Displacement  for  Test,  cu.  ft 2,85^,543 

Average  Line  Temperature,  deg.  fahr 80 

„             ,.       „              f  Start,  lb.  per  sq.  in 258.25 

Correct  Lme  Pressure -i  _,^         ,,                   .  ,.._  ,-- 

^Stop,  lb.  per  sq.  m 127.75 

Drop  in  Line  Pressure  during  Run,  lb.  per  sq.  in. .  .  .  130 .  50 

Rate  of  Leakage  at  Average  L.P.,  lb.  per  hour 0 .  98 

Drop  of  Pressure  due  to  Leakage,  lb.  per  sq.  in.  . .  .  3.43 

Drop  in  Pressure  due  to  Pumping  Out,  lb.  per  sq.  in.  127 .0 

Effective  Drop  in  Atmospheres 8 .  81 

Volume  of  Line,  cu.  ft 265,742.0 

Gas  Taken  from  Line  by  Compressors,  cu.  ft 2,344,643.0 

Corrected  to  Intake  Temperature,  cu.  ft 2,345,544.0 

Gas  from  Line                      ,  „„  .  ,     „ 

=  Vol.  Efficiency 82 . 2% 

Compressor     Displacement 

Average  Volumetric  Efficiency    =  83.0% 


Following  this  determination  gas  was  drawn  through  the 
measuring  station,  and  under  test  conditions  the  compressor 
and  meter  were  operated  in  tandem  for  111  hr.  divided  into 
5  periods.  In  this  test  all  conditions  at  Bigheart  were  prac- 
tically the  same  as  during  the  volumetric  efficiency  test.  The 
Gushing  end  of  the  line  was  opened  and  the  line  filled  until 


Augu.st  5,  1914 
8  :  52  ;  15  a.m. 
1  :  10  p.m. 
258  min. 
122.3 
81 
27,085 
105 
13.496 
3.447,034 

79.5 
289.75 
129.50 
160.25 
1.01 
4,34 
135.91 
10.82 
265,742.0 
2,875.328.0 
2,886,829.0 

83.7% 
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Fig.  4    Pressure  Log  During  Leakage  Test 


the  pressure  at  Bigheart  was  above  125  lb.  Then  the  engine 
was  started,  and  after  running  conditions  were  constant  the 
test  was  started  and  continued  for  5  days.  Half-hourly  read- 
ings were  taken  at  both  ends  of  the  line.  With  the  exception 
of  the  first  period,  the  results  were  worked  up  in  twenty- 
four  hour  periods.    •  Figures  for  a  typical  period  are  as  follows : 


THIRD  PERIOD  OF  RUN 

4:00  p.m.,  August  8,  to  4:00  p.m.,  .\ugu3t  9.  1914. 
Leakage  and  Change  of  Line  Pressure  during  Test: 

Bigheart  167  lb.  to  178  lb.   =11  lb.  increase 

Gushing  210  lb.  to  218  lb.  =  8  lb.  increase 

.\ssumed  average  increase  =  10  lb. 
Gushing  average  Pressure  214  lb. 
Bigheart  average  Pressure  173  lb. 

41  lb.     41  X  5^   =  27.4. 

173  +  27  =  200  lb.,  assumed  average  Line  Pressure. 
Rate  of  Leakage  at  200  lb.  from  Test  Curve   =  0 .  97  lb.  per  hour  or  23 .  3llb.  per 

24  hours. 
Volume  of  Line  =  265,742  cu.  ft. 

10  +23.3  ^  265,742  =  613,000  cu.  ft.  metered  but  not  compressed. 
14.41 
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COMPRESSOR    CALCULATIONS 

Average  Intake  Pressure,  123  lb.    Average  Intake  Temperature  82°  F. 
Displacement  per  Revolution   =  13.496  cu.  ft. 
Revolutions  during  Test   =  151,899.     R.P.M.   =  105.3. 
122.5  4-14.41 
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=  19,420,000     cu.     ft.     displaced     at     100  'o 


14.41 

Volumetric  Efficiency. 
Average  Volumetric  Efficiency  from  Test  =  83Vc. 

19,420.000  X  0.S3  "  16,120,000  cu.  ft.  of  Gas  pumped  at  14.41  lb.  and  82°  F. 
16,120,000 
613,000 


16,733,000  cu.  ft.  =  amount  of  Gas  accounted  for  at  14.41  lb.  and  82°  F. 


METER  CALCULATIONS 

15-Minute  Air  Coefficient  at  14.41  lb.  and  00  deg.   =  3.146  per  M. 
Specific  Gravity  of  Gas  during  Test  =  0.714 

^'^•'^     =  3,725  =  15-Min.  Coefficient  for  Gas  at  14.41  lb.  and  60°  F. 
V  (0.714) 

.\verage  Meter  Temperature   =  82°  F. 
Sum  of  Extensions  for  Test  =  2240.551. 

2240.551   X  2  =  4481.102,  extensions  for  15-Min.  Coefficient. 
3.725   X  4481   =  16,690,000  cu.  ft..  Quantity  that  would  pass  meter  with  a  meter 

temperature  of  60°  F. 
16,690,000  X  V  (520/542)  =  16,350,000  cu.  ft.  of  Gas  at  14.41  lb.  and  60°  F.  with 

Meter  Temperature  of  82°  F. 

16,350,000  X  -^  =  17,045,000  cu.  ft.  at  82°  F. 
520 
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17.045,000 
613,000 
16.432.000 
16,432,000 
19,440.000 
17,045,000 
16,733,000 


COMPARISON 


84.6  f.  ^'olumctric  Efficiency  of  Compressor  as  shown  by  Meter. 


101.  S>c 


The  object  of  this  test  is  to  account  for  the  gas  metered  by  the 
Gushing  meter  through  orifice  No.  10,652,  using  the  meter 
coefficient  determined  by  the  Joplin  experiments  and  the 
recording  pressure  and  differential  gages  that  are  in  use  at 
the  Gushing  station.  The  factore  entering  into  the  comparison, 
for  a  certain  interval  of  time,  are:  quantity  of  gas  metered; 
quantity  lost  by  leakage;   quantity  put  into  or  taken  out  of 
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Fig.  6    Hourly  Pressure  Readings  in  Wann  Tests 

line  by  change  in  line  pressure ;  and  quantity  taken  from  line 
by  compressors. 

L  Gas  lost  by  leakage 

Quantity  of       }  Gas  added  to  or  taken  from  line  by  change 

gas  metered  ~  "\  of  pressure 

r  Gas  compressed 

All  gages  and  thermometers  used  were  calibrated. 

The  final  result  of  this  comparison  is  illustrated  graphically 
by  Fig.  3,  in  which  the  net  result  of  a  comparison  of  the  com- 
pressor station  with  the  orifice  meter  shows  a  constant  differ- 
ence of  approximately  2  per  cent.  Followmg  this  test  a  con- 
tinuous comparison  was  carried  on  by  checking  monthly  totals 
to  secure  information  as  to  the  consistency  of  this  agreement 
over  a  long  period  of  time.  At  other  points  these  monthly 
checks  were  carried  on  by  means  of  the  pipe-line  flow  formula 
proposed  by  Thos.  R.  Weymouth  in  a  ]ia|  er  read  before  the 
Society.'  For  instance,  during  the  month  of  June.  1915,  the 
amount  of  gas  through  the  Cushing-Biglieart  line  compared 
day  by  day  showed  a  total  compressor  station  displacement  of 
377,110,000  cu.  ft.,  using  the  same  volumetric  efficiency  found 
by  the  test.  The  total  orifice  meter  reading  for  the  same 
period  was  382,480,000,  an  excess  of  ll-g  per  cent.  A  check 
of  another  orifice  meter  measuring  gas  through  a  line  con- 
sisting of  5.59  miles  of  8-iu.  inside  diameter  and  9.23  miles  of 
10-in.  inside  diameter  line  gave  a  How,  by  Mr.  Weymouth's 


formula  for  drop  in  line  pressure,  of  333,420,000 ;  and  the 
orifice  meter  gave  totals  for  the  same  month  of  338,900,000  eu. 
ft.,  an  excess  of  IV2  per  cent.  The  pressure  in  the  last  two 
comparisons  ranged  from  200  to  290  lb.  Leakage  allowances 
were  made  in  each  case  on  the  same  basis  as  referred  to  and 
shown  in  Fig.  5,  for  one  of  these  lines. 

WANN    DISPLACEMENT    TESTS 

The  pump-station  and  line-flow  checks  gave  approximate 
corroboration  in  certain  specific  instances  of  the  value  of  the 
coetBcient  determined  at  Joplin,  but  it  was  admittedly  neces- 
sary to  get  a  verification  covering  as  wide  a  range  of  pressures 
and  differentials  as  possible.  For  this  purpose  we  chose  a 
section  of  line  running  from  Caney,  Kan.,  to  a  point  near 
Wann,  Okla.,  which  was  not  in  use  at  the  time,  and  was  located 
so  that  it  could  be  filled  with  gas  at  any  time  up  to  a  pressure 
of  250  lb.    The  dimensions  of  this  line  were : 

1  From  Wann-Portland  to  12-in.  gate,  1  mile  west,  1/23/14. 

5,236  ft.  of  12-in.  (III/2  in.  I.D.)  X  0.7213  =  3,776.73  ou.  ft. 

286  ft.  of  10-in.  I.D.  X  0.5476  =     156.61  cu.  ft. 

48  ft.  of  8-in.  X  0.3474  =       16.67  cu.  ft. 

Total  volume  between  12-in.  and  8-in.  gates  =  3,950.01  cu.  ft. 

2  From  Wann-Portland  to  18-in.  gate,  'iVn  miles  west. 

2,554  ft.  of  18-in.  (17^  in.  I.D.)  X  1-6347  =    4,175.00  cu.  ft. 

18,554  ft.  of  12-in.  (111/2  in.  I.D.)  X  0.7213  =  13,383.00  cu.  ft. 

286  ft.  of  10-in.  X  0.5476  =       156.61  cu.  ft. 

48  ft.  of  8-in.  X  0.3474  =         16.67  cu.  ft. 

Total  volume  between  18-in.  and  8-in.  gates  =  17,731.28  cu.  ft. 

3  From  Wann-Portland  to  18-in.  gate  at  Caney,  Kan.,  station. 
17,776  ft.  of  18-in.  (17^  in.  I.D.)  X  1.6347=29,058.4  eu.  ft. 
Total  of  No.  2  =  17,731.28  cu.  ft. 


Total  cu.  ft.  in  line 


46,789.68  cu.  ft. 


'  Problems    in    Xatural    Gas    Englueeriug,    Trans.Am.Soc.M.E., 
34,  p.  185. 


vol. 


There  were  three  gates  on  the  line,  so  located  that  the  latter 
could  be  used  as  a  reservoir  having  a  computed  volume  of 
either  46,730,  17,670  or  3,950  cu.  ft.,  according  to  the  size 
of  the  meter  to  be  tested.  Careful  leakage  tests  were  run  on 
the  various  sections  of  this  line.  Figs.  6  and  7  show  the  leak- 
age on  the  smallest  division  at  different  line  pressures.  In 
making  these  leakage  tests,  care  was  taken  to  seal  the  gates 
at  each  end  of  the  section  in  use  and  drain  the  line  beyond  the 
gate  at  each  end  through  an  observed  opening  to  prevent  un- 
known leakages  in,  or  out,  through  the  gate  valves.  This 
station  was  connected  up  as  shown  in  the  diagram.  Fig.  8,  so 
arranged  that  gas  from  this  reservoir  was  allowed  to  escape 
through  three  orifice  meter  flanges  in  tandem,  one  8-in.  and 
two  10-in.  It  was  then  led  through  a  reducing  valve  manipu- 
lated by  an  operator,  and  through  a  section  of  line  about  300 
ft.  long  to  a  large  discharge  chamber,  Figs.  9  and  10.  This 
chamber  consists  of  an  initial  space  containing  a  series  of 
conical  baffles  to  break  up  eddies  in  the  current,  and  a  second 
chamber  of  larger  dimensions  with  an  additional  batfle  having 
at  the  outlet  end  a  large  flange  for  conveniently  changing  the 
outlet  plate.  These  plates  had  a  central  oiifice  through  which 
gas  was  discharged  to  the  air  by  a  head  in  the  discharge 
chamber,  maintained  as  near  an  absolute  constant  as  possible 
for  giving  a  test  run.  This  head  was  observed  at  one-minute 
intervals  by  a  sensitive  inclined  draft  gage,  and  a  second 
similar  draft  gage  attached  to  the  same  line  was  near  the  man 
who  regulated  the  reducing  gate.  Tins  manipulation  was 
carefully  controlled  to  maintain  this  head  as  nearly  uniform 
as  possible. 
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It  was  the  aim  to  maintain  a  uniform  rate  of  flow  from  start 
to  finish  of  each  run,  although  with  a  wide  variation  in  pres- 
sure and  differentia!  on  the  orifice  meters  in  series.  Tempera- 
tures were  taken  at  each  succeeding  point  on  the  line  and  cor- 
responding corrections  made.  This  work  was  continued  from 
June  20  to  the  end  of  September,  1914.  Nearly  1200  deter- 
minations of  coefficients  were  made.  For  the  purpose  of  show- 
ing the  factors  taken  into  consideration,  a  portion  of  the 
complete  record  of  a  typical  day's  run  on  September  27,  1914, 
is  here  given.    The  disks  installed  in  the  flanges  that  day  were: 

Flange  A.  Disk  10,503,  5-in.  orifice  in  10-in.  line 
Flange  B.  Disk  10,402,  4-in.  orifice  in  10-in.  line 
Flange  C.    Disk    8,409,  4-in.  orifice  in    8-in.  line 

Table  1  gives  the  observed  data  for  determining  the  amount 
of  gas  escaping  from  the  reservoir  in  the  six  successive  runs, 
and  the  specific  gravity  of  the  gas  in  each  instance. 

The  following  is  a  key  to  the  symbols  used  as  summaries 
of  readings  and  calculated  values,  as  tabulated  in  Table  2,  in 
regard  to  the  Wann  displacement  tests. 


Column    Symbol 
number 


Pc 

Pa 

■J(hP) 

a 


6 

T, 

7 

T„ 

8 

Ri 

9 

Cm 

10 

c. 

11 

Ca 

DESCRIPTION 

Observed  differential  drop  in  in.  of  water,  across  meter  orifice 
disk 

Gage  reading  (P),  corrected  to  calibration 

Corrected  gage  reading,  lb.  absolute 

Calculated  square  root  of  the  product  of  h  and  P,, 

Calculated  rate  flow,  expressed  in  cu.  ft.  per  15  min.,  at  average 
line  temperature  and  standard  barometric  pressure  B  of 
14.41  lb.  per  sq.  in.  This  value  is  based  on  the  average  rate 
of  displacement  and  corrected  for  variations  in  prover  tem- 
perature 

Observed  temperature  of  gas  at  prover 

Observed  temperature  of  gas  at  orifice  meter 

Calculated  value  of  Ri  reduced  from  average  line  temperature 
to  observed  orifice  meter  temperature 

Calcxilated  15-min.  meter  constant,  for  gas  at  temperature  Tm. 
Found  b.v  dividing  R2  (column  8)  by  V  i^P)  (column  4) 

Cm  corrected  to  60  deg.  fahr. 

Calculated  15-min.  meter  constant,  for  air  at  standard  condition 
of  14.41  lb.  per  sq.  in.  absolute,  and  60  deg.  fahr. 


Table  2  gives  the  actual  observations  for  determining  the  meter 
constants.  The  significant  results  of  this  series  of  observations 
is  column  11  giving  the  air  constant  for  each  of  the  disks 
tested. 

A  study  of  the  results  of  this  work  led  to  the  belief  that 
assumptions  1  and  2,  ante,  were  not  perfect,  and  that  it  would 
be  necessary  to  provide  means  for  using  a  variable  factor  in- 
stead of  a  constant  heretofore  applied  on  orifice  meters. 

Inasmuch  as  the  number  of  records  to  be  computed  in  ordi- 
nary operation  is  so  great,  the  considerable  clerical  labor  in- 
volved could  not  be  put  in  the  hands  of  technical  men,  and  it 
was  deemed  advisable  to  devise  a  slide  rule  which  could  be 
continually  used  with  a  variable  factor  in  accordance  with 
the  pressure  and  difl:erential  shown  at  different  points  on  the 
chart. 

Fig.  11,  developed  in  collaboration  by  Prof.  P.  F.  Walker, 
is  a  series  of  curves  showing  results  of  the  entire  tests  segTe- 
gated  as  to  differential  and  pressure,  with  a  view  to  the  deter- 
mination of  the  available  factor  to  be  used  if  a  variable  co- 
efficient should  become  necessary. 


QUESTION  OP  AN  IMPERFECT  GAS 

Assumption  3,  ante,  that  the  coefficient  determined  for  aii' 
would  apply  for  gas,  and  assumption  2,  in  part,  that  coefficient 


di'termined  at  low  jressure  would  apply  for  high  static  pres- 
sure, were  called  in  question  in  a  paper  read  by  Prof.  P.  F. 
Walker  before  the  Society.'  It  was  therefore  deemed  necessai^ 
to  pursue  the  work  suggested  by  him  at  that  time  to  a  con- 
clusion, which  could  be  used  as  a  basis  of  calculation.  In 
consultation  with  Professor  Walker  it  was  decided  to  in- 
augurate simultaneously  analogous  experiments  in  the  Uni- 
versity of  Kansas  laboratory  and  at  the  Wichita  Natural  Gas 
Company's  laboratory  in  Bartlesville.  Independently  and 
simultaneously,  S.  S.  Wyer,  of  Columbus,  and  Robert  F.  Ear- 
hai't,  working  in  the  laboratories  of  the  Ohio  State  University, 
were  conducting  similar  experiments.  Up  to  the  present  time 
the  findings  in  these  three  series  of  tests  are  somewhat  diverse 
and  not  yet  ready  to  submit.     The  final  conelu{sion  of  this  re- 
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-  1.6 
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40 


60         60         100        120         140        160         180 
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Fig.  7    Computed  Rate  of  Leakage  in  Wann  Tests 


TABLE   1       READINGS  AND  RESULTS  OF  DISPLACEMENT  CHECKS 

Small   and  Large  Provers  in  Tandem  with  Three  Meter  Orifices 
(Nos.  10,503,  10,402  and  8,409) 
Seplembir  '21lh,  1914.  12-in.  Gate,  one  mile  west  of  station,  shut. 

Computed  Volume,   3,950   cu.   ft. 
(Barometer,  29.60  In.  Hg.     Specific  Gravity  of  Gas,  0.696) 


Quantity  in  Cu.  Ft.  at 

Corr. 

Line  Temperature 

No.  or 

Time. 

Start 

Dura- 
tion of 

Line 
Pres- 

Tem- 
po 

Avg. 
U 

Avg. 

Size  of 

Pro- 

Prover 

and 

Test, 

.sures, 

Gross 

Leak- 

Net 

Net 

ature 

Tube, 

ver 

Orifice 

Finish 

Min.- 

Start 

for 

age 

for 

for 

of 

In. 

Temp. 

Sec. 

and 

Fin.- 

Entire 
Test 

for 

Test 

En- 
tire 
Test 

Fif- 
teen 
Min. 

Line 

3605 

1:22:00 
1:05:35 

16-25 

218|i 
71 

40,490 

350 

40,140 

36,690 

70 

4.43 

72 

3005 

2:06:00 
1:45:55 

20-05 

225M 
71  J< 

42,190 

420 

41,770 

31,200 

70 

4.17 

75 

2705 

3:42:45 
3:10:55 

31-50 

230M 
3 

62,250 

570 

61,680 

29,060 

68 

4.19 

77 

16  in. 

4:54:15 
4:46:20 

7-55 

220 
30H 

51,920 

140 

51,780 

98,170 

68 

2.74 

65 

12H  in. 

5:36:50 
5:23:05 

13-45 

214M 
13Ji 

54.930 

230 

54,700 

59,670 

66 

2.76 

66 

12J^  in. 

6:08:30 
5:53:10 

15-20 

207M 
13K 

53,160 

240 

52,920 

51,7^0 

65 

2.04 

63 

'Physical   Laws   of   Methane   Gas.   Trans.    .\m.Soc.M.E.,    vol.    36,    p. 
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search  will  be  of  great  importance  to  the  natural  gas  industry, 
and  will  determine  finally  the  necessity  for  a  variable  coetfi- 
cient  in  orifice  and  pitot  meter  determinations. 


PROBLEM    OP    SPECIFIC    GRAVITY 


A  very  important  factor  hitherto  unmentioned  is  that  of 
specific  gravity.  Below  are  given  gravitj'  determinations  in 
three  different  fields  taken  at  several  months'  intervals,  and 
a  series  of  simultaneous  gravities  in  seven  different  fields: 


North  Osage  Gravities 

Jan.,  1914 0.585 

Sept.,  1914 0.635 

Nov..  1914 0.653 

April,  1915 0.647 


Gushing  Gravities 

May,  1914 0.640 

Nov.,  1914 0.6995 

March,  1915....  0.7605 

Oct.,   1915 0.695 

Simultaneous  Gravities 


Sycamore  Field  . 

0.5765 

Pawhuska  Field. 

0.630 

Local  lola  Field. 

0..590 

Augusta  Field... 

0.666 

Humboldt  Field. 

0.601 

Lot  51 

Mar.,   1915  ..  .  .    0.597 

May,  1915 0.603 

Oct.,  191S 0.627 


Chilocco  Field  .0.6925 
Sedan  Field.    .   0.765 


Differen-fiol 
anal  Pres  Gages 


^"Oage  Lines 


Draft  Gage 


Page  Line 


-e/imi'nary  Baffle 
large  flow  Chamber 


IT 


Regulaftng  Gate 


FlangeC  "\ 

" One  Mile +ol?"Gafe 


Fig.  8    Wann  Testing  Station  Connections 


NEW   TESTS    WITH   AIR   AT   ERIE 


A  subsequent  series  of  calibrations  was  run  in  191-3  to  sup- 
plement the  large  cajiacity  meters  previously  developed  by  the 
addition  of  a  series  of  relatively  small  capacity  meters  in  6-in. 
and  4-in.  pipe.  The  reference  quantity  chosen  for  this  work 
was  a  small  holder  located  at  the  testing  plant  of  the  Metric 
Metal  Works,  Erie,  Pa.,  which  was  courteously  loaned  to  the 
company's  technical  staff  for  the  purpose.     Check  tests  were 

TABLE  2       WANN  DISPLACEMENT  TESTS,  SEPTE.MBER  27.   1914 

Large  Prover  in  Tandem  with  Three  dieter  Oriiices.      One  Mile  of  12  in.  Line  L'sed 

Disk  No.  8,409;    Flange  C 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

k 

P, 

P„ 

V(AP) 

Ri 

Tp 

T.„ 

Ri 

Cm 

c. 

Ca 

12  in.  Orifice:  B  =  29.60  in.;  Line  Temperature  66';  Average  Prover  Temperature 
66*;   Average  Flow,  59.670  Cu.  Ft.:  GraWty  of  Gas,  0.696 


11  20 

197 

211.50 

48.62 

,i9.440 

70 

69 

59,790 

1.229 

1  219 

1.017 

12.05 

185 

199.50 

49.01 

59,560 

68 

69 

59,910 

1.222 

1.212 

1.011 

12.82 

175 

189.50 

49.25 

59,610 

67 

68 

59,850 

1.215 

1.206 

1.006 

13.97 

162M 

177.00 

49.70 

59,670 

66 

68 

59,910 

1.204 

1.195 

0.997 

15  02 

147H 

162.00 

49.30 

59,730 

65 

68 

59,970 

1.214 

1.205 

1.005 

16.71 

132H 

147.00 

49.53 

59,790 

64 

67 

59,910 

1.208 

1.200 

1.001 

18.40 

119K 

133.75 

49.53 

59,790 

64 

67 

59,910 

1.208 

1.200 

1.001 

20.14 

108 

122.50 

49.65 

59,790 

64 

66 

59,790 

1.204 

1.197 

0.998 

22.73 

96 

110.50 

50.10 

59,790 

64 

66 

59,790 

1.193 

1.186 

0.989 

27.72 

75K 

90  25 

49.97 

59,790 

64 

66 

59,790 

1.196 

1.189 

0.992 

38.61 

SIJ^ 

66  00 

50.42 

59,790 

64 

66 

59,790 

1.185 

1.178 

0,982 

46.05 

41H 

56.00 

50.73 

59,790 

64 

66 

59,790 

1.178 

1.171 

0.976 

Small  Prover  in  Tandem  with  Three  Meter  Orifices.      One  Mile  of  12  in.  Line  Used 
Disk  No.  8,409;    Flange  C 


In  actual  practice,  gravity  determination  of  gas  at  a  gi\'en 
purchase  meter  frequently  affects  a  correction  in  the  monthly 
settlement  of  from  $3000  to  $8000,  as  compared  with  the 
gravities  taken  a  month  or  two  previous,  or  an  estimated 
gravity  such  as  is  frequently  used.  The  method  of  determining 
this  specific  gravity  with  diffusion  instruments  is  rather  a 
delicate  manipulation.  Even  with  experienced  operators  re- 
sults are  liable  to  vary  with  the  same  sample,  and  it  is  of 
great  commercial  importance  to  eliminate  this  uncertainty.  It 
was,  therefore,  considered  necessary  to  develop  a  type  of 
gravity  determining  apparatus  which  would  give  approxi- 
mately accurate  and  consistent  results  in  the  hands  of  inex- 
perienced and  unskilled  manipulators,  and  finally,  at  the  sug- 
gestion of  W.  C.  Baxter,  a  method  was  proposed  using  ap- 
paratus shown  in  Fig.  12.  The  principle  involved  is  simple, 
consisting  of  an  indicating  balance  with  a  beam  carrj'ing  op- 
posed weights  of  widely  different  volume.  This  balance  is 
enclosed  in  a  chamber  with  observation  glasses  at  the  ends. 
The  balance  is  adjusted  to  equilibrium  with  the  chamber  filled 
with  air.  The  air  is  then  completely  expelled  by  a  flow  of 
gas  and  the  gas  pressure  increased  in  the  chamber  until  the 
balance  is  again  at  equilibrium.  The  specific  gravity  is  de- 
termined by  the  relative  absolute  pressure  of  air  and  gas 
necessary  to  secure  the  same  buoyancy,  as  shown  by  indicating 
balance.  The  apparatus,  even  in  the  crude  form  shown,  seems 
to  be  quite  sensitive  enough  to  improve  materially  our  gTavity 
records  and  to  involve  the  pereonal  equation  to  but  a  slight 
degree. 


No.  3605  Orifice;  B  =  29.60  in.;  Line  Temperature,  70°;  .Average  Prover  Tempera- 
ture, 72°;   Average  Flow,  36,690  Cu.  Ft.;    Gravity  of  Gas.  0.696 


3. SI 

207)i 

221.75 

29.03 

36,580 

75 

74 

36,860 

1.268 

1.252 

1.044 

4.22 

191Ji 

205.75 

29.41 

36,620 

74 

74 

36,900 

1.252 

1.236 

1.031 

4.47 

182Ji 

196.75 

29.61 

36,620 

74 

73 

36,830 

1.243 

1.228 

1.024 

4,63 

176 

190.50 

29.68 

36,650 

73 

73 

36,860 

1.242 

1.227 

1.023 

4.95 

162 

176.50 

29.52 

36,690 

72 

72 

36,830 

1.247 

1.233 

1.028 

5.25 

153K 

168.00 

29.88 

36,690 

72 

72 

36,830 

1.241 

1.227 

1.023 

5.74 

143}i 

158.25 

30.11 

36,730 

71 

70 

36,730 

1.220 

1.208 

1.008 

5.92 

136 

150.50 

29.80 

36,760 

70 

70 

36,760 

1.232 

1.220 

1.017 

6.34 

125M 

140.25 

39.80 

36,800 

69 

70 

36,800 

1.232 

1.220 

1.017 

7.49 

vmi 

133.25 

30.39 

36,830 

68 

70 

36,830 

1.212 

1.200 

1.001 

8.08 

100 

114.50 

30.39 

36,830 

6S 

70 

36,830 

1.212 

1.200 

1.001 

9.56 

82 

96.50 

30.37 

36,870 

67 

70 

36,870 

1.214 

1.202 

1.003 

also  taken  with  8-in.  and  10-in.  pipe-line  orifices:  in  all  about 
130  determinations  were  made,  covering  the  orifices  tabulated 
on  the  next  page. 

Table  3  gives  data  for  determination  of  leakage  in  the  holder 
and  lines.  This  gives  a  leakage  correction  factor  for  these 
tests.  Table  4  gives  the  dimensions  of  the  holder.  Table  5 
is  a  recapitulation  of  the  derivation  of  the  formula  used  in 
determining  the  air  constant  in  this  series  of  tests.  Table  6 
is  a  specimen  sheet  showing  a  summary  of  determinations  made 
on  various  orifices  in  6-in.  pipe.  The  following  is  a  key  to 
the  tabulation  employed  in  Table  6  on  page  689 : 
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1st  Column. 

Heading:  Nu 

2nd  Column. 

Fe 

.3rd  Column. 

Til 

4tii  Column. 

Ti, 

.5th  Column. 

Tf 

6th  Column. 

H 

7th  Column. 

P 

8th  Column. 

Ca 

9th  Column. 

C, 

Pi, 

KEY  TO  TABULATION  IN  TABLE  6 


Feet  Drop  of  Holder    Each  foot  drop  is  equivalent  to 

displacement  of  200  cu.  ft. 
Time  in  Sec.  Taken  by  stop  watch. 

Temperature   of  holder   air,    deg. 

fahr. 
Temperature  of  flowing  air,  dfg. 

fahr. 
Differential  across  disk,  inches  of 

water. 
Absolute  pressure,  in  lb.  per  sq. 

in.  on  inlet  side  of  disk. 
Fifteen-minut*    air    constant    for 

disk. 
Velocity  coeflScient.  per  cent. 
Holder  pressure   (lb.  per  sq.   in., 

absolute). 

ORIFICES  USED  IN  ERIE  TESTS 


Size  of 

Size  of 

No.  of 

Size  of 

Orifice, 

No.  of 

Size  of 

Orifice, 

Disk 

Pipe,  In. 

In. 

Disk 

Pipe,  In. 

In. 

4051 

4 

0.506 

6204 

6 

2.002 

4071 

4 

0.755 

6302 

6 

3.003 

4103 

4 

0.996 

6401 

6 

4.000 

4123 

4 

1.250 

8101 

8 

1.010 

4154 

4 

1.500 

8205 

8 

2.006 

4174 

4 

1.754 

8304 

8 

3.006 

4205 

4 

1.997 

8451 

8 

4.500 

4223 

4 

2.251 

8506 

8 

5.005 

4251 

4 

2.504 

10151 

10 

1.500 

4301 

4 

3.002 

10302 

10 

3.007 

6101 

6 

1.002 

10451 

10 

4.502 

6151 

6 

1.502 

10601 

10 

5.999 

PRESENT  STATUS  OF  COEFFICIENT 

All  the  orifice  calibration  work,  up  to  and  including  the  Erie 
tests,  has  been  compiled  and  reduced  to  a  basis  shown  in  Figs. 
13  and  14,  showing  the  velocity  coefficient  for  all  sizes  of  pipe 
plotted  on  a  basis  of  the  ratio  of  diameters  of  orifice  to 
diameters  of  pipe  in  Fig.  13,  and  on  a  basis  of  the  ratio  area 


TABLE  3      LEAIvAGE  TEST,  AUGUST 


1915 


The  readings  and  calculated  results  given  here  show  Leakage  Test  made  to 
ascertain  rate  of  leakage  from  holder,  so  proper  allowance  could  be  made.  This 
test  was  started  about  noon  on  a  Saturday  and  ran  until  early  Monday  morning. 

Time 

Start  11:30  a.m.     Aug.  7,  1915. 

Finish  7:00  a.m.     Aug.  9,  1915. 


Temperature  of 
Readings         jj„,jg^  p^^   p^;^^ 

Reading  of 
Tape 

Start                              70 
Finish                             71 

26.0 
25.85 

Leakage  (without  any  allowance  for  change  of  temperature  during  test):  0-15  ft. 
drop  in  433-2  hr.  This  is  equivalent  to  0.0115  cu.  ft.  per  min.  Leakage  (with  tem- 
perature corrections  made);  0.0130  cu.  ft.  per  min. 

of  orifice  to  internal  area  of  pipe  opening  in  Fig.  14.  This 
shows  the  degree  of  variation  under  the  conditions  of  the  dif- 
ferent tests,  and  the  solid  black  line  is  an  averaging  line  on 
which  coefficients  for  actual  use  at  the  present  time  are  based. 
It  is  the  belief  of  the  author  that  this  value  may  be  safely 
applied  within  the  limits  of  accuracy  shown  by  the  curve  to 
any  practicable  size  of  pipe  line  without  further  question. 
The  number  of  espei-iments  which  are  incorporated  in  it.  and 
the  great  variety  of  conditions  under  which  it  has  been  de- 


veloped, have  practically  eliminated  any  personal  equation  of 
observational  error  of  any  individual  test  or  series  of  tests. 

TABLE  4     CALCULATED  VOLUME  OF  HOLDER,  AUGUST  10,  1915 

Pleasured  Diameter  of  Holder  Top  (Outside). 

16' 0.5";  16' 0.1";  15'  11.8";  15'  11.9";  15'  11.7"; 
16'  0.1";  15'  11.7"  and  16'  0.0" 

Average  15'  11.975" 

Allowance  for  thickness  of  metal, 

2  thicknesses  of  No.  16  gage  iron,  0.125" 

Inside  Diameter,  15'  11.850" 

or  15.988  ft. 

Calculated  area  =  200.76  sq.  ft.,  which  means  that  one  foot  clrop  of  holder  dis- 
pUaces  200.76  cu.  ft.  The  nominal  capacity  is  200  cu.  ft.  per  ft.  drop;  the  actual 
capacity  is  therefore  %  of  1  per  cent  above  the  theoretical. i 

Measured  Circumference  of  Holder 

Near  Top 50'  3?f" 

Near  Middle 50'  4" 

Near  Bottom 50'  4}4" 

1  This  error  of  5^  of  1  per  cent  in  holder  capacity  is  ignored  in  the  calculation  of 
all  tests  given  in  this  report.  It  exactly  counterbalances  an  error  of  H  of  1  per 
cent  in  stop  watch. 

When  the  exact  data  are  available  as  to  the  factor  which 
must  be  applied  to  Boyle's  Law  for  gases  of  differing  composi- 
tion, it  is  now  apparent  that  the  observational  points  slightly 


TABLE  5      DERIVATION  OF  GENERAL  FORMULA  FOR  CALCULATING 
HOLDER  TESTS  ON  ORIFICE  METER  DISKS 

Subscript  "o"  means  standard  conditions  of  pressure  and  temperature,  i.e.,  60 
deg.  fahr.  and  14.41  lb.  per  sq.  in. 

Subscript  "h"  means  actual  conditions  of  air  or  gas  in  holder.  This  will  vary 
from  day  to  day,  even  for  the  same  holder. 

Assuming  Flow  Temperature  of  60  deg.  fahr. 

Ci, 

Q.,    =  C„  hP  for  air  =  hP  for  gas. 

6 


any  Other  Flow  Temperature  T,. 

6       r,-            Tf 

X   "'■ 

14.41 

Q„   X    520       P,.     ^  C„     ^^ 

Ti,     14.41         6 

520 

Tf' 

c,  =<?„^'-«^''   '^\ 

hP    Th  14.41 

In  this  general  formula  derived  above,  there  are  substituted  special  values  for 
reducing  quantity  and  time  of  test,  giving 

Tape  Difference  (in  ft.)       Pi,    Tj_ 
Number  of  Sec.  Ti,    hP 


C,i   =284.6 


off  the  curve  in  Figs.  13  and  14  will  be  brought  still  closer 
to  agreement,  and  we  shall  have  then  the  necessary  data  to 
apply  intelligently  a  variable  coefficient  if  it  is  found  desir- 
able. With  the  slide  rule  mentioned  earlier,  it  would  be  no 
more  difficult  to  make  routine  meter  calculations  with  a  vari- 
able than  with  a  constant  coefficient. 


EECORDING  APPARATUS 

It  was  found  necessary  to  develop  a  differential  recording 
gage  to  eliminate  certain  operating  difficulties  which  resulted 
in  loss  of  record  over  considerable  proportion  of  the  time 
for  most  of  the  meters  in  service.  The  difficulties  to  be  elim- 
inated were: 

a     rupture  of  spring  from  overload  in  spring  type  gages 
b     erratic  calibration  in  spring  type  gages 
c     retarding  of  indicating  needle  by  stuffing-box  friction  in  all 
types. 
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d  loss  of  mercury  through  leakage  in  mercury  float  type  re- 
cording gages,  resulting  in  derangement  of  zero  level  of 
mercui-y  and  false  reading 

t!  loss  of  mercury  through  stuffing  box,  same  type  gages  and 
same  difficulties. 

/  blowing  over  of  mercury  into  pipe  line  with  strong  flow  of 
gas  in  same  type  of  gages. 

All  these  difficulties  resulted  in  loss  of  record  from  the  time 
any  of  the  enumerated  troubles  occurred  until  a  trained  atten- 
dant could  again  visit  the  station  and  restore  the  gage  to 
normal  condition. 

A  type  of  mercury  float  gage  was  suggested  by  H.  O.  Bal- 
lard, superintendent  of  lines  for  this  company,  and  has  been 
gradually  developed  step  by  step  to  overcome  the  various  dif- 
ficulties enumerated.  This  gage  (Fig.  1.5)  is  so  built  that  when 
the  gas  pressure  exceeds  the  range  of  the  gage  the  mercury 
level  in  the  concentric  manometer  leg  drops  below  the  opening 
at  a,  Fig.  15,  and  a  free  flow  of  gas  is  permitted  without 
violently  disturbing  the  body  of  mercury,  so  that  when  the 
pressure  again  drops  within  the  limits  of  the  gage  the  fluid 
returns  to  normal  registering  position  and  the  operation   of 


Fig.  9    Outflow  Chamber  with  Separate  Orifice  Plates 

the  gage  goes  on  correctly.  The  stuffing  box  is  far  from  the 
mercury  body,  and  a  large  chamber  above  the  mercury  with 
a  baffle  at  the  top  prevents  the  splash  of  the  mercury  through 
to  the  outlet  pipe.  A  small  automatic  check  is  inserted  in  the 
line,  close  to  the  gage,  which  will  allow  a  gentle  flow  of  gas 
but  shut  off  with  any  violent  current  in  either  direction  by 
the  raising  of  a  light  ball  to  the  "  choke  "  position.  There  is 
also  installed  a  small  mercury  separating  chamber  on  the  high- 
pressure  line  to  prevent  loss  of  mercury  by  a  back  flow. 

A  convenience  for  eliminating  occasional  error  caused  by 
using  the  wrong  pressure  chart  with  a  given  differential  record 
consisted  of  installing  the  pressure  spring  in  the  same  ap- 
paratus and  concentric  with  the  stuffing  bo.x  of  the  differential 
gage,  so  arranged  that  differential  and  pressure  records  appear 
on  the  same  chart,  using  one  color  of  ink  for  the  pressure  and 
another  for  the  differential.  This  reduces  the  number  of  clocks 
requu-ed  and  allows  the  installation  to  be  made  with  simpler 
piping. 

limitation  as  to  range 

All  large-capacity  gas  meters  have  maximum  capacity  limits 
which  must  be  made  sufficient  to  take  the  greatest  flow  to  be 
measured.    The  minimum  limits  are  not  so  definite. 


In  all  the  types  enumerated  the  accuracy  deteriorates  at  the 
minimum  limits.  In  the  orifice  meter  the  degree  of  accuracy 
is  apparent  on  inspection  of  the  chart,  for  the  reason  that 
the  resulting  percentage  of  error  occasioned  by  falsely  esti- 
mating the  position  of  the  differential  line  becomes  a  much 
gi'eater  factor  in  the  result  as  the  total  differential  pressure 
diminishes.     In  other  words,  an  error  which  in  a  10-  or  1'2-in. 

TABLE  6      summary  OF  ERIE  TESTS  ON  6-IN. 

ORIFICE     METER     DISKS 

-August,  1915 


2  3  4  5  6  7  8 


Date,  8-17-15:     Barometer,  29.4  in.     Ph  =  14.63. 


6302 

6 

231.0 

531 

529 

4.645 

14.57 

0.5677 

72.8' 

6302 

6 

232.7 

531 

529 

4.56 

14.57 

0.5692 

73.0 

[73.0 

6302 

6 

253.5 

531 

529 

3.86 

14.54 

0.5676 

72. 8j 

6204 

4 

367.9 

531 

529 

5.17 

14.59 

0.2253 

65.0 

6204 

3 

292.2 

531 

529 

4.37 

14.57 

0.2313 

66  6 

6204 

3 

317.5 

531 

529 

3.685 

14.. 15 

0.2315 

66.9 

6204 

4 

365.5 

531 

529 

5.17 

14.59 

0.2252 

65.0 

6204 

3 

276.2 

531 

529 

5.115 

14.59 

0.2235 

65  0 

6204 

3 

290.5 

532 

531 

4.43 

14.57 

0.2312 

66  9 

6204 

1 

94.7 

532 

531 

4.855 

14.58 

0.2256 

65.3 

6204 

1 

95.6 

532 

531 

4.61 

14.58 

0 . 2294 

66  4 

6204 

1 

94.6 

532 

531 

4.74 

14.58 

0.2293 

66.4 

6401 

8 

166.1 

532 

530 

3.12 

14.52 

1.286 

92.7^ 

6401 

8 

169.7 

532 

530 

2.98 

14.51 

1.291 

93.0 

^93.0 

6401 

8 

194.3 

532 

530 

2.26 

14.49 

1.296 

93.3 

6401 

8 

165.6 

532 

530 

3.13 

14.52 

1.289 

92.9- 

6151 

1.450 

239.8 

532 

531 

5.295 

14.59 

0.1239 

63.6] 

6151 

1.343 

240.6 

532 

531 

4.465 

14.58 

0.1243 

63.8 

^64.0 

6151 

1.135 

240.4 

532 

531 

3.19 

14.52 

0.1245 

63  9 

6151 

1.070 

240.5 

532 

531 

2.84 

14.51 

0.1245 

63.9.- 

Date,  8-18-15:  Barometer 

29.4  in. 

P*  = 

14.63. 

6101 

1 

384.2 

528 

527 

5.29 

14.60 

0.0S345 

61.6~| 

6101 

1 

425.0 

528 

527 

4.35 

14.56 

0.05331 

61  6 

6101 

1 

470.4 

529 

528 

3.55 

14.53 

0.0.5326 

61  6 

S-61,9 

6101 

1 

556.9 

529 

528 

2.54 

14.48 

0.05332 

61  6 

6101 

1 

652.0 

529 

528 

1.815 

14.45 

0.05397 

62. 3J 

6204 

1.7 

154.6 

530 

529 

5.19 

14.60 

0.2278 

65.7 

6204 

1 

94.6 

530 

529 

4.69 

14.58 

0.2306 

66.7 

6204 

1 

98.6 

531 

529 

4.30 

14.57 

0.2306 

66  7 

6204 

1 

105.1 

531 

529 

3.715 

14.55 

0.2325 

67.4 

6201 

1 

111.7 

531 

530 

3.28 

14.54 

0.2330 

67.5 

6204 

1 

121.6 

531 

530 

2.765 

14.52 

0.2334 

67.6 

6204 

1.2 

165.7 

531 

530 

2.165 

14.51 

0.2326 

67.4 

Date,  9-2-15:     Barometer,  29.6  in.      Pi, 


6204 

6.3 

573.0 

532 

530 

5.16 

14.71 

0.2278 

65.7 

6204 

3.5 

359.0 

532 

530 

4.05 

14.67 

0.2305 

66.7 

6204 

2.0 

235.0 

532 

530 

2.99 

14.60 

0.2325 

67.4  ■ 

6204 

1.4 

202.4 

532 

530 

1.99 

14.58 

0.2323 

67.3 

6204 

1.0 

195.8 

532 

530 

1.09 

14.55 

0.2313 

67.0 

6204 

1.2 

199.7 

532 

530 

1.49 

14.56 

0.2333 

67.7 

6204 

1.2 

245.5 

532 

530 

1.00 

14.55 

0.2315 

67.1 

6204 

1.2 

219.6 

532 

530 

1.235 

14.56 

0.2331 

67.6 

6204 

1.4 

267.4 

532 

530 

1.12 

14.33 

0.2345 

68.0 

6401 

7.9 

161.4 

535 

533 

3.14 

14.63 

1.304 

93.9 

6401 

7.7 

158.0 

535 

533 

3.12 

14.63 

1.301 

93  7 

6401 

6.8 

156.8 

535 

533 

2.505 

14.61 

1.296 

93.3 

6401 

6.3 

172.0 

535 

533 

1.S2 

14.59 

1.285 

92.6 

differential  might  be  negligible,  would  be  an  important  factor 
of  a  1-in.  differential.  As  a  result,  with  our  50-in.  range  re- 
corders, we  consider  the  practical  limits  of  capacity  to  have 
a  ratio  of  about  one  to  four. 

We  keep  a  supply  of  all  size  orifices  on  hand  and  make 
frequent  changes  to  keep  the  gages  operating  at  their  most 
accurate  range.  Some  installations  have  hour-to-hour  varia- 
tions which  run  beyond  the  limits  of  this  ratio,  and  to  avoid 
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the  cost  of  constant  attendance  of  an  operator  a  convenient 
apparatus  lias  been  devised  for  automatically  changing  from 
one  size  orifice  to  another  without  personal  attention.  The  in- 
stallation in  the  pipe  line  consists  of  a  large  revolving  plate. 
pierced  by  several  orifices  of  different  sizes,  which  may  be 
shifted  to  come  in  succession  concentric  with  the  pipe.  This 
apparatus  is  actuated  by  an  automatic  shifter  deriving  its 
power  from  the  pressure  of  gas  in  the  line  and  controlled 
by  a  diaphragm  operated  by  trip  valves  so  that  the  disk  will 
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Fig.  10    Outflow  Chamber  with  Separate  Orifice  Plates 
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Fig.  11     Curves  Analyzing  Wann  Coefficients 

be  shifted  to  the  next  larger  orifice  when  the  maximum  dif- 
ferential reaches  a  predetermined  value,  say  40-in.,  and  will 
be  shifted  to  the  next  smaller  orifice  when  the  differential 
reaches  a  minimum  predetermined  value,  say  4  or  5  in.  This 
shift  makes  a  sudden  and  unmistakable  jump  in  tlie  chart, 
which  is  readily  interpreted.  Whether  or  not  it  wUl  be  neces- 
sary to  use  a  third  pen  on  the  chart  which  will  trace  a  line  in- 
dicating which  orifice  i-  in  service,  will  be  determined  by  actual 
operation. 


PULSATION  OF  FLOW 


One  problem  at  present  unsolved  is  obtaining  correct  meas- 
urement with  a  pulsating  flow.  This  is  particularly  true  where 
the  pulsations  are  rhythmic,  as  in  the  vicinity  of  compressor 
stations  with  reciprocating  compressor  pistons.  An  orifice 
meter  early  installed  at  such  location  failed  to  check  with  the 
station  or  with  meters  some  17  miles  away  on  the  same  line. 
In  endeavoring  to  locate  the  difficulty  a  series  of  recording 
gages  was  installed,  both  with  and  without  devices  for  damp- 
ing out  the  pulsations  in  the  lines  leading  to  the  gages.  There 
were  finally  connected  in  parallel  a  spring  recording  gage,  a 
mercury  float  gage  of  the  type  originally  installed,  a  Ballard 
recording  gage  as  described  above,  and  a  water  U  tube.  These 
gages  were  all  calibrated  in  unison,  and  agreed  very  well  under 
condition  of  steady  flow.  When  the  compressor  station  was 
started  the  gages  took  widely  varying  positions;  some  dropped 
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Fig.  12    Baxter  -Gravity  Apparatus 

down  to  half  their  former  reading  despite  the  increased  flow, 
one  took  a  negative  reading  as  though  the  flow  were  reversed 
and  the  water  column  took  a  wholly  indeterminate  condition 
of  churned  foam ;  some  of  the  gages  moved  about  in  an  erratic 
way  and  others  gave  steady  indications,  but  wholly  unrelated 
to  the  ciuantity  of  gas.  A  proportional  meter  installed  in 
taudem  at  this  point  gave  over  a  period  of  months  a  record 
erratic  and  irreconcilable  as  compared  with  pump  station  dis- 
placement, line-flow  formula  or  meters  17  miles  away  oper- 
ating on  the  same  gas  with  steady  flow. 

Similar  disturbances  in  the  accuracy  of  the  record  are  oc- 
casioned by  irregular  pulsations  resulting  from  the  action  of 
fluid  in  the  line.  Disturbances  are  particularly  serious  when 
occasioned  by  irregular  or  imperfect  action  of  automatic  pres- 
sure regulators  in  the  vicinity  of  the  meter.  After  many  un- 
successful attempts  to  solve  the  problem  of  measuring  under 
these  conditions,  our  efforts  are  now  bent  on  eliminating  pulsa- 
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tion.  One  attempt  is  shown  in  Fig.  16,  where  a  device  was 
installed  ahead  of  a  compressor  station  with  the  idea  of  divid- 
ing the  gas  into  about  20  different  streams  and  make  each 
stream  traverse  a  path  of  different  length  so  that  the  wave 
motion  from  different  parts  of  the  cycle  would  be  made  to 
interfere  at  the  point  wliere  the  gas  was  again  brought  to  a 
common  line.  This  was  almost  successful,  and  it  is  believed 
that  by  a  little  further  calculation  and  change  of  arrangement 
to  secure  more  perfect  interference  a  measurement  at  this 
point  may  be  secured. 


llOr— 


20         30        40  50         60         70 

Ra+io  of  Orifice  Diameter  +o  Pipe  Diame+er,  Per  Cent 

Fig.  13    Velocity  Coefficients  for  Orifice  Meter  Disks 
Based  on  Ratio  of  Diameter 

Pulsations  due  to  fluid  and  imperfect  regulators  are  obvi- 
ously questions  of  simple  correction,  by  separators,  drips  and 
mechanical  rejaairs. 

conclusion 

In  conclusion  the  writer  wishes  to  acknowledge  the  loyal, 
able  and  enthusiastic  ser\-iee  of  the  technical  staff  entrusted 
with  carrying  out  these  experiments,  particularly  Mr.  E.  0. 
Hiekstein.  Jun.Am.Soc.M.E. 

Much  of  the  apparatus  referred  to  has  been  suggested  by 
members  of  this  staff,  as  follows:  a  Fundamental  concentric 
U  tube  recording  gage,  Mr.  H.  0.  Ballard;  b  Gravity  ap- 
paratus and  safety  device  for  recording  differential  gage,  Mr. 
W.  C.  Baxter;  c  Automatic  orifice  shift,  Mr.  J.  P.  Fisher, 
Mem.  Am.Soc.M.E. 

Many  incidental  developments  and  improvements  should  be 
attributed  to  others  who  took  important  part  in  the  work. 
Acknowledgment  is  especially  due  to  Prof.  P.  F.  Walker, 
Mem.  Am.Soc.M.E.,  for  very  hearty  and  enthusiastic  coop- 
eration in  reviewing  data  and  visiting  and  inspecting  experi- 
mental conditions.  Further  acknowledgment  is  also  due  to  the 
many  excellent  papers  that  have  appeared  on  measurement  of 
natural  gas  referred  to  at  various  points  through  the  paper. 


Particular  acknowledgment  is  due  to  Mr.  Alfred  J.  Diescher, 
who  has  supported  the  work  of  arriving  at  a  more  sound  basis 
of  measurement.  This  support  has  not  only  consisted  in  gen- 
erously approving  the  considerable  cost  of  the  work  but  also 
in  taking  an  enlightened  and  detailed  interest  in  the  progress 
throughout,  and  adopting  a  broad  policy  that  the  truth  in 
regard  to  measurement,  whether  favorable  or  imfavorable  from 
a  financial  standpoint,  should  be  adopted  without  coercion  or 
pressure. 

DISCUSSION 

mr.  welch  calls  attention  to  necessity  of  standardizing 
coefficients 

W.  M.  Welch  (written).'  There  is  one  feature  in  connec- 
tion with  this  paper  which  I  would  like  to  call  to  the  attention 
of  the  Society,  and  that  is  the  necessity  of  standardizing  the 
coefficients  to  be  used  in  the  measurement  of  natural  gas. 
In  the  natural  gas  fields  there  is  a  wide  divergence  in  the 
constants  or  coefficients  used.  At  the  present  time,  engineers 
throughout  the  country  are  working  independently  on  these 
problems,  such  as  Weymouth  and  Cooper  in  Pennsylvania  and 
West  Virginia,  Wyer  and  Biddison  in  Ohio:  Fisher  in  Okla- 
homa, Paine  and  Moeller  in  California,  and  numerous  others. 
All  of  these  men  are  connected  in  some  way  with  producing  or 
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Fig  14     Velocity  Coefficients  for  Orifice  Meter  Disks 
Based  on  Ratio  of  Area 

distributing  companies,  either  as  regularly  em])loyed  or  con- 
sulting engineers.  In  addition  to  these,  the  Bureau  of  Stand- 
ards in  Washington  is  conducting  experiments,  and  the  Bureau 
of  Mines,  under  Burrell,  in  Pittsburgh  is  also  conducting  ex- 
periments on  Boyle's  Law  and  general  work  in  connection  with 
the  measurement  and  gravity  of  gases.  Also,  the  state  uni- 
versities of  Ohio.  Kansas,  Wisconsin  and  elsewhere  are  work- 
ing in  connection  with  these  subjects.  The  work  being  done 
by  these  various  investigators  leads  to  the  use  of  different 
coefficients,  and  where  a  money  consideration  resulting  from 
the  purchase  or  sale  of  gas  is  dependent  upon  the  coefficient, 
the  matter  becomes  very  important  from  a  commercial  stand- 
point, and  much  confusion  and  possible  litigation  may  result 
from  the  unsettled  condition  and  uncertainty.  It  would  seem 
that  some  effort  should  be  made  by  some  body  such  as  this 
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Society,  working  in  conjunction  with  the  Bureau  of  Mines, 
the  Bureau  of  Standards,  the  state  universities  and  others,  to 
correlate  the  work  and  establish  uniformity  in  the  constants 
or  coefiicients,  in  the  types  of  apparatus  to  be  used  in  the 
determination  of  specific  gravity  and  measurement  of  gases, 
and  in  differential  pressure-recording  instruments.  It  is  to  be 
hoped  that  Mr.  Fisher's  paper  will  produce  some  tangible 
results  along  these  lines. 


MH.    HILL    DISCUSSES    PAPER    IN    LIGHT    OF    HIS    OWN    EXPERIENCE 

D.  M.  Hill  (written).'  I  am  more  familiar  with  the  type 
of  orifice  meter  consisting  of  a  plate  i/g  in.  thick  with  fiat 
edges,  and  with  pressure  connections  made  at  the  flange  1  in. 
either  side  of  the  plate.  The  static  pressure  connection  is 
made  from  the  downstream  side  of  the  orifice. 

From  very  careful  tests  of  this  type  of  meter  with  standard- 
ized pitot  tubes,  it  has  been  established  that  for  differentials 
up  to  100  in.  of  water  the  orifice  coefficient  is  constant.  I 
believe,  therefore,  that  the  variation  of  the  coefficient  with 
increasing  differential,  of  which  Mr.  Fisher  sjjeaks,  is  due  to 
the  location  of  the  pressure  connections  at  2V2  times  the  pipe 
diameter  on  the  inlet  and  8  times  the  pipe  diameter  on  the 
outlet  side  of  the  orifice.  By  using  flange  connections  a  larger 
differential  for  a  given  flow  is  obtained.    This  helps  somewhat 


out  permitting  serious  leakage  of  gas  past  the  plate.  In  prac- 
tice, it  has  been  found  that  after  an  orifice  plale  has  been  in 
service  for  some  time,  it  frequently  sticks  to  the  gasket,  even 
with  the  flange  spread  apart  with  jack  screws. 


PROFESSORS  GOSS  AND  WALKER  COMPARE  ACCURACY  OF  KARLY  AND 
PRESENT   PRACTICE 

W.  F.  M.  Goss.  It  is  evident  that  our  practice  in  dealing 
with  natural  gas  is  rapidly  improving.  Fifteen  years  ago  gas 
companies  were  not  much  concerned  with  errors  of  one  per 
cent  in  measuring  gas.  I  recall  a  pipe  line  in  Iniliaiia  wliich, 
in  the  declining  days  of  the  gas  field  in  that  state,  was  found 
to  be  delivering  a  million  feet  of  gas  per  day  as  shown  by 
consumers'  meters,  while  the  compressor  displacement  in  the 
field,  45  miles  away,  showed  that  six  million  feet  of  gas  were 
being  delivered  into  the  line.  The  line  was  reported  by  the 
field  inspectors  to  be  in  good  condition. 


Fw.  15    Ballard  Differential  Gage 


Fig.  16    Pulsation  Equalizer 

Shortage  in  the  supply  of  gas  soon  made  it  necessary  to  find 
out  what  was  becoming  of  the  difference  between  the  six  mil- 
lion feet  going  in  and  one  million  feet  coming  out.  Measure- 
ments taken  along  the  line  revealed  a  steady  decline  in  the 
quantity  of  gas  passing  different  sections  of  the  pipe.  Differ- 
ences were  accounted  for  only  on  the  assumption  of  leakage. 
The  condition  of  this  pipe  line  was  not  exceptional,  but  prob- 
ably rather  typical  of  practice  in  the  Indiana  field  during  the 
brief  period  when  cities  were  supplied  through  long  pipe  lines. 
When  the  supply  of  gas  was  abundant  and  the  amoimt  deliv- 
ered sufficient  for  consumption,  there  was  little  concern  for 
what  leaked  out  on  the  way. 

All  this,  it  will  be  noted,  is  in  striking  contrast  with  the 
attitude  displayed  by  Mr.  Fisher's  excellent  paper. 


in  low  flows,  where  the  chances  for  error  are  great,  due  to 
gage  inaccuracies. 

I  fail  to  see  how  the  correction  to  Boyle's  Law  will  bring 
the  observational  points  closer  to  the  curve  in  Fig.  13,  inasmucii 
as  both  the  Joplin  and  Erie  tests  were  jierformed  under  the 
same  pressure  conditions,  and  the  points  are  about  evenly  dis- 
tributed abov^e  and  below  the  curve. 

The  device  which  Mr.  Fisher  has  described  for  automatically 
changing  from  one  side  of  the  orifice  to  another  without  jjcr- 
sonal  attention  is  most  ingenious.  I  would  like  a  little  more 
information  as  to  how  the  sticking  of  the  plate  against  the 
gasket  and  the  friction  against  the  flange  was  overcome  with- 


'  Eiiuitable  Gas  Co.,  Pittsburgh,  Pa. 


P.  F.  Walker.  The  conditions  in  the  mid-continental  field 
are  not  so  dissimilar  from  those  which  Dean  Goss  has  just 
cited,  except  for  certain  differences  in  the  character  of  the  gas, 
or,  rather,  m  the  character  of  the  substances,  mainly  vapors 
and  sometimes  actual  liquids,  carried  with  the  gas,  and  the  ad- 
vancement of  the  art  since  the  Indiana  days.  About  five  years 
ago  I  was  making  investigations  of  the  pipe  line  conditions  for 
the  Kansas  Natural  Gas  Company,  the  company  supplying 
Kansas  City  and  other  towns,  in  Eastern  Kansas  and  Western 
Missouri.  There  were  three  compressor  stations  on  the  line, 
one  receiving  the  gas  from  the  fields,  the  second,  40  miles  away, 
a  step-up  station,  and  the  third,  40  miles  further,  a  second 
step-up  station.     The  piston  volume  displacement  of  the  sta- 
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tions  fell  off,  but  not,  perhaps,  more  than  8  or  10  per  cent 
each  time,  the  loss,  of  course,  in  the  main,  being  due  to  leaks 
or  to  uncharted  small  users  along  the  lines. 

It  has  been  a  great  pleasure  to  me  to  note  the  attitude  and 
the  regard  for  scientific  accuracy  displayed  by  Mr.  Fisher's 
company.  When  it  became  necessary  to  investigate  the  varia- 
tion of  this  gas  from  the  laws  of  perfect  gases,  and  in  spite  of 
the  fact  that  such  an  investigation  seemed  almost  sure  to  cause 
variations  disadvantageous  to  the  company,  the  officials  asked 
us  to  find  out  the  truth  if  possible.  Two  independent  sets  of 
investigations  as  to  the  variation  of  this  gas  from  the  laws 
of  perfect  gases,  one  by  the  company  and  one  at  the  Kansas 
State  University,  are  now  in  progress. 

The  mid-continental  gas  carries  a  large  amount  of  matter 
foreign  to  gas  and  gas  measurement.  At  places  it  is  ab- 
solutely necessary  to  take  out  some  of  the  lighter  oils  and 
gasolines  in  order  to  avoid  danger.  A  very  good  grade  of 
gasoline  is  being  manufactured  at  points  along  the  company's 
lines.  The  trouble  with  the  Thomas  meter  is  that  its  action 
is  based  upon  the  amount  of  heat  required  to  heat  a  given 
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Fig.  17     Present  Standard  Setting  for  Orifice  Meter 

amount  of  the  substance  during  a  given  rise  in  temperature. 
With  the  impure  gas  the  specific  heat  is  an  extremely  variable 
quantity,  and  even  though  the  specific  heat  were  known,  many 
of  the  heavier  condensible  vapors  would  probably  have  been 
removed  before  the  gas  reached  its  destination,  so  that  the 
measurement  would  not  be  the  one  required.  Moreover,  the 
rock  and  sand  in  the  gas  would  destroy  so  delicate  an  instru- 
ment as  the  Thomas  meter.  I  do  not  wish  to  criticise  the 
Thomas  meter,  which  is  a  particularly  fine  instrument,  but 
merely  to  point  out  that  it  is  not  applicable  in  this  field. 

IIR.  VOORHEES  requests  ADDITIONAL  INFORMATION 

Gardner  T.  Voorhees  said  that  he  was  particularly  in- 
terested in  the  coefficient  of  flow  through  orifices  because  of 
investigations  of  his  own  in  refrigeration.  He  suggested  that 
in  addition  to  the  information  given  in  the  summary  of  tests  to 
determine  the  volumetric  efficiency  of  the  compressor,  the  tem- 
perature of  discharge  at  the  pressure  taken  and  the  diameter 
and  stroke  of  the  compressor  be  given,  as  he  wished  to  com- 
pare with  a  formula  evolved  by   liim   for  the  volumetric  effi- 


ciency of  aromonia  compressors,  based  on  the  outlet  and  inlet 
temperatures,  the  results  obtained  with  natural  gas. 

P.  F.  Walker  pointed  out  that  the  table  referred  to  was  a 
minor  element  in  the  investigation,  but  gave  some  results  which 
were  gratifying  in  regard  to  the  exactness  with  which  the  meter 
coefficient  measured  up  with  the  values  determined  by  another 
test. 


the  author  REPLIES  TO  POINTS  RAISED  IN  THE  DISCUSSION 

The  Author.  The  instance  of  which  Professor  Goss  speaks, 
where  six  million  feet  of  gas  was  put  into  the  line  to  maintain 
one  million  feet  45  miles  away,  was,  of  course,  a  very  serious 
case,  but  by  no  means  unique.  Similar  conditions  have  gone 
on  unsuspected  in  many  fields  during  the  early  history  of  the 
business,  for  lack  of  any  reliable  means  of  checking  gas  at  the 
input  end. 

Mr.  Hill  refers  to  a  statement  (and  to  Fig.  11)  in  the 
original  paper  as  to  the  variable  coefficients  at  different  values 
of  the  differential.  This  statement  should  perhaps  have  been 
modified  by  the  statement  that  the  total  variation  from  a  con- 
stant of  these  differentials  at  the  various  values  was  relatively 
small  and  has  never  been  taken  into  consideration  as  a  com- 
mercial factor,  but  merely  in  some  of  the  theoretical  work  it 
was  considered  that  a  law  might  be  found  governing  these 
slight  variations. 

In  plotting  distances  of  the  outlet  pressure  tap  from  the 
orifice  flange  as  abscissae  against  the  differentials  as  ordinates 
for  various  constant  rates  of  flow,  it  is  seen  that  the  recovery 
of  static  pressure  beyond  the  orifice  with  the  decrease  of 
velocity,  while  practically  negligible  at  1  in.  differential,  be- 
comes noticeable  at  higher  ditt'erentials,  and  that  with  the 
point  of  observation  spaced  at  8  diameters  there  is  full  re- 
covery and  practically  a  horizontal  line  on  differentials  up  to 
and  exceeding  50  in.,  which  is  the  highest  used  in  oiu-  work. 

In  answer  to  Mr.  Hill's  further  query,  no  gaskets  are  used 
in  the  orifice-shifting  device,  but  leakage  of  gas  is  prevented 
to  an  absolutely  satisfactory  degree  of  "  tightness "  by  the 
pressure  of  accurately  gi-ovmd  brass  surfaces  against  accurately 
ground  steel  surfaces,  the  surfaces  being  kept  in  contact  by 
springs.  The  average  differential  that  is  used  as  a  maximum, 
at  which  the  disks  are  shifted,  is  about  40  in.,  at  which  pres- 
sure the  leakage  through  such  grotmd  joints  is  a  negligible 
factor  compared  with  the  quantities  of  gas  flowing. 

One  advantage  of  using  these  pomts  of  observation  (2i/2 
in.  and  8  in.)  of  the  differential  is  to  give  orifices  which  can 
be  used  satisfactorily  with  a  wider  range  between  maximum 
and  minimum  flow  quantities.  It  also  does  away  with  the 
possibility  of  the  serious  effect  of  \  iolent  eddy-currents  at  the 
point  of  expansion  beyond  the  orifice  where  these  changes  of 
energy  from  dynamic  to  static  pressure  are  taking  place. 

I  would  like  to  further  acknowledge  Mr.  Hill's  criticism 
of  the  paragraph  dealing  with  Boyle's  Law  and  Fig.  13.  as  I 
lind  that  the  points  referred  to  in  that  paragraph,  which  were 
largely  observations  at  Wann  at  high  pressures,  have  been  in 
some  way  omitted  from  the  sheet  from  which  the  curve  was 
drawn. 

Fig.  17  shows  what  we  now  consider  our  standard  setting, 
in  which  fittings  are  largely  eliminated  by  the  use  of  oxy- 
aeetylene  welding,  and  the  meter  is  raised  out  of  the  ground 
for  convenience  in  handling  and  changing  disks  and  elimin- 
ating water  or  fluid  from  the  line  adjacent  to  the  meter 
disks. 
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SYNOPSIS  OF  THE  PAPER  AND  DISCUSSION 

THE  magnitude  of  the  natural-gas  compressing  and  measuring 
problem,    and    known   data   regarding   probnble   deviation    of 
natural  gas  from  Boyle's  law,  are  summarized  in  this  paper. 

Tests  were  made  by  the  authors  in  the  laboratory  o£  the  Depart- 
ment of  Physics,  Ohio  State  University.  Columbus,  Ohio,  on 
eight  representative  natural-gas  samples  from  various  parts  of  the 
United  States,  to  ascertain  by  accurate  volumetric  measurement 
whether  or  not  these  natural  gases  did  deviate  from  Boyle's  law, 
and  if  so,  under  what  conditions.  The'  apparatus  used  and  meth- 
ods followed  are  illustrated  and  described  in  detail.  The  data  ob- 
tained are  given  in  tabulated  and  graphical  form. 

These  data  show  : 
That  all  of  the  observed  deviations  of  natural  gas  from  Boyle's  law 
are  in  one  direction — in  favor  of  the  buying  company  where  gas 
is  measured  under  high-pressure  conditions. 
That  the  different  gases  have  marked  peculiarities  and  marked  dif- 
ferences of  deviation. 
That   there   is   no   direct   relationship   between    the   deviation   and 

ethane  content. 
That  the  direct  application  of  Boyle's  law  to  high-pressure  natural 
gas-measuring  problems  gives  only  an  exceedingly   rough  ap- 
proximation. 


Fig.  1.    Assembly  of  Appaeatus 

In  the  discussion,  C.  N.  Cross  states  that  plottings  of  the  au- 
thors' observations  on  logarithmic  cross-section  paper  give  values 
of  n  (in  the  equation  PV  =  C)  between  0.92  and  unity.  Ob- 
taining new  initial  PV  products  from  the  plottings  and  recomput- 
ing, the  percentage  deviations  resulting  are  in  all  cases  larger  than 
those  given  by  the  authors. 

E.  O.  Hickstein  suggests  a  method  of  testing  PV  percentage  devi- 
ation that  relies  for  its  accuracy  on  the  correctness  of  a  stop 
watch,  pressure  gage  and  thermometer,  and  is  entirely  independ- 
ent of  reservoir  volume,  prover  calibration  or  the  specific  gravity 
of  the  gas  tested. 

G.  A.  Burrell  and  I.  W.  Robertson  give  a  formula  developed 
by  the  U.  S.  Bureau  of  Mines,  by  means  of  which  the  deviation 
from  Boyle's  law  of  any  natural  gas.  at  any  pressure,  can  be  de- 
termined from  a  simple  analysis  of  the  gas. 

T.  R.  Weymouth  presents  a  simple  empirical  equation,  by  the 
use  of  which  he  states  that  it  is  quite  possible  and  practical  to 
obtain  measurements  of  natural  gases  under  high-pressure  condi- 
tions well  within  the  commercial  requirements  of  accuracy,  despite 
the  wide  deviation  of  such  gases  from  Boyle's  law. 

F.   P.   Fisher  examines  in  detail  some  factors  of  the   methods 
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used  by  different  investigators,  in  order  to  determine  the  reasons 
for  disagreement  in  numerical  results  obtained  in  cases  where 
methods  differed  but  slightly. 

W.  C.  Baxter  states  that  in  practically  all  field  measurements 
of  gas,  large  quantities  of  water  vapor  and  oil  vapor  are  condensed 
after  having  passed  the  meter,  causing  a  shrinkage  or  loss  to  the 
buying  company. 

P.  F.  Walker  and  others  who  precede  him  draw  attention  to  the 
apparent  inconsistency  of  certain  results  obtained  by  the  authors 


Fig.  2    Diagram  of  Apparatus 


Fig.  3     Method  of  Filling  Capillary  Tube 

in  the  range  between  1  and  2  atmos.,  concerning  which  the  latter 
state  that  there  was  no  perceptible  deviation  from  Boyle's  law. 


THE  law  that  "  the  volume  of  a  gas  at  constant  tempera- 
ture varies  inversely  as  its  absolute  pressure,  or  that 
the  product  of  the  volume  and  absolute  pressure  of  a  gas  is 
constant,"  discovered  by  Boyle  in  1660,  is  the  starting  point 
of  natural  gas  compressor  and  high  pressure  natural  gas  meas- 
uring calculations.  The  extent  of  the  commercial  application 
of  the  law  becomes  evident  when  we  consider  that  in  the  United 
States  over  600,000,000  cu.  ft.  of  gas  per  annum  are  now 
measured  under  high  pressure  conditions,  and  that  there  are  in 
this  country  over  200  natural  gas  compressing  stations,  aggre- 
gating more  than  315,000  h.p.  of  compressor  capacity  and 
compressing  more  than  85  per  cent  of  all  the  gas  used. 
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The  universal  custom  in  the  natural  gas  business  has  been 
to  assume  that  the  gas  obeys  Boyle's  law.  That  the  law  is  not 
followed  rigorously  by  natural  gas,  or  by  any  other  commercial 
gas,  is  evident,  however,  from  the  following:  Boyle,  in  his 
original  memoirs  in  1661,  called  attention  to  the  fact  that  un- 
doubtedly there  would  be  deviations  from  the  law.  In  the 
nineteenth  century,  experiments  by  Regnault,  Amagat  and 
Cailletet  showed  marked  deviations.'  Professor  Walker,  in 
1912,  was  probably  the  first  to  call  attention  to  the  deviation  of 


Fig.  4    Method  of  Inseeting  Capillary  Tube  Seal  in* 
Mercury 


permanent  gases.  The  data  given  in  the  present  paper  were 
obtained  by  making  actual  volume  measurements  of  represen- 
tative natural  gases,  from  atmospheric  pressure  up  to  48 
atmos.  The  tests  were  made  in  the  Physics  Laboratory  of  the 
Ohio  State  University,  with  the  apparatus  shown  in  Figs.  1 
and  3.     A,  B,  C,  E  and  /  were  made  by  the  Geneva  Society. 

Referring  to  Figs.  1  and  2,  A  is  an  oil  jsump,  B  a  gage  tester 
connected  to  the  oil  pump  so  as  to  indicate  the  pressure  de- 
veloped by  A.  C  is  a  Cailletet  piece  (named  for  the  French 
scientist  who  designed  it)  with  calibrated  capillary  glass  tube 
D.  The  inside  construction  of  C  is  shown  in  Fig.  2.  E  is 
a  cathetometer  with  moving  telescope  F  used  for  reading  the 
height  of  the  mercury  column  in  D. 

In  Fig.  3,  (?  is  a  Gaede  box  vacuum  pump,  driven  by  the 
electric  motor  H.  /  is  a  manometer  with  cocks  /,  K,  and  L, 
and  a  small  mercury  gage  underneath  the  glass,  which  indicates 
the  degi-ee  of  vacuum  obtained.  M  is  a  bent  glass  tube  with 
glass  cock  X  and  short  rubber  hose  O.  The  hose  O  is  tightly 
wired  to  M  to  prevent  it  slipping  off.  P  is  a  standard  gas 
tank  used  for  shippmg  the  gas  to  the  laboratory. 

The  capillary  glass  tube  B  had  an  inside  diameter  of  3  mm. 
and  was  sealed  off  squarely  at  the  top  and  held  in  a  vertical 
position  in  collar  S  by  means  of  a  stuffing  box  and  gland  on 
the  inner  side  of  the  collar,  as  shown  in  Fig.  2.  The  tube  was 
selected  from  a  large  number,  and  was  calibrated  in  a  vertical 
position  by  forcing  the  column  of  mercury  up  into  the  tube 
and  then  separating  a  slug  of  mercury  about  1  in.  long  from 
the  main  column  by  an  air  cushion,  raising  this  short  slug  of 
mercury  through  the  entire  working  length  of  the  tube  and 
noting  its  variations  in  length  by  means  of  the  telescope  F 
on  the  cathetometer  E.  The  variation  in  diameter  of  the  tube 
was  so  small   that   volume  could   safelv   be   considered   to   be 


Fig.  5 


"2  3  4   5  6  7  8  9  10  11   12  13  14  15  16  17  18  B  20  21  2Z 3  2425  262728  23  30  31  3233  34  35  3637  3839404142  43  444546  474849 
Absolute  Pressures  in  Standard  Atmospheres  of  14.7  lb.  persq  in. 

Typical  Plot  Showing  Deviation  op  Natural  Gas   (Sajiple  of  West  Virginia)  From  Boyle's  Law 


natural  gas  from  Boyle's  law  on  account  of  the  then  known 
deviations  of  methane  gas,  the  principal  constituent  of  natural 
gas,"  and  again  in  1914,  in  his  paper  on  the  Physical  Laws  of 
Methane  Gas.^ 

All  the  data  published  heretofore  referred  to  the  so-called 


'Meyer's  Kinetic  Tlieory  of  Gases,  1S77  ;  Preston's  Theory  of  Heat, 
1894 ;  Vol.  1,  'Wiillner's  Lehrbuch  der  Experimental  Physik,  1895 ; 
Harper's  Scientific  Memoirs,  Laws  of  Gases,  Edited  by  Carl  Barus, 
1899. 

=Proc.  Natural  Gas  Assoc,  of  .America,  vol.  4,  p.  172. 

"Trans.    Am.Soc.M.E.,   vol.    36,    p.    7S1. 


directly  proportional  to  length.  The  tube  D  was  originally 
surrounded  by  a  water  bath,  but  on  account  of  the  practically 
constant  temperature  conditions  prevailing  in  the  room  this 
was  abandoned.  The  readings  for  volume  contractions  were 
always  made  with  a  rising  meniscus  in  D. 

The  order  of  conducting  the  tests  was  as  follows :  The  capil- 
lary tube  B  was  connected  as  shown  in  Fig.  3,  with  cocks  J,  L 
and  N  open,  and  K  closed.  By  means  of  G  the  capillary  tube 
B  was  then  evacuated  and  the  degree  of  vacuum  noted  by  the 
small  mercury  column   in   /.     In  operating,  the  vacuum  was 
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pulled  down  to  1  mm.  of  mercury ;  cock  J  was  then  closed  and 
K  opened,  allowing  D  to  be  filled  from  the  natural  gas  tank 
P.  This  operation  was  repeated  at  least  four  times,  to  wash 
out  the  inside  of  D  thoroughly  and  leave  it  free  from  every 
trace  of  air.  In  the  last  operation,  cock  A'  was  closed  and  M 
disconnected  from  the  rubber  hose  leading  to  L.  D  and  M 
were  then  held  in  a  vertical  position  as  shown  in  Fig.  4,  and 
inserted  in  the  mercury  inside  of  C  so  that  the  mercury  ran 
out  of  the  opening  Q.  When  0  and  the  lower  end  of  D  were 
well  under  the  surface  of  the  mercury  in  C,  D  was  held  sta- 
tionary by  the  one  hand  and  M  pushed  down  with  the  other 
hand,  in  that  way  slipping  the  rubber  0  from  off  D  under- 
neath the  mercury  surface  in  C,  thereby  entraining  the  gas  in 
D.  The  nut  R  was  then  screwed  down  loosely  on  S,  connec- 
tions made  to  the  oil  pump  as  shown  in  Fig.  1,  and  the  pump 
worked  slowly  so  as  to  force  the  air  out  around  R.      After 


TABLE   1      DEVIATION  OF  NATURAL  GAS  FROM  BOYLE'S  LAW 


the  air  was  all  driven  out,  R  was  then  screwed  down  tightly 
onto  S. 

The  maximum  pressure  to  be  used  on  B  was  now  applied  so 
as  to  produce  the  maximum  strain  on  D,  and  by  means  of 
telescope  F  and  cathetometer  E  the  top  position  of  the  inside 
of  D  was  determined  by  the  line  T,  as  shown  in  Fig.  2.  The 
pressure  in  D  was  now  released  and  the  smallest  weight  that 
would  make  the  mercury  visible  in  D  was  applied  to  B,  as  in- 
dicated by  F  in  Fig.  2.  Successive  increments  of  weight  on 
B  now  produced  corresponding  contractions  in  the  gas  vol- 
ume D.  The  gas  in  D  was  also  allowed  to  expand,  and  sev- 
eral readings  taken  with  each  gas  checked  with  those  taken 
on  compression.  The  volume  changes  were  accurately  observed 
by  means  of  telescope  F  and  the  centimeter  scale  on  catheto- 
meter E. 

All  readings  were  made  in  metric  units  and  pressures 
reckoned  in  standard  atmospheres  of  76  cm.  of  mercury,  or 
14.7  lb.  per  sq.  in. 


Pennsylvania    "Dry"    natural    G-^s    from    Tri-Codntv   Gas   Company. 

ROYSTONE,    Pa. 

...    /C02.  0.1;  0,0.3;  OH.,  77.7 

Percentage  Analysis  |  ^^jj^^  21.7;  N,  0.2 

Heating  Value  per  Cu.  Ft.  at  32  deg.  fahr.  =  1231  B.t.u. 
Specific  Gravity  =  0.66 


p 

V 

PV 

Abs.  Press. 

Relative 

Boyle's  Law 

Product  of 

Per  Cent 

in  Standard 

Vol. 

Vol. 

P  and  V  as 

Deviation 

.\tmo.s. 

Observed 

"Constant" 

2.024 

41.62 

41.62 

84.24 

0.00 

2.103 

39.97 

40.06 

84.06 

0.21 

2.183 

38.49 

38.59 

84.02 

0.26 

2.264 

37.04 

37.21 

83.86 

0.45 

2.345 

35.58 

35.92 

83.44 

0.96 

2.429 

34.37 

34.68 

83.48 

0.91 

2.513 

33.18 

33.52 

83.38 

1.03 

2.598 

32.04 

32.42 

83.24 

1.201 

2.684 

30.98 

31.40 

83.15 

1.31 

2.771 

29.98 

30.40 

83.07 

1.408 

2.947 

28.11 

28.62 

82. 8i 

1.69 

3.124 

26.39 

26.96 

82.44 

2.18 

3.305 

24.93 

25.50 

82.39 

2.24 

3. 487 

23.59 

24.16 

82.26 

2.407 

3.671 

22.38 

22.95 

82.16 

2.53 

4.137 

19.79 

20.36 

81.87 

2.89 

4.611 

17.77 

18.27 

81.94 

2.806 

5.088 

16.06 

16.56 

81.71 

3.09 

5.570 

14.65 

15.12 

81.00 

4.00 

5.838 

13,99 

14.43 

81.67 

3.14 

6.822 

11.97 

12.35 

81.66 

3.15 

7.792 

10.42 

10.81 

81.19 

3.75 

8.776 

9.22 

9.60 

80.91 

4.12 

9.764 

8.29 

8.63 

80.94 

4. OS 

10.753 

7.48 

7.  S3 

80.43 

4.73 

11.744 

6.82 

7.17 

80.09 

5.18 

12.737 

6.27 

6.61 

79.86 

5.48 

13.731 

5.80 

6.13 

79.64 

5.78 

14.726 

5.40 

5.72 

79.52 

5  93 

15.721 

5.05 

5.36 

79.39 

6.109 

20.705 

3.82 

4.07 

79.09 

6.51 

25.695 

3.04 

3.28 

78.11 

7.85 

30.688 

2.52 

2.75 

77.33 

8.94 

35.682 

2.12 

2.36 

75.65 

11.35 

40.679 

1.85 

2.07 

75.26 

11.93 

48.675 

1.56 

1.73 

75.93 

10.94 

TABLE  2      DEVIATION  OF  ISTATURAL  GAS  FROM  BOYLE'S  LAW 


Pennsylvani.^  "Wet"  natural  gas  from  the  Pennsylvania  Ga3  Company's 
"East  Branch"  intake 


Percentage  Analysis 


CO3.  p.O;    O.  0.0;    CH*.  61.3; 
C2H0,  37.7;    N.  1.0 


Heating  Value  per  Cu.  Ft.  at  32  deg.  fahr.  =  1354  B.t.u. 
Specific  Gravity  =  0.75 


p 

V 

PV 

Abs.  Press. 

Relative 

Boyle's  Law 

Product  of 

Per  Cent 

in  Standard 

Vol. 

Vol. 

P  and  V  as 

Deviation 

Atmos. 

Observed 

"Constant" 

1.936 

42.03 

42.03 

81,37 

0.00 

2.013 

40.31 

40.42 

81.14 

0.28 

2.092 

38.72 

38.89 

81.00 

0.45 

2.172 

37.21 

37.46 

80.82 

0.68 

2.254 

35.80 

36.10 

80.69 

0,84 

2.336 

34.48 

34.83 

80.55 

1.02 

2.420 

33.26 

33.62 

80.49 

1.09 

2.505 

32.08 

32.48 

80.36 

1.25 

2.590 

30.96 

31.42 

80.19 

1.47 

2.676 

29.92 

30.41 

80.07 

1.62 

2.763 

28.92 

29.45 

79.91 

1.83 

2.940 

27.12 

27.68 

79.73 

2.06 

3.119 

25.52 

26.09 

79.60 

2.22 

3.300 

24.07 

24.66 

79.43 

2.44 

3.482 

22.78 

23.37 

79.32 

2.58 

3.667 

21.60 

22.19 

79.21 

2.73 

4.134 

19.09 

19.68 

78.92 

3.23 

4.607 

17.07 

17.66 

78.64 

3.47 

5.086 

15.42 

15.99 

78,43 

3.75 

5.837 

13.41 

13.94 

78.27 

3.96 

6.811 

11.42 

11.95 

77.78 

4.61 

7.791 

9.91 

10.44 

77.21 

5.39 

8.776 

8.74 

9.27 

76.70 

6.09 

9.754 

7.84 

8.33 

76.55 

6.30 

10.754 

7.06 

7.57 

75.92 

7.18 

11.745 

6.42 

6. SI 

75.40 

7.92 

13.732 

5.45 

5.93 

74.83 

8.74 

15.723 

4.72 

5.18 

74.21 

9.65 

18.214 

4.02 

4.47 

73.22 

11.13 

20.706 

3.47 

3.93 

71,85 

13.24 

25.696 

2.70 

3.17 

69.38 

17.28 

30.689 

2.19 

2.65 

07.21 

21.07 

35.685 

1.86 

2.28 

66.37 

22.60 

40.681 

1.57 

2.00 

63.87 

27.40 

48.677 

1.27 

1.67 

61.82 

31.62 

Aug.  30,  1915.    Barometer  29.4  in. 
close,  65.0  deg.  fahr 


Temperature  at  start,  67.2  deg.  fahr.;  at 


Sept.  2,  1915.    Barometer  29.6  in.    Temperature  at  start,  68.0  deg.  fahr.;    at 

close,  68.7  deg.  fahr. 
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The  jilunger  on  the  gage  tester  was  of  such  diameter  that 
one  kilogram  of  weight  was  equal  to  one  standard  atmosphere 
of  pressui-e.  The  plunger  itself  weighed  0.354  kg.  and  there- 
fore represented  0.354  atmos.  In  addition  to  the  disks  that 
belonged  to  the  gage  tester  B,  standard  laboratory  weights 
were  used  for  getting  the  smaller  increments  of  pressure. 

The  total  hydrostatic  head  indicated  by  F  in  Fig.  2  is  the 
sum  of  a  variable  represented  by  mercury  column  X  and  a 
constant  represented  by  the  oil  column  W.  The  length  of  this 
oil  column  W  was  kept  at  20  em.  in  all  the  tests.  The  specific 
gravity  of  the  oil,  as  determined  by  a  Mohr  balance,  was  found 
to  be  0.866  and  therefore  equal  to  17.32  em.  of  water,  which 
in  turn  was  equal  to  17.32  -f-  76  X  13.6  =  0.016  standard 
atmos. 


The  readings  were  classified  as  follows: 


Barometric  pressure  in  standard  atmospheres 
a  =  Weight  on  plunger  +  0.354 


Typical 

Values 

0.981 

1.176 


h  =  Reading  of  upper  end  of  gas  column  in  D  as 

T 42.31 

c  =  Reading  of  lower  end  of  gas  column  in  D  as 

U 1.00 

d  =  Length  of  gas  column  =  relative  volume  = 

h  —  c 41.31 

e  =  Height  of  mercury  in  C —  8.00 

/  =  Hydrostatic  head  of  mercury  =  X  =  c  -\-  e.        9.00 

g  =  f  m  standard  atmospheres  =  /  -;-  76 0.12 

W  =  Hydrostatic  head  of  oil  in  atmospheres. . . .        0.016 

V  =  Total  hydrostatic  head  of  oil  and  mercury  = 

g  +  W 0.136 

h  =  Total  net  absolute  pressure  on  gas  =  baro- 
metric pressure  +  a  —  V 2.021 

PV  =  Product  of  volume  and  pressure  =  d  y(  h. .  83.50 
Deviation  in  per  cent  corresponding  to  vari- 
ous pressures  =  100  X  "  P^ "  value  of 
lowest  pressure  divided  by  "  PY "  value 
corresponding  to  any  other  pressure,  minus 
100  =   (100  P„F/P.F.)  —  100. 


TABLE  3      DEVIATION  OF  NATURAL  GAS  FROM  BOYLE'S  LAW 

Pennsylvania   natural   gas   from   Equitable   Gas   Compant   at   Trafford 
cltt,   practically   a   pure   methane   gar 

Percentage  Analysis:   COj,  0.0;   O,  0.0;    CH,,  98.6;    N,  1.4 
Heating  Value  per  Cu.  Ft.  at  32  deg.  fahr.  =  1050  B.t.u. 
Specific  Gravity  =  0.56 


p 

V 

PI- 

Abs.  Press. 

Relative 

Boyle's  Law 

Product  of 

Per  Cent 

in  Standard 

Vol. 

VoL 

P  and   V  as 

De\nation 

Atmos. 

Observed 

"Constant" 

1.936 

42.10 

42.10 

81.51 

0.00 

2.013 

40.41 

40.49 

81.35 

0.19 

2.092 

38.79 

38.96 

81.15 

0.44 

2.173 

37.32 

37.51 

81.10 

0.63 

2.253 

35.82 

36.18 

80.70 

1.04 

2.337 

34.57 

34.81 

80.79 

0.89 

2.421 

33.40 

33.66 

80.86 

0.804 

2.505 

32.17 

32.54 

80. 59 

1.02 

2.591 

31.06 

31.46 

80.48 

1.28 

2,676 

30.00 

30.46 

80.28 

1.53 

2.764 

29.05 

29.49 

80.29 

1.52 

2.940 

27.20 

27.72 

79.97 

1.92 

3.119 

25.60 

26.13 

79.84 

2.09 

3.300 

24.18 

24.70 

79.79 

2.15 

3.483 

22.87 

23.40 

79  66 

2.32 

3.667 

21.70 

22.23 

79.57 

2.44 

4.134 

19.20 

19.72 

79.37 

2.69 

4.621 

17.20 

17.64 

79.48 

2.56 

5.086 

15.55 

16.02 

79.09 

3.06 

5. 838 

13.53 

13.96 

78.99 

3.19 

6.812 

11.57 

11.96 

78.81 

3.42 

7.792 

10.09 

10.46 

78.62 

3.67 

8.777 

8.94 

9.29 

78.47 

3.87 

9.765 

7.99 

8.35 

78.03 

4.46 

10.755 

7.23 

7.58 

77.76 

4.84 

13.236 

•  5.83 

6.16 

77.17 

5.62 

15.724 

4.88 

5.18 

76.73 

6.23 

18.215 

4.20 

4.47 

76.50 

6.55 

20.708 

3.67 

3.93 

76.00 

7.25 

25.698 

2.90 

3.17 

74.52 

9.38 

30.691 

2.41 

2.66 

73.97 

10.19 

35.687 

2.10 

2.28 

74.94 

8.77 

40.684 

1.82 

2.00 

74.04 

10.09 

48.679 

1.52 

1.67 

73.99 

10.16 

T.A^BLE  4   DEVIATION  OF  NATURAL  GAS  FROM  BOYLE'S  LAW 

Ohio  natural  gas  taken  from  The  Ohio  Fuel  Supply  Comp.any's  intakb 
LINES  AT  Sugar  Grove,  Ohio 

...    /CO!.  0.0;    O,  0.0;    CH.,  76.0; 
Percentage  Analysis  |  ^^jj^^  ^^3.    j._  ^_, 

Heating  Value  per  Cu.  Ft.  at  32  deg.  fahr.  =  1114  B.t.u. 
Specific  Gravity  =  0.67 


p 

V 

PV 

Abs.  Press. 

Relative 

Boyle's  Law 

Product  of 

Per  Cent 

in  Standard 

Vol. 

Vol. 

P  and  V  as 

Deviation 

Atraos. 

Observed 

"Constant" 

2.022 

41.07 

41.07 

83.04 

0  00 

2.101 

39.42 

39.53 

82.82 

0.27 

2.180 

37.90 

38.09 

82.62 

0.52 

2.261 

36.45 

36.72 

82.41 

0.76 

2.344 

35.10 

35.42 

82.27 

0.93 

2.427 

33.83 

34.21 

82.11 

1.13 

2.511 

32.65 

33.07 

81.98 

1.29 

2.596 

31.52 

31.98 

81.83 

1.49 

2.683 

30.48 

30.95 

81.78 

1.54 

2.769 

29.45 

29.99 

81.55 

1.82 

2.945 

27.60 

28.19 

81.28 

2.16 

3.123 

25.96 

26.59 

81.07 

2.43 

3.304 

24.52 

25.13 

81.01 

2.51 

3.487 

23.20 

23.81 

80.90 

2.64 

3.671 

22.00 

22.62 

80.76 

2.82 

4.138 

19.47 

20.07 

80.57 

3  06 

4.611 

17.43 

18.01 

80.37 

3.32 

5.089 

15.78 

16.32 

80.30 

3.41 

5.840 

13.69 

14.22 

79.95 

3.86 

6.814 

11.70 

12.19 

79.72 

4.16 

7.794 

10.19 

10.65 

79.42 

4.56 

8.779 

9  05 

9.46 

79.45 

4  53 

9.766 

8.07 

8.50 

78.81 

5.36 

10.756 

7.29 

7.72 

78.41 

5.90 

13.237 

5  90 

6.27 

78.10 

6.32 

15.724 

4.90 

5.28 

77.05 

7.  77 

18  215 

4.20 

4.56 

76.50 

8.55 

20.708 

3.70 

4.01 

•76.62 

8.38 

25.699 

2.96 

3.23 

76.07 

9.16 

30.692 

2.45 

2.71 

75.20 

10.42 

35.687 

2.08 

2.33 

74.23 

11.87 

40.684 

1.84 

2.04 

74.86 

10.93 

48.679 

1.52 

1.71 

73.99 

12.23 

Sept.  2,  1915.    Barometer,  29.6  in. 
close,  67.6  deg.  fahr. 


Temperature  at  start,  67.6  deg.  fahr.;  at 


Sept.  3.  1915.     Barometer.  29.6  in. 
cloge,  66.9  deg.  fahr. 


Temperature  at  start.  67.3  deg.  fahr.;    at 
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The  results  obtained  are  shown  in  part  in'Tables  1  to  5  and 
Fig.  5.'  The  paper  as  presented  includes  tables  dealing  with 
three  other  gases,  one  of  them  being  that  of  Fig.  5.  The 
specitic  gravities  are  given  with  reference  to  air  as  unity. 
The  gross  heating  values  given  are  computed  on  a  basis  of 
32  deg.  fahr.  and  76  cm.  pressure. 

It  may  be  noted  that  the  gases  which  contain  a  large  per- 
centage of  C.H„  (wet  gases)  show  larger  deviations  than  the 
dry  gases.  The  explanation  lies  in  the  fact  that  we  are  deal- 
ing with  a  physical  mixture  of  gases  having  two  principal 
constituents,  CH,,  methane  and  CjH„  ethane.  These  have 
different  critical  temperatures,  one  of  which  lies  below,  and 
the  other  above,  the  temperature  at  which  our  experiments 
were  made. 


'1)11  acoouiit  of  lack  of  space,  only  five  tables  and  one  typical 
plot  are  liere  given.  The  paper  as  presented  contains  eight  tabli's 
and  eight  charts,   the  charts   being  plotted   from  the   tables. 


TABLE  5   DEVIATION  OF  NATURAL  GAS  FROM  BOYLE'S  LAW 

Mixture  of  Ohio  and  Webt  Virginia  natural  gas  taken  from  the  St.  Mary's 
Measuring  Station  of  The  Ohio  Fuel  Supply  Company  at  Columbus,  Ohio 


Percentage  .Analysis 


CO2,  0.1;    O,  0.0;    CH,,  7S.1; 
CsHt,  16.8;   N,  5.0 


Heating  Value  per  Cu.  Ft.  at  32  deg.  fahr.  =  1144  B.t.u. 
SpeciBo  Gravity  =  0.66 


p 

V 

PV 

Abs.  Press. 

Relative 

Boyle's  Law 

Product  of 

Per  Cent  . 

in  Standard 

Vol. 

Vol. 

P  and  V  as 

Delation 

Atmos. . 

Observed 

"Constant" 

1.884 

38.12 

38.12 

71.82 

0.00 

1.963 

36.47 

36.59 

71.59 

0.32 

2.043 

34,95 

35.15 

71.40 

0.59 

2.124 

33  56 

33,81 

71.28 

0.76 

2.207 

32.22 

32,54 

71.11 

0.99 

2.291 

31.01 

31.34 

71.04 

1.07 

2.375 

29.82 

30.24 

70.82 

1.41 

2.461 

28.74 

29.18 

70.73 

1.55 

2,547 

27.72 

28.19 

70.60 

1.58 

2.635 

26.77 

27.25 

70.54 

1,81 

2.723 

25.85 

26.37 

70.39 

2,03 

2.901 

24.21 

24.75 

70.23 

2.105 

3.082 

22.74 

23.30 

69.97 

2.64 

3.265 

21.42 

21.99 

69.96 

2.69 

3.449 

20.24 

20.82 

69.81 

2.88 

3.635 

19.19 

19,75 

69.76 

2.95 

4.106 

16.94 

17,49 

69.56 

3.25 

4.582 

15.11 

15.67 

69.23 

3.74 

5.062 

13.64 

14.18 

69.05 

4.02 

5.546 

12.44 

12.94 

68.99 

4.10 

5.816 

11.85 

12.34 

68.92 

4.21 

6.793 

10.09 

10.57 

68.54 

4.78 

7.776 

8.77 

9.23 

68.30 

5.15 

8.763 

7.77 

8.19 

68.09 

5.48 

9.752 

6.92 

7.36 

67.48 

6.43 

10.743 

6.26 

6.69 

67.25 

6  79 

12.729 

5.22 

6.64 

66.45 

8.08 

14.719 

4.47 

4.88 

65.79 

9.16 

16.712 

3.90 

4.29 

65.18 

10.18 

18.706 

3.45 

3.83 

64.54 

11.28 

20.701 

3.10 

3.47 

64.17 

12  39 

25.693 

2.43 

2.80 

62.43 

15,04 

30.687 

2.02 

2.34 

61.99 

15.86 

35.683 

1.72 

2.01 

61.37 

17.03 

40.680 

1.48 

1.77 

60.21 

19.28 

48.677 

1.22 

1,48 

59.39 

20.93 

Aug.  31,  1915.    Barometer,  29.6  in. 
close,  66.9  deg.  falir. 


Temperature  at  start,  66.2  deg.  fahr.  ;  at 


CH,  has  a  critical  temperature  of  — 140  deg.  fahr.;  con- 
sequently no  pressure,  however  great,  could  produce  liquefac- 
tion at  the  operating  temperature,  approximately  68  deg.  fahr., 
which  prevailed  during  our  experiments.  On  the  other  hand, 
C.H„  has  a  critical  temperature  of  93  deg.  fahr.  It  follows, 
therefore,  that  as  the  volume  of  the  mixture  of  gases  is  dimin- 
ished, the  C^Hg  constituent  approaches  the  condition  of  a 
saturated  vapor.  When  saturation  is  reached  further  diminu- 
tion in  volume  will  produce  no  change  in  the  pressure  exerted 
by  this  constituent,  but  a  liquefaction.  In  case  a  mixture 
contains  initially  a  large  amount  of  C„H,,,  this  saturated  condi- 
tion will  be  reached  at  a  lower  stage  of  compression.  The  fact 
that  further  diminution  of  volume  will  not  thereafter  alter  the 
pressure  produced  by  this  constituent  indicates  why  a  wet  gas 
at  high  pressures  shows  such  a  marked  deviation  when  com- 
pared with  the  pressure-volume  product  computed  for  the 
lower  pressures. 

Our  observations  tend  to  confirm  this  explanation.  There 
was  at  no  time  any  visible  collection  of  liquid  within  the  tube, 
nor  could  this  be  expected  under  the  conditions  of  the  experi- 
ment. The  initial  volume  of  the  gas  was  so  small  and  the  sur- 
face of  the  capillary  so  large,  relatively,  that  we  could  not 
expect  visible  droplets  to  form. 

We  noted  in  the  case  of  wet  gases  that  when  a  particular 
stage  in  compression  was  reached  (peculiar  to  the  gas  operated 
upon)  there  was  a  curious  unsteadiness  and  agitation  of  the 
mercury  meniscus.  We  observed  tliis  carefully  in  several  cases, 
and  found  that  the  range  in  pressure  and  volume  through 
which  this  occurred  was  very  limited.  It  was  probably  due  to 
a  deposit  of  liquid  taking  place  on  the  mercury  meniscus,  re- 
sulting in  a  change  in  surface  tension.  We  could  confine  this 
region  where  agitation  occurred  to  variations  of  pressure  of 
about  one-fifth  of  an  atmosphere.  Below  and  above  this  pres- 
sure the  meniscus  was  steady. 

We  call  attention  to  the  bearing  of  the  four  preceding  para- 
graphs to  gas-handling  problems.  A  gas  containing  a  high 
percentage  of  C,H„  i.e.,  a  wet  gas,  will  show  a  very  different 
correction  curve  than  the  same  gas  after  having  been  run 
through  two  or  three  compressors  and  cooling  tanks  where 
presumably  the  condensate  would  be  removed.  On  the  other 
hand,  dry  gases  would  show  small  differences  before  and  after 
compression. 

In  conclusion,  attention  is  directed  to  the  following  facts: 

These  tests  were  all  made  at  room  temperatures.  We  believe 
it  would  be  desirable  to  have  further  tests  made  at  higher 
and  lower  temperatures. 

With  the  two  gases  given  in  Tables  1  and  3,  and  witli  another 
piece  of  apparatus,  we  made  tests  between  absolute  pres- 
sures of  0.978  atmos.  and  2.337  atmos.  and  found  no  per- 
ceptible deviation  from  the  law. 

It  is  important  to  note  that  all  of  the  deviations  are  in  one 
direction,  and  in  fa\or  of  the  buying  company  where  gas 
is  measured  under  high-pressure  conditions. 

The  data  given  herein  indicate  that  the  direct  application  of 
Boyle's  law  to  high-pressure  natural  gas  measuring  prob- 
lems gives  only  an  exceedingly  rough  approximation. 

The  different  gases  have  marked  peculiarities  and  marked  dif- 
ferences of  deviation.  Furthermore,  there  is  no  direct  re- 
lationship between  the  deviation  and  the  ethane  content. 

In  practice  natural  gas  is  handled  at  high  pressures  and  at  a 
temperature  below  the  critical  point  of  some  of  its  con- 
stituents. The  failure  to  recognize  this  is  responsible  for 
many  of  the  serious  troubles  experienced. 
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Mm        Hat 
10         363 
1           S.tS 
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Fig.  6    Logakithmic  Plot  of  Results  in  Table  1 


'S    3 


Pennsylvania  Wet  NgturqlGos 


'^'^i^CuiyeA'h- 0.970) 


Pressure 

Tiin.  liax 

Curve  A:  I     780 

'.    C^IO  48.67 


Volume 
ffin  tlax 
10  SS.6 
I       7.6S 


Z  3  4 

Volume  (Relative) 


6       7      8     9    10 


Fig.  7    Logabithmic  Plot  of  Results  in  Table  2 


DISCUSSION 

mr.  cross  finds  deviations  larger  than  those  given  by  the 

authors 

C.  N.  Cross  (written).  In  order  to  study  better  the  rela- 
tionship between  pressure  and  vokime,  I  have  plotted  the 
authors'  observations  upon  logarithmic  cross-section  paper 
(Figs.  6-10),  where  all  straight  lines  can,  of  course,  be  ex- 
pressed by  the  equation 

FV  =  c 
where  V  =  pressures,  plotted  as  ordinates 

V  =  volumes   (relative,  in  this  case),  plotted  as  ab- 
scissas 


c  =  a  constant  =  the  intercept  on  the  P-axis  when 

r  =  1 
n  =  some  number  =  the  tangent  of  the  angle  between 

the  curve  and  the  T'-axis. 

For  Boyle's  law,  n  is  equal  to  1,  or  the  angle  of  the  Une  and 
the  F-axis  is  45  deg. 

Limitations  of  the  logarithmic  paper  used  in  plotting  neces- 
sitated three  separate  lines  to  include  the  values  covered  by 
the  experiments.  Each  line  varies  between  the  following  ap- 
proximate limits.  Curve  B  is  omitted  because  of  its  short 
length. 


Curve 

P  (atmospheres) . 
V  (relative) 


1  to  about  7 
About  80  to  10 


About  7  to  10 
10  to  about  S 


10  to  about  70 
.\bout  S  to  1 


]       \      \ 

Nearly   Pure  Methane 

^s 

Pressure 

Vo  1  u  m  e 

^Vv 

V^,/?-/ 

CurveA  1      7.78 

10          83.0 

Vv, 

n    C  10     T2.8 

1            7.76 

\  Vv 

N 

^ 

Curve  A(i!' 0.969) 
--     C.(n- 0.969) 

s 

\ 

X 

\ 

\ 

s 

K 

%> 

\ 

^ 

1 

I 

3                ' 

% 

( 

? 

' 

3    10 

Volume  (Relative) 

Fig.  8    Logarithmic  Plot  of  Results  in  Table  3 
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Fig.  9    Logarithmic  Plot  op  Results  in  Table  4 
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In  Table  6  are  given  the  values  of  n,  together  with  the  per- 
centages of  ethane  and  nitrogen  in  the  gases.  As  was  ex- 
pected, «  for  each  of  the  eight  gases  is  a  number  less  than 
unity. 


TABLE  6    VALUES  OF  n 


Value  of  n 

Per  cent  of 
C  He 

Per  cent  of 

Gas  of 

Curve  A 

Curve  C 

N 

Fig.  5 

0.969 

0.975 
0.955  and  0.990 
0.940 and  0,970 

0.969 

0.980 
0.958  and  0.974 

0.968 

0.942 
0.949 
0.960 
variable 
0.969 
0.987 
0.958 
0.923 

19.1 
18.8 
21.7 
37.7 
0.0 
9.3 
16.3 
16.8 

1.9 
1.2 

Table  1... 
Tuble  2. .  . 
Table  3... 

0.2 

1.0 

1.4 

37.7 

Table  4... 
Tabic  5. . . 

7.7 
5.0 

As  shown  in  Table  6,  the  values  of  n  for  curves  A  differ 
materially  from  the  values  for  tiie  corresponding  C  curves, 
excepting  for  gas  of  Table  3,  the  practically  pure  methane 


lU 
9 
8 
7 

6, 
5 

4 
3 

Z 

Mixfure  of  Ohio  and  West 

Virginia  Natural6a&es 

Pressure 
Min.    Mm. 
Curve  A.  1      7.60 
"    C  10    SM 

volume 
titn.    Mox._ 
10      T3S 
1       6.6 

k 

w 

\    ^"  Curve 

'(/!'  0.923) 

a     V 

^ 

^«. 

\ 

\ 

\ 

\ 

\ 

I  Z  3  4'  56769     10 

Volume  (Relative) 

Fig.  10    Logarithmic  Plot  of  Results  in  Table  5 

gas.  The  curves  A  for  gases  of  Tables  1,  2  and  4,  when  drawn 
as  two  straight  lines  of  different  slopes,  pass  through  nearly 
every  point.  A  slightly  curved  line  di-awn  through  the  points, 
possibly,  might  represent  the  facts  more  correctly.  There  are 
not  sufficient  data  to  settle  this  point  definitely. 

In  their  conclusion  the  authors  state  that  no  deviation  was 
found  for  gases  of  Tables  1  and  3  between  pressures  of  1  and 
2  atmospheres.  It  is  to  be  regretted  that  these  data  were  not 
given,  as  it  would  be  interesting  to  plot  them  upon  the  logarith- 
mic paper  with  the  others. 

If  the  contract  jirice  for  gas  per  cubic  foot  is  based  upon 
a  pressure  of  about  2  atmos.,  then  the  percentage  deviations 
as  given  in  the  paper  are  correct.  But,  as  is  probably  more 
usual,  this  pressure  is  very  close  to  one  atmosphere,  then  the 
deviation  from  Boyle's  law  should  be  zero  at  that  pressure. 
Also,  in  the  absence  of  positive  evidence  to  the  contrary  and 
from  our  general  knowledge  of  the  laws  of  gases,  it  is  hardly 


to  be  expected  that  n  would  change  abruptly  at  about  2  atmos. 
to  a  new  value  larger  than  a  value  between  2  and  8  atmo- 
spheres. 

I  have  searched  diligently  through  the  literature  for  experi- 
ments upon  gases  at  low  pressures,  say  from  1  to  2  atmos., 
and  have  been  unable  to  find  any  results  upon  so-called  per- 


FED    CBA 


Jf'  NML  KN  G 


Methane  from  Amagd+ 
AandG  llIDeq.Fahr  n-  O.SSS'^ 


•  K  I40.S» 
■  L  lOS.I  '• 
-M  SI.5  " 
■■  N  SS.S  •• 


n-  0.35S 
H'0931- 
n- 0.323 
n-- 0.905 


Z  3  4 

Volume  (Relative) 


7     a    9   10 


Fig.  11    LoGAKiTHMic  Plot  of  Amagat's  Observations 


2  3  '4  56789    10 

Volume  (Relative) 

Fig.  12    Logarithmic  Plot  of  Amagat's  Observations 

manent  gases  giving  evidence  that  «  should  differ  from  its 
value  from  2  to  10  atmospheres.  Amagat  spent  considerable 
time  and  thought  upon  gases  at  very  low  pressures  and  was 
unable  to  arrive  at  any  conclusion  in  this  matter  because  of 
the  magnitude  of  experimental  errors,  particularly  in  the 
measurement  of  pressures.  See  Annates  de  Chimie  et  de 
Physique,  1883,  Serie  .5.5,  vol.  28,  pp.  480-499. 
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Bj-  extending  the  straight  lines  on  the  logarithmic  paper 
back  to  a  pressure  of  one  atmosphere  and  reading  otit'  the  vol- 
ume, a  new  PV  product  for  the  initial,  slightly  different  in 
every  case  from  that  found  by  the  authors  at  about  2  atmos., 
was  determined,  and  using  this  as  a  starting  point.  Tables  2, 
3  and  5  were  abridged  and  reeominited.  The  percentage  devia- 
tion is  in  everj'  case  appreciably  larger,  e.g.,  as  shown  in 
Table  7,  a  revision  of  Table  2.  The  deviation  at  5  to  10 
atmos.  is  increased  40  to  100  per  cent.  Hence  the  impor- 
tance of  locating  correctly  the  point  of  zero  deviation  is 
clearly  shown. 

TABLE  7  (TABLE  2  REVISED) 
Pennsylvanlv  "Wet"  Naturai.  Gas 


p 

Absolute     Pres- 

Relative 

Boyie'a 

Per  cent 

deviation 

between  Vq  and  Vb 

sure  in  Standard 

Volume 

Law 

Atmospheres 

Observed 

Volume 

New 

Earhart  &  Wyer 

1.00 

S5.6' 

85.61 

0.001 

1.936 

42.03 

44.25 

5.27 

0.001 

2.254 

35.80 

38.01 

6.18 

0.84 

2.676 

29.92 

32.02 

7.02 

1.62 

3.4S2 

22.78 

24.55 

7.78 

2.58 

5.837 

13.41 

14.70 

9.62 

3.96 

10.754 

7.06 

7.96 

12.72 

7.18 

20.706 

3.47 

4.14 

19.30 

13.24 

25.696 

2.70 

3.33 

23.30 

17.28 

48.677 

1.27 

1.76 

38.60 

31.62 

1  From  logarithmic  curve. 

Across  Fig.  6  are  drawn  4.5-deg.  reference  lines  through  the 
initial  observed  point  and  through  the  point  where  the  extra- 
polated curve  A  cuts  the  T'-asis  at  a  pressure  of  1  atmosphere. 
Hence,  at  any  pressure  along  curve  A,  the  deviations  can  be 
seen  at  a  glance. 

Figs.  11  and  12  have  been  plotted  from  the  observations 
of  E.  H.  Amagat  upon  methane,  hydrogen  and  ethylene  at 
Jhigh  pressures  (30  to  420  atmos.),  taken  from  "The  Laws 
•of  Gases,"  edited  by  Carl  Barus,  1899.  These  curves  may  aid 
in  understanding  some  of  the  deviations  shown  by  the  natural 
gas  curves.  They  illustrate  briefly  the  facts  as  shown  by 
Van  der  Waals'  equation  that  {P  +  a/v')  (V  —  b)  =  C  for 
constant  temperature,  where  a/v'  =  the  cohesion  pressure  be- 
tween the  molecules  of  the  gas,  and  b  =  the  volume  of  the  gas 
when  it  is  compressed  to  the  utmost. 

As  a  fiu'ther  aid,  the  following  critical  temperatures  and 
pressures  from  the  Smithsonian  Physical  Tables  are  inserted 
here. 


Critical  temperature,  deg.  fahr —  390 . 5 

Critical  press\ire,  atmospheres 20 


N  CH.       Cj  H.      Cj  H. 

-220     —  115       48.5         95.0 

35         54.9         58  45.2 


It  is  of  interest  to  compare  the  values  of  n  from  Amagat's 
data  for  methane  with  that  for  the  practically  pure  methane 
gas  in  Table  3  of  the  authors'  paper.     See  Figs.  8  and  11. 


Temperature, 

n 

Deg. 

(from  straight 

Fahr. 

portion  of  curve) 

58.5 

0.905 

176.0 

0.966 

67.6 

0.968 

Methane  (Amagat) 

Methane  (Amagat) 

Methane  gas  (Earhart  and  Wyer) . 


So  great  a  difference  for  the  value  of  n  would  hardly  be 
expected.     It   has  been  alleged   that   the  hydrogen   used   by 


Amagat  was  not  pure,  but  contained  as  much  as  20  per  cent 
carbon  monoxide.  (See  "  Study  of  Gases,"  by  M.  W.  Travers, 
1901  ed.,  p.  165.)  Since  much  more  is  known  about  the 
analysis  of  gases  now  than  in  1875  to  1885,  it  is  barely  pos- 
sible that  the  methane  experimented  upon  by  Amagat  was  not 
pure. 

It  is  shown  in  Figs.  11  and  12  that  gases  at  temperatures 
far  above  the  critical  temperatui-e  plot  as  straight  lines  until 
the  pressure  becomes  very  high,  when  the  lines  become  con- 
vex to  the  F-axis,  showmg  that  the  value  of  n  increases.  For 
gases  below  the  critical  temperature,  the  curves  may  be  straight 
for  a  short  distance,  but  soon  become  concave  to  the  F-axis. 
Then,  with  an  increase  of  pressure,  the  cui-vature  is  reversed 
and  the  lines  become  convex,  as  is  characteristic  of  the  cui-ves 
of  the  so-called  permanent  gases.  This  explains  why  the 
"wet"  gas  of  Table  2  and  Fig.  7,  containing  37  per  cent 
ethane,  is  first  straight  and  then  concave  to  the  F-axis. 

The  writer  is  unable  to  explain  why  the  slope  of  the  A 
curves  should  increase  with  the  pressure  in  the  case  of  natural 
gas. 


METHOD  OF  TESTING  PV  PERCENTAGE  DEVIATION  IS  SUGGESTED  BY 
MR.    HICKSTElN 

E.  0.  HiCKSTEiN  (written).  It  would  be  interesting  to 
know  if  any  precautions  were  taken  in  this  work  to  eliminate 
water  vapor  present  in  the  gas.  If  not,  is  there  any  prob- 
ability of  the  presence  of  such  vapor  having  an  appreciable 
effect? 

Some  tests  made  by  the  writer  about  a  year  ago  suggest  a 
method  of  test  which  perhaps  has  not  previously  been  used 
in  this  connection.  The  possible  sources  of  error  in  this 
method  are  so  few  that  the  results  may  be  interesting. 

In  tests  made  at  Wann,  Oklahoma,  on  orifice  meter  disks, 
a  known  volume  of  pipe  line  (one  mile  of  12-in.)  was  filled 
with  high-pressure  gas  and  closed  off  from  the  source  of  sup- 
ply. It  was  then  passed  through  different  types  of  meters  at 
a  constant  rate  of  discharge  into  the  atmosphere.  The  length 
of  time  during  which  gas  escaped  from  the  reservoir  was  taken 
by  stop  watch,  and  from  this  reading,  together  with  initial 
and  final  pressures  in  the  reservoir,  and  its  volume,  the  rate 
of  discharge  could  be  calculated,  assuming  that  the  gas  acted 
in  accordance  with  Boyle's  law.  The  figures  presented  here 
were  obtained  from  these  tests. 

On  January  24,  1915,  four  tests  were  made  without  refilling 
the  pipe-line  reservoir.  The  rate  of  discharge  was  kept  con- 
stant, the  flow  being  regulated  by  an  operator  who  slowly 
opened  a  gate  through  which  the  gas  was  expanded  to  a  low 
])ressure  and  then  discharged  to  the  atmosphere  through  a 
meter  prover.  The  readings  taken  during  the  four  runs  are 
reported  in  Table  8.  which  is  self-explanatory. 

From  these  data  was  calculated  the  number  of  cubic  feet 
of  gas  at  atmospheric  pressure  passing  per  minute  through  a 
square  inch  of  orifice  area,  reduced  to  standard  conditions  of 
60  deg.  fahr.  flow  temperature,  0.675  gravity  and  2.70  in.  of 
water  pressure  in  prover.  The  results  appear  in  column  2  of 
Table  9. 

As  the  prover  was  working  at  all  times  under  identical  con- 
ditions, it  is  clear  that  the  discrepancy  between  these  four 
values  must  be  due  to  the  fact  that  the  calculation  of  the  rate 
of  flow,  based  on  Boyle's  law,  was  incon-ect.  If,  now,  it  is 
assumed  that  Boyle's  law  is  true  between  50  and  0  lb.  per 
sq.  in.  pressure,  that  is,  that  the  fourth  test  is  correct  as  fig- 
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ured,  32.43  is  the  correct  constant  for  the  prover  orifice;  and 
the  ratio  of  this  figure  to  the  other  values  in  column  2  of 
Table  0  gives  the  correction  factor  for  the  other  tests  as  re- 
corded in  column  3  of  the  same  table. 

The  excess  of  gas,  over  Boyle's  law,  passing  out  during  each 
of  the  first  three  tests,  is  expressed  in  atmospheres  and  in 

TABLE  8       DATA  TAKEN  DURING  WANN  TESTS,  JANUARY  24,  1915, 
TO  INVESTIGATE   PV   DEVIATION 
(Barometer  reading,  29.4  in.       Gravity  of  gas,  0.672). 


Initial  and 

Final  Pressures 

of  Reservoir, 

Lb.  perSq.  In., 

Gage 

U-tube 

Temperature 

Temperature 

Duration  of 

Reading 

of  Gas  at 

of  Storage 

Run 

of  Tests, 

of  Prover, 

Prover  Outlet. 

Line, 

No. 

Seconds 

In.ofHJO 

Deg.  Fahr. 

Deg.  Fahr. 

1 

200.5 
147.0 

53.5 

1310 

2.81 

32 

35 

2 

146.5 
96.0 

SO. 5 

1274 

2.81 

33 

35 

3 

96.0 
47.0 

49.0 

1239 

2.84 

33 

35 

4 

47.0 
6.75 

40.25 

1237 

2.82 

39 

35 

cubic  feet  of  the  gas  in  columns  4  and  5  of  Table  9.  The 
accumulative  excess  over  Boyle's  law  is  shown  in  columns  6 
and  7  of  the  same  table.  Fig.  13  indicates  how  it  is  possible 
to  correct  for  the  assumption  made  that  the  fourth  test  and 
Boyle's  law  give  identical  discharges  from  the  reservoir,  by 
showing  that,  in  reality,  the  excess  at  50  lb.  per  sq.  in.  is 


TABLE  9      PRELIMINARY  FIGURES,  BASED  ON  ASSUMPTION  THAT 
BOYLE'S  LAW  IS  TRUE  UP  TO  50  LB.  PER  SQ.  IN. 


Run 
No. 

Calculated  Constant 
for  Prover  Orifice, 
Based  on  Boyle*s  Law 
Calculation  of  Gas 
Quantity 

Ratio  of  32.43  (the 
constant  assumed  as 
correct)  to  Value  in 
Previous  Column 

Excess  Over  Boyle's 
Law  for  Each  Run 

Accumulative  Excess 

Over  Boyle's  Law 

(Initial      Pressure      to 

Zero  Pounds) 

Atmospheres 

Cu.   Ft. 

Atmospheres 

Cu.   Ft. 

1 
2 
3 
4 

30.39 
31.33 
32.05 
32.43 

1.0672 
1.0352 
1.0119 
1.0000 

0.249 
0.123 
0.040 
0,000 

68.3 

33.7 

11.0 

0.0 

0.412 
0.163 
0.040 
0.000 

113. 0 

44.7 

11.0 

0.0 

0.010  atmos.  (2.74  cu.  ft.)  over  Boyle's  law.  Correcting  for 
this  0.23  per  cent  of  the  theoretical  quantity  between  47  and 
0  lb.  per  sq.  in.,  the  true  constant  for  the  prover  orifice  is 
32.50  (=  1.0023  X  32.43).  These  corrected  figures  are  given 
in  Table  10. 

The  PV  deviation  expressed  in  per  cent  is  as  follows: 
At  200.5  lb.  per  sq.  in.  (14.9  atmospheres),  2.96  per  cent 
146.5  lb.  per  sq.  in.   (11.2  atmospheres),  1.66  per  cent 


96.0  lb.  per  sq.  in.  (  7.7  atmospheres),  0.70  per  cent 
47.0  lb.  per  sq.  in.  (  4.2  atmospheres),  0.14  per  cent 
These  percentages  will  be  found  plotted  in  Fig.  14. 

While  these  figures  are  given  more  for  their  interest  as  a 
mathematical  analysis,  the  method  used  appeare  to  possess  ad- 
vantages. It  relies  for  its  accuracy  on  the  correctness  of  a 
stop  watch,  pressure  gage  and  thermometer,  and  is  absolutely 
independent  of  the  reservoir  volume,  prover  calibration,  or 
gravity  of  the  gas. 

The  gas  tested  was  taken  out  of  a  line  supplying  Oklahoma 
gas,  which  was  a  mixture  from  the  Gushing  and  Pawhuska 
fields  and  had  a  gTavity  of  0.672. 

It  will  be  noted  that  the  magnitude  of  the  deviation  as  found 
in  these  tests  is  considerably  smaller  than  any  found  by  the 
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Fig.  14    Final  PV  Discrepancy  Curve 


TABLE  10       FINAL  FIGURES,  CORRECTED  FOR  ORIGINAL   ASSUMP- 
TION THAT  BOYLE'S  LAW  IS  TRUE  UP  TO  50  LB.  PER  SQ.  IN. 


Run 
No. 

1 

O 

U 
O 

for  Prover  Orifice, 
Based  on  Boyle's  Law 
Calculation  of  Gas 
Quantity 

Ratio  of  32.50  (the 
Correct  Constant, 
Calculated  from  No.  1 
Curve,  Fig.  13)  to  Value 

O 
o 

s 
£ 

Excess  Over  Boyle's 
Law  for  Each  Run 

Accumulative  Excess 
Over    Boyle's    Law 
(Initial  Pressure   to 
Zero  Pounds) 

Atmospheres 

Cu.   Ft. 

Atmospheres 

Cu.  Ft. 

1 

30.39 

1 . 0695 

0,258 

70.8 

0.443 

121.4 

2 

31.33 

1.0375 

0.131 

35.9 

0.185 

50.6 

3 

32.05 

1.0142 

0.04S 

13.1 

0.054 

14.7 

4 

32,43 

1 . 0023 

0.006 

1.6 

0.006 

1.6 

authors  and  that  the  shape  of  the  curve  is  quite  different, 
but  as  the  samples  tested  by  the  authors  did  not  come  from 
Oklahonia.  this  may  not  be  significant. 
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MESSRS.   BURRELL  AND   ROBERTSON   GIVE  U.    S.   BUREAU   OP  MINES 
FORMULA 

G.  A.  Bureell'  and  I.  W.  Robertson'  (written).  The 
Bureau  of  Mines  have  been  developing  a  formula  by  means  of 
which  the  deviation  of  any  natural  gas,  at  any  pressure,  can 
be  determined  from  a  simple  analysis  of  the  gas.  The  ad- 
vantage lies  in  the  ease  with  which  analyses  may  be  made. 
See  Bulletins  15,  42  and  88  and  Technical  Paper  109,  Bureau 
of  Mines,  covering  analysis  of  natural  gas  and  other  charac- 
teristics. 

In  order  to  develop  a  formula  by  means  of  which  the  com- 


CORRECmON,  PER  CBTt. 


Fic.  15    Compressibility  of  Gases  Found  in  Natural  Gas 

pressibility  of  natural  gas  (deviation  from  Boyle's  law)  could 
be  determined  from  the  analysis,  the  compressibility  of  the 
gases  found  in  natural  gas,  principally  methane,  ethane,  pro- 
pane and  carbon  dioxide,  were  first  determined.  The  com- 
pressibility of  nitrogen  has  been  determined  by  others.  This 
preliminary  information  is  given  in  the  form  of  curves  in  Fig. 
15.  In  Fig.  16  is  shown  the  compressibility  of  the  natural 
gas  used  in  two  cities.  In  Table  11  are  the  analyses  of  these 
two  samples,  together  with  seven  others. 

TABLE  11        PERCENTAGE  ANALYSES  OF    SAMPLES    OF    NATURAL 
GAS  FOUND  IN  NINE  CITIES  IN  THE  UNITED  STATES 


City 

CO2 

CH4 

C2H6 

Nj 

Total 

Little  Rock,  Ark 

Bartlesville,  Okla 

Cleveland,  Ohio 

Los  Angeles.  Cal 

1.0 
2.8 
0.0 

25.1 
0.5 
0.0 

.  0.8 
0.0 
0.0 

96.7 
89.1 
83.6 
59.1 
95.6 
88.1 
84.1 
76.8 
37.5 

0.0 

4.2 
15.7 
14.5 

0.0 
11. a 

6.7 
22.5 
59.6 

2.3 
3.9 

0.7 
1.3 
3.9 
0.4 
8.4 
0.7 
1.7 

100 
100 
100 
100 
100 

Buffalo,  N.  Y. 

100 

Kansas  City,  Mo 

Charlestown,  W.  Va 

Olney,  111.  (HiS  =  1.2%) 

100 
100 
100 

The  formula  was  developed  as  follows :  Suppose  it  is 
desired  to  determine  the  compressibility  of  the  natural  gas 
used  in  Buffalo  at  40  atmos.  pressure.  Buffalo  gas  has  the 
following  percentage  composition:  CH„  88.1;  C.Hj,  11.5;  N^, 
0.4.    At  40  atmos.  the  partial  pressure  of  the 

CH,  =  0.881  X  40  =  35.2  =  P, 
C,H,  =  0.115  X  40  =  4.6  =  P, 
N,       =  0.004  X  40  =     0.2  =  P] 


According  to  the  compressibility  curves  shown  in  Fig.  15, 
the  deviations  per  atmosphere  are  as  follows: 

for  CH.,    0.228,  =  a  for  C3H,,  1.90,  =  c 

for  C,H„  0.900,  =  b  for  CO,,    0.67,  =  d 

for  Nj  (not  shown),  0.01  =  e 
The  total  deviation  D  then  becomes 

D  =  aP,-\-  bP,  +  etc. 
The  deviation  of  Buffalo  gas  at  40  atmos.  is  then 
D  =  (0.228  X  35.2)  +  (0.90  X  4.6) 

=  8.03  4-         4.14         =  12,17  per  cent. 

The  calculated  and  determined  deviations  at  a  pressure  of 
20  atmos.  for  different  natural  gases  experimented  with  by  the 
writers  are  recorded  in  Table  12;  and  the  results  there  given 

TABLE  12        CALCULATED    AND  DETERMINED  DEVIATION  FROM 

BOYLE'S  LAW  OF  DIFFERENT  NATURAL  GASES  AT  A 

PRESSURE  OF  20  ATMOSPHERES. 


Little  Rock.. 
Bartlesville. . 
Cleveland . . . 
Los  Angeles. 
Palestine .... 


Per  Cent  De\*iation 
Observed  Calculated 
.       5.8  4.4 

4.8  4.8 

.       4.3  4.5 

.       7.8  7.6 

4.2  4.4 


Per  Cent  Deviation 
Observed  Calculated 


Buffalo 

Kansas  City. 
Charleston. . . 
Olney 


6.0 

4.0 

6.4 

12.3 


6.1 
4.4 
7.5 
12.4 


show  that  it  is  possible  to  calculate  the  compressibility  of  dif- 
ferent natural  gases,  having  given  the  analysis  of  the  gas. 


MR.     WEYMOUTH     GIVES     SIMPLE     AND     PRACTICAL     METHOD     OF 

MEASURING    GAS    UNDER    HIGH    PRESSURE    CONDITIONS 

DESPITE  VARIATION 

Thomas  R.  Weymouth  (written).    At  the  suggestion  of  Mr. 
Wver,  I  made  a  test  of  a  gas  from  Roystone  Station,  where 


i 


i^- 


m 


m 


t- 


I 


i 


f- 


CORRECTION  PERCENT 

Fk;.  16     Compressibility  op  Natural 


Gas 


'  In  chargL",   Laboratory  of  Gas  Investigations,  Bureau  of  Mines. 
■  Junior  chemist,  Bureau  of  Mines. 


the  samples  indicated  in  Tables  1  and  2  were  obtained,  by  a 
method  originally  proposed  by  Mr.  E.  B.  Rosa  of  the  Bureau 
of  Standards.  This  consisted  in  filling  a  small  tank  of  known 
capacity  with  the  gas  at  high  pressure,  which,  after  its  tem- 
perature and  pressure  had  been  observed,  was  expanded  into 
a  lO-cu.-ft.  meter  prover.  The  increase  in  volume,  as  indicated 
by  the  lift  of  the  prover  drum,  added  to  the  volume  of  the 
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original  contaiuer,  gave  the  total  volume  of  the  gas  at  the 
pressure  and  temperature  in  the  prover.  In  order  to  maintain 
the  temperature  of  the  gas  as  nearlj'  constant  as  possible,  it 
was  expanded  very  slowly,  at  a  rate  of  about  one-half  a  cubic 
foot  per  minute.  After  the  expansion  was  complete  and  ob- 
servations of  the  lift  and  pressure  of  the  prover  had  been 
made,  the  connection  to  the  container  was  broken  and  the 
gas  was  allowed  to  flow  from  the  prover  through  the  con- 
necting hose  with  a  thermometer  in  its  path,  which  immedi- 
ately settled  to  the  value  given  in  the  data  and  remained  there. 
This  temperature  was  the  same  as  that  obtained  on  similar 
observations  of  air,  made  just  previous  to  the  run  on  gas. 
This,  therefore,  is  considered  as  giving  the  true  temperature 
of  the  expanded  gas. 

The  high  pressure  of  the  gas  in  the  tank  was  measured  by 
means  of  a  sensitive  bourdon  spring  test  gage,  calibrated 
against  a  dead-weight  tester  at  the  time  of  the  test.  The  tem- 
perature of  the  gas  in  the  tank  was  observed  by  means  of  a 
thermometer  placed  in  contact  with  the  exterior  of  the  tank 
and  heavily  lagged.  Three  observations  of  pressure  and  tem- 
perature were  made  after  having  allowed  the  container  to  re- 
main in  rooms  of  different  temperatures  long  enough  to  be- 
come constant  in  each  instance,  and  from  these  observations 
the  pressure  existing  in  the  tank  at  the  temperature  of  the 
expanded  gas  was  computed.  The  average  of  the  three  re- 
sults was  then  used  in  the  final  computations.  The  data  ob- 
tained were  as  follows : 

V  =  volume   of   container   at   60   deg.   fahr.    =    0.3938 

cu.  ft. 
B  =  barometer  at  time  of  test  =  29.08  in.   =  14.249 

lb.  per  sq.  in. 
Pressure  in  gas  container  = 

p'     =  277.15  lb.  per  sq.  in.  gage  at  72.5  deg.  fahr. 
p"    =  270.50  lb.  per  sq.  in.  gage  at  61.4  deg.  fahr. 
?/"   =  271.00  lb.  per  sq.  in.  gage  at  62.0  deg.  fahr. 
or      P'     =  283.85  lb.  per  sq.  in.  absolute  at  58.7  deg.  fahr. 
P"    =  283.85  lb.  per  sq.  in.  absolute  at  58.7  deg.  fahr. 
P'"  =  283.45  lb.  per  sq.  in.  absolute  at  58.7  deg.  fahr. 
Avg.  P      =  283.53  lb.  per  sq.  in.  absolute  at  58.7  deg.  fahr. 
h       =  pressure  in  prover  through  test  =  2.07  in.  water 
P„     =  absolute    pressure    of   expanded    gas    =    B    -f- 

0.0367i  =  14.324  lb.  per  sq.  in. 
L      =  increase  in  volume  =  lift  of  prover  =  8.07  cu.  ft. 
K      =   actual  ratio  of  total  expanded  gas  volume  to  the 

volume  of  high  pressure  gas  =    (Z,  +  V)/F  = 

21.492 
iV„     =  ratio   of  volumes  according  to   Boyle's  law    = 

P/P,  =  19.794. 
Deviation  factor  =  AVi\^„  =  1.0858. 

In  other  words,  the  percentage  error  of  this  gas  is  8.58  at 
a  pressure  of  283.53  lb.  per  sq.  in.  absolute,  or  19.29  stand- 
ard atmospheres.  The  analysis  of  the  gas  showed  it  to  con- 
tain 56.0  per  cent  methane,  36.2  per  cent  ethane  and  7.8  per 
cent  nitrogen. 

This  method  of  testing  gases  to  determine  their  deviation 
from  Boyle's  law  is  extremely  simple  and  rapid,  and,  I  believe, 
will  furnish  a  ready  means  for  the  determination  of  correction 
factors  to  be  applied  in  the  commercial  measurement  of  high- 
pressure  gas. 

The  error  introduced  by  the  assumption  of  the  validity  of 
Boyle's  law  in  cases  where  actual  volumes  at  high  pressure 
are  measured  by  a  volumetric  meter  and  reduced  to  standard 
conditions  by  applying  direct  pressure  ratios,  is  double  the 


error  in  the  measurement  by  rate-flow  meters,  such  as  the 
pitot  tube  and  orifice,  wherein  the  pressure  factor  enters  under 
the  radical  sign. 

In  order  to  apply  the  information  given  in  the  pa)jer  to 
actual  measurement  problems.  I  have  assumed  an  empirical 
equation  of  the  form  P°F  =  KT,  wherein  the  characters  have 
the  usual  significance.  Applying  in  this  formula  the  original 
observations  at  about  2  and  20  atmos.,  the  results  are  shown 
in  Table  13,  from  which  it  is  seen  that  the  exponent  of  P  is 
fairly  constant,  considering  the  wide  variation  in  the  consti- 
tution of  the  gases  tested.  From  this  fact  I  believe  that  much 
closer  approximations  to  the  true  measurement  of  natural  gas 
can  be  obtained  by  the  use  of  the  formula  given  than  is  now 
the  case  with  the  assumption  of  Boyle's  law. 

TABLE  13     COMPUTED  VALUES  OF  n  FROM  P''V  =  KT 


Gas 
of 

Pi 
Obs. 

Obs. 

T 
Obs. 

P'. 
Obs. 

Obs. 

n 
Computed 

Gravity 

Fig.  5.  .  . 

Table  1.. 
Table  2.. 
Table  3.. 

Table  4.. 
Tables.. 
T.R.W. 

2.029 
2.020 
2.024 
1.936 
1.936 
2.018 
2.022 
1.884 
14.320 

41.31 
41.35 
41.62 
42.03 
42.10 
40.98 
41.07 
38.12 
8.464 

534.8 
526.2 
526.1 
528.4 
527.6 
533.9 
527.1 
526.6 
518.7 

20.706 
20.709 
20.705 
18.214 
20.708 
20.700 
20.708 
20.701 
283.330 

3.69 
3.73 
3.82 
4.02 
3.67 
3.75 
3.70 
3.10 
0.3938 

1.040 
1.033 
1.027 
1.047 
1.030 
1.027 
1.033 
1.047 
1.028 

0.66 
0.65 
0.66 
0.75 
0.56 
0.76 
0.67 
0,66 

Averai 

1  035 

In  order  to  determine  how  closely  the  empirical  formula 
adheres  to  the  actual  expansion  curve  given  by  the  authors,  I 
have  computed  from  the  test  of  Table  1  the  volume  cor- 
responding to  the  observed  pressures,  using  the  formula 
pi.oMp-  ^  g-_gg  rpjjg  deviation  of  the  computed  from  the 
actual  is  less  than  1  per  cent  up  to  30  atmos.,  and  by  slightly 
changing  the  exponent  of  P  and  the  value  of  K  this  deviation 
can  be  made  much  smaller. 

It  seems,  therefore,  that  in  spite  of  the  wide  deviation  of 
natural  gases  from  Boyle's  law,  it  is  quite  possible  and  prac- 
tical to  obtain  correct  measurements  under  high-pressure  con- 
ditions well  within  the  commercial  requirements  of  accuracy, 
by  means  of  this  comparatively  simple  empirical  relationship, 
readily  determined  for  any  gas  by  the  method  described. 

In  order  to  employ  the  equation  in  the  transformation  to 
standard  conditions  of  measurement  made  by  volumetric  ap- 
paratus, it  is  merely  necessary  to  multiply  the  measured  vol- 
ume by  the  wth  power  of  the  absolute  pressure  ratios. 

In  the  case  of  measurements  with  rate-flow  meters,  such  as 
the  orifice  or  pitot  tube,  the  pressure  factor  under  the  radical 
in  the  usual  formula  of  such  instruments  (see  Journal  Am. 
Soc.M.E.,  Dec,  1912,  p.  1645)  is  used  with  the  exponent  n, 
and  the  numerical  coeffieieut  is  changed  to  correspond  with 
the  proper  value  of  £■  in  the  empirical  formula. 

In  connection  with  the  observed  vibration  of  the  mercury 
column  at  certain  pressures,  which  the  authors  explain  as  due 
to  the  Hquefaetion  of  the  heavy  hydrocarbons  in  the  gas,  it 
would  be  interesting  to  know  if  any  attempt  was  made  to  com- 
pute the  partial  pressures  of  these  heavy  gases  from  the  ob- 
served pressures  and  the  gas  analyses,  and  note  whether  or 
not  they  were  the  same  for  the  different  samples  experimented 
upon.  This  should  be  approximately  true  in  cases  where  the 
relative  proportions  of  the  various  heavy  hydrocarbons,  re- 
ported as  ethane,  are  nearly  alike. 
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MR.  FISHER  EXAMINES  FACTORS  OF  ilETHODS  USED  BY  DIFFERENT 
INVESTIGATORS 

F.  P.  Fisher  (written).  Because  of  the  disagxeement  in 
numerical  results  obtained  from  experiments  on  the  deviation 
of  natural  gas  from  Boyle's  law  when  slightly  different  meth- 
ods havf  been  used  upon  similar  gases,  the  writer  is  led  to 
examine  in  detail  some  factors  of  the  methods  used  which 
might  have  led  to  erroneous  conclusions  in  any  or  all  of  the 
experiments  to  be  quoted. 

Ill  the  work  done  in  our  laboratories,  the  method  used  by 
Mr.  Baxter  was  that  of  expanding  the  gas  from  a  metal  con- 
tainer of  known  volume  into  a  second  similar  container,  simi- 
lar in  principle  to  the  cubic-foot  bottle,  and  obser\-ing  the 
volume  of  the  expanded  gas  delivered  in  order  to  effect  a  given 
reduction  in  pressure  in  the  original  container.  This  roughly 
reproduced  the  conditions  under  which  the  gas  is  expanded 
in  actual  industrial  apphcation.  The  experiments  were  origi- 
nally attempted  by  measuring  the  expanded  gas  in  a  precision 
gasometer  of  small  bore  and  long  travel,  but  the  results  were 
imsatisfactory  because  of  the  very  difficult  element  of  vapor 
tension  in  measuring  ovev  water,  which  showed  the  necessity 
of  dry  measurement. 

In  the  work  done  at  the  laboratory  of  Kansas  University 
at  Lawrence,  by  Prof.  Walker  and  Prof.  Garver.  a  mercury 
column  was  used  as  a  source  of  pressure,  and  the  method  of 
com|iression  was  very  similar  to  that  in  the  experiments  of 
Earhart  and  Wyer,  with  the  exception  that  the  precaution  was 
taken  to  guard  against  the  presence  of  water  vapor  in  the  gas 
sample  by  passing  the  gas  carefully  through  chloride  drying 
tubes  before  entering  the  apparatus.  The  importance  of  this 
was  pointed  out  by  our  own  experience  in  measuring  over 
water.  I  do  not  find  reference  to  any  such  precaution  in  the 
paper  under  discussion.  The  pressure  in  the  Kansas  Univer- 
sity experiments  was  Hmited  by  the  available  height  of  the 
mercury  column  to  slightly  over  200  lb.,  but  the  apparatus 
admitted  of  verj-  accurate  work  in  the  very  important  range 
between  1  and  2  atmospheres. 

Taking  specific  examples  of  the  results  of  these  three  series 
of  experiments  at  a  pressure  of  about  200  lb.  and  on  similar 
gases,  I  find  that  the  relative  numerical  value  of  the  deviation 
was  approximately  2,  4  and  6  per  cent,  maintained  consist- 
ently through  a  considerable  number  of  samples  in  each  case, 
and  considering  the  experiments  in  the  order  of  Baxter, 
Walker  and  Wyer.  This  difference  makes  necessary  first,  a 
careful  analysis  of  the  methods  to  arrive  at  the  possible  cause 
of  the  difference,  and  second,  corroborative  experiments  veri- 
fying any  theories  deduced  as  to  the  cause  of  the  difference. 

I  would  confine  the  present  discussion  to  pointing  out  some 
l)ossible  causes  for  this  diiSerence,  which  should  be  validated 
by  various  experiments.  Our  own  work  has  pointed  out  the 
great  importance  of  freeing  the  gas  from  water  vapor  in  order 
to  get  significant  results.  From  this  I  would  assume  that  the 
difference  between  the  two  compression  methods,  where  similar 
samples  were  compressed  in  carefully  calibrated  tubes,  would 
lie  largely  in  the  fact  that  the  gas  was  carefully  freed  from 
water  vapor  in  one  of  the  tests. 

The  difference  between  the  expansion  and  compression 
methods  is  more  difficult,  but  a  reasonable  and  possible  ex- 
planation appears  to  be  pointed  out  near  the  close  of  the 
authors'  paper,  where  they  refer  to  the  probable  condensation 
of  a  minute  volume  of  invisible  fiuid  under  certain  specific  de- 
grees of  compression  as  practically  demonstrated  by  their  ob- 
servations. 

Our  knowledge  of  oils,  gasolines  and  fluids  of  the  paraffin 


series  would  tend  to  show  that  such  licjuids  will  wet  glass  sur- 
faces freely,  whereas  glass  strongly  repels  mercury,  giving  a 
high  and  inverted  meniscus  as  compared  with  gasoHne.  Any 
fluid  formed  would  therefore  have  a  strong  tendency  to  wet 
the  glass  surface  and  remain  below  the  upper  surface  of  the 
mercury  as  compression  was  carried  to  the  higher  point,  giving 
a  false  observation  as  to  the  true  reduced  volume  by  not  in- 
cluding all  of  the  substance  of  the  original  gas  above  the  mer- 
cury. Any  fluid  thus  trapped  would  represent  a  relatively 
large  volume  of  the  original  gas,  so  that  the  slightest  tendency 
ill  this  direction  would  materially  affect  the  value  of  the  final 
observations. 

It  is  necessary  in  filling  a  good  barometer  tube  to  boil  the 
mercury  for  some  time  in  all  parts  of  the  tube  to  remove  the 
air  from  the  surface  of  the  glass.  I  would  therefore  infer 
that  there  is  considerable  probability  that  in  these  experiments 
of  compression  over  mercui-y,  irrespective  of  the  condensation 
of  small  quantities  of  fluid,  that  a  volume  of  the  gas  itself  is 
attached  to  the  surface  of  the  glass  as  the  mercury  column 
ascends,  giving  an  unobserved  deduction  from  the  true  quan- 
tity of  substance  and  consequently  a  false  reading  of  the 
volume. 

In  the  concluding  paragraph  Mr.  Wyer  refers  to  experi- 
ments with  a  different  apparatus  in  the  range  between  1  and 
2  atmos.,  in  which  there  was  no  perceptible  change  from 
Boyle's  law  within  those  limits.  This  result  seems  to  be  con- 
tradictory and  irreconcilable  with  the  shape  of  the  curve  of 
per  cent  deviation  in  the  charts  given,  which  show  a  maximum 
divergence  of  the  curve  from  a  horizontal  line  in  the  range 
immediately  beyond  2  atmospheres.  It  would  not  seem  rea- 
sonable or  consistent  with  other  experiments  along  the  same 
line  that  gas  should  be  compressed  from  absolute  pressure  of 
1  atmos.  to  2  1/3  atmos.  "  with  no  perceptible  deviation  from 
the  law  "  and  begin  sharply  at  2  atmos.  to  attain  the  maximum 
rate  of  deviation  from  this  same  law,  for  a  given  increase  in 
pressure,  falling  off  to  a  minimum  deviation  at  a  pressure 
higher  than  4  or  5  atmospheres. 

Before  accepting  as  final  any  of  the  numerical  values  so  far 
proposed,  more  work  of  a  very  careful  nature  should  be  done 
upon  this  subject  of  divergence  from  Boyle's  law. 


COMMERCIAL   FACTOR  OF  DEVIATION  POINTED  OUT  BY   MR.   BAXTER 

■  W.  C.  Baxter'  (written).  The  1912  U.  S.  report  shows 
600,000,000,000  cu.  ft.  of  natural  gas  used  in  the  United  States 
per  annum  (not  600,000,000). 

The  authors'  statement  about  the  deviation  from  Boyle's  law 
being  in  favor  of  the  purchasing  company  when  measured  at 
high  pressures  is  based  upon  only  seven  samples  of  gas  tested, 
and  does  not  necessarily  apply  to  the  United  States  as  a  whole. 

The  tests  show  the  expected  deviation  from  Boyle's  law  with- 
out proving  it  to  be  a  commercial  factor  and  without  sug- 
gesting a  means  for  correcting  for  this  deviation.  The  authors 
jioint  out  the  impracticability  of  attempts  to  correct  for  the 
deviation  by  sajdng  that  different  gases  have  marked  differ- 
ences of  deviation,  and  that  no  relationship  can  be  established, 
since  the  exact  ethane  content  cannot  be  determined,  any 
higher  hydrocarbon  present  being  shown  as  ethane  in  the  usual 
analysis.  Furthermore,  any  appreciable  amount  of  the  higher 
hydrocarbons  would  probably  have  a  greater  influence  than 
a  high  percentage  of  ethane. 

Refinements  in  the  measurements  of  natural  gas  are  to  be 
welcomed  by  purchaser  and  selling  company,  but  the  statement 
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that  "  the  direct  application  of  Boyle's  law  to  high-pressure 
gas  measurements  gives  an  exceedingly  rough  approximation  " 
is  very  alarming,  if  not  altogether  misleading,  since  it  is  made 
without  regai'd  to  other  considerations  that  enter  into  the 
measurement.  The  authors,  evidently,  are  not  familiar  with 
actual  field  conditions  and  the  many  measurements  that  are 
made  at  high  pressure  and  found  to  be  consistent. 

Any  sand,  oil  or  water  passing  through  a  meter  would  not 
be  aft'ected  by  deviations  from  Boyle's  law,  but  their  presence 
in  any  considerable  quantity  results  in  an  overmeasurement. 
In  practically  all  field  measurements,  large  quantities  of  water 
vapor  and  oil  vapor  are  condensed  after  having  passed  the 
meter,  causing  a  shrinkage  or  loss  to  the  purchasing  company. 
The  difficulty  of  removing  such  vapors  at  or  near  the  fields 
can  be  appreciated  only  by  those  iiaving  actual  field  experi- 
ence. 

From  a  commercial  standpoint,  actual  measuring  conditions 
should  be  considered  rather  than  a  single  isolated  factor. 

The  remarkable  feature  of  the  test  results  is  that  the  per- 
centage deviation  curve  has  a  point  of  inflection  at  2  atmos. 
pressure,  when  the  tests  at  lower  pressure,  not  published,  show 
no  deviation.     This  would  indicate  that  the  roughest  approxi- 
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mation  would  be  made  by  applying  Boyle's  law  at  or  near  2 
atmos.,  introducing  an  uncertainty  as  to  which  party  is 
favored.  The  upper  parts  of  the  curves  indicate  that  the 
percentage  factor  might  become  constant  or  decrease  with  a 
sufficienth'  high  pressure.  However,  very  little  natural  gas 
is  measured  above  400  lb.  per  sq.  in.  gage,  and  an  extension  of 
the  curve  would  be  of  no  practical  value. 


PROFESSOR     WALKER     CALLS     ATTENTION     TO     APPARENT     INCON- 
SISTENCIES IN  THE  RESULTS 

P.  F.  Walker  (written).  I  have  taken  great  interest  in  the 
matter  treated  in  this  paper,  which  bears  upon  the  work  of 
several  scientists  of  note,  particularly  upon  that  of  Amagat. 

Amagat  set  up  a  mercury  column  with  which  to  measure 
pressures  in  a  mine  shaft  where  he  could  secure  high  pressures, 
and  for  a  gas-measuring  tube  employed  a  closed  tube  similar 
to  that  employed  by  the  authors.  After  developing  the  ehar- 
Acteristic  curve  for  hydrogen  shown  in  Fig.  17,  he  proceeded 
to  investigate  several  gases  not  far  removed  from  their  critical 
states  at  ordinary  temperatures,  such  as  carbon  dioxide,  ethy- 
lene, and  methane.     The  form  of  characteristic  curve  for  the 


first  two  is  that  shown  in  Fig.  17  and  marked  carbon  dioxide. 
The  critical  point,  where  the  gas  changes  from  diminishing 
to  increasing  values  of  the  product,  PV ,  is  sharply  marked. 
For  higher  temj^eratures  this  is  less  sharply  defined,  as  repre- 
sented for  methane.  At  the  higher  temperatures  and  pressures 
the  curves  all  appear  to  approach  the  form  of  that  for  hydro- 
gen. 

On  the  lovv'-pressure  side  the  gases  close  to  saturation  pass 
promptly  from  the  critical  point  to  a  form  of  curve  convex 
toward  the  horizontal  line  indicating  the  perfect  gas,  which 
convexity  continues  to  the  lowest  pressures.  At  the  lowest 
jjressures  the  rate  at  which  the  gas  deviates  from  the  perfect 
gas  with  changing  pressure  becomes  small,  the  curve  being 
asymptotic  to  the  horizontal.     As  these  gaseous  vapors  become 
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more  like  true  gases  this  convexity  diminishes,  it  being  as 
though  the  methane  curves  of  Fig.  17  were  continued  to  the 
left  without  reversal  of  curvature.  Whether  methane  reverses 
or  not  has  not  been  shown  absolutely  as  yet,  but  there  is 
evidence  to  show  that  at  the  lower  temperatures  the  curve  does 
reverse. 

Fig.  18  shows  the  definite  character  of  the  curve  for  methane 
at  60  deg.  fahr.  for  pressures  down  to  atmospheric,  as  deter- 
mined with  the  apparatus  in  use  in  the  Kansas  laboratory. 
Alongside  the  methane  curve  is  shown,  also,  the  curve  for  a 
sample  of  natural  gas  containing  about  87  per  cent  methane 
drawn  from  the  Kansas-Oklahoma  gas  field.  The  effect  of 
drying  this  gas  before  its  admission  to  the  measuring  tube  of 
the  apparatus  is  shown  by  the  broken  curve  to  be  but  slight. 
The  undried  gas  indicates  a  greater  total  deviation  from  the 
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perfect  gas.  and  both  indicate  greater  deviation  than  does  pure 
methane. 

These  curves  are  in  sharp  contrast  to  the  form  of  curve 
given  by  the  data  supplied  by  the  authors.  Fig.  19  is  con- 
structed from  the  data  taken  from  Table  3  by  the  authors,  it 
being  for  the  natural  gas  which  contains  98.6  per  cent  me- 
thane, with  the  remainder  nitrogen.  If  the  sharp  curvature 
secuted  by  the  authors  for  all  of  their  gases  at  the  low  pres- 
sures were  due  to  the  i^resence  of  condensible  vapors,  we  would 
expect  this  curve  for  almost  pure  methane  to  be  distinctly  dif- 
ferent in  form.  The  only  difference  is  in  magnitude,  however, 
which  really  is  the  result  to  be  expected.  The  cui-ve  on  original 
data  in  Fig.  19  has  been  extended  to  meet  the  atmospheric 
pressure  line,  at  a  value  of  PV  of  about  83.5.  If  percentages 
of  variation  were  to  be  calculated  from  this  value,  and  in  the 
gas  business  we  want  volume  referred  to  atmospheric  pressure, 
they  would  be  considerable  greater  than  those  given  by  the 
authors. 

As  to  the  form  of  the  curves  at  low  pressures,  it  is  clear 
that  the  sharp  variation  is  such  as  would  be  produced  by  a  con- 
stant error  in  the  observed  pressures.  Such  an  error,  the 
amount  being  added  to  the  true  pressure,  would  be  of  maxi- 
mum significance  at  low  pressure  where  the  added  quantity 
would  be  large  in  proportion  to  the  true  value,  and  would  pro- 
duce an  effect  on  the  form  of  the  curve  as  noted.  In  order 
to  determine  if  the  presence  of  water  vapor  in  the  gas  would 
account  for  the  peculiarity,  1  have  recalculated  the  values  of 
PV  after  deducting  from  P  the  partial  jDressure  which  would 
be  jiroduced  by  vapor  in  the  saturated  state  at  the  temper- 
ature of  67.6  deg.  fahr.  This  partial  pressure  is  0.337  lb.  per 
sq.  in.,  or  0.023  atmos.  The  result  is  shown  in  Curve  2  of 
Fig.  19.  Clearly  this  is  not  enough  to  change  the  form  vitaUy, 
although  it  acts  in  that  direction. 

All  of  these  curves  in  Fig's.  18  and  19  should  be  viewed  as 
extensions  of  the  curves  for  methane  by  Amagat  as  shown  in 
Fig.  17,  the  extension  being  to  the  left  into  the  region  of  low 
pressure.  The  scales  of  these  drawings  differ  so  greatly  that 
the  imagination  must  assist  the  eye  in  taking  this  view.  It 
would.be  unnatural  to  expect  so  sharp  a  change  in  character- 
istics of  the  gas  at  the  low  pressures  as  is  indicated  in  the 
results  of  the  authors,  and  then  after  an  increase  in  pressure 
come  to  the  critical  point  of  change  indicated  in  Amagat's 
curves  by  a  curvature  in  the  same  direction  as  the  first.  It  is 
not  to  be  expected  that  the  maximum  rate  of  deviation  would 
come  at  the  lowest  pressure  unless  it  is  produced  by  a  com- 
bination of  several  vapors  in  saturated  condition.  As  much 
as  I  admire  the  excellent  work  which  has  been  done  by  the 
authors,  I  cannot  agree  with  the  results  here  shown  as  regards 
the  deviation  at  low  pressures.  I  wish  to  emphasize  again 
that  it  is  important  in  the  natural-gas  industi-y  to  obtain  the 
\'ariation  in  volume  between  the  measurement  made  at  some 
high  pressure  and  that  at  a  pressure  close  to  one  atmosphere. 
These  deviation  curves,  if  extended  in  accordance  with  the 
same  general  law  of  curvature,  would  show  from  atmospheric 
pressm'e  conditions  a  deviation  so  great  as  to  be  out  of  pro- 
portion. 

W.  F.  M.  Goss  remarked  that  the  paper  was  an  instance  of 
the  permanent  value  of  researches  going  on  in  our  great  educa- 
tional institutions. 

Gardner  T.  Voorhbes  said  that  he  had  made  an  investiga- 
tion with  carbon  dioxide  and  had  concluded  that  "  at  the  crit- 
ical point,  and  for  some  distance  above  it,  the  substance  might 
be  a  chemical  mixture  in  solution  in  the  gas  and  not  a  chemical 
mixture." 


According  to  The  Engineer  (July  28,  1916),  it  has  been 
found  that  ordinary  cast  iron  can  be  readily  cut  by  a  car- 
penter's saw  if  the  iron  be  heated. 


The  pitch  diameter  {P.D.)  of  a  V-grooved  pulley  can  be  read- 
ily determined  from  the  formula:  P.D.  =  D -(-(d/sin  i/2«)  — 
(6/tani/2a),  where  D  =  diameter  at  bottom  of  groove,  d  = 
diameter  of  belt,  and  h  =  width  of  groove  at  bottom,  all  in 
inches ;  a  =  angle  between  sides  of  grooves,  deg. — C.  A.  M. 
Weber,  in  The  Electric  Jotirnal,  August,  1916. 


The  initial  pressures  of  different  explosives  when  detonated 
in  their  own  volume  are  as  follows:  Straight  dynamite  (nitro- 
glycerine mixed  with  an  inert  base),  80  tons  per  sq.  in.;  blast- 
ing gelatine,  113  tons;  g-uneotton,  71  tons;  black  powder,  21 
tons.  Blasting  gelatine,  the  most  powerful,  has  the  highest 
rate  of  detonation:  2.5,262  ft.  per  sec.  as  against  22,368  for 
straight  dynamite  and  984  for  black  powder. — Mining  and 
Scientific  Press. 


A  machine  for  cutting  the  teeth  of  double  helical  or  herring- 
bone gears,  designed  and  patented  by  W.  F.  Sykes,  is  de- 
scribed in  Engineering,  July  14,  1916.  The  machine  is  a 
development  of  the  principle  underlying  the  well-known  Fel- 
lows gear  shape  (Edwin  K.  Mem. Am.Soc.M.E.),  the  teeth 
being  formed  in  the  blank  by  cutters  which  are  themselves  gear 
wheels.  Two  cutters  are  employed,  one  of  which  cuts  the  teeth 
belonging  to  the  left-hand  helix,  and  the  other  those  corre- 
sponding to  the  right-hand  helix.  The  cutters  are  recipro- 
cated to  and  fro  by  cranks,  and  the  teeth  thus  cut  meet  in  a 
sharp  angle,  without  the  clearance  which  is  uecessai'j'  in  the 
ease  of  hobbed  gears. 


In  a  recent  address  before  the  Brooklyn  Engineers  Club, 
William  J.  Baldwin,  Mem. Am.Soc.M.E..  gave  a  description  of 
an  apparatus  designed  by  him  to  be  placed  between  the  boilers 
of  a  power  house  and  the  stacks  for  preventing  the  discharge 
from  the  latter  of  cinders  and  dust.  Such  elimination  has  been 
successfully  accomplished  with  the  aid  of  water;  numerous 
installations  operating  under  that  method  being  in  use.  How- 
ever, it  was  stated  that  too  much  water  cools  the  gases  and 
impairs  the  draft,  that  the  corrosive  action  set  up  by  the 
water  in  the  presence  of  flue  gases  eats  away  the  smoke  con- 
nections, and  that  even  cement  surfaces  and  chimney  linings 
are  injuriously  affected. 

Mr.  Baldwin's  method  is  denominated  a  dry  one,  and  when 
operating  in  that  way  it  has  been  shown  that  as  high  as  95 
per  cent  of  the  dust  has  been  removed,  and  practically  all  of 
it  when  water  is  used  in  addition.  An  advantage  in  designing 
such  a  method  is  offered  by  the  fact  that,  given  favorable  con- 
ditions, there  will  be  a  gi'avity  precipitation  of  the  dust  from 
the  air. 

The  dust  is  centrifugally  expelled  throughout  a  complete 
circle  within  an  annular  enclosure  and  through  a  perforated 
fiat  ring  therein,  the  particles  remaining  in  the  box  and  falling 
to  its  lower  side  for  later  removal. 

When  the  annular  chamber  was  revolved  it  was  found  that 
an  added  imjDulse  was  acquired  by  the  particles  projected 
against  the  inner  surface  and  tbey  were  thus  prevented  from 
returning.  For  this  reason  the  annular  chamber  was  made 
revolvable. 

Alluding  generally  to  the  necessity  for  eliminating  dust  and 
cinders  from  flue  gases,  Mr.  Baldwin  stated  that  with  boilers 
so  frequently  being  opei'ated  at  300  per  cent  rated  capacity, 
the  demand  for  such  removal  was  more  insistent  than  ever. 


EXPERIMENTS  ON  WATER  FLOW  THROUCxH  PIPE  ORIFICES 


By  HORACE  JUDD,    COLUMBUS,    OHIO 
Member  of  the  Society 


DURING  the  past  ten  years  papers  upon  the  flow  of  fluids 
have  appeared  from  time  to  time  in  the  Transactions  of 
the  Society;  most  of  these  have  dealt  with  the  flow  of  air  and 
gas,  although  a  few  have  treated  of  the  flow  of  steam.  The 
methods  set  forth  in  these  papers  have  for  the  most  part  cen- 
tered around  the  venturi  meter  and  the  pitot  tube. 

During  this  period,  also,  many  forms  of  meters  have  been 
brought  out  for  the  measurement  of  air,  gas  and  steam,  as  well 
as  of  water,  all  more  or  less  successful  in  operation,  and  of 
these,  also,  a  gxeat  many  have  made  use  of  the  principles  of 
the  venturi  meter  or  the  pitot  tube. 

The  pipe  orifice,  consisting  of  a  diaphragm  in  which  there 
is  an  orifice  inserted  in  a  pipe,  has  not  hitherto  met  with  much 
favor  for  the  measurement  of  the  flow  of  steam  or  water  in 
a  pipe,  although  it  is  coming  into  use  for  air  and  gas  meas- 
urement and  has  been  used  with  certain  types  of  steam  meters 
of  German  make  and  also  in  Bailey  flow  meters. 

The  chief  objections  to  the  pipe  orifice  have  seemed  to  be 
that  a  sjjeeial  form  of  orifice  flange  was  needed  and  that  con- 
siderable uncertainty  prevailed  concerning  the  pressure  condi- 
tions adjacent  to  the  orifice,  so  that  the  working  coefficients 
for  an  orifice  in  a  pipe  were  not  so  reliable  as  those  of  the 
venturi  meter  or  the  pitot  tube. 

About  two  years  ago,  while  employing  the  Bailey  meter  to 
measure  the  steam  used  by  an  engine,  the  writer  became  in- 
terested in  the  orifice  as  a  pipe-flow  measuring  device.  It 
was  important  to  know  at  what  point  near  the  orifice  the  at- 


tachment should  be  made  in  order  to  measure  correctly  the 
pressure  dro]3  of  the  steam  flowing  through  the  orifice.  It  was 
thought  at  the  time  both  by  Mr.  Bailey  and  the  writer  that 
an  investigation  would  reveal  many  valuable  point  concerning 
the  flow  conditions  through  the  orifice  in  a  pipe.  The  present 
line  of  work  is  the  final  outcome  of  this  thought  and  has  been 
carried  on  in  connection  with  water  flow,  since  water  could  be 
more  easily  handled  than  steam,  the  intention  being  to  continue 
later  with  a  study  of  the  flow  conditions  in  a  steam  line.  The 
work  was  done  in  the  hydraulics  laboratoi-y  of  the  Ohio  State 
University.  The  experiments  on  the  orifice  diaphragms  in  the 
pipe  formed  the  thesis  of  H.  J.  and  W.  W.  Watson,  of  the 
Class  of  1915,  in  Mechanical  Engineering,  for  whose  able 
assistance  within  the  past  year  credit  is  hereby  duly  given. 

The  paper  is  really  a  record  of  progress,  for  only  a  few 
points  have  been  touched  upon,  such  as  the  pressure  changes 
in  the  vicinity  of  the  diaphragm,  or  orifice;  the  probable  loca- 
tion of  the  least  section,  or  zone  of  greatest  velocity  of  the 
water  jet;  and  the  working  coefficients  of  the  diaphragms; 
leaving  many  other  points  of  equal  interest  and  importance  to 
be  studied  later.  The  experiments  were  confined  to  one  size 
of  water  pipe  (5-in.)  and  the  pressure  drop  through  the  dia- 
phragm did  not  run  much  in  excess  of  6  ft.  of  water,  which 
was  considered  to  be  the  probable  maximum  drop  desirable 
to  use  in  connection  with  any  automatic  registering  device. 
For  the  largest  diaphragm  this  range  of  pressure  drop  gave  a 
maximum  velocity  of  17.5  ft.  per  sec. 


SYNOPSIS 

A  series  of  experiments  was  made  on  5-in.  pipe  orifices,  both  cap 
orifices  and  orifices  inserted  in  a  5-in.  pipe  flange  placed  in  a 
horizontal  water  line. 

The  purpose  of  the  tests  were : 

a  To  study  the  pressure  relations  existing  in  the  vicinity  of  an 
orifice  in  a  pipe  in  order  to  determine  the  most  suitable  point 
of  attachment  for  manometer  connections. 

6  To  note  the  position  of  greatest  pressure  drop  due  to  flow 
through  the  orifices. 

c     To  obtain  reliable  coefficients  of  discharge  for  the  orifices. 

The  orifice  diaphragms  (of  Monel  metal,  outer  edge  corrugated  to 
form  gasket)  ranged  from  4.5  in.  diameter  to  1  in.  diameter  in 
%-in.  steps,  giving  a  series  of  90  to  20  per  cent  pipe  diameter  sizes 
with  concentric  openings.  Two  sizes  of  eccentric  and  segmental 
diaphragms  having  offset  orifice  openings  equal  in  area  to  the  90 
and  80  per  cent  diameter  sizes  were  also  tested. 

Pressure  connections  were  made  on  each  side  of  the  pipe  at  six 
points  in  one  pipe  diameter  above  the  diaphragm  and  at  eleven 
points  at  varying  distances  in  five  pipe  diameters  below  the  dia- 
phragm. A  series  of  curves  have  been  plotted  showing  the  pressure 
variation  between  a  fixed  point  above  and  the  various  points  below 
the  diaphragm. 

Coefficients  of  discharge  have  been  computed  from  volumetric 
measurement  of  the  water  discharged  by  the  orifices.  Discharge 
curves  are  also  included  for  all  the  pipe  orifices,  plotted  on  loga- 
rithmic coordinate  paper  for  ready  reference. 

The   average  diaphragm  coefficients  range  from  0.602  to  0.706 


and  the  5-in.  cap  orifice  coefficients  range  from  0.610  to  0.637  for 
the  40  to  90  per  cent  orifices. 

The  conclusions  reached  in  the  paper  are : 

1  The  plate  orifice  in  pipe  is  as  reliable  for  flow  measurement 

•as  the  ordinary  thin  plate  orifice. 

2  The  point   of  maximum   pressure   drop   is   at   about   Y2    pipe 

diameter  from  the  diaphragm. 

3  The  eccentric  and  segmental  orifices  increase  the  pressure  drop 

reading,  but  more  care  is  necessary  in  making  pressure  con- 
nections. 

4  The  best  point  for  pressure  connection  is  not  less  than  Vi  pipe 

diameter  below  diaphragm  and  not  less  than  1  pipe  diameter 
distance  above  the  diaphragm. 

5  For  steady  flow  conditions  the  SO  per  cent  size  should  not  be 

exceeded. 

6  The   average  coefficient  of   discharge  for   the   5-in.    pipe   dia- 

phragm agrees  very  closely  with  that  for  the  5-in.  pipe  cap 
orifice. 

7  The  coefficients  of  the  pipe  diaphragm  vary  more  nearly  in 

accord  with  the  variation  in  size  of  diaphragm  orifice  than 
those  for  the  5-in.  pipe  cap  orifice. 

8  The  agreement  is  closer  for  all  the  pipe  orifices  at  about  80 

per  cent  diameter  ratio. 

9  The  point  of  maximum  velocity  of  flow  is  apparently  a  func- 

tion  of  the  pipe  diameter   and   not  of  the  diameter  of  the 
diaphragm  orifice. 
10     The   restoration  of   pressure   on   the   downstream   side  of  the 
diaphragm  is  apparently  a  function  of  the  area  of  the  dia- 
phragm. 


Presented   at   the    Spring   Meeting   of   The   American    Society    of    Mechanical   Engineers,   New   Orleans,    La.,    April,    1916.      Pamphlet 
copies  -without  discussion  may  be  obtained  ;  price  15  cents  to  members,    '^O  cents  to  non-members. 
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PURPOSE    or    THE    TESTS 

In  general,  tlie  purpose  of  the  tests  was 

a  To  discover  the  pressure  relations  existing  immediately 
above  and  below  an  orifice  diapliragm  in  a  pipe  in  order 
to  determine  the  most  suitable  points  for  making  the  pres- 
sure connections  (for  the  manometer). 

b  To  note  the  position  of  greatest  pressure  drop  due  to  flow 
through  the  orifice,  or  the  probable  point  of  gi-eatest 
velocity,  corresponding  to  the  point  of  least  section  of  a 
jet  of  water  flowing  freely  into  the  air. 

c  To  obtain  reliable  coefficients  of  discharge  for  orifice  dia- 
phragms of  different  diameters. 


THE   EQUIPMENT 

For  these  experiments  a  horizontal  line  of  5-in.  standard 
pipe  was  used,  approximately  42  ft.  long,  in  which  was  located 
an  extra-heavy  flanged  coupling  for  holding  the  orifice  dia- 
phragms. The  heavy  coupling  was  not  required  for  strength, 
but  was  employed  to  allow  the  use  of  diaphragms  adapted  for 


Fig.   1    Manifold   and   Manometer    Connections   at   the 
Diaphragm  Flange 

high-pressure  pipe  and  fittings.  In  Fig.  1  is  a  view  of  the 
pipe,  flanges  and  manometer  connections,  and  from  the  dia- 
gram in  Fig.  4  it  will  be  noted  that  the  location  of  the  dia- 
phragm is  21  ft.  11  in.  below  an  ell  and  20  ft.  2  in.  from  the 
discharge  end  of  the  pipe,  on  which  is  screwed  a  cap  having 
a  discharge  orifice.  Water  was  supplied  to  the  pipe  line 
by  a  6-in.  centrifugal  pump  direct-connected  to  a  steam  tur- 
bine. The  water  was  measured  by  means  of  several  large  meas- 
uring bays. 

The  diaphragms  were  all  formed  from  plates  of  Monel  metal 
V3.  in.  thick,  with  the  outer  rings  of  their  surfaces,  above  5.1 
in.  diameter,  corrugated  to  form  a  tight  joint  between  the 
flanges,  without  the  use  of  gaskets.  The  orifices  were  bored 
out  accurately  to  size  and  were  of  three  types:  (1)  Concentric 
with  the  rim  of  the  diaphrag-m;  (2)  eccentric  with  the  rim: 
and  (3)  segmental. 

There  were  eight  concentric  diaphragms  and  two  each  of  the 
eccentric  and  segmental  diaphragms.  The  concentric  dia- 
phragms had  orifices  ranging  from  4.5  in.  diameter  to  1  in. 
diameter,  by  steps  of  0.5  in.,  making  a  series  in  terms  of  pipe 
diameter  of  90,  80,  70,  60,  50,  40,  30  and  20  per  cent  diameter 
sizes.     The  eccentric  and  segmental  diaphragms  were  in  two 


sizes,  having  orifices  equal  in  area  to  the  90  per  cent  and 
80  per  cent  concentric  sizes  mentioned  above. 

The  eccentric  diaphragms  were  made  with  the  edge  of  the 
orifice  just  flush  on  one  side  with  the  inner  surface  of  the  pipe. 
The  orifices  of  the  segmental  diaphragms  were  of  the  same 
diameter  as  the  inside  of  the  pipe,  but  had  strips  inserted 
which  were  so  located  as  to  produce  segmental  openings  equal 
in  area  to  the  90  per  cent  and  80  per  cent  sizes  of  the  concen- 
tric diaphragms.  The  three  types  of  diaphi-agms  are  shown 
in  Fig.  2.     These  diaphragms  were  furnished  by  E.  G.  Bailey 


Fig.  2    Types  op  Diaphragms  Used 


Fig. 


Orifice  at  End  of  5-In.  Pipe  with  Manometer  or 
Gage  Glass  Connection 


and  are  the  standard  form  of  orifice  plate  used  in  the  Bailey 
fluid  meters. 


PIPE-CAP  ORIFICES 

Pipe-cap  orifices  were  placed  on  the  end  of  the  5-in.  pipe 
(Fig.  3),  to  provide  a  means  for  regulating  the  water  con- 
tents of  the  pipe  below  the  diaphragm  and  so  control  more 
easily  the  pressure  drop  through  the  diaphragm.  These  orifices 
also  gave  an  opportunity  to  secure  data  for  computing  the 
coefficients  of  discharge  for  this  form  of  orifice.     The  pipe- 
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cap  orifices  varied  in  size,  ranging  from  4-in.  diameter  to  1-in. 
diameter  by  Va-in-  intervals.  No  special  refinements  were 
practiced  in  finishing  the  caps  except  to  bore  and  ream  tlie 
orifices  accurately  to  size  and  to  smooth  up  the  inside  surfaces 
of  the  caps. 

TABLE  1     OBSERVED  DATA 
4-in.  Conceotric  Diaphragm  with  4-in.  Pipe  Orifice.     Run  No.  18 


Drop  in  Pressure,  Feet  Water, 

at  Position  Shown 

Manometer 

Manometer 

At  A 

left 

right 

total  ft. 

left 

right 

total  ft. 

'A5 

Bl 

-2.23 

-1-1.32 

3.55 

A5 

B2 

-2,33 

+  1.36 

3.69 

3 

2.30 

1.33 

3.63 

4 

2.33 

1.36 

3.69 

5 

2.24 

1.31 

3.55 

6 

2.22 

1.28 

3.50 

7 

2.10 

1.20 

3.30 

8 

1.94 

1.07 

3.01 

9 

1.79 

1.00 

2.79 

10 

1.71 

0.90 

2.61 

11 

1.58 

0.82 

2.40 

12 

1.55 

0.77 

2.32 

13 

1.28 

0.58 

1.86 

13 

1.30 

0.58 

1.88 

14 

1.15 

0.46 

1.61 

14 

1.15 

0.45 

1.60 

15 

1.06 

0.40 

1.46 

15 

1.07 

0.38 

1.45 

16 

1.05 

0.38 

1.43 

16 

1.01 

0.34 

1.35 

I 

17 

-1.04 

-1-0.40 

1.44 

17 

-1.03 

+0.35 

1.38 

'Al 

B14 

-1.27 

+0.57 

1.84 

A2 

B14 

-1.22 

+0.52 

1.74 

3 

1.18 

0.47 

1.65 

4 

1.17 

0.46 

1.63 

6 

1.16 

0.43 

1.59 

6 

1.15 

0.44 

1.59 

7 

1.15 

0  42 

1.57 

8 

1.15 

0.45 

1.60 

9 

1.12 

0.39 

1.51 

10 

1.16 

0.46 

1.62 

'11 

-1.14 

4-0.42 

1.56 

12 

-1.13 

+0.45 

1.58 

4-in. 

i^ccentric 

Diaphragm  with 

4-in.  Pipe  Orifice.     Run  No. 

22 

■AS 

Bl 

-1.98 

+  1.96 

3.94 

A5 

2 

-1.33 

+  1.43 

2.76 

3 

2.04 

2.01 

4.05 

4 

1.58 

1.65 

3.23 

5 

2.12 

2.06 

4.18 

6 

1.60 

1.65 

3.25 

7 

2.06 

2.01 

4.07 

8 

1.72 

1.78 

3.50 

9 

1.96 

1.93 

3.89 

10 

1.80 

1.67 

3.47 

11 

1.82 

1.86 

3.68 

12 

1.58 

1.68 

3.26 

13 

1.51 

1.54 

3.05 

13 

1.50 

1.56 

3.06 

14 

1.20 

1.32 

2.52 

14 

1.18 

1.32 

2.48 

15 

1.01 

1.16 

2.17 

15 

1.02 

1.08 

2.10 

16 

0.86 

1.05 

1.91 

16 

1.88 

1.07 

1.95 

1 

17 

-0.83 

+  1.03 

1.86 

17 

-0.83 

+  1.06 

1.83 

'Al 

B14 

-1.21 

+  1.35 

2.56 

A2 

B14 

-0.80 

+0,S1 

1.61 

3 

1.20 

1.35 

2.55 

4 

0.92 

1.01 

1.93 

5 

1.11 

1.23 

2.34 

6 

0.92 

1.01 

1.93 

7 

1.10 

1.16 

2.26 

8 

1.07 

1.17 

2.24 

9 

1.04 

1.12 

2.16 

10 

1.07 

1.16 

2.23 

'11 

-1.05 

+1.16 

2.21 

12 

-1.13 

+  1.21 

2.34 

4-in.  Segmental  Diaphragm  with  4-in.  Pipe  Orifice.     Run  No. 

26 

AS 

Bl 

-2.40 

+1.97 

4,37 

A5 

B2 

-1.53 

+  1,35 

2.88 

3 

2.44 

2.00 

4.44 

4 

1.92 

1.63 

3.55 

5 

2.49 

2.05 

4.54 

6 

2.01 

1.67 

3,68 

7 

2.47 

2.05 

4.54 

8 

2.14 

1.81 

3.95 

9 

2.50 

2.07 

4.S7 

10 

2.12 

1.79 

3.91 

11 

2.45 

2.00 

4.45 

12 

2.16 

1.80 

3.96 

13 

2.13 

1.80 

3.93 

13 

2.05 

1.70 

3.75 

14 

1.69 

1.42 

3.11 

14 

1.66 

1.43 

3.09 

15 

1.36 

1.22 

2.38 

15 

1.40 

1.2S 

2.65 

16 

1.21 

1.09 

2.30 

16 

1.20 

1.05 

2.25 

17 

-1.15 

+  1.03 

2.28 

17 

-1.17 

+  1.02 

2.19 

Al 

BM 

-1.56 

+  1.3S 

2.91 

A2 

B14 

-1.02 

+0.60 

1.62 

3 

1.63 

1.44 

3.07 

4 

1.26 

0.95 

2.21 

5 

1.64 

1.40 

3.04 

6 

1.30 

1.02 

2.32 

7 

1.60 

0.32 

1.92 

8 

1.38 

1.12 

2.50 

9 

1.55 

1.23 

2.78 

10 

1.41 

1.18 

2.59 

11 

-1.55 

+1.25 

2.80 

12 

-1.41 

+  1.18 

2.59 

'  Static  gage  at  A  =6.0 


PRESSURE    CONNECTIONS 


Fig.  4  shows  the  locations  of  the  pressure  connections  for 
tlie  manometer,  which  are  spaced  along  lines  on  diametrically 
opposite  sides  of  the  pipe  in  a  horizontal  plane  with  its  axis. 


Above  the  diaphragm,  on  the  upstream  side,  there  are  six 
connections  on  each  side  of  the  pipe,  and  below  the  diaphragm 
there  are  11  connections.  It  will  be  seen  that  on  the  right 
side  of  the  pipe,  looking  downstream,  the  pressure  cotmections 
begin  at  a  point  located  Yo  in.  from  the  plane  of  the  dia- 
phragm and  that  the  first  six  connections  are  spaced  1  in. 
apart;  while  the  remaining  five  points  on  the  downstream  side 
are  spaced  respectively  2i/^,  .3,  4,  5  and  5.3  in.  apart,  making 
the  last  one.  No.  17,  five  pipe  diameters  from  the  diaphragm 
plane. 

The  connections  on  the  left  side  are  similarly  placed,  ex- 
cept that  those  nearest  the  diaphragm  are  located  1  in.  from 
it,  instead  of  Va  in.,  and  that  the  five  connections  farthest 
away  from  the  diaphragin  are  placed  ojiiiosite  those  on  the 
right  side.  These  connections  are  designated  by  odd  numbers 
on  the  right  side  and  even  numbers  on  the  left  side,  except 
that  the  five  points  farthest  away  from  the  diaphragm  on 
both  sides  of  the  pipe  are  given  numbers  in  order  from  13  to 
17  inclusive. 

On  the  downstream  side  the  connections  were  made  by  drill- 
ing and  tapping  holes  for  %-in.  brass  air  cocks  which  were 
screwed  into  the  pipe  until  their  ends  were  flush  with  the  in- 
side.    These  air  cocks  have  openings  V„  in.  in  diameter.     A 


k75  ~P^t^  !</>!<r-?i'+l-^'— >)<-•*"    ->i<- 

Tolnverhd      ^  ' 
Manomeier 


S"--M f3'—->t 


Fig.  4    Position  op  Diaphragm  Flange  and  Points  op  Pres- 
sure Connections 

manifold  formed  with  glass  tees  and  heavy  rublier  tubing 
led  from  these  pressure  connections  to  one  side  of  a  water 
manometer  7  ft.  in  length,  the  bottom  of  which  is  shown  in 
Fig.  1.  The  glass  connections  made  it  possible  to  see  whether 
the  tubes  were  free  from  air  pockets. 

On  the  upstream  side  air  cocks  of  the  same  size  were  used, 
but  the  nipple  connections  leading  to  the  air  cocks  were 
plugged  and  then  drilled  with  holes  of  only  Vg  in.  in  diameter. 
The  manifold  for  the  upstream  side  was  formed  from  a  rigid 
brass  bar,  to  which  the  air  cocks  from  the  pipe  were  connected 
by  nipples  and  from  which  a  rubber  tube  led  to  the  other  side 
of  the  inverted  water  manometer  mentioned  above. 

A  second  water-gage  glass  (shown  in  Fig.  1  with  a  rubber 
tubing  leading  to  a  connection  at  the  bottom  side  of  tlie  pipe) 
was  used  to  indicate  the  head  on  the  diaphragm  iind  to  aid  in 
maintaining  a  more  constant  water  head. 

The  complete  manifold  arrangement  (see  Fig.  4)  made  it 
possible  to  maintain  a  pressure  difference,  or  droji.  between 
any  point  of  connection  above  and  any  point  below  the  dia- 
jihragm  without  disturbing  the  gage  glass  which  indicated  the 
head  on  the  upstream  side  of  the  pipe. 

The  static  head  at  the  cap  orifice  was  read  at  a  point  7.5  in. 
from  the  plane  of  the  orifice  on  a  water  column  whose  zero 
scale  reading  was  on  a  level  with  the  center  of  the  pipe. 
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PRESSURE  TRAVERSES 

A  series  of  explorations  of  pressures  was  made  along  the 
horizontal  element  of  the  pipe  on  each  side  of  the  diaphragm, 
going  upstream  one  pipe  diameter  and  downstream  five  pipe 
diameters.  In  making  these  explorations,  or  longitudinal 
traverses,  those  on  the  downstream  or  B  side  were  all  made 
with  the  upstream  connection  open  at  A-5,  or  one-half  pipe 
diameter  above  the  diaphragm  (excepting  for  the  90  per  cent 
concentric  diaphragm,  when  A-10  was  open).  When  travers- 
ing the  upstream  or  A  side,  the  downstream  connection  was 
open  at  B-14  (excepting  for  the  90  per  cent  concentric  dia- 
phragm, when  B-10  was  open).  In  this  way  the  pressure 
changes  in  the  vicinity  of  the  diaphragm  could  be  noted.  Such 
traverses  were  made  for  four  different  pressure  drops  (ap- 
proximately 1/2  ft.,  2  ft.,  4  ft.  and  6  ft.)  for  the  90  to  50  per 
cent  diaphragms  inclusive;  and  for  a  6-ft.  pressure  drop  for 
the  40,  30  and  20  per  cent  diaphragms. 


In  general,  the  pressure  head  conditions  could  be  main- 
tained with  little  variation  by  means  of  the  centrifugal  pump. 
Such  variation  was  watched  and  controlled  by  a  man  sta- 
tioned at  a  valve  in  the  supply  pipe  line  some  50  ft.  distant 
from  the  diaphragm. 

During  the  calibration  of  the  diaphragms  and  orifices  the 
water  was  measured  volumetrically  in  a  calibrated  cistern,  or 
bay,  of  about  200  sq.  ft.  cross-section  and  12.000  gal.  capacity. 
A  series  of  deflector  pipes  was  used  so  that  the  water  could 
be  shifted  into  or  from  the  measuring  bay  as  desired. 


PROCEDURE    IN    MAKING   A   TRAVERSE 

The  usual  procedure  was  to  bring  the  static  pressure  above 
the  diaphragm  to  the  desired  height,  and  when  conditions  had 
reached  a  constant  state  and  the  manifold  connections  were 
found  to  be  free  from  air  a  traverse  was  made  of  the  pres- 
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.Distance  from  Diaphragm,  Pipe  Diameters., 

Fig.  7    80  Per  Cent  Segmental  Diaphragm 
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Distance  from  Diaphragm,  Pipe  Diameffrs 

Fig.  8    60  and  70  Per  Cent  Concentric  Diaphragms 
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sure  drop  through  the  diaphragm  between  the  fixed  point  A-5 
{V2  pipe  diameter  upstream)  and  each  point  in  succession 
on  the  downstream  side,  taking  the  odd-numbered  points  first 
and  then  following  with  the  even-numbered  pressure  points. 
A  fixed  reference  point  B-14  was  then  taken  on  the  down- 
stream side,  and  the  upstream  reading  was  explored,  to  get 
the  pressure  variation  above  the  diaphragm.  Each  time  a 
reading  was  taken  the  inverted  manometer  column  was  al- 
lowed to  assume  its  state  of  equilibrium.  The  height  of  the 
water  in  tiie  two  lengths  of  the  manometer  was  read  simultane- 

TABLE  2     OBSERVED  DATA 
Calibratiun  of  4-m.  Concentric  Diaphragm  and  4-in.  Pipe  Orifice.     Run  No.  16 


Head  at 

Manometer 

Vol- 
ume 

Scale 

Time, 
Min. 

orifice, 

ft. 

A, 
ft. 

A5  to  B5 

total 

Al  to  Bl 

total 

Cu. 

Ft. 

left 

right 

left 

right 

0 

3.77 

6.15 

-2.36 

-H.IO 

3.46 

-2.36 

+1.10 

3.46 

0.8 

-23 

3.78 

6.15 

2.40 

1.12 

3.52 

2.38 

1,08 

3.46 

3 

3.78 

6.15 

2.41 

1.09 

3.50 

2.36 

1.06 

3.42 

1.84 

2.38 

1.05 

3.43 

2.37 

1.02 

3.49 

6 

3.71 

6.10 

2.43      1.07 

3.50 

2.39 

1.01 

3.40 

2.90 

2.43 

1.07 

3.50 

2.41 

1.03 

3.44 

9 

3.71 
3.77 

6.10 

-2.60 

+  1.03 

3.53 

-2.41 

+0.96 

3.37 

3.95 
total 

574 

avg. 

3.748 

3.50 

3.47 

597 

Cu.  ft. 

per 

sec.    = 

1.105 

Calibration  of  4-in.  Eccentric  Diaphragm  and  4  -in.Pipe  Orifice.    Run  No.  20 


0 

3.60 

6.00 

-2.07 

+2.03 

4.10 

-2.00 

+1.95 

3.95 

4.39 

778 

2.02 

2  00 

4.02 

2.00 

2.00 

4.00 

3 

2.04 

1.99 

4.03 

2.02 

1.98 

4.00 

5.95 

3.52 

6.00 

2.13 

2.01 

4.14 

2.04 

1.96 

4.00 

6 

2.02 

1.92 

3.94 

2.01 

1.94 

3.95 

6.98 

3.55 

5.95 

2.10 

1.95 

4.05 

2.04 

1.93 

3.97 

8.58 

3.55 

5.95 

-2.15 

+1.97 

4.12 

-2.00 

+1.90 

3.90 

8.00 
total 

1351 

avg. 

3.555 

4.057 

3.967 

573 

Cu.  ft. 

per 

sec.   = 

1.065 

Calibration  of  4-in.  Segmental  Diaphragm  and  4-iB.  Pipe  Orifice.    Run  No.  24 


0 

3.48 

5.90 

-2.58 

+2.01 

4,59 

-2,40 

+  1.83 

4,23 

0,70 

-42 

2.60 

2.00 

4,60 

2,38 

1.82 

4.20 

3 

3.44 

5.90 

2.55 

1.95 

4,50 

2,36 

1,83 

4.19 

1,70 

3.52 

6.00 

2.55 

1.97 

4,52 

2.38 

1,84 

4.22 

6 

3.50 

5.95 

2.60 

1.99 

4,59 

2.38 

1,85 

4,23 

2,725 

3.50 

5.95 

2,54 

1.96 

4,50 

-2.41 

+  1,87 

4,28 

9 

3.52 

6.00 

-2.56 

+2.00 

4.56 

3,74 
total 

535 

avg. 

3.49 

4,55 

4.22 

577 

Cu.  ft. 

per 

sec.   = 

1,068 

ously  by  two  observers  at  a  given  signal, 
required  from  10  to  15  minutes. 


The  whole  traverse 


CALIBRATION   OF  ORIFICES 

The  flow  of  water  was  also  measured,  using  these  same  dia- 
phragms and  orifices  for  the  same  pressure  conditions  as  were 
maintained  during  the  so-called  traverses.  In  most  cases, 
though  not  always,  a  calibration  either  followed  a  traverse 
or  immediately  preceded  it,  so  as  to  have  flow  conditions  the 
same.     The  length  of  the  runs   for  the  calibrations  ranged 


from  9  to  30  minutes,  depending  on  the  quantity  of  water  dis- 
charged by  the  orifices.  The  readings  were  taken  in  many 
cases  every  minute  of  the  pressure  drop  between  A-5  and  B-5, 
A-1  and  B-1,  and  also  of  the  head  at  the  pipe  orifice.  These 
readings  were  taken  in  rotation  and  formed  entirely  inde- 
pendent observations.  For  the  large-sized  diaphragms  more 
time  was  needed  to  take  each  individual  reading,  hence  fewer 
readings  in  all  could  be  taken.  The  time  readings  were  all 
taken  on  a  stop  watch  whose  accuracy  was  checked. 


DATA  SECURED  PROM  TESTS 

Only  one  set  of  data  is  inclurleJ  in  this  jiaper,  since  the  same 
scheme  was  pursued  in  getting  the  other  sets  of  readings. 
Table  1  shows  the  data  taken  for  the  4-in.  diaphragms,  or  the 
80  per  cent  sizes.  This  includes,  besides  the  data  for  the  con- 
centric orifice,  or  diaphragm,  those  for  the  eccentric  and  seg- 
mental diaphragms.  Table  2  shows  the  observations  during 
the  calibrations  of  these  same  diaphragms,  taken  for  the  quan- 
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10  12  3  4  5 

Distance  from  Diaphragm,  Pipe  Diameters. 

9    50,  40,  30  AND  20  Per  Cent  Concentric  Diaphragms 


tity  of  water  discharged  at  the  same  or  nearly  the  same  rates 
of  flow.  In  this  table  are  included  the  pressure  drops  be- 
tween points  A-5  and  B-5;  between  A-1  and  B-1;  and  also 
the  head  readings  at  the  pipe  orifice;  and  the  cubic  feet  of 
water  discharged  per  run,  together  with  the  quantity  in  cubic 
feet  per  second. 

The  data  so  taken  were  made  use  of  in  two  ways:  (a)  the 
observations  taken  during  a  traverse  were  plotted  on  coordi- 
nate paper  to  show  the  pressure  distribution  at  the  diaphragm, 
and  (6)  from  the  calibration  data  the  eoefificients  of  discharge 
for  the  diaphragms  and  pipe-cap  orifices  were  computed. 


PRKSSL'KIO    DROP    CURVES 

The  curves  plotted  in  Figs.  5  to  9  inclusive  show  the  pres- 
sure drop  variation  for  all  the  diaphragms.  The  horizontal 
scale  was  laid  off  in  pipe-diameter  distances,  and  is  also 
marked  at  the  proper  points  showing  the  positions  along  the 
pipe  where  the  pressure  readings  were  taken.     The  vertical 
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scale  is  laid  off  to  represent   jiressure  drop  through  the  dia- 
]ihragm  in  feet. 

To  illustrate:  Run  No.  18.  Table  No.  1  (4.022-in.  concentric 
diaphragm)  gives  the  reading  from  ■which  curve  No.  18 
(Fig.  5)  was  plotted.  A  and  B  indicate  the  location  of  the 
points  above  and  below  the  plane  of  the  diaphragm.  The  up- 
stream connection  was  A-5  (one-half  pipe  diameter  above  dia- 
phragm) and  is  considered  as  a  zero  pressure  point.  Starting 
with  B-1,  the  pressure  drop  of  3.55  ft.  is  laid  off  upwards. 
For  B-3  and  B-5  the  pressure  drops  are  3.63  and  3.55  respec- 
tively, and  so  on.  On  the  A  side  of  the  diaphragm  are  laid 
off  the  pressure  drops  between  B-14  (as  fixed  point)  and  each 
point  in  succession  as  shown  in  Run  18,  Table  1,  by  A-1  = 
1.84  ft.,  A-3  =  1.65  ft.,  A-5  =  1.59  ft.,  and  so  on. 
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Fig.  10    Curve  No.  22,  Fig.  6    Enlarged.     Eccentric 
Diaphragm 


For  the  concentric  diaphragms  the  pressure-drop  readings 
for  both  the  right  and  left  sides  of  the  pipe  are  plotted  to- 
gether and  form  a  single  curve,  as  shown  by  curve  No.  18 
(Fig.  5).  The  eccentric  and  segmental  diaphi-agms,  however, 
have  a  different  pressure  drop  ^for  each  side  of  the  pipe  and 
have  been  plotted  separately,  as  may  be  seen  in  curves  Nos. 
20  to  23  (Fig.  6)  for  the  80  per  cent  eccentric  diaphragms, 
wliere  the  curves  for  the  right  side  of  the  pipe  have  been 
1  laced  below  and  those  of  the  left  side  above  the  center  line 
of  the  curve  sheet. 

The  curves  for  the  A  side  of  the  diaphragm  have  been 
plotted  as  read  from  the  data,  and,  since  A-5  was  taken  as  a 
zero  point  for  the  downstream  side  of  the  diaphragm,  all  points 
on  the  A  side  should  start  at  A-5  as  zero;  but  if  so  plotted, 
it  was  feared  that  a  confusion  of  curves  would  result,  hence 
they  are  separated  on  the  diagram  and  are  intended  to  show 
only  a  relative  change  in  pressure  and  not  the  absolute  change 
above  the  diaphragm. 

For  the  special  diaphragms,  viz.,  the  eccentric  and  seg- 
mental, enlarged  curves  have  been  plotted  from  the  observed 
data  {e.g.,  Fig.  10),  on  which  the  readings  on  the  A  side  have 
been  corrected  so  as  to  start  from  A-10  as  the  zero  reference 
1  oint;  these  curves  will  show  the  actual  pressure  drop  between 
the  two  sides  of  the  diaphragm. 

For  example:  Fig.  10  (plotted  from  Run  22,  Table  1),  giv- 
ing curve  No.  22  (Fig.  6)  for  the  80  per  cent  eccentric  dia- 
jihragm,  shows  the  true  pressure  relations  when  A-10  is  taken 
as  the  zero  point.  From  the  data  for  Run  22,  Table  1,  the 
pressure  drop  between  A-5  and  B-5  equals  4.18  ft.;  the  pres- 
sure drop  between  A-10  and  A-5,  as  read  from  curve  No.  22 


enlarged  (Fig.  10),  equals  0.13  ft.;  the  plotted  point  for  the 
pressure  drop  between  A-10  and  B-5  (curve  No.  22,  Fig.  10) 
wiU  then  equal  4.18  -f  0.13  =  4.31  ft.  The  other  points  are 
found  in  a  similar  manner. 


FORMULA  FOR  COEFFICIENT  OF  DISCHARGE 

In  computing  the  coefficients  of  discharge,  the  jiipe  orifices 
were  considered  as  frictionless  or  thin-plate  orifices  ha\'ing  a 
velocity  of  approach.  Hence  the  total  head  acting  on  the 
diaphragm  will  be : 

Total  head  =  Static  head  -|-  velocity  head 


}i  = 


T                      V-                   1    /-l.\" 
=  HH =B.-\ 1  — 1 

Since  Q  =  A^v  =  AJ^ 


■[1] 


-tey 
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Pre&sure  Drop  Through  Diaphragrti, Feet  of  Water. 

Fig.  11     DiscH.\RGE  Curves  in  Cu.  Ft.  per   Sec.  for 
DI.4PHRAGM   IN  5-In.   Water  Pipe 


Then  from  [1] 


h&y 


r-  =  2gH 


V  =  yJ2gR 
Introducing  coefficient  of  discharge  K 


W -(!;)■ 
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KA.^/  2gH 


^^-m 
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-l.V  2gH 
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WATF:R   flow  through  pipe  orifices,  HORACE  JIJDD 


71.5 


=  total  acting  head  on  the  diajihra.n'm 

=  velocity  thi'ough  diaphragm 

=  velocity  through  pipe 

=  area  of  diaphragm 

=  area  of  jjipe 
q  =  actual  discharge  through  diajihragm 
Q   =  theoretical  discharge  through  diaphragm 
K  =  coeflficient  of  discharge  through  diaphragm 
/•"  =   factor  of  correction  for  velocity  of  ajiproncl 


-(4;)- 

//  =  drojo  through  diaphragm  or  orifice 

In  the  formula  no  attempt  has  been  made  to  correct  for  the 
contraction  of  the  stream  as  has  been  done  by  some  experi- 
menters' in  hydraulics,  since  it  is  believed  that  the  simpler 
formula  will  best  serve  the  purpose  in  finding  the  coefficients 
and  in  their  application. 

The  factor  of  correction  (F)  in  the  formula  may  be  read 
directly  from  the  curve  for  velocity  of  approach  in  Fig.  15. 


1.5         I  3         4       5      b     7    8  3  10 

static  Pressure  at  Oritice  ,Feet  of  Water 

Fig.  12    Discharge  Curves  in  Cu.  Ft.  per  Sec.  for  Orifices 
Attached  to  5-In.  Water  Pipe 


For  the  diaj^hragm  the  drop  in  pressure  was  taken  at  two 
points,  the  first  at  A-.5,  B-.5;  the  second  at  A-1,  B-1.  This 
was  done  so  as  to  compare  coefficients  of  discharge  for  a  point 
close  to  the  diaphragm  with  a  point  some  distance  away  from 
the  diaphragm  and  which  is  a  better  point  at  which  to  make 
an  attachment. 

Cui^ves  have  also  been  plotted  on  logarithmic  coordinate 
paper  between  the  cubic-feet-second  discharge  and  the  pres- 
sure drop  through  the  diaphragms  (see  Fig.  11).  Similar 
curves  are  also  given  for  the  5-in.  pipe  cap  orifices  (see  Fig. 
12). 

The  coefficients  of  discharge  for  the  diai)hragms  and  the 
5-in  pipe-cap  orifices  are  to  be  found  in  Tables  3  and  4. 
Other  coefficients  of  discharge  for  ]ii]ie-cap  orifices  are  given 
in  Table  5.  These  coefficients  are  computed  from  results  ob- 
tained from  experiments  made  by  Prof.  R.  S.  King,  Mem.Am. 


Soe.M.E.,  University  of  Arizona,  and  the  writer  .some  years 
ago.  They  are  given  for  the  purpose  of  comparison  with  the 
results  obtained  from  the  5-in.  pipe  orifices. 

These  results,  which  were  obtained  from  the  calibrations  of 
orifices  attached  to  3-in.  and  4-in.  water  pipes,  have  been  used 
repeatedly  since  then,  and  together  with  the  discharge  curve 
sheets  have  been  found  of  great  value  in  measuring  quantities 
of  water  up  to  1000  gal.  per  min.  The  curve  sheets  are  given 
in  Figs.  16  and  17  with  the  thought  that  other  merabeis  of  the 
Society  may  also  find  them  useful. 

A  comparison  of  the  coetifieients  of  discharge  for  the  series 
of  pipe  orifices,  including  the  diaphragms  and  the  pipe-cap 
orifices,  can  be  noted  in  Fig.  13,  and  also  in  Table  6.     The 
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brook  Gaskell.  Jr. 


Fig.  14    Probable  Position  of  Least  Section  as  Shown  by 

Location  op  Greatest  Pressure  Drop  Through 

Concentric  Diaphragms 

coefiSeients  for  the  5-in.  pipe  orifices,  including  both  the  dia- 
phragm orifices  and  the  pipe  orifice,  show  a  more  uniform 
variation  through  the  range  of  head  maintained  than  is  found 
for  the  coefficients  as  computed  for  the  3-in.  and  4-in.  pipe- 
cap  orifices.  This  uniform  variation  is  partly  accounted  for 
by  the  fact  that  more  runs  were  made  for  the  low  range  of 
head  with  the  5-in.  pipe  orifices  than  for  the  3-in.  and  4-in. 
cap  orifices. 

The  average  diaphragm  coefllcients  range  from  0.602  to 
0.706,  while  the  average  coefficients  for  the  5-in.  cap  orifices 
range  from  0.610  to  0.637  for  the  40  to  90  per  cent  orifices 
respectively.  For  the  80  per  cent  5-in.  pipe-cap  orifice  the 
coefficients  agree  very  closely  (Table  4)  with  an  average  value 
of  0.646,  as  compared  with  a  probable  average  value  of  0.623 
for  the  3-in.  and  4-in.  cap  orifices  for  80  per  cent  orifices. 
For  the  5-in.  pipe  orifices  the  coefficients  for  the  orifices  below 
the  80  per  cent  size  average  0.608  for  the  diaphragms  and 
0.622  for  all  the  ca|)  orifices,  or  a  difference  of  about  2.3  per 
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cent,  which  is  relatively  a  small  variation  and  would  seem  to 
indicate  that  tlie  behavior  of  water  in  passing  through  the 
diaphragm  is  very  similar  to  that  of  a  jet  of  water  issuing 
from  a  thin-plate,  or  friotionless,  orifice,  into  the  air. 

The  variation  of  the  coefficients  of  discharge  may  also  be 
seen  from  Fig.  13,  where  0  is  the  average  curve  for  the  cap 
orifices  and  D  the  average  curve  for  the  diaphragms.  It  will 
be  seen  that  the  average  curve  for  the  cap  orifices  coincides 
with  the  curve  for  the  diaphragms  at  about  0.640,  which  is 
equivalent  to  80  per  cent  pipe  diameter. 


COEFFICIENTS   FOR   SPECIAL  ORIFICES 

For  the  special  orifices  (80  and  90  per  cent  eccentric  and 
segmental  diaphragms)  the  coefficients,  of  course,  run  lower 
than  for  the  concentric  diaphragms,  since  the  pressure  drop 
through  the  diaphragm  is  magnified  by  the  offset  at  one  side. 
For  the  90  per  cent  size  the  variation  is  about  14  per  cent 
for  the  eccentric  and  24  per  cent  for  the  segmental  diaphi'agm. 

For  the  80  per  cent  size,  as  might  be  expected,  the  variation 
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Fig.  15    Factor  of  Correction  for  Velocity  op  Approach 

is  not  so  large,  being  7  per  cent  for  the  eccentric  and  about 
9  per  cent  for  the  segmental  diaphragm  (Table  7).  Figuring 
the  coefficient  for  the  80  per  cent  eccentric  and  segmental  dia- 
phragms on  the  basis  of  the  average  of  the  two  pressure  drops 
for  both  sides  of  the  pipe  at  points  1/2  pipe  diameter  down- 
stream, and  comparing  with  the  coefficient  for  the  80  per  cent 
concentric  diaphragm,  the  results  would  be  as  shown  in 
Table  7. 

When  figured  on  average  head,  the  eccentric  diaphragm  gives 
a  coefficient  only  1.8  per  cent  less  than  the  concentric  dia- 
phragm, and  the  segmental  diaphragm  gives  on  the  average 
head  a  coefficient  3.9  per  cent  less  than  the  concentric  dia- 
phragm. This  indicates  that  the  eccentric  diaphragin,  espe- 
cially, has  very  little  distorting  effect  on  the  stream  flow.  The 
curves  also  show  that  for  the  80  per  cent  eccentric  diaphragm, 
for  a  point  %  pipe  diameter  downstream,  the  pressure  drop 
is  18.8  per  cent  greater  on  one  side  than  on  the  other,  or  a 
probable  average  magnification  over  the  concentric  diaphragm 
of  9.4  per  cent;  and  for  the  segxaental  diaphragm  there  is  a 
24  per  cent  mag-nifieation,  with  a  probable  average  of  12  per 
cent  over  the  concentric  diaphi'agm. 

The  coefficients  of  discharge  for  points  A-1,  B-1  (  _U  pipe 
•diameter  from  diaphragm)  for  all  sizes  of  diaphragms  except 
ithe  90  per  cent  size,  agree  fairly  well  with  those  computed 


from  points  A-5,  B-5   (see  Table  3),  running  above  in  some 
cases  and  below  in  others.    The  coefficients  run  practically  eon- 

TABLE  3     coefficients  OF  DISCHARGE  FOR  DIAPHRAGMS 


av.   ,0.710  0.582  0.706 
0.725  0.615  0.584 
1.136  0.608  0.572     . 
1.970  0.607  0.571 
2.195  0.603  0.575^ 


av.    0.608  0.576  0.609 
0.701  0.540  0.562 
1.208  0.544  0.5641 
1.554  0.537  0.570' 
1.728  0.5410  564 


av.    0.5410.565  0.542 
0.489  0.637,0.622 
0.837  0.639  0.622 

3.500  3,466  1.104  0.647  0.651; 

6.074  6.380  1.440  0.640  0.626' 
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COD- 

cen- 

trio 


con- 
cen- 
tric 


4.004  0.0875 
4.004  0.0S75 
4.004  0.0875 
4.004  0.0S75 
(F   =    0.779) 


0.08511 
0.0851 
0.0851 
0.0851 
0.752) 


av.    0.6410.6310.640 
0.790  0.760  0.484  0.604  0.615 
2.361  2.279!o.S24  0.594  0.605i 
4.057  3. 967il. 065  0.586,0.593' 
6.720  6.570|l.410  0.60110.609, 


0.880i0.838 
2.646  2.474 


(F 


av.    0  596  0.606  0.598 
10.476  0.588  0.603 

_      0.823  0.587  0.606 

4.545  4.22411.068  0.585,0.603, 
6.061  5.693  1.233  0.581  0.600 


3.510  0.0672 
3.510  0.0672 
3.510  0.0672 
3.510  0.0672 
(P   =   10.877) 

3.002'0.0492' 
3.002  0.0492 
3.002  0.0492 
3.0020.0492 
(F   =    0.936) 

2.525  0.0348 1 

2.525  0.0348 
2.525  0.0348 
2.525,0.0348 
(F   =   10.969) 

2. 033  [o.  0225 

5.059  0.1396 


0.752  0.752 


av.    0.585  0.6030.585 
0.332  0.622  0.622 
2.248  2.258J0.566  0.614  0.612 
3.824  3.852  0.737  0.613  0.612 
6.335  6.413  0.955  0.614  0.607 


V.    0.616  0.613  0.611 
1.217  1.210  0.288  0.618  0.619, 
2.166  2.1660.379  0.610  0.610 


3.525  3.533 
6.052  6.081 


0.619  0.620 

1.8181.819 
3.459  3.462 
5.7275.721 


5.378  5.371 


0.484  0.612  0.609 
0.629  0.60710.605 


av.    0.612  0.6110.609 
0.138  0.608  0.607 
0.239  0.615  0.615 
0.3270.6100.610 

0.419  0.606  0.607 

! I 

av.    0.610  0.610J0. 611 
0.257  0.6060.606  0.602 


stant  for  each  size  of  orifice  for  the  fuU  range  of  6  ft.  pres- 
sure drop. 

coefficient  of  discharge  for  point  a-10,  b-5 

The  points  at  which  the  pressure  drop  was  taken  for  com- 
puting the  coefficients  of  discharge  referred  to  in  Table  3  were 
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A-1,  B-1  (^  pipe  diameter)  and  A-5,  B-5  (1/2  pipe  diameter) 
from  the  diaphragm.  In  many  cases  A-10  would  have  been  a 
more  desirable  point  of  attachment.  For  the  concentric  dia- 
phragms a  change  from  that  point  A-5  to  A-10  on  the  up- 
stream side  would  make  no  appreciable  change  in  the  coefficient 
of  discharge.  For  the  special  diaphragms  there  is  more  vari- 
ation in  pressure  adjacent  to  the  diaphragms  on  the  upstream 
side,  so  that  a  change  of  from  two  to  five  per  cent  is  shown 
in  the  coefficient  of  discharge  in  changing  from  A-5  to  A-10 
on  the  upstream  side.  Table  8  gives  a  comparison  of  coeffi- 
cients of  discharge  for  points  A-5.  B-5  and  A-10,  B-5. 


TABLE  4      COEFFICIENTS  OF  DISCHARGE  FOR  ORIFICES 
ON  5-IN.  PIPE 
(Values  of  K  are  averages  of  from  60  to  100  readings — take  over  periods  of 
60  to  140  minutes). 


Diameter 

Static  Head 

Cu.  Ft. 

of 

at  Orifice, 

per 

K 

K 

Orifice, 

H 

Sec, 

(Average) 

computed    from 

In. 

Ft. 

9 

log.  curves 

4.000 

1.48  to  7.54 

0.701  to  1.573 

0.646 

0.646 

3.495 

1.51  to  8.63 

0.476  to  1.136 

0.639 

0.639 

2.998 

1.17  to  5.85 

0.288  to  0.629 

0.635 

0.636 

2.497 

3.47  to  7.57 

0.327  to  0.484 

0.627 

0.624 

1.999 

1.55  to  5.49 

0.138  to  0.257 

0.623 

0.626 

(of  pipe,  5.113) 

TABLE  5 


COEFFICIENTS  OF  DISCHARGE  FOR  ORIFICES  ON  3-IN. 
AND  4-IN.  PIPE 


(Averages  for  Static  Heads  (H)  of  4  ft.  and  9  ft.). 


3-In.  Pipe  (Judd  and  King,  1907) 

0.500 
0.621 

0.750 
0.619 

1.000 
0.608 

1.500 
0.628 

2.000 
0.619 

2.500 

K,  average 

0.627 

4-In.  Pipe  (H.Judd,  1913) 

Orifice  diam.,  in 

K,  average 

0.998 
0.608 

1.495 
0.595 

1.750 
0.601 

2.000 
0.602 

2.495 
0.625 

2.993 
0.625 

3.497 
0.637 

Diam.  of  3-in.  pipe  at  orifice  =  3.072  in.;  of  4-in.  pipe,  4.10  in. 

TABLE  6      VARIATION  OF  COEFFICIENTS  OF  DISCHARGE  FOR  PIPE 
ORIFICES,  TAKEN  FROM  TESTS 


Kind  of  Orifice 


3-in.  cap 

4-in.  cap 

5-in.  cap 

Average 

Concentric  diaphragm 


Orifice  Diameter  Expressed  in  Per  Cent  Pipe  Diameter 


40% 
0.608 
0.595 
0.626 
0.610 
0.602 


50% 
0.628 
0.602 
0.624 
0.618 
0.611 


60% 

0.625 
0.636 
0.631 
0.609 


70% 
0.622 
0.625 
0.639 
0.629 
0.611 


80% 
0.627 
0.631 
0.646 
0.635 
0.640 


90% 
0.637 


0.6.37 
0.706 


Av. 
0.621 
0.619 
0.634 
0.627 
0.630 


Since  from  formula  3  given  above  the  coefficient  of  discharge 
varies  inversely  as  the  square  root  of  the  head. 


K,. 


ff. 


N'h„ 


K. 


H. 


K. 


\h. 


.+  d 


\'-  +  -E 


K^„  =  coefficient  of  discharge  for  points  A-10,  B-5 
K^  =  coefficient  of  discharge  for  points  A-5,  B-5 
S^  =  pressure  drop  between  A-5,  B-5  taken  as  average  from 
pressure-drop  curves 
d  =  pressure  drop  between  A-10  and  A-5  as  read  from  en- 
larged pressure  drop  curves,  or  read  from  the  ob- 
served data 


Example:  Referring  to  curve  No.  22  (Fig.  10) 
ff,  =  4.28  —  0.13  =  4.15 

=  4.15  (as  also  read  direct  from  curve  No.  22,  Fig.  6) 
d,  =  0.13  from  Fig.  10 
Z,  =  0.598  (Table  3,  80  per  cent  eccentric  diaphragm) 


k:,„  = 


0.598 


=  0..')8<). 


For  the  concentric  diaphragms,  one  run  for  each  size  dia- 
phragm was  selected,  having  a  head  ranging  from  3.0  to  5.0 
ft.  and  .Kj„  was  computed,  noting  the  values  of  the  pressure 


TABLE    7      COMPARISON    OF    COEFFICIENT.?,    SO    PER    CENT    DIA- 
PHRAGMS. 4-FT    PRESSURE  DROP 


Kind  of  Diaphragm 

Coefficients 

Comparison  of  Co- 
efficients with  that 
for  Concentric 
Diaphragm 

0.641  From  Table  3 
0.596  From  Table  3 
0.585  From  Table  3 
0.629  From  average  head  for 

both  sides  of  pipe 
0.616  From  average  head  for 

both  sides  of  pipe 

Eccentric 

7  per  cent  less 
8.7  per  cent  less 

Eccentric 

Segmental 

1.8  per  cent  less 

3.9  per  cent  less 

TABLE  8 


COEFFICIENTS  OF  DISCHARGE  FOR  CONCENTRIC 
DIAPHRAGMS  REFERRED  TO  A-10 

Concentric  Diaphragms 


Diameter 

Drop  in  Pressure, 

Ft. 

Coefficient 

of 
Diaphragm 

Per  Cent 

Cur\'e 

Difference 

No. 

In. 

From  Curve 

From  Data 

A-10, 

A-5, 

A-10, 

A-5,  B-5 

A-10,  A-5 

B-5 

B-5 

B-5 

1 

2 

3 

4 

5 

6 

7 

s 

6 

4.525 

3.1 

0  01 

3.11 

0.706 

0.705 

-0.2 

18 

4.022 

3  55 

0  03 

3.58 

0.640 

0.637 

-0.5 

30 

3.510 

3.82 

0  02 

3.82 

0.617 

0.614 

-0.4 

34 

3.002 

3.59 

0.03 

3.62 

0.609 

0.606 

-0.5 

38 

2.525 

3.53 

0  0 

3.53 

0  611 

0.611 

0.0 

40 

2.033 

5.44 

0.02 

5.42 

0.602 

0.604 

-1-0.2 

41 

1.530 

5.35 

0.06 

5.29 

0,603 

0.607 

4-0.6 

Eccentric  Diaphragms 

10 
22 

4.503 
4.004 

5.15 
4.15 

0.35 
0.13 

5.50      0,608 
4.28  :  0.598 

0.588 
0.589 

-3.2 
-1.5 

Segmental  Diaphragms 

14 
26 

area 

15.72 

12.26 

4.13 
4.53 

0.48 
0.25 

4.69      0.542      0.514 
4.78  1  0,585      0.570 

1                            * 

-5.2 
-2.6 

drop  for  A-5,  B-5,  either  from  the  observed  data  or  from  the 
curves  as  plotted  direct  from  the  data  taken.  The  values  thus 
computed  vary  for  K^,^  (Table  8)  from  the  average  values  for 
K^  bj'  about  0.5  per  cent.  For  the  90  and  80  per  cent  eccen- 
tric and  segmental  diaphragms  the  coefficients  referred  to 
points  A-10,  B-5  run  from  1.6  per  cent  to  5.2  per  cent  lower 
than  the  coefficients  when  referred  to  points  A-5,  B-5. 
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BEST  POINT  FOR  PBESSURE  CONNECTION 

An  inspection  of  Eigs.  5,  8  and  9  shows  that  the  point  of 
greatest  drop  in  pressure  on  the  downstream  side  of  the  dia- 
phragm lies  at  a  distance  from  the  place  of  the  diaphragm 
varying  from  1  in.  for  the  90  per  cent  diaphragm  to  2.5  in.  for 
the  diaphragms  below  the  70  per  cent  size.  The  curves  for 
the  smallest  sizes  and  those  for  all  the  lowest  heads  on  all  the 
diaphragms  below  the  70  per  cent  size  do  not  give  this  point 
of  greatest  pi'essure  drop  so  clearly  defined  on  the  curves, 
although  the  observed  data  in  nearly  every  ease  show  a  low 
point  at  2.5  in.  out  from  the  plane  of  the  diaphragm. 

These  results  are  shown  graphically  in  Fig  14,  in  which  tlie 
distance  from  the  diaphragm  is  given  in  terms  of  the  orifice 
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Fig.  16    Discharge  Curves  in  Cu.  Ft.  per  Sec.  for  Frictionless  Orifices 
Attached  to  a  3-In.  Water  Pipe 


diameter.  The  vertical  scale  gives  the  orifice  diameters  in  per 
cent  of  the  pipe  diameter. 

For  nearly  all  of  the  diaphragms  except  the  90  per  cent 
size  a  point  of  connection  for  pressui-e  readings  (2.5  in.  from 
jilane)  on  the  downstream  side  would  give  pressure  drop  read- 
ings varying  but  little  from  the  maximum  pressure  drop.  For 
the  diaphragms  below  the  70  per  cent  size  the  range  of  point 
of  connection  could  easily  be  extended  to  one  pipe  diameter 
distance  from  the  place  without  appreciable  change  for  pres- 
sure drops  for  the  concentric  diaphragms.  On  the  upstream 
side  for  the  concentric  diaphragms  the  point  of  pressure  con- 
nection could  be  made  at  any  point  from  y^  pipe  diameter  to 
1  pipe  diameter  from  the  plane  of  the  diaphragm. 

For  the  special  orifices  with  one  exception  the  point  of 
greatest  pressure  drop  lies  surprisingly  close  to  the  V2  pips 
diameter  distance  from  the  plane  of  diaphragm  on  the  right 
side  of  the  pipe,  which  is  the  side  of  greatest  offset.    For  the 


80  jjer  cent  segmental  diaphragm  the  point  of  greatest  pres- 
sure drop  occurs  at  3.5  in.  from  the  plane. 

On  the  left  side  of  the  pipe,  where  the  edge  of  the  dia- 
phragm is  nearly  in  line  with  the  inside  of  the  pipe,  there  is 
found,  of  course,  a  less  total  pressure  drop  them  on  the  other 
side.  In  all  cases  except  for  the  90  per  cent  eccentric  the 
point  of  gi-eatest  pressure  drop  is  moved  downstream  to  about 
y*ij  pipe  diameter,  or  60  per  cent  more  than  the  correspond- 
ing point  on  the  right  side.  For  the  90  per  cent  eccentric 
diaphragm  the  point  of  greatest  pressure  drop  seems  to  lie 
slightly  within  the  y^  pipe  diameter  distance  from  the  plane. 
On  the  upstream  side,  as  might  be  expected  with  these 
special  orifices,  there  is  found  to  be  a  greatest  pressure  vari- 
ation in  the  vicinity  of  the  diaphragm.  This  difference  seems 
to  be  more  pronounced  with  the  segmental 
orifice,  due  probably  to  the  increase  of  swirl- 
ing and  eddying  as  the  water  suddenly  changes 
its  direction  sidewise  on  approaching  these 
uftVet  diaphragms,  in  addition  to  the  su  Ulen 
contraction  it  undergoes  in  passing  through 
the  orifice.  In  view  of  these  disturbances  the 
cur\es  show  that  the  upstream  pressure  con- 
nection should  not  approach  the  diaphragm 
nearer  than  1  pipe  diameter,  to  secure  steadi- 
ness of  pressure-drop  readings. 

It  is  also  plain  to  be  seen  that  for  the 
diaphragms  above  the  70  i3er  cent  size  there 
is  more  need  of  care  in  making  a  pressure 
connection  to  keep  close  to  the  1/2  pipe  diam- 
eter distance  from  the  plane  in  order  to  avoid 
sudden  pressure  changes.  It  is  also  quite  evi- 
dent that  for  pressure  drops  through  the 
diaphragm  above  3  ft.  the  90  per  cent 
diaphragm  would  likely  give  unsteady  read- 
ings, owing  to  rapid  pressure  changes,  unless 
the  downstream  connection  could  be  made  as 
close  as  1  in.  from  the  plane  of  the  diaphragm. 
Some  experiments  along  this  same  line  have 
recently  been  made  in  England  by  Holbrook 
Gaskell,  Jr.  (Lip.  cit.)  on  water  flow  in  6-in. 
and  8-in.  cast-iron  water  pipes.  Mr.  Gaskell 
states  that  the  point  of  connection  may  be 
made  at  any  point  within  1%  in-  from  the 
plane  of  the  diaphragm.  It  is  not  usually 
convenient  to  make  a  pressure  connection  even 
at  IV2  in.  distance  from  the  diaphragm,  hence 
it  would  seem  advisable  to  use  a  diaphragm 
of  not  over  80  per  cent  size  so  as  to  allow  the 
pressure  connections  to  be  made  not  nearer  than  %  pipe  diam- 
eter from  the  diaphragm.  This  would  also  insure  more  steady 
flow  conditions. 


zone  of  maximum  velocity 

Since  the  pressure  drop  must  be  largely  due  to  increase  of 
velocity,  because  of  contraction  of  the  jet  of  water  on  leaving 
the  orifice,  the  point  of  least  pressure  would  be  at  the  zone 
of  greatest  contraction ;  that  is,  the  zone  where  the  water  is 
moving  most  rapidly.  The  contour  of  the  pressure-drop 
curves  would  seem  to  indicate  a  jet  of  moving  water  whose 
shape  must  somewhat  resemble  the  jet  of  water  issuing  into 
the  air  from  an  orifice.  The  curve  in  Fig.  14  is  plotted  to  in- 
dicate the  position  of  this  so-called  least  action. 

Its  distance  from  the  diaplnagm,  expressed  in  orifice  diam- 
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eter  distances,  is  seen  to  increase  as  the  diaphragm  diameter 
decreases,  although  the  actual  distance  does  not  vary  much 
from  1/2  pipe  diameter  from  the  diaphragm  plane.  It  is  dif- 
ficult to  say  whether  or  not  the  point  of  maximum  pressure 
drop  would  be  found  at  ^^  pipe  diameter  distance  for  all 
diameters  of  pipes.  The  pressure-drop  curves  show  that  the 
pressure  has  reached  in  nearly  every  case  its  maximum 
amount  of  restoration  at  about  4  pipe  diameters  from  the  dia- 
phragm for  all  concentric  diaphragms  below  the  70  per  cent 
size.  For  these  sizes  the  maximum  pressure  drop  occurs  at 
Vi  pipe  diameter  from  the  diaphragm,  which  would  seem  to 
indicate  that  for  area  ratios  of  50  per  cent  and  under  the 
pipe  itself  has  more  influence  on  the  point  of  greatest  pres- 
sure drop  than  the  size  of  the  diaphragm  opening. 


TABLE   9     PER  CENT   PRESSURE   RESTORATION 


Per  cent 

Per  cent 

Size  of 

rcstoratioD 

Size  of 

restoration 

diaphragm 

of  initial 

diaphragm 

of  initial 

pressure 

pressure 

90  per  cent  concentric 

77.0 

30  per  cent  concentric 

11.0 

80  per  cent  conceotric 

62.0 

20  per  cent  concentric 

4.0 

70  per  cent  concentric 

48.0 

90  per  cent  eccentric 

65.0 

60  per  cent  coDcentric 

35.0 

80  per  cent  eccentric 

57.0 

50  per  cent  concentric 

30.0 

90  per  cent  segmental 

65,0 

40  per  cent  concentric 

20.0 

80  per  cent  segmental 

54.0 

than  1/2  pipe  diameter  from  the  diaphragm  on  the  downstream 
side,  and  not  less  than  1  pipe  diameter  from  the  diaphraa:m 
on  the  upstream  side  of  the  jiipe. 


AMOUKT  OF   PRESSURE   RESTORATION 

The  amount  of  jiressure  restoration  after 
passing  through  the  diaphragm  will  average 
as  given  in  Table  9. 

An  examjile  will  serve  to  show  how  the  per 
cent  of  pressure  restoration  was  found.  Prom 
Curve  No.  18,  Fig.  5,  80  per  cent  concentric 
diaphragm,  the  maximum  drop  in  pressure 
through  the  diaphragm  =  3.7  ft. 

The  drop  in  pressure  at  B-IG,  point  of 
greatest  restoration  =  1.36  ft. 


Per  cent  of  restoration  = 


3.7  —  1.36 


3.7 


=  63.3. 


Average  per  cent  for  four  heads  =  62.0 
(from  Table  9). 

After  the  water  has  passed  the  contracted 
section  of  the  jet  its  velocity  is  somewhat 
gradually  reduced,  which  causes  a  restoration 
of  pressure  similar  to  the  action  in  a  venturi 
tube.  For  all  the  concentric  diaphragms  the 
pressure  is  entirely  restored  at  a  distance  of 
4  pipe  diameters,  and  for  the  special  di- 
aphragms the  restoi'ation  of  pressure  is  nearly 
if  not  quite  completed  at  5  pipe  diameters 
distance  from  the  plane  of  the  diaphragm. 
The  restoration  of  pressure  appears  to  be 
nearlj'  proportional  to  the  area  of  the  di- 
aphragm. 

CONCLUSIONS 


In  conclusion  the  results  of  these  experiments  would  seem  to 
bring  out  the  following  points: 

1  A  thin  plate  orifice  inserted  in  a  pipe  is  as  reliable  for 
flow  measurement  as  the  thin  plate,  or  frictionless  orifice,  as 
used  ordinarily. 

2  The  shape  of  the  pressure-drop  curves  indicates  a  maxi- 
mum point  at  about  Vo  pipe  diameter  from  the  diaphragm, 
which  would  seem  to  indicate  a  zone  of  maximum  velocity 
of  flow. 

3  The  eccentric  and  segmental  diaphragms  are  advan- 
tageous in  that  they  increase  the  drop  reading,  but  more  care 
is  necessary  in  making  the  pressure  connections,  especially  on 
the  upstream  side  of  the  diaphragm. 

4  The  best  point  for  the  pressure  connection  is  not  less 
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5  The  80  per  cent  diameter  size  of  diaphragm  should  not 
be  exceeded  to  secure  uniform  flow  conditions  and  to  insure 
steady  pressure-drop  readings. 

6  The  average  coefficient  of  discharge  for  a  5-in.  pipe  dia- 
phragm agrees  very  closely  with  the  average  coefficient  of  dis- 
charge for  the  5-in.  pipe  cap  orifice. 

7  The  coefficients  for  the  pipe  diaphragms  vary  more 
nearly  in  accord  with  the  variation  in  size  of  diaphragm 
orifice  than  those  for  the  pipe-cap  orifices. 

8  The  agreement  is  closer  for  the  coefficients  for  all  the 
pipe  orifices  at  about  80  per  cent  diameter  ratio. 

9  The  point  of  maximum  velocity  of  flow  is  apparently  a 
function  of  the  pipe  diameter  and  not  of  the  diameter  of  the 
diaphragm  orifice. 

10  The  restoration  of  pressure  on  the  downstream  side  of 
the  diaphragm  is  apparently  a  function  of  the  area  of  the 
diaphragm. 
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DISCUSSION 


Sanford  a.  Moss  (written).  There  is  no  doubt  that  ori- 
fices in  thin  plates  or  pipe  diaphragms  are  accurate  and  valu- 
able instruments  in  many  cases.  It  must  be  borne  in  mind, 
however,  that  in  some  cases  the  venturi  meter  and  orifice  with 
gradual  approach  offer  superior  advantages.  The  most  impor- 
tant one  is  the  matter  of  calibration.  A  properly  shaped  con- 
vergent orifice  or  venturi  meter  with  a  smooth  and  gradual  en- 
trance and  a  proper  parallel  portion  for  sizing  the  jet  has  a 
velocity  coefficient  of  about  0.99  for  all  cases  whatever,  whether 
for  liquids,  steam,  air  or  gas,  and  whether  for  relatively  small 
differentials  where  the  incompressible  fluid  formula  V  = 
V  (2^70  can  be  used,  or  for  relatively  large  differentials  where 
the  accurate  thermodynamic  formula  has  to  be  used.  On  the 
contrary,  for  thin-plate  orifices,  calibration  has  to  be  made 
for  all  of  the  different  cases. 


In  the  case  of  the  measurement  of  flow  of  air  and  gas  in 
pipes,  there  is  often  the  problem  of  securing  a  differential  of 
sufiScient  magnitude  to  give  satisfactory  readings.  If  a  ven- 
turi meter  is  used  the  differential  can  be  made  properly  large 
without  causing  any  serious  net  pressure  drop.  The  net  pres- 
sure loss  due  to  a  good  venturi  meter  with  large  differential  and 
3  to  1  ratio  is  in  the  neighborhood  of  1/5  of  the  differential. 
That  is,  80  per  cent  of  the  differential  is  restored.  This  is  to 
be  compared  with  the  figure  of  about  11  per  cent  given  by 
Mr.  Judd.  For  cases  where  the  pipe  pressure  is  high,  so  that 
a  satisfactoi-y  differential  can  be  secured  with  a  total  pres- 
sure drop  which  is  a  small  percentage,  the  thin-plate  orifice  is 
satisfactory.  With  lower  pressures,  however,  where  pressure 
drop  is  more  important,  it  is  necessary  to  use  a  venturi  meter 
because  it  gives  very  much  less  drop. 


The  formation  of  scale  in  a  boiler  may  be  prevented,  it  is 
stated,  by  applying  a  coat  of  aluminum  paint  to  its  inside 
surface. 


Spent  hemlock"  tan  bark  as  it  is  discharged  from  the  leach 
has  a  fuel  value  of  60  cents  per  ton  when  compared  with 
13,000-B.t.u.  coal  at  $3.00  per  ton. 


The  Baltimore  &  Ohio  Railroad  has  donated  to  the  Indus- 
trial Commission  of  Ohio  a  steel  cir  to  be  used  in  demonstrat- 
ing modern  safety  devices.  The  car  wiU  be  equipped  early  in 
September  by  various  manufacturing  companies,  as  well  as 
by  the  Commission,  with  models  of  safety  devices  and  exhibits 
illustrating  proper  sanitation  and  ventilation.  It  will  be  sent 
into  the  yards  of  industrial  plants  throughout  the  state,  so  that 
employers  and  workmen  may  inspect  the  exhibits.  The  Com- 
mission is  also  preparing  a  motion  picture  film  showing  the 
working  of  the  compensation  law  in  Ohio,  and  particularly 
the  causes  of  accidents  as  reported  by  the  Commission. 


The  power  required  in  rolling  rectangular  steel  sections 
{i.e.,  that  expended  in  deforming  the  heated  metal)  may  be 
approximately  calculated  from  Victor  E.  Edwards'  formula: 
Horsepower  =[CW\og{AyAJ\/ (D/T)]/ t,  in  which  W  = 
weight  of  ingot,  lb.;  4, (J.,)  =  sectional  area  of  ingot  before 
(after)  the  pass,  sq.  in.;  D  =  diameter  of  roUs  at  the  pass  in 
question,  in. ;  T  =  thickness  of  ingot  when  leaving  rolls,  in. ; 
*  =  duration  of  pass,  sec.  For  preliminary  calculations,  as- 
suming an  initial  rolling  temperature  around  2200  deg.  fahr., 
the  coefficient  C  may  be  taken  as  12,  a  mean  value  determined 
by  the  author  from  the  data  of  an  elaborate  series  carried 
out  in  Germany  some  years  ago  by  Dr.  Ing.  J.  Puppe. — 
C.  M.  Sames,  in  The  Iron  Age,  June  1,  1916. 


The  advantages  of  pulverized  coal  in  locomotive  practice  are 
summarized  by  the  committee  of  the  International  Railway 
Fuel  Association  in  charge  of  the  subject  as  follows:  (1) 
Smokeless,  sparkless,  and  cinderless  operation;  (2)  mainte- 
nance of  maximum  boiler  pressure  within  a  uniform  average 
variation  of  3  lb.  without  popping;  (3)  an  increase  of  from 
7.5  to  15  per  cent  in  boiler  efficiency  as  compared  with  burn- 
ing lump  coal  on  grates ;  (4)  saving  of  from  15  to  30  per  cent 


in  fuel  of  equivalent  heat  value  fired;  (5)  enlarged  exhaust- 
nozzle  area,  resulting  in  greater  drawbar  pull  and  smoother 
working  of  locomotive;  (6)  elimination  of  ashpit  delays, 
facilities  and  expense,  and  reduction  of  time  required  for,  and 
ease  in,  firing  up;  (7)  maintenance  of  a  relatively  high  degree 
of  superheated  steam;  (8)  no  accumulation  of  cinders,  soot  or 
ashes  in  boiler  flues,  smoke  box  or  on  superheater  elements; 
(9)  no  punishment  or  overheating  of  fire  box,  sheets,  etc. ;  (10) 
elimination  of  arduous  manual  labor  for  building,  cleaning  and 
dumping  fires;  (11)  avoidance  of  expense  and  annoyance  of 
providing  various  sizes  and  kinds  of  fuel;  (12)  elimination  of 
necessity  of  front-end  and  ash-pan  inspection,  and  for  special 
fuels,  firing  tools  and  appliances  for  building,  stoking  and 
cleaning  fires;  (13)  equal  provision  with  engineer  for  fireman 
to  observe  signals  and  track,  thus  reducing  the  liability  of 
accident. 


The  economical  production  of  power  from  coke-oven  gas  is 
discussed  by  G.  Dearie  in  a  recent  paper  before  The  Institu- 
tion of  Electrical  Engineers.  In  collieries  where  a  proportion 
of  the  output  of  coal  is  converted  into  coke  in  either  waste- 
heat  or  regenerative  ovens,  there  is  always  a  certain  surplus 
volume  of  gas  of  high  calorific  value  which  is  available  for  the 
production  of  power.  In  the  ease  of  the  regenerative  type  of 
coke  oven,  the  volume  of  gas  thus  available  is  much  greater 
than  in  the  older  pattern  of  waste-heat  oven,  and  it  is  partly 
for  this  reason  that  the  majority  of  new  coke-oveu  installations 
during  the  past  few  years  have  been  of  the  regenerative  type. 

The  advantage  of  regenerative  ovens  is  that  the  whole  of 
the  sui-plus  heat  in  the  coal  is  produced  in  the  form  of  a  com- 
bustible gas  instead  of  merely  as  a  waste-heat  product.  This 
combustible  gas  can  be  used  to  much  greater  advantage  than 
the  waste-heat  product,  for  by  utilizing  it  in  gas  engines  it  is 
possible  to  develop  3  to  4  times  the  power  that  can  be  ob- 
tained from  the  use  of  waste  heat  under  boilers.  There  is 
also  an  advantage  in  being  able  to  convey  the  gas  any  distance 
without  deterioration,  which  is  not  possible  in  the  case  of  the 
waste  heat  where  the  boilers  must  be  installed  quite  close  to 
the  coke  ovens. 

The  particular  installation  under  review  forms  the  power 
plant  for  a  colliery,  and  consists  of  three  500  b.h.p.  vertical 
tandem  single  acting  gas  engines  operating  on  the  Otto  or 
4-cycle  principle.  Further  engine  details  are  given  and  ref- 
erence is  made  to  ignition,  lubrication,  cooling  and  ventilation. 
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PREPAREDNESS  AND  DOMESTIC  NITRATE 

To  THE  Editor: 

In  tbe  recent  discussion^  of  the  methods  of  organizing  our 
industries  in  preparation  for  a  possible  war,  a  short  refer- 
ence was  made  to  the  necessity  for  a  domestic  supply  of 
nitrogen  in  a  form  available  both  for  plant  life  and  convertible 
to  war  munition  purposes  in  case  of  a  conflict. 

There  has  been  recently  considerable  publicity  given  to  the 
fixation  of  atmospheric  nitrogen.  The  proposals  along  this 
line  have  been  somewhat  spectacular,  and  it  is  perhaps  well 
to  sound  a  note  of  warning  in  this  matter  lest  there  be  a 
tendency  to  exaggerate  the  necessity  of  developing  huge  sup- 
plies of  water  power  purely  for  the  production  of  nitric  acid. 
A  vei-y  timely,  word  is  given  in  an  article  apiiearing  in  the 
July  issue  of  the  Journal  of  Industrial  and  Engineering 
Chemistry,  by  J.  W.  Turrentine,  of  the  United  States  Bu- 
reau of  Soils.  In  this  article  the  writer  calls  attention  to  the 
possibilities  of  obtaining  an  independent  nitrate  supply  from 
the  bituminous  fuel  resources  of  this  country. 

The  process  of  producing  coke  with  the  recovery  of  by-prod- 
ucts in  the  form  of  tar  and  ammonia,  as  well  as  a  certain  quan- 
tity of  gas,  is  well  known  and  widely  practised  in  this  coun- 
try, and  the  ammonia  supply  from  this  source  represents  a 
very  considerable  factor  in  the  present  fertilizer  situation. 
The  great  bulk  of  ammonia  thus  produced  is  in  the  form  of 
ammonium  sulphate,  which  is  directly  available  as  a  fertilizer. 
It  is  not  so  well  recognized  that  all  the  ammonia  thus  pro- 
duced is  directly  available  as  a  raw  material  for  nitric  acid 
production. 

The  catalytic  oxidation  of  coal  gas  ammonia  to  nitric  acid 
is  being  commercially  operated  in  Germany,  and  had  been 
commercially  operated  there  for  a  period  of  at  least  five  years 
preceding  the  start  of  the  war.  There  is  no  problem  in  con- 
nection with  the  oxidation  of  this  coal  ammonia  which  has 
not  been  solved  on  a  commercial  scale  in  at  least  one  large 
plant  in  Germany. 

It  may  be  taken  for  granted,  therefore,  that  the  ammonia 
generated  from  our  bituminous  coals  is  directly  available  in 
time  of  war  for  the  production  of  huge  quantities  of  nitric 
acid.  The  only  thing  lacking  is  that  this  process  should  be  in- 
troduced on  a  commercial  scale  in  this  country  so  that  it  may 
be  thoroughly  understood  in  its  practical  full-scale  application. 
By  this  means  we  would  put  ourselves  in  position  to  take 
immediate  advantage  of  our  domestic  ammonia  supply  as  a 
source  of  nitric  acid  in  case  the  Chile  nitrates  should  be 
cut  off. 

The  second  problem  in  connection  with  such  means  of  nitric 
acid  production  lies  in  providing  a  more  flexible  source  of  am- 
monia from  the  coal.  The  great  point  raised  against  the  by-* 
product  coke  ammonia  has  been  its  almost  complete  depend- 
ence on  the  major  product,  coke.  The  heavy  first  cost  of  a  by- 
product coke  plant,  the  amount  of  time  needed  to  build  and 
put  these  plants  in  operation,  and  the  necessity  of  providing 
some  immediate  use  and  market  for  the  main  coke  product 
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have   all   been   urged   against   this   source    of   nitrate   supply. 

The  writer  also  calls  attention  to  a  further  objection  to  this 
method  of  ammonia  production,  which  is  that  the  amount  of 
available  nitrogen  recovered  from  the  fuel  is  little  more  than  15 
per  cent.  This  means  that  85  per  cent  of  the  theoretical  pos- 
sible ammonia  in  the  fuel  is  being  lost  in  the  coking  process. 
There  is,  however,  a  process  of  treating  bituminous  fuel  known 
as  the  by-product  producer  gas  system,  by  which  not  15  but  70 
per  cent  of  the  available  nitrogen  in  the  fuels  is  converted  into 
ammonia  in  such  way  that  the  products  of  the  plant  consist  of 
a  useful  fuel  gas,  ammonia  and  tar  only.  The  first  cost  of  a 
plant  capable  of  producing  fuel  gas  and  ammonia  in  this  man- 
ner is  very  much  less  than  the  first  cost  of  an  equal  coal  capac- 
ity by-product  coke  oven,  and  the  fuel  gas  which  is  the  main 
product  of  the  producer  ]ilant  is  entirely  suitable  for  almost 
all  industrial  operations  requiring  heat  application,  as  well  as 
in  gas  engines  or  as  fuel  for  a  modern  steam  turbine  plant  in 
the  production  of  power.  These  plants,  therefore,  may  be  ex- 
panded rapidly  in  time  of  trouble  and  without  limit,  being  in- 
dependent of  the  narrow  field  of  coke  requirements.  They 
would  produce  not  less  than  four  times  the  amount  of  valuable 
ammonia  per  ton  of  fuel  that  is  recovered  from  a  correspond- 
ing by-product  coke  plant. 

The  by-product  producer  gas  industry  is  well  known  in  Eu- 
rope and  has  been  thoroughly  developed.  Its  introduction  in 
this  country  is  lagging  behind  European  practice  mainly 
for  the  very  reasons  which  caused  the  early  neglect  of  the 
by-product  coke  oven  system,  that  is,  a  lack  of  intelligent 
adaption  of  the  process  to  our  local  fuels  and  conditions.  It 
is  of  interest,  however,  to  note  that  in  the  last  two  years  some 
very  successful  development  work  has  been  undertaken  in  this 
country  looking  toward  the  economic  adaption  of  the  by-prod- 
uct producer  system  to  American  conditions.  It  would  seem, 
therefore,  that  full  consideration  should  be  given  to  this  proc- 
ess as  a  means  of  providing  a  domestic  nitrate  supply. 

Lewis  A.  Riley,  2d. 

New  York,  N.  Y. 


DISCUSSION  OF  TURBINE  TESTS 

To  THE  Editor  : 

Although  not  a  member  of  The  Am.  Soc.  M.  E.,  I  submit 
the  following  as  a  discussion  of  the  paper  by  H.  G.  Stott  and 
W.  S.  Finlay,  Jr.,  on  Report  upon  Eflaeiency  Tests  of  a  30.000- 
kw.  Cross-Compound  Steam  Turbine  which  appeared  in  the 
June  issue  of  The  Journal. 

A  notable  and  admirable  feature  of  the  paper  is  the  sum- 
mary of  the  turbine  test  results  uncorrected  to  standard  condi- 
tions, Table  2.  The  correction  curves  for  pressure  variation, 
superheat-variation  and  vacuum  variation,  Figs.  12,  13  and  14, 
which  are  used  to  calculate  the  last  three  columns  of  Table  2, 
the  figures  of  which  are  in  turn  plotted  as  Figs.  7,  8  and  9, 
raise  the  question  as  to  the  foundation  upon  which  the  correc- 
tion curves  rest.  If  the  writer  is  not  much  mistaken  they  do 
not  rest  upon  experimentation  with  the  turbine  to  the  test 
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results  of  which  they  have  been  applied,  nor  upon  any  similar 
turbine.  This  point  is  not  brought  up  in  the  paper,  but  the 
writer  believes  it  to  be  of  considerable  importance.  The  tur- 
bine characteristics  after  correction  bj'  these  curves  dis- 
played features  unexpected  either  by  the  manufacturer  or  the 
purchaser;  and  therefore  probably,  had  it  been  possible  to 
determine  the  real  correction  curves  from  the  turbine  itself 
or  from  a  turbine  of  similar  size  and  design,  the  final  turbine 
characteristics  referred  to  standard  conditions  would  have  dis- 
played features  not  exactly  like  those  shown  in  Figs.  7,  8  and  9. 

That  apparently  no  attempt  was  made  to  establish  the  pre- 
cise characteristics  of  the  turbine  from  the  actual  tests  data 
appears  to  the  writer  somewhat  unfortunate,  because  by  the 
conditions  of  the  tests  the  variation  of  pressure,  superheat, 
and  vacuum  from  the  contract  conditions  wer:)  very  consider- 
able, and  it  is  such  considerable  variation  from  constant  con- 
ditions of  pressure,  superheat,  and  vacuum  which  it  is  essen- 
tial that  actual  test  results  should  show  if  the  inherent  per- 
formance of  the  turbine  with  varying  initial  and  final  steam 
conditions  is  to  be  determined  by  the  turbine  itself;  thereby 
determining  of  course  the  performance  of  the  machine  under 
the  definite  contract  conditions. 

That  is,  every  turbine  obeys  an  individual  law,  all  quan- 
tities establisliing  its  performance  being  bound  together  in  a 
definite  relationship.  Of  these  quantities  there  are  five, 
namely,  the  power  generated  (measured  electrically,  thus  in- 
cluding the  generator  efficiency)  ;  the  rate  of  steam  flow;  the 
initial  pressure;  the  initial  superheat;  and  the  terminal  pres- 
sure, that  is,  the  vacuum.  It  is  these  five  quantities  which  are 
ordinarily  made  use  of,  more  or  less  arbitrary  relationships 
between  the  ratio  of  the  rate  of  steam  flow  and  the  power 
generated  (that  is,  the  economy)  and  the  initial  and  final  con- 
ditions being  applied,  and  then  the  resulting  figures  of  weight 
of  steam  flow  and  power  generated  being  plotted  and  recorded 
as  the  performance  of  the  machine  under  rated  conditions. 

It  need  hardly  be  said  that  this  procedure  is  inaccurate  and 
unnecessary,  if  only,  by  analysis  of  actual  results  under  vary- 
ing conditions  (such  as  are  tabulated  in  all  but  the  last  three 
columns  of  Table  2),  the  relationship  which  binds  together 
the  five  quantities  named  above  may  be  discovered.  I  would 
commend  to  those  interested  the  paper  of  Edgar  Buckingham 
on  the  forms  of  empirical  equations  read  before  the  Society 
in  1915.'  In  Ms  paper  problems  of  just  this  sort  and  appar- 
ently not  more  difficult  than  the  one  here  discussed  are  handled 
by  a  method  of  great  power. 

With  reference  to  the  important  matter  of  the  queer  results 
and  effects  produced  by  the  separator  between  the  high-  and 
low-pressure  cylinders,  both  before  and  after  removal  of  the 
internal  baffles,  mentioned  in  the  paper  and  elaborated  in  the 
oral  discussion,  it  is  the  writer's  opinion  that  a  good  deal  is 
to  be  explained  by  the  probable  simultaneous  action  of  the 
separator  as  a  separator  and  as  a  superheater.  The  basis  for 
this  opinion  is  the  writer's  experience  in  testing  steam  tur- 
bines of  various  detailed  designs  and  rated  capacity  ranges  from 
7,500  kw.  to  20,000  kw.,  in  which  it  has  invariably  been  proven 
that  superheating  of  the  exhaust  steam  occurs  when  sudden 
transformation  of  energy  from  kinetic  form  is  occasioned  by 
the  blast  of  exhaust  steam  striking  on  the  top  row  of  condenser 
tubes.  This  superheating,  under  the  ordinary  range  of  high 
vacuum  and  load  variation,  has  had  the  magnitude  of  any- 
where between  one  and  four  deg.  fahr.  superheat.  It  seems 
obvious  that  with  steam  of  very  much  higher  initial  pressure, 
and  therefore  higher  density,  entering  the  separator  and 
caused  to  pureue  a  tortuous  course  by  the  baffles,  ample  op- 
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portunity  exists  for  similar  superheating.  Such  superheating 
would  naturally  vary  decidedly  with  the  rate  of  steam  flow 
and  the  entrance  pressure.  Simultaneous  separation  of  mois- 
ture and  superheating  of  steam  would  occur. 

It  is  not  improbable  that  this  unlooked-for  phenomenon 
was  at  least  a  partial  cause  of  the  unexpected  hump  in  the 
economy  curve  between  22,000  kw.  and  27,000  kw. 

The  writer  regards  as  still  more  remarkable,  as  did  some  of 
those  taking  part  in  the  oral  discussion,  the  dip  in  the  economy 
curve  between  30,000  and  the  maximum  load  which  the  machine 
could  carry,  approximately  33,000  kw.  He  confesses  to  hav- 
ing remained  unenlightened  by  the  oral  discussion  given  this 
point.  It  is  of  course  possible  that  here  again  the  variation 
of  the  relative  moisture  separation  and  superheating  in  the 
separator  with  varvdng  rate  of  steam  flow  and  entrance  pres- 
sure maj'  have  played  a  part. 

H.  L.  H.  Smith. 

Brooklyn,  N.  Y. 

To  THE  Editor  : 

I  note  in  connection  with  Table  2,  sixth  column  from  the 
right-hand  end  of  the  paper  by  H.  G.  Stott  and  W.  S.  Finlay, 
Jr.,  on  Report  upon  ESieiency  Tests  of  a  30,000-kw.  Cross- 
Compound  Steam  Turbine  which  appeared  in  the  .lune  issue 
of  The  Journal,  that  the  temperature  is  given  for  the  30-in. 
barometer  (presumably  that  of  the  mercury)  as  58.1  deg.  fahr. 

Some  years  ago,  in  preparing  a  book  of  Steam  Tables  for 
Condenser  Work  I  had  occasion  to  calculate  the  tempera- 
ture of  the  mercuiy  for  30-in.  mean  atmospheric  pressure 
barometer  and  found  that  this  was  58.4. 

As  it  had  usually  been  assumed  that  the  temperature  for  a 
30-in.  barometer  was  62  deg.,  this  being  also  the  temperature 
at  which  the  standard  English  yard  is  maintained,  the  figures 
leading  to  the  temperature  of  58.4  were  carefully  checked  and 
are  given  below. 

On  the  basis  of  experiments  by  Scheel,  a  deg.  fahr.  change 
in  the  temperature  of  a  column  of  mercury  confined  in  a  tube 
changes  its  height  0.000101  times.  If  the  height  is  increased 
from  29.92  to  30  in.  the  mean  height  is  29.96  and  the  mean 
change  for  each  degree  rise  in  temperature  is  29.96  X 
0.000101  =  0.003026  in.  The  increase  from  29.92  to  30  in. 
is  0.08  in.,  which,  divided  by  0.003026,  equals  26.4  deg.  fahr. 
Adding  this  to  the  32  deg.,  the  temperature  for  the  29.92-in. 
barometer,  we  have  32  -j-  26.4  =  58.4  deg.  fahr.  as  the  tem- 
perature for  a  30-in.  barometer. 

I  would  be  interested  to  know  what  figures  were  used  in 
arriving  at  the  temperature  of  58.1  deg. 

Paul  A.  Baxcel. 

New  York,  N.  Y. 

HAND-FIRED   BOILER   SETTINGS 

To  THE  Editor: 

So  far  as  hand-firing  is  concerned,  Mr.  Monnett's  paper  pub- 
lished in  the  August  issue  of  The  Journal  illustrates  in  an  in- 
teresting way  the  development  of  settings  to  reduce  smoke. 
The  principles  involved  may  be  shown  to  underlie  the  construc- 
tion of  practically  all  stoker  setting's  as  well.  The  author  of 
the  paper  mentions  these  principles  in  a  somewhat  paren- 
thetical way.  as  (1)  high  temperature;  (2)  auxiliai-y  air  sup- 
ply; (3)  mixture  of  gases.  Many  engineers  would  eliminate 
the  second  of  these  principles.  Air  jets  introduced  back  of 
the  main  gxate,  more  especially  if  steam  is  used  to  supply  the 
air,  are  apt  to  have  a  chilling  effect,  and  in  the  hands  of  a 
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careless  operator  may  lead  to  serious  impairment  of  boiler 
efficiency.  Steam  jets  have  frequently  been  regarded  with 
suspicion,  the  smoke  abatement  which  they  are  pretty  certain 
to  produce  being-  mainly  the  result  of  smoke  dilution.  I  think 
Mr.  Monnett's  supplementary  air  jets  are  profitable  because 
he  runs  with  a  heavy  fuel  bed,  and  that  with  a  fire  of  normal 
thickness  the  proper  place  to  introduce  all  of  the  air  is  under 
the  grates,  so  that  it  will  get  the  maximum  amount  of  warning 
before  it  begins  to  combine  with  gases  from  the  fuel.  Sup- 
plementary air,  heated  in  passages  through  the  walls  of  the 
setting,  is  a  delusion,  because  the  heating  is  inadequate  and  the 
passages  cannot  be  kept  clear. 

As  a  substitute  for  the  second  principle  offered  in  the  paper, 
some  operators  would  suggest  nxnti'  fur  the  flame.  A  suitable 
distance  must  be  traversed  before  the  flame  is  allowed  to  strike 
a  relatively  cold  surface  (such  as  the  shell  of  the  boiler). 
Anyone  can  verify  the  necessity  for  this  by  the  old  experiment 
with  a  candle  flame  and  a  saucer.  In  Figs.  1  to  3  of  the  paper 
this  distance  is  provided.  In  Figs.  4  and  5  it  is  not,  and  the 
supplementary  air  supply  is  introduced  as  a  device  for  trans- 
ferring combustion  from  the  grate,  where  it  belongs,  to  the 
region  behind  the  bridge  wall.  Just  how  much  room  should  be 
provided  for  the  flame  is  not  known.  Twelve  feet  is  sometimes 
suggested,  but  few  stokers  even  attempt  this.  Undoubtedly 
the  desirable  amount  of  space  depends  upon  the  nature  of  the 
coal,  the  thickness  of  fuel  bed,  the  rate  of  combustion  and  tem- 
perature relations.  This  is  the  most  important  factor  in  smoke- 
lessness,  next  to  thorough  mixture  of  air  and  gases,  because  it 
implies  the  third  principle,  of  a  maintained  high  temperature. 

W.  D.  Ennis. 

Brooklyn,  N.  Y. 

DYNAMIC   BALANCE 

To  THE  Editor: 

In  the  discussion  of  Mr.  Akimoff's  paper  on  Dynamic  Bal- 
ance, published  in  the  August  issue  of  The  Journal,  I  note 
that  Mr.  Hodgkinson  speaks  of  the  difficulty  of  balancmg 
heavy  bodies  by  rolling  the  axles  on  level  hardened  surfaces 
because  the  journals  sink  into  the  ways  to  a  slight  degree  so 
that  "  extreme  sensitiveness  cannot  be  obtained  because  of  the 
field  having  to  run  uphill."  It  is  true,  of  course,  that  this 
deformation  of  the  axle  or  shaft,  and  of  the  hardened  straight 
edges,  adds  to  the  resistance  of  rotation,  but  it  does  not  seem 
to  me  to  be  true  that  the  field  runs  uphill.  If  the  deformation 
of  the  shaft  and  of  the  straight  edges  is  uniform,  the  path  of 
the  axis  of  the  rotating  body  will  be  parallel  to  the  straight 
edges,  and  if  they  are  level  this  path  will  also  be  level,  and 
there  will  be  no  running  uphill. 

Assuming  that  the  deformation  of  the  shaft  and  of  the 
straight  edge  gives  a  bearing  surface  of  considerable  mag- 
nitude, say  for  instance  %^  in.  in  width,  then  the  metal  for  % 
in.  in  advance  of  a  vertical  Une  drawn  from  the  center  of  the 
axis  is  being  compressed  bv  the  rolling  axle.  But  so  long  as 
this  compression  is  within  the  elastic  limit  of  the  materials,  the 
energy  consumed  in  this  deformation  ahead  of  the  vertical 
line  referred  to  is  restored  to  the  rolling  axle  by  the  recovery 
of  form  in  that  part  of  the  depressed  surface  which  is  behind 
the  vertical  line  drawn  from  the  center  of  the  axis;  and  the 
only  loss  of  energy  is  in  the  internal  resistance  of  the  ma- 
terials themselves,  which,  in  the  case  of  hardened  steel  de- 
formed well  within  its  elastic  limit,  is  very  small. 

Probably  the  main  cause  of  the  impression  that  heavy  bodies 
have  considerable  frietional  resistance  to  rotation  under  such 
conditions  is  that  relatively  large  forces  are  required   to  set 


them    in    motion,    or    to    accelerate    them,    independently    of 
friction. 

Mr.  Hodgkinson  speaks  also  of  the  fact  that  the  fihn  of  oil 
in  the  bearing  of  a  heavy  armature  will  be  squeezed  out  within 
a  short  time,  so  that  there  will  be  metallic  contact  and  a  con- 
siderable increase  of  friction.  In  1897  I  first  saw  in  a 
municipal  electric  light  station  in  Manchester,  England,  bear- 
ings of  direct-connected  generators  which  were  fitted  with  oil 
channels  and  force  pumps  so  that  oil  was  driven  under  the 
journals  at  the  center  of  the  bearings,  flowing  out  around  the 
journal  at  the  ends  in  a  thin  stream  and  literally  supporting 
the  journals  upon  this  maintained  film. 

I  do  not  know  to  what  extent  this  plan  has  been  adopted 
elsewhere,  but  whether  there  are  sufficient  reasons  for  its  gen- 
eral adoption  or  not,  it  would  remove  the  difficulty  referred  to 
by  Mr.  Hodgkinson. 

Fred  J.  Miller. 

New  York,  N.  Y. 

REPLY  TO  COMMENTS  ON  RECLAMATION 
PLANT 

To  THE  Editor: 

Answering  Mr.  W.  B.  Gregory's  comments,  appearing  on 
page  561  of  the  July  issue,  on  my  paper  entitled  Design  and 
Test  of  a  Large  Reclamation  Plant,  published  in  the  May 
issue,  I  would  state  that  in  the  particular  plant  under  consider- 
ation, the  average  pumping  head  has  been  estimated  to  be  ap- 
proximately 16  ft.;  and  that  during  the  normal  operation  of 
the  plant,  only  three  units  would  be  running,  one  on  each  dis- 
charge pipe.  Conditions  of  rainfall'  and  run-off  would  be  such 
that  the  occasion  for  operating  more  than  three  units  would 
be  comparatively  rare.  Therefore  the  design  of  discharge 
pipes  has  been  governed  to  some  extent  by  the  normal  opera- 
tion— in  other  words,  the  conditions  of  operation  which 
call  for  the  greatest  expenditure  of  power  for  pumping  pur- 
poses. Further,  the  diameter  of  the  discharge  pipes  is  gov- 
erned by  the  relation  between  the  power  cost  and  construction 
cost.  The  writer's  calculations  in  this  particular  ease  showed 
that  the  most  economical  annual  cost,  including  operating  and 
depreciation  interest  charges,  was  obtained  with  pipes  approx- 
imately 78  in.  in  diameter. 

During  the  winter  months,  when  this  plant  will  be  in  oper- 
ation, the  suction  pipes  will  be  under  water.  In  Fig.  8  of  the 
paper,  the  water  outside  of  the  levee  is  at  the  end  of  a  verv 
dry  season,  and  at  a  normal  low  period.  It  might  be  said  that 
at  no  time  during  the  ordinary  course  of  operation  of  the 
plant  will  the  suction  pipes  be  exposed,  as  shown  by  this  illus- 
tration, therefore  the  discharge  pipes  may  be  said  to  have  a 
complete  water  seal. 

In  reference  to  advantages  and  disadvantages  of  carrying 
pipes  through  or  over  the  levees,  this  question  was  gone  into 
rather  carefully,  and  it  was  decided  to  carry  the  pipes  through 
the  levee,  primarily  on  account  of  construction  difficulties.  At 
the  time  the  plant  was,  installed,  the  levees  at  this  point  were 
not  completed,  therefore  pipes  were  very  easily  carried  through 
levees  and  supported  on  firm  ground.  To  carry  pipes  over 
levees  would  have  meant  considerable  ti'estle  work  and  would 
interfere  seriously  with  the  building  of  levees,  particularly  with 
additions  to  levees,  which  are  necessary  as  time  goes  on,  on  ac- 
count of  wasting  away  due  to  action  of  the  elements  and 
other  causes. 

The  installation  of  gate  valves  on  the  discharge  pipes  was  not 
governed  by  whether  jaipes  went  through  or  over  levees.  The 
valves  were  installed  for  two  reasons:  First,  to  reduce  priming 
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difficulties  on  account  of  the  extremely  large  volume  of  dis- 
charge pipes,  and  second,  as  a  safety  factor  in  ease  of  break- 
age of  pumps,  etc.,  which  might  cause  serious  flooding  before 
sluice  gates  and  check  valves  could  operate  on  the  extreme 
end  of  discharge  pipes. 

G.  C.  Noble. 
San  Francisco,  Cal. 

THE  INDUSTRIAL  SERVICE  MOVEMENT 

To  THE  Editor: 

The  paper  entitled  Industrial  Service  Work  in  Engineering 
Schools,  read  by  Prof.  J.  W.  Roe,  of  Yale  University,  at  the 
June,  1914,  meeting  of  the  Society,  created  a  great  deal  of  in- 
terest.   Among  other  things  Professor  Roe  said : 

"  While  thousands  have  been  invested  in  welfare  enterprises, 
we  know  that  the  purpose  behind  them  is  being  accomplished 
in  scores  of  industrial  organizations,  without  any  special 
equipment,  by  the  personal  influence  of  some  man  or  men  in 
charge.  These  men  seem  to  have  a  genius  for  understanding 
and  developing  the  best  in  the  men  under  them.  They  have  no 
fixed  rule  or  system.  It  is  a  question  of  attitude  and  person- 
ality. They  create  an  atmosphere  of  confidence  instead  of  sus- 
picion and  distrust.  Their  influence  permeates  a  whole  fac- 
tory, kindling  ambition  and  developing  better  workmen  and 
better  industrial  conditions.  Such  men  can  accomplish  won- 
ders without  welfare  equipment.  Given  a  welfare  they  make 
it  successful  and  beneficial  to  all.  Their  value  to  the  employer, 
to  the  workman,  and  to  the  community  can  hardly  be  over- 
estimated; the  new  art  of  management  under  the  direction  of 
such  men  as  these  will  prove  a  permanent  success.  The  devel- 
opment of  just  such  men  as  these  is  the  aim  of  the  Industrial 
Service  Movement." 

Membei-s  of  the  Society  will  be  interested  in  some  of  the 
most  recent  developments  in  this  Industrial  Service  Movement, 
and  in  some  of  the  latest  statistics  of  its  growth.  At  present 
over  4000  students  from  upwards  of  250  colleges  and  tech- 
nical schools  are  engaged  in  many  forms  of  volunteer  service 
for  100,000  working  men  and  boys.  Their  service  is  surpris- 
ingly conscientious  and  efficient.  Nevertheless  the  college  stu- 
dents probably  get  more  than  they  give,  which  is  part  of  the 
game. 

The  Industrial  Department  of  the  International  Committee 
of  Young  Men's  Christian  Associations  now  has  on  its  mailing 
list  several  thousand  engineering  graduates,  who  became  inter- 
ested in  their  undergraduate  days.  These  men  are  followed  up 
and  kept  in  touch  with  as  far  as  possible.  Remarkable  letters 
are  frequently  received  from  many  parts  of  the  continent.  The 
quotations  below  are  characteristic: 

"  I  had  already  read  of  this  Movement  in  the  technical  jour- 
nals, and  it  seems  to  me  to  be  one  of  the  most  admirable  and 
needed  advances  made  in  the  industrial  field  for  years.  I  want 
to  be  of  every  possible  service  to  you." 

"  I  have  always  intended  to  take  an  active  part  in  this  work 
as  soon  as  I  should  settle  down,  for  the  little  I  did  in  college  in 
that  line  has  left  me  with  a  sense  of  personal  responsibility 
to  continue  work.  I  am  writing  to  you  now  to  let  you  know 
that  you  can  count  on  me  to  do  my  utmost  to  help  the  good 
cause  along." 

"  I  am  glad  to  state  that  I  think  the  industrial  work  is  of 
very  great  permanent  benefit  to  those  who  take  active  part 
in  it.  I  am  sure  that  by  giving  English  lessons  to  Italian 
laborers  I  learned  more  of  them  than  I  could  have  learned  in 
any  other  way." 

"  I  have  come  to  realize  to  much  greater  extent  than  ever 
before  the  importance  and  even  necessity  of  this  work  in  the 
routine  of  the  undergraduate,  especially  the  one  who  intends 
going  into  such  lines  as  I  have  taken  up." 


"Although  I  never  did  any  of  this  work  in  college.  I  heard 
various  men  speak  of  it  and  resolved  to  undertake  it  after 
graduation.  I  have  now  charge  of  all  the  foreign  employees 
in  this  plant  and  have  always  tried  to  treat  them  on  tlie  square. 
Before  I  came,  a  cursing,  brutal  foreman  made  all  sorts  of 
labor  difficulties.  Since  I  took  hold  there  has  been  no  trouble 
whatever  and  the  men  have  remained  absolutely  loyal.  Am 
now  starting  special  classes  for  our  men  in  rooms  provided 
by  our  company.  I  am  teaching  one  of  the  classes  myself  and 
enjoy  it  hugely." 

"  I  now  have  charge  of  all  the  accident  prevention  work  in 
our  factory  and  feel  sure  that  I  would  not  be  holding  this 
position  today  were  it  not  for  the  sj'mpathetic  touch  witli  the 
work  which  I  got  in  my  undergi-aduate  days.  I  consider  the 
Industrial  Service  Movement  one  of  the  gi'eatest  influences  for 
industrial  righteousness  in  the  country  today." 

One  of  the  most  interesting  illustrations  of  how  much  can 
be  accomplished  by  the  young  engineer  is  afforded  by  a  Michi- 
gan man  who  graduated  in  1913.  Because  of  his  touch  with  the 
Movement  in  his  senior  year,  he  showed  a  remarkable  interest 
in  the  foreign  men  in  his  company.  OfBeials  noted  his  ability, 
placed  him  in  partial  charge  of  all  their  educational  work  for 
foreigners,  with  the  result  that  over  a  thousand  employees  in 
that  company  study  English  and  American  citizenship.  They 
are  taught  by  sixty  volunteer  leaders  in  sixteen  different  class 
rooms  provided  by  the  company. 

Why  confine  the  advantages  of  this  Movement  to  these  engi- 
neering students  who  can  find  time  to  teach  a  class  of  for- 
eigners, lead  a  club  of  apprentices,  talk  in  labor  unions  or 
engage  in  some  other  form  of  definite  service?  It  is  mani- 
festly impossible  to  get  every  student  to  do  such  work.  But 
it  is  possible  to  help  every  engineering  student  in  a  college  to 
realize  his  opportunities  and  social  responsibilities,  mid  to  get 
some  conception  at  least  of  the  human  side  of  his  job.  To  this 
end  it  is  encouraging  to  note  the  increasing  tendency  to  include 
such  instruction  in  the  engineering  curriculum.  Probably  the 
most  recent  suggestion  in  this  regard  is  a  proposed  required 
course  for  seniors,  a  rough  outline  of  which  is  given  below. 

This  outline  has  been  prepared  by  request  with  the  help  of 
some  leading  engineering  professors  and  business  men.  It  is 
arranged  to  cover  32  or  64  class  periods — four  months'  or 
eight  months'  work  at  the  rate  of  two  periods  a  week.  This  is 
merely  a  rough  preliminary  outline.  The  course  should  be  sup- 
plemented by  engineering  trips  to  study  certain  industrial  con- 
ditions and  the  betterment  work  of  selected  companies  and 
social  agencies. 

1  Introductory — The  Human  Factor  in  Industry 

Two  periods.  Showing  in  an  interesting  way  that  men 
comprise  the  most  important  element  in  any  indus- 
trial operation.  Do  we  realize  that  one  of  the  great- 
est elements  of  success  is  the  ability  to  deal  intelli- 
gently with  men? 

2  Historical — The  Evolution  of  the  Individual  Worker  in  In- 

dustry 
From  two  to  four  periods — Industrial  Evolution. 

3  Industrial  Organization — The  Influence  of  the  Modern  Fac- 

tory System  on  the  Worker 
Three  to  five  periods.     General  and  departmental  organi- 
zation.   Management.     The  relation  of  wages,  hours, 
etc.     The  interdependence  of  men. 

4  Human  Factors  in  Production 

From  six  to  sixteen  periods.    Problems  to  be  solved. 

o     General — Capital  and  Labor,  immigration,  unionism, 

etc.     What  shall  our  attitude  be  toward  these  great 

questions  ? 
b     Working  Conditions.    Do  right  conditions  pay? 
c     Living  Conditions.     What  relation  has  health  to  eflS- 

ciency  1 


September 
1916 


CORRESPON  DENCE 


725 


d  Leisure  Conditions.  Why  is  "  big  business  "  interested 
in  these  things? 

5  Tocaiional  Guidance  and  the  Education  of  Employees 

Two  to  four  periods.     To  what  extent  does  improving  a 
man's  education  increase  his  efficiency? 

6  Cooperative  Organizations 

Two  to  four  periods.  National  Civic  Federation,  National 
Council  for  Safety,  Russell  Sage  Foundation,  the 
Y.  M.  C.  A.,  etc. 

7  Legislation  and  Public  Opinion  on  Industrial  Questions 

Two  to  four  periods.  To  what  extent  have  welfare  re- 
quirements been  incorporated  in  Federal  and  State 
Laws?  To  what  extent  is  public  opinion  a  determin- 
ing factor? 

8  The  Programs  of  Typical  Companies.     Industrial  Better- 

ment 
What  has  been  and  can  be  done  along  such  lines  as  in- 
dicated above? 

9  Scientific  Management 

Principles,  importance  of  motion  study,  time  study,  divis- 
ion of  labor,  etc.    Human  aspects  of  the  system. 

10  Hoiv  to  Handle  Men 

Examples  of  industrial  leaders  who  have  been  successful 
in  handling  men.    The  Industrial  Service  idea. 


11     Conclusion — The  Engineer's  Responsibility  for  Service 
In  the  light  of  the  above  what  will  be  your  attitude  as  you 
graduate?    Will  your  life  purpose  be  wealth  regard- 
less of  others,  or  service  for  others? 

This  is  merely  a  suggested  outline  and  is  being  constantly 
improved.  Most  of  the  sub-topics  and  comments  have  been 
omitted  through  lack  of  space.  Where  it  is  not  thought  pos- 
sible to  give  such  a  course,  special  lectures  on  kindred  subjects 
help  greatly.  Weekly  discussion  groups  on  industrial  problems 
are  often  planned.  A  special  reference  library  on  industrial 
service,  frequent  articles  in  college  periodicals,  discussions  of 
the  work  at  meetings  of  the  student  engineering  societies,  all 
help  maintain  interest. 

After  spending  six  years  promoting  this  Movement  in 
scores  of  colleges,  the  writer  is  convinced  that  it  is  destined  to 
a-  great  future.  The  response  grows  every  week.  In  a  recent 
trip  of  six  weeks  through  the  Universities  of  the  Middle  West 
over  1500  students  indicated  their  interest,  and  over  600  vol- 
unteered for  definite  service.  Men  are  not  pushed  into  this 
work.  It  is  placed  squarely  before  them  and  they  can  do  as 
they  please.  Yet  the  universal  experience  is  that  the  best  and 
"  biggest  "  men  in  college  find  time  to  help. 

The  interest  and  cooperation  of  the  National  Engineering 
Societies  is  of  tremendous  value,  and  I  bespeak  the  continued 
and  increasing  support  of  The  American  Society  of  Mechan- 
ical Engineers. 

FlJEli    H.    KlNDUE,    Jli. 

New  Y,,ik.  X.  Y. 


HIGH-TEMPERATURE  INSULATION 

To  THE  Editor  : 

While  inaccuracies  in  the  introductory  generalizations  of 
the  paper  by  Mr.  Boeck  in  the  August  issue  of  The  Journal 
do  not  lessen  the  importance  and  accuracy  of  the  main  body 
of  his  article,  it  is  none  the  less  unfortunate  that  this  intro- 
duction contains  such  statements. 

It  is  true  that  "  heat  is  a  form  of  energy  consisting  of 
molecular  vibrations,"  but  it  is  not  true  that  it  is  "  subject  to 
the  general  laws  of  wave  motion."     It  can  not  "  be  reflected, 


refracted  and  dispersed  by  creating  the  proper  conditions." 
While  the  introduction  of  layers  of  material  of  low  heat- 
transmitting  value  decreases  heat  flow,  the  use  of  alternating 
layers  is  not  necessary,  because  the  resistance  to  flow  of  heat 
in  such  cases  is  not  due  to  "  breaking  up  or  changing  the  wave 
length." 

It  is  inaccurate  to  speak  of  heat  as  being  radiated.  Heat 
cannot  be  radiated.  Hot  bodies  do  emit  radiant  energy,  which 
is,  however,  not  heat,  but  vibrational  energy  of  the  luminifer- 
ous  ether.  This  energy  can  be  transmitted  not  only,  as  Mr. 
Boeck  states,  through  the  gaseous  state  of  matter,  but  also 
through  liquids  and  many  solids,  such  as  glass,  silica  and  the 
like.  In  the  opinion  of  the  writer,  some  of  the  phraseology 
in  the  introduction  of  this  paper  produces  loose  and  inaccurate 
thinking,  and  renders  infinitely  more  difBcult  the  application 
of  scientific  knowledge  to  the  solution  of  industrial  problems. 

On  the  other  hand,  the  value  of  Mr.  Boeck's  contribution  in 
calling  the  attention  of  the  engineering  profession  to  a  mate- 
rial of  high  resistance  to  heat  flow,  yet  possessing  at  the  same 
time  satisfactory  mechanical  qualities,  especially  reasonable 
mechanical  strength  and  resistance  to  vibration  and  to  the  con- 
traction and  expansion  caused  by  temperature  change,  must 
not  be  underestimate  '.  Furthermore,  the  emphasis  laid  upon 
the  fact  that  air  spaces  at  high  temperature  are  better  con- 
ductors of  heat  than  even  relatively  poor  solid  insulators,  ow- 
ing to  the  high  radiation  losses  across  the  gaseous  spaces  at 
high  temperature,  is  well  worth  while.  This  fact,  though  long 
known,  is  not  even  yet  appreciated  to  the  extent  that  it 
shoidd  be.  Owing  to  the  high  heat  conductivity  of  firebrick, 
and  even  of  common  brick,  the  construction  of  a  fire  wall  of 
high  heat  resistivity  is  difficult,  and  indeed  impossible,  without 
the  use  of  some  such  insulating  material  as  that  described  by 
Mr.  Boeck. 

It  would  be  of  very  real  value  if  Mr.  Boeck  would  state 
whether  the  heat  loss  diagrams  of  Fig.  7  are  diagrammatic, 
or  represent  experimental  results.  In  the  latter  case,  a  state- 
ment of  the  experimental  method  employed  is  important,  be- 
cause the  accuracy  and  reliability  of  the  methods  hitherto 
employed  are  unsatisfactoiy ;  and  if  carefully  conducted  ex- 
periments of  this  sort  were  reported  in  detail,  they  would 
not  only  furnish  the  heat  conductivity  of  the  specific  material 
tested,  but  also  add  to  our  knowledge  of  the  best  metho  1~ 
of  testing  such  substances  intended  for  technical  insulation. 


Boston,  Mass. 


W.  K.  Lewis. 


There  were  nearly  33,000  students  in  the  engineering  schools 
of  the  United  States  in  1915,  divided  among  the  various 
branches  as  follows:  Mechanical,  7751;  civil,  7182;  electrical. 
6637;  general,  6059;  chemical,  2383;  mining,  1922;  other,  958. 


The  U.  S.  Bureau  of  Standards  has  made  tests  of  unusually 
large  wire  ropes  mtended  for  the  Panama  Canal.  These  ropes. 
of  plow  steel,  showed  an  ultimate  strength,  in  lb.  per  sq.  in. 
of  net  area,  of  184,200  for  the  2-in.  rope  and  214,900  for  the 
234  in.,  while  the  total  ultimate  loads  ranged  between  304,000 
bl.  for  the  2-in.  rope  and  866,000  lb.  for  the  3%  in.;  a  speci- 
men of  the  last  named  diameter  Monitor  plow  steel  showed 
937,000  lb. 

The  tests  were  made  on  the  Emery  machine  at  Washington, 
and  special  holders  were  designed  for  it  by  the  Bureau.  The 
capacity  of  this  machine  is  1,200,000  lb.  and  the  special  holders 
were  provided  in  order  that  this  fidl  tension  might  be  utilized. 
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rryHE  Boiler  Code  Committee  meets  monthly  for  the 
J.  purpose  of  considering  communications  relative  to 
the  Boiler  Code.  Any  one  desiring  information  as  to 
the  application  of  the  Code  is  requested  to  communicate 
■with  the  Secretary  of  the  Committee,  Mr.  C.  TV.  Obert, 
29  West  S9th  St.,  New  York  City. 

Since  the  publication  of  the  April  issue  of  The  Journal,  in 
which  interpretations  of  Cases  Nos.  45-58  inclusive  -were  pre- 
sented, three  meetings  of  the  Boiler  Code  Committee  have  been 
held :  one  in  March,  at  which  Cases  Nos.  59-60  and  63-66  were 
taken  up,  Cases  Nos.  61-62  being  left  in  the  hands  of  the  Com- 
mittee; one  in  May,  when  Cases  No.  68,  Nos.  70-73  and  Nos. 
75-80  were  considered,  Cases  Nos.  67,  69  and  74  being  left  in 
the  hands  of  the  Committee;  and  one  in  June,  at  which  inter- 
pretations were  rendered  in  Cases  Nos.  49o,  61,  67,  69,  74,  and 
84-88,  Cases  Nos.  81-83  having  been  annulled  and  Case  No.  87 
left  in  the  hands  of  the  Committee.  Thus,  a  total  of  26  inter- 
pretations have  been  rendered,  three  cases  having  been  an- 
nulled, leaving  two  Cases  and  Case  No.  496  still  in  the  hands 
of  the  Committee. 

The  pi'ocedure  of  the  Committee  in  handling  the  cases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared  by 
the  Committee  and  passed  upon  at  a  regular  meeting  of  the 
Committee.  This  interpretation  is  later  submitted  to  the 
Coimcil  of  the  Society  for  approval,  after  wliich  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  ordei'  that  anyone  interested  may  readily  secure  the  latest 
information  concerning  the  interpretations. 

Below  are  given  the  interpretations  of  the  Committee,  as 
approved  by  the  Council  on  July  27,  1916,  in  Cases  Nos.  49a 
and  59-88  inclusive.  In  this  report,  as  previously,  the  names 
of  inquirers  have  been  omitted. 

Case  No.  49 

Inquiry:  a.  How  far  does  the  Boiler  Code  apply  to  the 
case  of  flash  type  boilers,  or  those  having  a  forced  circulation 
with  no  fixed  steam  and  water  line? 

Reply:  a.  The  material  for  boilei's  of  this  class  shall  con- 
form to  the  requirements  of  the  Code.  All  other  requirements 
shall  also  be  met  except  where  they  relate  to  special  features 
of  construction  made  necessary  in  boilers  of  this  type,  and  to 
accessories  that  are  manifestly  not  needed  or  used  in  connec- 
tion with  such  boilers,  such  as  water  gages,  water  columns  and 
gage  cocks. 

Inquiry  and  Reply:  h.  (In  tlie  hands  of  the  Committee.)    • 


Case  No.  59 

Inquiry:  Is  it  within  the  requirements  of  the  Boiler  Code 
to  use  flange  steel  for  parts  of  boilers  where  fire-box  steel  is 
required,  provided  the  steel  has  all  the  physical  and  chemical 
requirements  of  the  fire-box  grade.  The  condition  of  the  iron 
and  steel  market  is  such  that  the  manufacturers  must  resort 
to  extreme  means  to  obtain  the  material. 

Reply:  If  the  plate  manufacturers  will  guarantee  the  steel 
is  up  to  that  of  the  specifications  for  fire-box  steel,  it  is  obvious 
that  they,  the  steel  manufacturers,  may  restamp  for  you  the 
plate  in  question.  The  Code  requires  that  no  plates  shall  be 
used  as  fire-box  steel  unless  so  stamped  by  the  steel  manufac- 
turer. 


Case  No.  60 

Inquiry:  Is  Par.  199  applicable  to  the  stay-bolting  of  water 
legs  in  water  tube  boilers  of  the  Heine  type?  We  understand 
it  is  the  practice  of  some  manufacturers  to  calculate  this  con- 
struction under  Par.  206.  Please  give  an  interpretation  of 
Par.  207  also. 

Reply:  Your  staybolt  spacing  would  rightly  come  under 
Par.  206.  The  construction  of  handhole  openings,  etc.,  must 
be  such  that  the  requirements  of  Par.  207  are  complied  with. 

In  applying  Par.  207,  the  plate  with  handhole  openings 
must  be  considered  as  a  continuous  beam  supported  at  the  cen- 
ter Hues  of  stays  for  which  there  are  standard  engineering 
formulae. 


Case  No.  61 

Inquiry:  Can  flanges  for  blow-oft'  piping  be  drilled  for  six 
bolts  on  a  6  1/16-in.  bolt  circle  for  the  2y2-iii-  pil^e  size,  where- 
as Table  16  of  the  Boiler  Code  requires  four  bolts  on  a  5%-in. 
bolt  circle? 

Reply:  Par.  299  of  the  Code  refers  to  the  flanges  on  the 
discharge  sides  of  steam  nozzles,  or  to  flanges,  when  used,  left 
by  the  manufacturer  as  a  part  of  the  boiler  for  the  connection 
of  other  piping  or  fittings,  and  to  fittings  shown  on  page  112 
for  pressures  up  to  and  including  250  lb.,  and  does  not  apply 
to  fittings  specially  designed  as  part  of  the  boiler.  Where 
threaded  openings  are  left  on  the  boiler.  Par.  268  shall  apply. 


Case  No.  62 
(In  the  hands  of  the  Committee.) 

Case  No.  63 

Inquiry:  Are  we  to  understand  that  iron  through-bolts  not 
welded  will  be  allowed  8500  lb.  per  sq.  in.  under  Table  4  ?  Par. 
4  specifies  that  welded  braces  should  be  of  iron. 

Reply:  Stresses  given  in  Table  4  cover  both  iron  and  steel 
stays,  either  of  which  may  be  used.  According  to  Par.  4,  if 
stays  or  braces  are  welded,  they  must  be  made  of  iron. 

Case  No.  64 

Inquiry:  Interpretation  is  requested  relative  to  the  value 
of  the  constant  in  the  formula  of  Par.  199  when  applied  to 
vertical  tubular  boilers  in  which  the  furnace  sheet  is  thicker 
than  the  outer  barrel  sheet.  If  the  furnace  sheet  is  of  such 
thickness  as  to  permit  of  using  120  for  C  in  the  above  men- 
tioned formula,  and  the  outer  barrel  sheet  to  which  the  furnace 
sheet  is  stayed  is  of  such  thickness  as  to  permit  of  a  value  of 
112  for  C,  which  constant  should  be  used? 

Reply:  When  two  sheets  are  connected  by  stays  and  but 
one  of  these  sheets  requires  staying,  the  value  of  C ,  in  rule 
199,  is  governed  by  the  thickness  of  the  sheet  requiring  stay- 
ing. When  both  sheets  require  staying  as  flat  surfaces,  the 
value  of  C  is  governed  bv  the  thickness  of  the  thinner  sheet. 


Case  No.  65 

Inquiry:  A  definition  is  requested  of  the  word  "  fitting,"  as 
to  whether  it  refers,  in  connection  with  Par.  299,  to  ells,  tees, 
crosses,  and  the  other  ordinary  pipe  fittings,  or  whether  it  may 
be  extended  to  cover  such  irregular  shapes  as  water  columns, 
blowofl  connections,  valve  bonnets,  etc. 

Reply:  Par.  299  refers  to  the  flanges  on  the  discharge  sides 
of  steam  nozzles  or  to  flanges,  when  used,  left  by  the  manufac- 
turer as  a  part  of  the  boiler  for  the  connection  of  other  piping 
or  fittings,  and  to  fittings  shown  on  page  112  for  pressures  up 
to  and  including  250  lb.,  and  does  not  apply  to  fittings  spe- 
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eially  designed  as  part  of  the  boiler.     Where  threaded  open- 
ings are  left  on  the  boiler  Par.  268  shall  apply. 


Case  No.  66 

Inquiry:  Par.  270  is  ambiguons  in  that  one  clanse  of  the 
Paragraph  specifies  a  maximum  rise  of  jsressure  of  6  per  cent 
above  the  highest  pressure  to  which  the  valve  is  set,  while  the 
other  specifies  a  maximum  of  9  per  cent  above  the  allowable 
working  pressure.  An  interpretation  is  also  requested  of  what 
is  intended  in  Par.  292,  page  75,  resjiecting  water  glass  con- 
nections. 

Reply:  Par.  270,  page  68  of  the  Code,  is  intended  to  specify 
a  safety  valve  capacity  such  that  the  safety  valve  or  valves 
will  discharge  all  the  steam  that  can  be  generated  by  the  boiler 
without  allowing  the  pressure  in  any  case  to  rise  more  than 
6  per  cent  above  the  maximum  allowable  working  pressure. 
and  there  is  no  rule  in  the  Code  which  warrants  a  rise  in 
pressure  of  more  than  this  for  any  safety  valve  setting.  Where 
a  safety  valve  or  valves  are  set  at  a  pressure  considerably 
lower  than  the  maximum  allowable  working  pressure  this  rule 
alone  would  not  be  sufficient,  as  it  would  allow  the  pressure 
in  a  boiler  built  for  100  lb.  to  increase  to  106  lb.  with  a  low 
pressure  safety  valve  on  the  boiler  set  at,  say,  5  lb.  In  order 
to  cover  this  feature,  the  further  condition  was  imposed  that 
the  discharge  capacity  must  be  such  that  the  pressure  will 
not  rise  more  than  6  per  cent  above  the  highest  pressure  to 
which  any  valve  is  set. 

An  interpretation  of  what  is  intended  in  a  reply  to  an 
inquiry  in  regard  to  Par.  292,  jjage  75,  respecting  water  glass 
connections,  is  published  in  the  January  1916  issue  of  The 
Journal  under  Case  No.  35. 


Case  No.  67 

Inquiry:  Is  there  not  a  conflict  between  Pars.  253  and  223 
of  the  Boiler  Code  as  to  the  punching  of  rivet  holes  full  size? 
Par.  253  makes  exception  as  regards  livet  holes  for  attaching 
stays  or  angles  to  heads,  inferentially  permitting  such  rivet 
holes  to  be  punched  full  size. 

Reply:  Par.  253  excepts  rivet  holes  for  attaching  stays  or 
angle  bars  because  such  jiarts  need  not  be  bolted  in  position 
when  drilled. 

Par.  223  requires  that  all  rivet  holes  in  the  parts  to  be 
braced,  as  well  as  in  the  brace  itself,  must  be  either  drilled 
full  size,  or  punched  under  size  and  drilled.  (See  Case  No. 
27). 


Case  No.  68 

Inquiry:  Wliat  is  the  application  of  Par.  186  to  unfired 
vessels  subjected  to  pressure,  whether  steam,  water  or  air? 
Such  unfired  vessels  with  joints  formed  by  autogeneous  weld- 
ing are  extensively  used  carrying  high  pressures. 

Reply:  The  Committee  has  not  formulated  rules  for  pres- 
sure vessels  other  than  steam  boilers,  and  is,  therefore,  not  in 
a  position  to  pass  upon  this  question. 


Case  No.  69 

Inquiry:  Please  explain  the  apphcation  of  Par.  223  of  the 
Boiler  Code  to  the  design  of  the  ordinary  form  of  diagonal 
boiler  brace. 

Reply:  In  previous  cases  of  this  kind  (See  Case  No.  29) 
the  (Jommittee  has  said  that  all  braces  used  in  A.S.M.E.  Code 
boilers  should  conform  to  the  Code  in  every  detail.  Difficulty 
has  been  exjjerieneed  in  interpreting  Par.  223,  which  applies 
to  such  braces,  and  the  Committee  therefore  submits  the  fol- 
lowing to  explain  how  this  paragraph  should  be  applied : 

The  requirements  in  Par.  223  are  based  on  the  "  re- 
quired cross  sectional  area  of  the  brace."  To  apply 
Par.  223,  proceed  as  follows: 

1.  Determine  the  "  required  cross  sectional  area  of 
the  brace  "  by  first  computing  the  total  load  to  be  car- 
ried by  the  brace,  and  dividing  the  total  load  by  the 


values  of  stresses  for  unwelded  stays  given  in  Table  4. 

2.  Design  the  body  of  the  brace  so  that  the  cross 
sectional  area  shall  be  at  least  equal  to  the  "  required 
cross  sectional  area  of  the  brace "  for  unwelded 
braces.  Where  the  braces  are  welded,  the  cross  sec- 
tional area  at  the  weld  shall  be  at  least  as  gi'eat  as 
that  computed  for  a  stress  of  6000  lb.  per  sq.  in. 
(See  Table  4.) 

3.  Make  the  area  of  pins  to  resist  double  shear  at 
least  three-quarters  of  the  "  required  cross  sectional 
area  of  the  brace." 

4.  Make  the  combined  cross  section  of  the  eye  at 
the.  side  of  the  pin  (in  crowfoot  braces)  at  least  25 
per  cent  greater  than  the  "  required  cross  sectional 
area  of  the  brace." 

5.  Make  the  combined  cross  sectional  area  of  the 
rivets  at  each  end  of  the  brace  at  least  IV^  times  the 
"  required  cross  sectional  area  of  the  brace." 

6.  Design  each  branch  of  a  crowfoot  to  carry  two- 
thirds  the  total  load  on  the  brace. 

7.  Make  the  net  sectional  areas  through  the  sides  of 
the  crowfeet,  tee  irons,  or  similar  fastenings  at  the 
rivet  holes  at  least  equal  to  the  required  rivet  section, 
that  is,  at  least  equal  to  1%  times  the  "  required  cross 
sectional  area  of  the  brace." 

8.  The  cross  sectional  area  through  the  blade  of 
a  diagonal  brace  wliere  attached  to  the  shell  of  the 
boiler  shall  be  at  least  equal  to  the  required  rivet 
section,  that  is,  at  least  equal  to  1%  times  the  "  re- 
quired cross  sectional  area  of  the  bi'ace." 


Case  No.  70 

Inqiiiri/:  Sliould  the  use  of  a  non-return  sto]i  valve  not  be 
made  compulsory  on  all  jiower  boiler  delivery  connections. 

Reply:  Suggestions  for  changes  will  be  considered  at  a 
hearing  before  the  Committee,  where  all  interested  parties  may 
be  heard.  It  is  recommended  in  the  Code  that  such  hearings 
to  consider  revisions  be  held  at  least  once  in  two  years,  and 
the  time  for  the  first  hearing  is  now  near  at  hand. 


Case  No.  71 

Inquiry:  Does  Table  No.  7  in  the  Code  apply  to  the  thick- 
ness of  plate  used  where  washout  plugs  are  tlireaded  through 
the  sheet? 

Reply:  It  is  the  opinion  of  the  Committee  that  Par.  268, 
including  Table  No.  7,  is  intended  to  refer  to  any  threaded 
opening  in  a  boiler,  which  includes  openings  for  threaded 
washout  plugs. 


Case  No.  72 

Inquiry:  Is  there  not  a  misprint  in  Par.  21  in  specifying 
standard  gages  for  4  in.  an<l  5  ni.  tubes  and  one  gage  heavier 
than  standard  for  3  in.  tubes  for  maximum  allowing  working 
pressures  not  exceeding  lti5  lb.  ])er  sij.  in. 

Reply:    The  table  in  Par.  21  should  read: 

Diameters  less  than  3%  in No.  12  B.  W.  G. 

Diameter  314  in-  or  over,  but  less  than  4  in.  .No.  11  B.  W.  G. 
Diameter  4  in.  or  over,  but  less  than  5  in. . . .  No.  10  B.  W.  G. 
Diameter  5  in No.     9  B.  W.  G. 

Case  No.  73 

Inquiry:  Is  the  use  of  extra-heavy  bronze  comjiosition 
blow-off  valves  permissible  under  Par.  402  ? 

Reply:  The  question  of  the  use  of  extra-heavy  brass  or 
bronze  fittings  between  boiler  and  blow-off  was  not  considered 
at  the  time  the  Code  was  compiled,  and  it  is  the  sense  of  the 
Committee  that  their  use  is  permissible. 

Case  No.  74 

Inquiry:  The  rules  in  the  Boiler  Code  for  girth  seams  of 
horizontal  return  tubuluar  boilers  do  not  appear  to  pi'ovide 
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sufficient  rivet  area  to  draw  the  plates  firmly  enough  together 
to  avoid  the  necessity  of  excessive  calking.  A  ruling  is  re- 
quested on  tliis  point. 

Reply:  Par.  184a  of  the  Boiler  Code  was  arranged  to  pro- 
vide for  proper  strength  for  girth  joints  in  all  types  of  boilers. 
To  cover  the  point  raised,  the  Committee  recommends  that 
girth  joints  of  horizontal  return  tubular  boilers  have  the  shear- 
ing strength  of  the  rivets  not  less  than  50  per  cent  of  the  full 
strength  of  the  plate  at  the  joint. 


Case  No.  75 

Inquiry:  An  interpretation  is  requested  of  Par.  194.  The 
punctuation  is  such  that  it  is  indefinite  as  to  whether  the  pres- 
sure requirement  in  the  first  clause  refers  to  the  joint  or  to 
the  flange  only. 

Reply:  The  intent  of  Par.  194  is  that  all  domes  24  in.  or 
over  in  diameter  shaU  have  butt  and  double  strap  longi- 
tudinal joints,  irrespective  of  the  pressure  used. 


Case  No.  76 

Inquiry:  What  net  area  should  be  considered  in  calculat- 
ing stay  bolts  with  tell-tale  holes  drilled  in  their  ends ;  also  an 
opinion  is  requested  whether  in  determining  the  load  on  a  bolt, 
the  full  pitch  dimensions  of  the  area  stayed  should  be  used, 
or  whether  the  area  oecapied  by  the  bolt  itself  should  be 
deducted  therefrom. 

Reply:  The  question  as  to  the  area  of  a  drilled  staybolt  is 
answered  by  Par.  220,  which  specifies  clearly  the  net  cross- 
sectional  area  of  the  stay.  The  fuU  pitch  dimensions  of  the 
stays  should  be  employed  in  determining  the  load  on  the  bolt 
and  the  area  occupied  by  the  bolt  itself  should  not  be  deducted 
therefrom.  The  full  pitch  dimensions  should  be  measured  as 
in  Par.  199,  in  which  p,  the  pitch,  is  specified  as  the  maximum 
measured  between  straight  lines  passing  tlu-ough  the  centers 
of  the  staybolts. 


Case  No.  77 

Inquiry:  Should  the  tensile  strength  stamped  on  the  plate, 
or  the  result  of  actual  test  be  used  in  the  determination  of  the 
percentage  of  elongation  as  specified  in  Par.  28. 

Reply :  It  is  the  opinion  of  the  Boiler  Code  Committee  that 
the  tensile  strength  obtained  by  actual  test  is  to  be  used  in 
determining  the  elongation. 


Case  No.  78 

Inquiry:  An  interpretation  is  requested  of  the  reference  in 
Par.  268  to  "  methods  given  in  Par.  261,"  and  concerning  the 
application  of  the  reinforcing  ring  that  would  seem  to  be 
required  thereby  to  the  boilers  of  their  construction. 

Reply:  The  proportions  called  for  in  Par.  261  refer  only 
to  reinforcements  as  described  in  Par.  260. 


Case  No.  79 

Inquiry:  Can  a  low  pressure  heating  boiler,  imder  Part  I, 
Section  II,  of  the  Code,  be  marked  A.S.M.E.  Standard  if  the 
metallic  arc  welding  process  has  been  used  in  the  construction 
of  headers  when  stay  bolts  are  placed  between  parallel  surfaces 
adjacent  to  the  welded  edges. 

Reply:  Inasmuch  as  it  is  proposed  to  provide  for  the 
lateral  stresses  in  the  headers  by  means  other  than  the  welded 
edges,  the  Conimittee  sees  no  objection  to  the  use  of  the  weld 
in  the  manner  indicated,  and  if  the  boiler  is  constructed  en- 
tii-ely  in  accordance  with  the  A.S.M.E.  Boiler  Code,  both  as 
regards  the  boiler  itself  and  the  fittings,  it  can  be  marked 
"  A.M.S.E.  Standard"  and  as  specified  in  Par.  377;  if  it  does 
not  conform  to  the  Code  in  every  respect,  marking  it  in  that 


way  would  be  evidently  a  misrepresentation.  The  use  of  the 
symbol  is  specified  for  power-boilers  only  which  are  con- 
structed in  conformity  with  the  Code. 


Case  No.  80 

Inquiry:  Referring  to  the  prohibition  by  the  Boiler  Code 
of  any  method  of  welding  of  boiler  shells  except  by  the  forg- 
ing process,  has  the  Committee  investigated  methods  of 
welding  recently?  A  great  deal  of  time  and  effort  has  been 
put  forth  by  manufacturers  of  autogenous  welding  apparatus 
and  the  Committee  is  requested  to  give  this  matter  further 
consideration. 

Reply:  The  Committee  has  since  its  inception  had  under 
constant  observation  all  sorts  of  welding  of  pressure  vessels, 
and  has  gone  as  far  as  to  ask  some  of  the  welding  experts  of 
this  country  to  write  papers  for  the  Society  to  bring  out 
further  information  regarding  this  particular  process.  Sug- 
gestions for  changes  will  be  considered  at  a  hearing  before 
the  Committee,  where  all  interested  parties  may  be  heard. 
The  Committee  recommended  in  the  Code  that  hearings  to 
consider  revisions  be  held  at  least  once  in  two  years  and  the 
time  for  the  first  hearing  is  now  near  at  hand. 


Cases  Nos.  81,  82,  83 
(Annulled) 

Case  No.  84 

Inquiry:  Can  boiler  tubes  for  use  in  a  porcupine  type  of 
boiler,  where  stub  tubes  are  screwed  into  furnace  sheets,  be 
made  of  standard  wrought  iron  pipe  if  the  threaded  ends  are 
properly  designed? 

Reply:  It  is  the  opinion  of  the  Committee  that  tubes 
with  properly  designed  threaded  ends  with  sufficient  strength 
in  the  thread  should  be  permissible.  This  necessitates  a  heav- 
ier gage  of  tubing  for  a  given  pressure  than  where  the  tubes 
have  expanded  ends. 

The  tubes  should  in  all  cases  meet  the  boiler  tube  specifica- 
tions, pages  40-42  of  the  Code. 

Case  No.  85 

Inquiry:  Is  it  necessary  under  Par.  406  of  the  Boiler  Code 
to  place  an  independent  check  valve  between  an  injector  and 
the  boiler  when  there  is  a  check  valve  incorporated  in  the 
design  of  the  injector? 

Reply:  To  meet  the  requirements  of  Par.  406  of  the  Boiler 
Code,  it  is  necessary  to  place  an  independent  cheek  valve,  and 
valve  or  cock  between  the  pump  or  injector  and  the  boiler, 
and  this  requirement  is  not  covered  by  the  check  valve  which 
is  located  in  the  injector. 

Case  No.  86 
(In  the  hands  of  the  Committee.) 

Case  No.  87 
(In  tlie  hands  of  the  Committee.) 

Case  No.  88 

Inquiry:  What  is  the  required  strap  thickness  for  butt 
strap  joints  where  the  plate  thickness  used  does  not  coincide 
with  the  thicknesses  specified  in  Table  1  of  the  Boiler  Code? 

Reply:  The  thickness  of  butt  straps  should  be  obtained  by 
interpolation  of  Table  1,  page  9,  of  the  Code,  using  as  a  mini- 
mum thickness  the  plate  which  agrees  with  the  interpolated 
value  to  the  nearest  thirty-seeondth  of  an  inch. 
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SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


AS  matters  of  moment  in  the  affairs  of  the  Society  required 
immediate  consideratiofi  and  action,  a  special  meeting 
of  the  Council  was  called  for  July  27.  The  following  members 
responded:  D.  S.  Jacobus,  President,  J.  Sellers  Bancroft,  John 
H.  Barr,  R.  M.  Dixon,  Chairman  Finance  Committee,  A.  M. 
Greene,  Jr.,  James  Hartness,  C.  T.  Main,  Spencer  Miller, 
H.  de  B.  Parsons,  James  E.  Sague,  John  A.  Stevens,  B.  H. 
Whitloek,  Wm.  H.  Wiley,  Treasurer,  and  Calvin  W.  Rice, 
Secretary.  By  invitation,  Charles  Whiting  Baker,  representa- 
tive of  the  Society  on  the  Joint  Conference  Committee  of  the 
National  Engineering  Societies,  and  Herman  Aaron,  Esq., 
general  counsel  of  the  Society,  were  also  present. 

The  important  transaction  of  the  meeting,  and  one  of  para- 
mount interest  to  the  whole  engineering  profession,  was  the 
unanimous  adoption  of  resolutions  receiving  the  American 
Society  of  Civil  Engineers  into  the  United  Engineering  Society, 
to  become  one  of  the  Founder  Societies  in  joint  ownership, 
occupancy  and  administration  of  the  Engineering  Societies 
Building.     These  resolutions  follow : 


"  WHEREAS,  A  resolution  was  heretofore  passed  by  the 
trustees  of  United  Engineering  Society  on  June  24th,  1915,  in- 
viting the  American  Society  of  Civil  Engineers  to  consider 
entering  the  United  Engineering  Society  as  an  additional 
Founder  Society,  and  proceedings  were  had  thereupon  as  are 
more  particularly  set  forth  in  the  resolution  passed  by  the 
Board  of  Directors  of  the  American  Society  of  Civil  Engi- 
neers on  tlie  twenty-tliird  day  of  June,  1916,  which  said  resolu- 
tion is  as  follows,  to  wit : 


"  WHEREAS,  The  following  resolution  was  passed  by 
the  Trustees  of  United  Engineering  Society  on  June  24th, 
1915,  to  wit : 

'RESOLVED,  That  out  of  its  desire  to  welcome  the 
American  Society  of  Civil  Engineers  into  the  fraternity  of 
the  Founder  Societies  and  with  a  sense  of  the  increased 
dignity  and  usefulness  to  the  engineering  profession  which 
this  adherence  to  the  American  Society  of  Civil  Engineers 
would  contribute,  the  United  Engineering  Society  hereby 
desires  to  express  the  sentiment  in  favor  of  coalition  which 
has  been  growing,  and  to  invite  the  American  Society  of 
Civil  Engineers  to  consider  entering  the  United  Engineer- 
ing Society  as  an  additional  Founder  Society;  and  the 
President  is  authorized  to  appoint  a  Committee  to  confer 
with  any  corresponding  Committee  of  the  American  So- 
ciety of  CivU  Engineers  in  the  formation  of  a  tentative 
plan  which  if  this  invitation  is  accepted  can  be  referred 
on  the  part  of  the  United  Engineering  Society  to  the  gov- 
erning bodies  of  the  Founder  Societies  for  their  action.' 


and 


"  WHEREAS,  Such  resolution  has  been  approved  by 
the  governing  bodies  of  the  American  Institute  of  Mining 
Engineers,  The  American  Society  of  Mechanical  Engineers 
and  the  American  Institute  of  Electrical  Engineers,  and 
was  likewise  considered  and  approved  by  the  Board  of 
Direction  of  this  Society,  and 

"  WHEREAS,  Conferences  have  been  held  between  a 
Committee  representing  the  United  Engineering  Society, 


and  a  Committee  representing  this  Society,  and  offers  have 
been  made  in  letters  dated  July  6th,  1915,  August  23rd, 

1915,  and  October  28th,  1915,  by  the  Committee  of  the 
United  Engineering  Society,  to  the  Committee  represent- 
ing this  Society,  and 

"  WHEREAS,  By  special  ballot,  canvassed  June  15th, 

1916,  2500  of  the  Corporate  Members  of  this  Society  voted 
in  favor  of  the  acceptance  of  the  invitation  of  the  United 
Engineering  Society,  and  only  390  Corporate  Members 
voted  against  such  acceptance,  and 

"WHEREAS,  On  that  ballot  the  sentiment  of  a  ma- 
jority of  those  voting  on  each  of  the  plans  submitted  was 
expressed  in  favor  of  the  plan  which  provides  for  the 
addition  of  three  stories  to  the  present  building  of  the 
United  Engineering  Society,  and  against  the  plan  which 
does  not  provide  for  such  additional  stories,  be  it 

"  RESOLVED,  That  this  Board,  acting  in  behalf  of  the 
American  Society  of  Civil  Engineers,  accepts  the  invita- 
tion of  the  United  Engineering  Society  made,  in  behalf  of 
the  American  Institute  of  Mining  Engineers,  The  Amer- 
ican Society  of  Mechanical  Engineers,  and  the  American 
Institute  of  Electrical  Engineers,  to  become  one  of  the 
Founder  Societies,  in  accordance  with  the  terms  and  con- 
ditions contained  in  the  before  mentioned  letter,  dated 
July  6th,  1915,  as  modified  by  the  before  mentioned  letter, 
dated  August  23rd,  1915,  which  provide  for  the  construc- 
tion of  three  additional  stories  to  the  present  building 
of  the  United  Engineering  Society,  at  an  estimated  cost  of 
$225,000.  It  is  understood,  in  accordance  with  the  terms 
of  said  letters,  that  the  cost  to  this  Society  in  any  event 
is  not  to  exceed  $250,000. 

"RESOLVED,  That  Clemens  Herschel,  Charles  War- 
ren Hunt,  and  J.  V.  Davies,  be  and  are  hereby  authorized 
for,  and  in  behalf  of,  this  Society,  to  execute  any  agree- 
ments or  other  instruments  that  may  be  appropriate  for 
carrying  into  effect,  in  accordance  with  the  above,  the  plan 
whereby  this  Society  shall  enter  the  United  Engineering 
Society  as  an  additional  Founder  Society,  this  Society  as- 
siuning  therein  an  obligation  to  defray  the  expenses  of 
such  building  operations,  at  a  cost  not  to  exceed  $250,000." 

"  NOW  BE  IT  RESOLVED,  That  the  said  last  mentioned 
resolution  and  the  plans  set  forth  therein  be,  and  the  same  are 
hereby  approved,  and  that  D.  S.  Jacobus  and  Calvin  W.  Rice 
be  and  they  hereby  are  authorized  for  and  in  behalf  of  this 
Society  to  execute  any  agreements  or  other  instruments  that 
may  be  appropriate  for  carrying  into  effect  the  aforementioned 
plan  and  to  cause  the  corporate  seal  of  this  Society  to  be 
affixed  to  any  such  agreement  or  instriunent." 

Actions  by  the  Executive  Committee,  as  recorded  in  the 
minutes  of  the  meeting  of  July  7,  1916,  of  that  committee, 
were  confirmed. 

E.  G.  Spilsbury,  John  R.  Freeman  or  H.  G.  Stott,  the  So- 
ciety's representatives  on  the  Board  of  Trustees  of  the  United 
Engineering  Society,  were  appointed  attorneys  and  proxies  of 
the  Society  to  attend  a  meeting  of  the  Founder  Societies  of 
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the  United  Engineering  Society  to  vote  for  the  Society  upon 
an  increase  in  the  number  of  trustees  of  the  United  Engineer- 
ing Society  from  nine  to  twelve. 

Interpretations  of  the  Boiler  Code  Committee,  Nos.  67  to 
80  inclusive,  and  Nos.  49,  61,  67,  69,  74,  and  81.  to  88  inclu- 
sive, were  approved  with  certain  corrections  and  ordered 
issued.  The  corrected  interpretations  are  published  elsewhere 
in  this  number  of  Tlie  Journal  under  the  title  Work  of  the 
Boiler  Code  Committee. 

J.  Sellers  Bancroft  was  appointed  a  member  of  the  Com- 
mittee on  the  Metric  System. 

Sections  in  Detroit  and  in  New  Orleans  were  authorized 
and  the  following  Committee  appointed  in  the  latter  place: 
W.  B.  Gregory,  Chairman;  H.  L.  Hutson,  Secretary  and  Treas- 
urer; R.  T.  Burwell,  E.  W.  Kerr,  and  H.  F.  Rugan. 

James  E.  Sague,  Vice-President  of  the  Society,  was  ap- 
pointed to  represent  the  President  at  a  meeting  of  the  Board 
of  Trustees  of  the  United  Engineering  Society  to  perfect 
the  preliminary  arrangements  for  the  reception  of  the  Ameri- 
can Society  of  Civil  Engineers  into  the  United  Engineering 
Society. 

In  connection  with  the  preparation  of  the  Budget  for  the 
ensuing  year,  the  Council  directed  that  one-half  of  the  initia- 
tion fees  should  be  included  in  the  income  and  one-half  set 
aside  in  the  reserve  fund;  that  for  the  up-keep  of  the  So- 
ciety's furniture  and  fixtures,  a  depreciation,  repair  and 
renewal  fund  should  be  established,  and  that  15  per  cent  of 
the  i>resent  inventory  value  should  be  annually  appropriated 
to  this  fund,  and  that  mileage  for  attendance  at  Council  meet- 
ing's be  at  the  rate  of  7  cents  per  mile,  one  way. 

Matters  referred  by  a  previous  Council  to  the  Joint  Con- 
ference Committee  of  the  National  Engineering  Societies,  viz, 
the  subjects  of  Ethics  and  of  Joint  Administration  of  Sections 
were  referred  back  by  the  Conference  Committee  with  the  rec- 
ommendation that  the  existing  committees  on  these  subjects 
in  the  several  Societies  should  be  brought  together  in  a  joint 
conference,  and  the  Council  requested  the  President  to  take 
the  initiative  to  arrange  such  joint  meetings. 

The  action  of  the  Joint  Conference  Committee  with  relation 
to  recommending  to  the  attention  of  the  President  of  the 
United  States  the  desirability  of  legislation  relating  to  the 
development  of  water  power  was  approved.  Here  follows  the 
resolution : 

''  The  Joint  Conference  Committee  of  National  Engineer- 
ing Societies  believes  that  the  development  of  the  counti-y's 
undeveloped  water  power  will  increase  national  prosperity; 
that  private  enterprise  should  be  encouraged  and  stimulated 
to  expedite  such  development;  that  unnecessary  legal  burdens 
should  be  removed  and  existing  doubts  as  to  the  safety  of 
investment  eliminated.  It  commends  to  the  support  of  en- 
gineers all  efforts  made  to  secure  the  fullest  publicity  as  to  the 
underlying  facts  regarding  this  subject." 

A  note  regarding  water  power  legislation  now  pending  be- 
fore Congress  appears  elsewhere  in  the  Society  Affairs  Section 
of  this  issue  of  The  Journal.' 

The  Council  invited  the  House  Committee,  under  the  gen- 
eral direction  of  the  Committee  on  Meetings,  to  take  charge 
of  the  President's  Reception  at  the  time  of  the  Annual  Meet- 
ing, and  on  account  of  the  anticipated  large  attendance,  it 
was  suggested  that  this  reception  be  held  on  the  Fifth  Floor  of 
the  Engineering  Societies  Building,  where  better  accommoda- 
tions are  available. 

The  report  of  the  Tellers  of  Election  of  Dr.  Ambrose 
Swasey   for  Honorary  Member  was  read,   together  with   the 


letter  of  acknowledgment  from  Dr.  Swasey.     This  letter  ap- 
pears at  the  bottom  of  this  page. 

A  letter  was  read  from  Frank  J.  Sprague,  Chairman  of  the 
Memorial  Committee  of  The  American  Institute  of  Consulting 
Engineers,  asking  this  Society  to  join  in  the  erection  of  a 
memorial  tablet  te  Alfred  Noble,  past-oflScer  of  this  Society. 
This  communication  was  referred  to  the  Trustees  of  the 
United  Engineering  Society,  as  a  Committee  of  Trustees  has 
already  under  consideration  a  comprehensive  scheme  for 
tablets,  etc.,  for  the  Engineering  Societies  Building. 

A  communication  with  respect  to  the  standardization  of 
machine  tools,  which  had  been  solicited  by  the  Secretary,  was 
received  from  L.  P.  Alford.  The  Secretai-y  was  requested  to 
confer  with  the  Chainnan  of  tlie  Research  Committee. 
and  ascertain  if  the  work  of  standardization  had  better  be 
vmdertaken  in  connection  with  the  work  of  the  Research  Com- 
mittee, or  independently. 

A  request  was  made  to  the  counsel  of  the  Society,  Herman 
Aaron,  Esq.,  for  an  opinion  as  to  the  part  the  Society  may 
consistently  take  in  the  Minnesota  Joint  Engineering  Board, 
the  proposal  for  which  was  noted  in  the  August  issue  of  The 
.Journal. 

The  Finance  Committee  reported  the  condition  of  the  So- 
ciety up  to  and  including  July  31,  of  which  report  the  follow- 
ing is  a  resiune: 

Book  accounts  charged  this  date $137,486.32 

Estimated  income  for  the  year 149,.570 

Expenses  incurred  to  date 124,003.11 

Budget  appropriation 139,975 

The  Certificates  of  Indebtedness  having  been  en- 
tirely paid,  the  total  indebtedness  of  the  Society  of 
all  kinds  is  solely  the  current  expenses  of  the  past 
month,  amounting  to $14,515.84 

against  which  the  Society  has  in  cash  and  other 
quick  assets $85,798.33 

which  does  not  include  the  trust  funds  of  the  Societj",  all  of 
which  are  invested. 

Calvin  W.  Rice,  Secretary. 

LETTER  FROM  DR.  SWASEY 

The  following  letter  was  received  from  Dr.  Swasey,  ex- 
pressing his  appreciation  of  the  action  of  the  Society  in  elect- 
ing him  an  honorary  member: 

Cleveland,  Ohio, 
July  11,  1916. 

Prof.  D.  S.  Jacobus,  President, 

The  American  Society  of  Mechanical  Engineers, 
New  York. 

Dear  Professor  Jacobus : 

I  am  pleased  to  receive  your  favor  of  the  5th  advising  me 
of  the  action  of  the  Council  in  electing  me  an  honorary  mem- 
ber of  the  Society.  This  ip  a  great  honor,  and  I  appreciate 
it  more  than  I  have  words  to  express.  I  regard  it  one  of  the 
gratifying  experiences  of  my  life  to  have  been  a  member  of 
the  Society  from  the  time  of  its  organization,  but  to  be  placed 
on  the  honor  roll  is  indeed  a  mark  of  great  distinction. 
Very  truly  yours, 

(Signed)         Ambrose  Swaset. 


INDUSTRIAL   PREPAREDNESS 


THE  returns  from  the  vast  industrial  inventory  made 
by  the  Committee  on  Industrial  Preparedness  of  the 
U.  S.  Naval  Consulting  Board  mark  a  new  and  vital  rela- 
tion between  the  business  men  of  America  and  the  Federal 
Government.  The  information  gathered  is  the  fruit  of  the 
work  of  the  army  of  30,000  American  engineers,  members  of 
the  national  engineering  societies, 
who  formed  the  field  force  of  the 
Committee  organized  to  find  out 
for  the  Government  the  available 
industrial  resources  of  the  nation. 


The  manufacturers  of  the  na- 
tion, recognizing  the  highly  quali- 
fied and  non-partisan  personnel 
of  this  movement,  which  has  the 
support  of  the  President,  the 
military  heads  and  the  Chamber 
of  Commerce  of  the  United  States, 
have  with  few  exceptions  re- 
sponded with  patriotism  and  in- 
terest in  this  movement  for  a 
thoroughgoing  industrial  prepar- 
edness. They  were  called  upon  to 
give  comprehensive  information 
on  the  adaptability  of  their  fac- 
tories, mills  and  mines  to  federal 
uses  from  the  hour  of  military 
mobilization,  the  data  to  be  held 
in  the  strictest  confidence  for  the 
sole  scrutiny  and  benefit  of  the 
war  and  navy  departrrents  of  the 

United  States.  The  business  men  have  met  the  Committee  on 
Industrial  Preparedness  and  the  engineers  at  least  half  way 
in  this  effort  to  establish  a  backbone  for  the  national  defense. 

Chairman  Coffin,  Mem.Am.Soc.M.E.,  calls  attention  to 
the  reports  of  State  Directors  to  the  effect  that  all  ele- 
ments of  business  life  in  their  respective  regions  unite  on 
the  wisdom  and  practicability  of  the  committee's  plans  for 
establishing  annual  educational  orders  in  small  quantities  for 
the  manufacture  of  munitions  of  war.  The  idea  is  to  teach 
American  manufacturers  now  producing,  say,  farm  machin- 
ery, how  to  turn  out  some  one  war  commodity  best  suited  to 
their  output,  and  this  in  time  of  peace. 

NOVEL   WAYS   OP  ADAPTING    MANUFACTORIES 

The  response  to  the  State  Director's  request  to  concerns  for 
information  for  the  industrial  census  has  shown  a  desire  to 
support  the  work  of  the  committee,  and  a  summary  of  the  let- 
ters received  discloses  in  a  most  interesting  and  graphic  way 
how  the  industries  of  the  counti-y  could  adjust  themselves  to 
the  needs  of  conflict. 

A  large  capacity  sash-chain  maker  believed  he  could  with 
little  difficulty  produce  cartridge  clips  for  rifles  and  machine 
guns,  and  a  manufacturer  of  threshing  machinery  was  sure 
he  could  make  600  six-in.  shells  per  day. 

A  maker  of  underwear  declared  he  could  turn  out  bandages 
and  other  knit  goods  for  the  army  and  navy  and  Red  Cross 
services,  a  button  maker  thought  his  machines  could  be  used 
for   small   munitions   work,   and    a   company    manufacturing 


The  'five  months'  campaign  of  the  Committee 
on  Industrial  Preparedness  of  the  U.  S.  Naval 
Consulting  Board  to  obtain  an  inventory  of  the 
country's  manufacturing  and  producing  re- 
sources for  national  defense  purposes  has  been 
remarkable. 

In  this  article  are  given  several  interesting 
examples  of  replies  received  from  concerns  sug- 
gesting novel  methods  of  adjusting  industries 
to  the  needs  of  conflict. 

The  committee's  plans  for  edurating  Ameri- 
can manufacturers  in  time  of  peace  in  the  re- 
quirements of  the  army  and  navy  in  war  are 
provided  for  in  proposed  legislation,  and  ex- 
cerpts from  the  same  are  here  given. 

The  campaign  of  the  committee,  with  the  aid 
of  a  volunteer  unpaid  organization  of  the  mem- 
bers of  the  national  engineering  societies,  has 
introduced  a  new  era  of  the  engineer  in  the 
preservation  of  national  governments. 


drugs  stated  that  it  could  turn  a  considerable  portion  of  its 
product  into  an  adjunct  for  making  cordite  for  shells. 

One  well-known  foundry  said  it  was  well  equipped  to  turn 
out  tools  and  machinery  for  small  arms  and  ammunition,  a 
maker  of  belting  even  suggested  that  he  could  produce  web- 
bing with  which  to  fasten  equipment  on  soldiers,  and  a  famous 

producer  of  condensed  milk 
thought  he  could  be  of  use  to  his 
government  in  time  of  war. 

On  the  theory  that  an  army 
is  as  good  as  the  feet  of  its  men, 
boot  and  shoe  makers  were 
queried,  and  showed  interest,  even 
enthusiasm,  and  a  smart  clothier 
of  the  metropolis  saw  no  reason 
why  he,  too,  could  not  help  Uncle 
Sam  with  equipment  at  the 
proper  time. 

A  leading  Buffalo  manufac- 
turer wrote :  "  We  look  upon  it  as 
a  patriotic  duty  to  fill  out  the 
blank  forwarded  to  us ; "  the 
president  of  a  great  railroad 
wrote  at  length  analyzing  the  sit- 
uation in  a  most  sympathetic  way, 
and  a  maker  of  pocket  knives  vol- 
unteered to  produce  various  lines 
of  munition  supplies. 

Several  optical  makers  have 
pointed  out  where  they  could  be 
of  practical  aid  to  armies  in  the 
field,  and  a  crushed  stone  company  saw  where  it  could  play  a 
large  part  in  maintaining  good  roads  against  the  wear  and 
tear  of  modern  military  transportation.  An  extensive  tailor- 
ing concern  emphasized  that  the  production  of  uniforms 
should  be  standardized,  one  of  the  world's  leading  makers  of 
printing  presses  placed  himself  wholly  at  the  command  of 
the  state  board,  and  perhaps  the  greatest  municipal  transpor- 
tation system  in  the  United  States  appointed  its  chief  en- 
gineer to  serve  the  committee's  purpose. 

The  head  of  a  great  woolen  mill  wrote :  "  The  constructive 
policy  of  the  committee  is  surely  the  only  means  by  which 
true  preparedness  can  be  arrived  at,"  the  leading  Americarn 
manufacturer  of  farm  materials  promptly  offered  to  find  out 
what  military  utilization  could  be  made  of  its  plants  in  a 
day  of  need,  and  a  maker  of  chocolates,  which  are  so  impor- 
tant to  modern  armies  on  the  march,  had  very  definite  views'. 

A  linotype  company  stated  that  it  has  a  large  quantity  of 
lathes,  drills,  milling  machinery  and  other  tools  adapted  for 
the  production  of  shells,  fuses,  accurate  machine  tools  and 
small  metal  parts  of  any  kind  requiring  extreme  precision. 

The  president  of  one  of  the  world's  chief  railroad  systems 
gladly  ofliered  his  company's  shops  for  the  inspection  of  the 
state  board,  an  up-state  concern  now  making  starting  and 
lighting  apparatus  for  automobiles  was  quite  sure  it  could 
furnish  small  arms,  and  an  elevator  company  is  devoting  ear- 
nest study  as  to  how  it  could  help  the  government  with  its 
mechanical  equipment. 

A  prominent  maker  of  drop  forgings  wrote  that  he  wouhl 
waste  no  time  finding  out  how  his  plants  could  be  utilized  for 
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the  military  forces,  and  finally,  a  fountain  jien  manufacturer 
gladly  offered  to  analyze  his  mechanical  equipment,  and  when 
necessary  to  adapt  it  to  the  benefit  of  the  Government  of  the 
United  States. 


COMPULSOnV    PREPAEEDKESS    PROBABLE 

The  committee's  carefully  worked  out  plans  to  teach  Ameri- 
can manufacturers  now,  in  time  of  peace,  how,  through  annual 
educational  orders,  to  turn  out  war  munitions  and  all  other 
military  and  naval  supplies  when  needed,  have  now  been  in- 
corporated into  legislation  which  has  been  passed  by  both 
Houses  and  is,  at  the  time  of  going  to  press,  awaiting  signature 
by  the  President. 

This  legislation  is  embodied  in  H.  R.  12766,  Army  Re- 
organization Bill,  and  H.  R.  16460,  Army  Appropriation  bill. 
In  the  former,  legal  provision  is  made  for  the  preparation  or 
acquisition  by  the  Government  of  special  aids  and  appliances 
for  the  manufacture  of  munitions  in  time  of  war.  In  the 
latter,  a  Council  of  National  Defense,  for  the  coordination  of 
industries  and  resources  for  the  national  security  and  welfare, 
is  established. 

Extracts  from  the  provisions  of  these  measures  follow : 

The  President,  in  time  of  war  or  when  war  is  imminent, 
is  empowered  through  the  head  of  any  department  of  the  Gov- 
ernment, in  addition  to  the  present  authorized  methods  of  pur- 
chase or  procurement,  to  place  an  order  with  any  individual, 
firm,  association,  company,  corporation,  or  organized  manu- 
facturing industry  for  such  product  or  material  as  may  be 
required,  and  which  is  of  the  nature  and  kind  usually  pro- 
cured or  capable  of  being  produced  by  such  individual,  firm, 
company,  association,  corporation,  or  organized  manufactur- 
ing industry. 

Compliance  with  all  such  orders  for  products  or  material 
shall  be  obligatory  on  any  individual,  firm,  association,  com- 
pany, corporation,  or  organized  manufacturing  industry  or 
the  responsible  head  or  heads  thereof,  and  shall  take  pre- 
•cedence  over  all  other  orders  and  contracts  theretofore  placed 
~with  such  individual,  firm,  company,  association,  corporation, 
or  organized  manufacturing  industry ;  and  any  individual, 
firm,  association,  company,  corporation,  or  organized  manu- 
facturing industry  or  the  responsible  head  or  heads  thereof 
owning  or  operating  any  plant  equipped  for  the  manufac- 
ture of  arms  or  ammunition,  or  parts  of  ammunition,  or  any 
necessary  supplies  or  equipment  for  the  Army,  and  any  in- 
dividual, firm,  association,  company,  corporation,  or  organized 
manufacturing  industry  or  the  responsible  head  or  heads 
thereof  owning  or  operating  any  manufacturing  plant,  which, 
in  the  opmion  of  the  Secretary  of  War  shall  be  capable  of 
being  readily  transformed  into  a  plant  for  the  manufacture 
of  arnis  or  ammunition,  or  parts  thereof,  or  other  necessary 
supplies  or  equipment,  who  shall  refuse  to  give  to  the 
United  States  such  preference  in  the  matter  of  the  execu- 
tion of  orders,  or  who  shall  refuse  to  manufacture  the  kind, 
quantity,  or  quality  of  arms  or  ammunition,  or  the  parts 
thereof,  or  any  necessary  supplies  or  equipment,  as  ordered 
by  the  Secretary  of  War,  or  who  shall  refuse  to  furnish  such 
arms,  ammunitions,  or  parts  of  ammunition,  or  other  sup- 
plies or  equipment,  at  a  reasonable  price  as  determined  bv  the 
Secretary  of  War,  then,  and  in  either  such  case,  the  Presi- 
dent, through  the  head  of  any  department  of  the  Govern- 
ment, in  addition  to  the  present  authorized  methods  of  pur- 
chase or  procurement  herein  provided  for,  is  herebv  author- 
ized to  take  immediate  possession  of  anv  such  plant  or  plants, 
and,  through  the  Ordnance  Department  of  the  United  States 
Army,  to  manufacture  therein  in  time  of  war.  or  when  war 
sliall  be  imminent,  such  product  or  material  as  may  be  re- 
quired; and  any  individual,  firm,  company,  association,  or 
corporation,  or  organized  manufacturing  "industry,  or  the 
responsible  head  or  heads  thereof,  failing  to  comply  with  the 
provisions  of  this  section  shall  be  deemed  guilty  of  a  felony, 
and  upon  conviction  shall  be  punished  by  imprisonment  for 


not  more  than  three  years  and  by  a  fine  not  exceeding  $50,- 
000. 

The  Secretary  of  War  shall  also  make,  or  cause  to  be  made, 
a'  complete  list  of  all  privately  owned  plauts  in  the  United 
States  equipped  to  manufacture  arms  or  ammunition,  or  the 
component  parts  thereof.  He  shall  obtain  full  and  complete 
information  regarding  the  kind  of  arms  or  ammunition,  or 
the  component  parts  thereof,  manufactured  or  that  can  be 
manufactured  by  each  such  plant,  the  equipment  in  each 
plant,  and  the  maximum  capacity  thereof.  He  shall  also  pre- 
pare, or  cause  to  be  prepared,  a  list  of  privately  owned  man- 
ufacturing plants  in  the  United  States  capable  of  being  read- 
ily transformed  into  ammunition  factories,  where  the  capac- 
ity of  the  plant  is  sufBcient  to  warrant  transforming  such 
plant  or  plants  into  ammunition  factories  in  time  of  war  or 
when  war  shall  be  imminent;  and  as  to  all  such  plants  the 
Secretary  of  War  shall  obtain  full  and  complete  information 
as  to  the  equipment  of  each  such  plant,  and  he  shall  prepare 
comprehensive  plans  for  transforming  each  such  plant  into 
an  ammunition  factory,  or  a  factory  in  which  to  manufac- 
ture such  parts  of  ammunition  as  in  the  opinion  of  the  Sec- 
retary of  War  such  plant  is  best  adapted.  (H,  R.  12766, 
Sec.  120.) 


That  the  Secretary-  of  War  be,  and  he  is  hereby,  authorized 
to  prepare  or  cause  to  be  prepared,  to  purchase  or  otherwise 
procure,  such  gauges,  dies.  jigs,  tools,  fixtures,  and  other  spe- 
cial aids  and  appliances,  including  specifications  and  detailed 
drawings,  as  may  be  necessary  for  the  immediate  manufacture, 
by  the  Governrhent  and  by  private  manufacturers,  of  arms, 
ammunition,  and  special  equipment  necessary  to  arm  and 
equip  the  land  forces  likely  to  be  required  by  the  United  States 
in  time  of  war:  PROVIDED,  That  in  the  expenditure  of  any 
sums  appropriated  to  carry  out  the  purposes  of  this  section 
the  existing  laws  prescribing  competition  in  the  procurement 
of  supplies  by  purchase  shall  not  goverrn,  whenever  in  the 
opinion  of  the  Secretary  of  War  such  action  will  be  for  the 
best  interest  of  the  public  service.     (H,R,  12766,  Sec.  123.) 

H.  R.  16460  adopts  the  committee's  measure  for  an  industrial 
reserve,  so  that  in  time  of  war  the  skilled  mechanic  shall  be 
kept  at  home  on  the  job,  where  his  services  are  most  needed 
to  feed  the  firing  line.    Extracts  from  this  measure  are : 

That  a  council  of  National  Defense  is  hereby  established,  for 
the  coordination  of  industries  and  resources  for  the  national 
security  and  welfare,  to  consist  of  the  Secretary  of  War,  the 
Secretary  of  the  Navy,  the  Secretary  of  the  Interior,  the  Sec- 
retary of  Agriculture,  the  Secretary  of  Commerce,  and  the 
Secretary  of  Labor. 

That  the  Council  of  National  Defense  shall  nominate  to  the 
President,  and  the  President  shall  appoint,  an  advisory  com- 
mission, consisting  of  not  more  than  seven  persons,  each  of 
whom  shall  have  special  knowledge  of  some  industry,  public 
utility,  or  the  development  of  some  natural  resource,  or  be 
otherwise  specially  qualified,  in  the  opinion  of  the  council,  for 
the  performance  of  the  duties  hereinafter  provided. 


That  it  shall  be  the  duty  of  the  Council  of  National  Defense 
to  supervise  and  dii-ect  investigations  and  make  recommenda- 
tions to  the  President  and  the  heads  of  executive  departments 
as  to  the  location  of  railroads  with  reference  to  the  frontier 
of  the  United  States  so  as  to  render  possible  expeditious  con- 
centration of  troops  and  supplies  to  points  of  defense;  the 
coordination  of  military,  industrial,  and  commercial  purposes 
in  the  location  of  extensive  highways  and  branch  lines  of  rail- 
roads; the  utilization  of  waterways;  the  mobilization  of  mili- 
tary and  naval  resources  for  defense;  the  increase  of  domestic 
production  of  articles  and  materials  essential  to  the  support 
of  armies  and  of  the  people  during  the  interruption  of  foreign 
commerce;  the  development  of  seagoing  transportation;  data 
as  to  amounts,  location,  method  and  means  of  production,  and 
availability  of  militan-  supplies;  the  giving  of  information  to 
producers  and  manufacturers  as  to  the  c'ass  of  supplies  needed 
by  the  military  and  other  services  of  the  Government,  the  re- 


September 
1916 


SOCIETY  AFFAIRS 


733 


quirements  relating  thereto,  and  the  creation  of  relations  which 
will  render  possible  in  time  of  need  the  immediate  concentra- 
tion and  utilization  of  the  resources  of  the  Nation. 

That  the  Council  of  National  Defense  shall  adopt  rules  and 
regulations  for  the  conduct  of  its  work,  which  rules  and  regu- 
lations shall  be  subject  to  the  approval  of  the  President  and 
shall  provide  for  the  work  of  the  advisory  commission  to  the 
end  that  the  special  knowledge  of  such  commission  may  be  de- 
veloped by  suitable  investigation,  research,  and  inquiry,  and 
made  available  in  conference  and  report  for  the  use  of  the 
council;  and  the  council  may  organize  subordinate  bodies  for 
its  assistance  in  special  investigations,  either  by  the  employ- 
ment of  experts  or  by  the  creation  of  committees  of  specially 
qualified  persons  to  serve  without  compensation,  but  to  direct 
the  investigations  of  experts  so  employed. 

That  the  sum  of  $200,000,  or  so  much  tiiereof  as  may  be 
necessary,  is  hereby  appropriated,  out  of  any  money  in  the 
Treasury  not  otherwise  appropriated,  to  be  immediately  avail- 
able for  experimental  work  and  investigations  undertaken  by 
the  council,  by  the  advisory  commission,  or  subordinate  bodies, 
for  the  employment  of  a  director,  expert,  and  clerical  expenses 
and  supplies,  and  for  the  necessary  expenses  of  members  of 
the  advisory  commission  or  subordinate  bodies  going  to  and 
attending  meetings  of  the  coumii-ision  or  subordinate  bodies. 


That  $250,000  *  «  »  may  be  used  to  procure  gauges, 
dies,  jigs,  tools,  fixtures,  and  other  special  aids  and  appli- 
ances, including  specifications  and  detailed  drawings  neces- 
sary for  the  manufacture  by  the  Government  and  by  private 
manufacturers  of  ammunition  necessary  for  the  use  of  the  land 
forces  of  the  United  States  in  time  of  war.  and  in  the  purchase 
of  lots  of  ammunition  to  complete  the  object  of  this  proviso 
the  existing  laws  prescribing  competition  in  the  procurement 
of  supplies  by  purchase  shall  not  govern  in  orders  not  to 
exceed  $50,000  in  any  one  case. 

That  $200,000  »  »  »  may  be  used  to  procure  gauges, 
dies,  jigs,  tools,  fixtures,  and  other  special  aids  and  appliances, 
including  specifications  and  detailed  drawings,  necessary  for 
the  manufacture  by  private  manufacturers,  of  arms  necessary 
to  arm  the  land  forces  likely  to  be  required  by  the  United 
States  in  time  of  war,  and  in  the  purchase  of  lots  of  arms  to 
complete  the  object  of  this  proviso  the  existing  laws  prescrib- 
ing competition  in  the  procurement  of  supplies  by  purchase 
shall  not  govern  in  orders  not  to  exceed  $50,000  in  any  one 
ease.     (H.  R.  16460.) 


In  the  article  Tribute  to  Dr.  E.  D.  Leavitt  on  page  653  of 
the  August  issue  of  The  Journal,  the  personnel  of  the  commit- 
tee on  resolutions  was  incorrectly  given.  The  committee  con- 
sisted of  F.  W.  Dean,  chairman,  J.  S.  Coon  and  A.  M.  Mattice. 

In  the  death  of  Sir  William  Ramsay,  science  loses  one  of 
its  most  resourceful  experimenters,  as  well  as  a  most  daring 
prognosticator.  His  fame  as  a  discoverer  dates  back  to  1894, 
when,  with  Lord  Rayleigh,  he  demonstrated  that  atmospheric 
air  contains  the  previously  unknown  gaseous  element  argon. 
He  later  separated  three  new  gaseous  elements,  which  he 
named  neon,  krypton,  and  zenon,  as  well  as  helium. 


At  a  recent  meeting  of  the  Texas  Cotton  Seed  Crushers' 
Association  the  following  resolution  was  adopted: 

WHEREAS,  The  American  Society  of  Mechanical  Engi- 
neers having  prepared  a  satisfactory  code  for  the  standardiza- 
tion of  boiler  construction  to  promote  the  safety  of  human  life 
and  economy  in  operation,  it  is  hereby 

RESOLVED,  That  the  Texas  Cotton  Seed  Crushers'  Asso- 
ciation, in  convention  assembled,  approves  the  said  boiler 
code  and  recommends  its  adojition  by  the  State  of  Texas. 

The  States  of  Ohio,  Pennsylvania  and  California  have 
accepted  the  A.  S.  M.  E.  Boiler  Code  unconditionally  and  have 
embodied  it  as  a  whole  in  their  statutes.  In  Wisconsin  and  In- 
diana, the  Code  is  acceptable  as  an  alternative  to  the  existing 
requirements. 


ROLL  OF  HONOR 

rllE  Society  is  desirous  of  publishing  lists  of  all  mem- 
bers enlisted  or  contemplating  enlistment  in  the 
National  Guard,  the  Regular  Army,  the  Navy,  or  in  any 
other  capa.city  in  the  services  of  the  country.  Every 
member  who  is,  or  who  knows  of  any  other  member  who 
is  engaged  in  the  service  of  the  country  is  requested  to 
notify   the  Secretary. 

The  first  Roll  of  Honor  was  published  in  the  August 
issue  of  The  Journal.  The  second,  comprising  further  names 
received  to  date,  appears  below. 

HILL,  FR.VNCIS  L.,  Company  U.  First  Virgiiii.i  Itegiment  ot  Volun- 
teers,  Brownsville,  Texas 

NEWCOMB,  ROBERT  S.,  Captain.  Coast  Artillery  Corps.  New  York 
National  Guard.     .Assigned  to  33rd  Co..  Sth  C.  D.  C. 

DAVIS,  J.\MES  H.,  Second  Lieutenant,  Coast  Artillery  Corps,  New 
York  National  Gu.ird.     Assigned  to  33rd  Co.,  Sth  C.  D.  C, 

WHITTEI).  THOMAS  B.,  Colonel  and  Chief  ot  Engineers,  North 
Carolina  National  Guard 

PELLY,  JOHN  F..  Battery  A,  First  Field  -Vrtillery.  Tennsylvanla 
National  Guard 

TILLSON,  BENJAMIN  F.,  .\ide,  Naval  Consulting  Board,  .Sussex  Co., 
N.  J. 

ELSEY,  H.  M.,  Private,  Company  L,  Fifth  Infantry,  California 
National  Guard 

OIIMER,  JOHN  F.,  JR.,  First  Lieutenant  and  Battalion  Adjutant, 
Third  Ohio  Infantry 

JIELLEN,  WILLIAM  H.,  Machinist's  Mate,  Second  Class.  Civilian 
Cruise 

KRAUS.  SIDNEY  M.,  Lieutenant   (J.  G.).  U.  S.  N.  ' 

CHURCH.   ELIHU   CUNNINGHAM,   Seventh   Infantry.   New  York 

WHITLEY,  FREDERIC  N.,  Major,  First  Battalion,  New  York  En- 
gineers 

TUTTLE,  W.  B.,  Second  Lieutenant,  Training  Camp  Regiment,  Fort 
Sam   Houston,   Te.xas 

TOLTZ,  M.\X,  Major,  Engineering    Corps,   Minnesota  National   Guard 


ENGINEER  SECTION  OF  OFFICERS' 
RESERVE  CORPS 

Since  the  announcement  in  the  August  issue  of  The  Jour- 
nal of  the  provision  made  in  the  Army  Reorganization  Bill, 
awaiting  the  President's  signature,  for  an  Engineer  Section  of 
the  Officers'  Reserve  Corps,  preliminary  steps  have  been  taken 
by  the  War  Department  towards  the  formation  of  this  corps. 
By  direction  of  tlie  Chief  of  Engineers,  Lieut.  Col.  E.  Eve- 
leth  Winslow,  of  the  Army  Engineer  Corps,  sent  a  letter  on 
August  8  to  all  the  district  engineer  officers  of  the  army 
throughout  the  country.  This  letter  sets  fortli  the  plan  for 
the  formation  of  this  corps  as  follows : 

■'  The  importance  of  engineers  iu  time  of  war  is  now  uni- 
versally recognized,  and  during  the  past  few  months  steps 
have  been  taken  to  arouse  the  interest  of  the  engineering  pro- 
fession in  the  national  defense.  Congress  has  now  provided  a 
means  by  which  the  civil  engineers  can  more  than  fully  prepare 
themselves  for  that  highest  duty  of  citizens — the  defense  of 
our  country.  An  engineer  section  of  officers  and  enlisted 
reser^'e  corps  has  been  authorized,  and  in  the  opinion  of  the 
Chief  of  Engineers  there  is  for  the  officers  of  the  Corps  of 
Engineers  no  more  important  duty  than  their  active  assistance 
in  making  a  success  of  the  new  corps.  All  the  engineers  in 
the  country  should  be  informed  of  the  existence  of  this  new 
corps,  and  those  possessing  the  necessary  qualifications  should 
be  enrolled  as  its  members.  A  close  cooperation  between  our 
engineer  officers  and  the  civilian  engineers  is  therefore  neces- 
sary, and  fortunately  the  first  steps  in  such  cooperation  have 
been  already  taken  by  the  action  of  some  of  the  most  impor- 
tant of  the  engineering  societies  in  indorsing  the  campaign 
for  preparedness  and  in  urging  upon  Congress  the  passage 
of  the  Officers'  Reserve  Corps  law. 

"  The  following  instructions  explain  how  it  is  intended  to 
organize  the  engineer  section  of  this  corps: 
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"  Each  district  engineer  officer  will  be  a  member  of  a  local 
board,  so  that  the  entire  area  of  the  country  will  be  covered. 
The  other  members  of  the  board  will  be  one  medical  officer 
or  medical  reserve  officer  (who  will  be  ordered  to  duty  with 
the  board  by  the  department  commander  on  request  of  the 
Chief  of  Engineers),  and  one  officer  of  the  Engineer  Officers' 
Reserve  Corps.  If  practicable  it  is  desired  that  the  Engineer 
Reserve  officer  be  a  member  of  the  branch  of  the  engineering 
profession  to  which  the  candidates  belong,  i.  e.,  civil,  mechan- 
ical, electrical,  mining,  and  railway  engineering  professions. 
This  will  require  having  five  separate  boards  when  the  num- 
ber of  applicants  justifies  it. 

"  When  a  sufficient  number  of  applications  have  been  re- 
ceived from  any  district,  an  examining  board  will  be  ap- 
pointed for  that  district.  Until  such  reserve  officers  have  been 
commissioned  and  thus  become  available  to  act  on  the  local 
boards,  the  latter  wiU  consist  of  two  members  only,  i.  e.,  the 
district  engineer  officer  and  the  medical  member." 

Regarding  the  selection  of  the  boards  Lieut.  Col.  Winslow 
wrote : 

"  In  appointing  the  boards,  the  senior  officer  of  the  Corps 
of  Engineers  on  each  board  will  be  designated  the  President 
thereof;  his  office  will  be  the  office  of  record,  although  the 
junior  member  must  nominally,  at  least,  act  as  recorder. 

"  After  each  board  has  been  appointed,  it  will  endeavor  to 
enlist  the  interest  of  each  engineer  in  its  territory  in  the  Re- 
serve Corps  and  will  give  all  necessary  information  and  ren- 
der all  possible  assistance  to  persons  desiring  to  join.  The 
various  engineering  societies  and  the  prominent  technical 
newspapers  and.  journals  will  be  requested  by  this  office  to 
lay  before  their  members  and  readers  the  importance  of  join- 
ing the  corps.  An  order  prescribing  the  regulations  for  the 
enlisted  Reserve  Corps  is  now  in  course  of  preparation. 

"  An  Executive  Committee  will  be  formed  to  pass  finally 
upon  all  applications  for  membership  to  the  Reserve  Corps 
of  Engineers,  and  to  recommend  the  grades  in  which  success- 
ful applicants  shall  be  commissioned  and  enlisted.  This  Ex- 
ecutive Committee  will  be  composed  of  the  heads  of  divisions 
in  the  office  of  the  Chief  of  Engineers;  one  member  of  the 
American  Society  of  Civil  Engineers,  one  member  of  The 
American  Society  of  Mechanical  Engineers,  one  member  of 
the  American  Institute  of  Electrical  Engineers,  one  member 
of  the  American  Institute  of  Mining  Engineers,  one  member 
of  the  American  Society  of  Consulting  Engineers,  one  rail- 
way operating  official. 

"  After  a  sufficient  number  of  officers  and  non-commissioned 
officers  have  been  appointed,  companies  and  battalions  will  be 
organized,  officers  and  non-commissioned  officers  assigned 
thereto,  and  the  other  enlisted  personnel  thereof  obtained. 
This  will  be  made  the  subject  of  a  later  letter  of  instructions." 

The  principal  requirements  of  the  regulations  that  apply 
to  the  Engineer  Officers'  Reserve  Corps  are  published  in 
General  Order  No.  32,  War  Department,  July  28,  1916,  a  copy 
of  which  will  be  furnished  by  the  Chief  of  Engineers,  U.  S. 
Army,  Washington,  D.  C,  to  any  member  of  the  Society  on 
request.  The  Chief  of  Engineers  will  also  furnish  a  form 
letter  of  application  for  commission  in  the  corps. 

All  members  of  the  Society  are  able  to  meet  the  profes- 
sional requirements  for  a  commission  in  this  corps.  For  in- 
stance, a  candidate  for  First  and  Second  Lieutenant  must  be 
an  engineer  in  the  active  practice  of  his  profession, — mem- 
bers in  the  Junior  and  higher  grades  meet  this  requirement; 
a  candidate  for  Captain  must  have  been  in  the  active  practice 
of  his  profession  for  at  least  eight  years  and  have  had  re- 
sponsible charge  of  work  as  principal  or  assistant  for  two 
years, — members  in  the  Associate-Member  and  higher  grades 
meet  this  requirement;  a  candidate  for  Major  must  liave  been 
in  the  active  practice  of  his  profession  for  at  least  fifteen 
years,  must  have  had  responsible  charge  of  work  for  five 
years  and  must  be  qualified  to  design  as  well  as  direct  engi- 
neering work, — full  members  of  five  years  standing  meet  this 
requirement. 


A.  A.  STEVENSON  PRESIDENT  OF  A.  S.  T.  M. 

Archibald  Alston  Stevenson,  Mem.Am.Soc.M.E.,  vice-presi- 
dent of  the  Standard  Steel  Works  Company,  Philadelpliia, 
was  elected  president  of  the  American  Society  for  Testing 
Materials  at  its  recent  meeting  at  Atlantic  City.  Mr.  Stephen- 
son was  born  in  Allegheny  City,  Pa.,  in  1862.  After  being 
graduated  from  the  high  school  at  Rock  Island,  111.,  in  1878, 
he  served  for  one  year  as  rodman  on  a  government  survey, 
and  then  studied  for  two  years  at  the  University  of  Illinois. 
He  spent  foiu'  and  one-half  years  in  the  service  of  the 
Southwark  Foundry  and  Machine  Company,  Philadelphia,  the 
last  year  as  chief  draftsman,  and  then  entered  the  employ- 
ment of  the  Cambria  Iron  Company,  where  for  two  and  one- 
half  years  he  divided  his  time  between  the  chief  engineer's 
office  and  the  forge  and  axle  plant.  In  1888  he  became  engi- 
neer of  the  Standard  Steel  Works  Company,  and  five  years 
later  superintendent;  in  1908  he  was  elected  vice-president  of 
the  company. 

Mr.  Stevenson  was  vice-president  of  the  Association  of 
American  Steel  Manufacturers  from  1908  to  1911,  and  presi- 
dent from  1911  to  1914.  He  is  a  member  of  the  American 
Institute  of  Mining  Engineers,  the  International  Association 
for  Testing  Materials,  and  the  Engineers'  Club  of  Philadelphia. 
He  was  elected  to  membership  in  the  Society  in  1888. 


WATER  POWER  LEGISLATION 

Both  branches  of  Congress  have  passed  bills  for  the  granting 
of  permits  for  power  dams  and  plants  in  navigable  streams. 
The  Senate  bill  proposes  that  the  Secretary  of  War  shall  have 
authority  to  grant  power  permits,  under  uniform  and  general 
terms,  conditions  and  regulations  prescribed  in  the  measure. 
The  House  bill  provides  terms  and  conditions  under  which 
dams  may  be  built,  to  be  administered  and  enforced  by  the 
Secretary  of  War,  with  the  condition  that  before  any  plans 
shall  be  approved  or  agreements  entered  into  for  the  construc- 
tion of  such  dams,  Congress  shall  in  each  case  pass  a  special 
enabling  act  granting  its  consent  to  the  location  and  construc- 
tion. 

There  are  several  differences  of  policy  in  the  Senate  and 
House  bills  on  which  a  conference  committee  of  the  Senate  and 
House  is  endeavoring  to  reach  an  agreement,  so  that  a  general 
dam  bill  can  be  approved  by  both  houses  and  become  law  be- 
fore the  end  of  the  present  session  of  Congress.  Some  of 
these  differences  hinge  on  the  wording  of  particular  sections 
or  clauses;  other  differences  have  to  do  with  the  question  of 
Government  charges  and  restrictions  upon  the  business  of 
grantees. 

The  Senate  bill  requires  the  gi-antee  to  construct  any  locks 
and  other  aids  to  navigation  which  may  be  required  by  the 
Secretary  of  War  at  the  time  the  dam  is  built  and  to  operate 
such  locks,  etc.,  without  expense  to  the  Government.  The 
House  bill  requires  that  the  grantee  shall  construct  such  locks 
as  the  Secretary  of  War  or  Congi-ess  may  at  any  time  deem  to 
be  necessai-y. 

Both  bills  require  the  grantee  to  pay  a  charge  for  whatever 
increased  water  power  may  be  created  by  improvements  con- 
structed by  the  Government  for  storage  of  headwaters  of 
streams,  and  both  bills  provide  that  the  gi'antee  shall  maintain 
lights,  signals,  flshways,  etc.,  and  shall  pay  a  tax  or  rental 
for  use  of  surplus  waters  where  a  power  plant  is  built  at  a 
Government  dam.  In  addition  to  these  charges  the  House  bill 
gives  the  Secretary  of  War  authority  to  require  the  gi-antee  to 
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pay  a  tax  on  the  grant  itself,  the  amount  of  which  is  left  to 
the  discretion  of  the  Secretary  and  which  may  be  readjusted 
by  him  at  the  end  of  twenty  yeare  and  of  each  ten  years  there- 
after. 

Both  bills  provide  that  water-power  grants  shall  be  irrev- 
ocable for  fifty  years,  except  for  cause,  and  that  at  any  time 
after  the  expiration  of  fifty  years  the  Government  may  take 
over  the  property,  or  authorize  a  new  grantee  to  do  so,  at  a 
valuation  to  be  mutually  agreed  upon  or  fixed  by  the  courts, 
with  no  allowance  for  any  rights  granted  by  the  Government. 
The  Senate  bill,  however,  proposes  that  after  fifty  years  the 
original  grantee  shall  continue  in  possession,  under  the  original 
terms  and  conditions,  until  the  Government  decides  to  take  over 
the  property  or  has  a  chance  to  make  a  better  bai'gain  with  a 
new  grantee.  The  House  bill  terminates  the  grant  absolutely 
at  the  end  of  fifty  years  and  provides  that  the  Secretary  of 
War  then  make  a  new  grant  upon  such  terms  and  conditions 
as  existing  laws  may  then  require,  or  may  do  nothing. 

The  Joint  Conference  Committee  of  the  National  Engineer- 
ing Societies  wrote  to  the  President  of  the  United  States  urg- 
ing that  legislation  be  enacted  at  this  session  of  CongTess. 


AMERICAN  INDUSTRIAL  COMMISSION 
TO  FRANCE 

There  has  just  sailed  from  this  country  an  Industrial  Com- 
mission to  France,  which  is  to  make  a  teckiical  investigation 
of  conditions  there,  leading  to  an  interchange  of  ideas  to  de- 
termine by  what  reciprocal  action  the  United  States  and 
France  may  best  develop  the  resources  of  the  two  countries. 

The  undertaking  of  this  Commission  is  based  upon  cordial 
proposals  from  the  Government  of  the  French  Republic, — 
proposals  which  came  entirely  unsolicited  and  which  were  the 
outcome  of  a  recent  visit  to  this  country  by  French  commis- 
sioners for  the  purpose  of  studying  conditions  here. 

The  Commission  is  in  charge  of  the  American  Manufactur- 
ers' Export  Association,  under  whose  authority  an  official  re- 
port of  its  work  will  be  issued  in  due  course.  Extraordinary 
and  unprecedented  facilities  have  been  granted  by  the  French 
Government  to  aid  the  Commission,  affording  every  assurance 
of  a  successful  outcome. 

The  investigation  will  cover  all  the  industries  of  the  United 
States  concerned  in  F^-ench  trade,  under  the  following  classifi- 
cations: Prime  movers;  heavy  machinery;  machine  tools,  wire, 
transmission  and  textile  machinery;  milling  machinery;  elec- 
trical apparatus;  transportation;  importers;  synthetic  pro- 
duction of  chemicals;  bankers;  factoi-y  architects,  engineers 
and  contractors. 

The  Commissioners  are  men  of  broad  experience  in  their 
respective  lines — men  of  national  reputation  whose  coopera- 
tion imparts  dignity  and  standing  to  the  enterprise  and  guar- 
antees a  result  both  conclusive  and  effective. 

Below  is  a  partial  list  of  the  personnel  of  the  Commission : 

WILLIAM  W.\LLACE  NICHOLS.  Chairmun,  Assistant  Chairman 
Allis-Clialmors  Manufacturing  Co.,  Inc.,  50  Cluirch  St.,  New 
Yi.ik    City. 

E.  V.  DOUGLAS.S,  Oetieral  Secretarii.  Secretary  .\merican  Manufac- 
turers E.xport  Association.  160  Broadway.  New    Yorls  City 

.1.  G.  BUTLER,  Jr..  Director  Commercial  National  Bank.  Youngs- 
town.  Ohio ;   Vice-President  Brier  Hill   Steel  Company. 

SAMTH'::,  W.  F.\IRCriILD,  Vice-President  Fairchikl  I'.ros.  &  Foster, 
TO  Laight  St.,  New  York  City 

A.   B.   FARQUH.A.R,  President,  A.  B.   Farquhar  Co.,   Ltd.,  York,   Pa. 

GEO.  BURDETT  FORD,  Member  of  Geo.  B.  Post  &  Sons,  101  Park 
.^ve..  New  York  City. 


NOBLE  FOSTER  HOGGSON.  President  Iloggson  Bros.,  Inc.  (Con- 
tractors), 485  Fifth  Ave.,  New  York  City. 

F.  J.  LeSIAISTRE,  B.S.,  M.E.,  Consultant,  E.  I.  du  Pont  de  Nemours 
&  Co.,   Wilmington,   Del. 

JOHN  R.  Mac.VRTHI'R,  MacArthur  Bros.,  120  Broadway,  New  York 
City. 

DR.  C.  O.  MAILLOTJX.  Consulting  Engineer,  20  Nassau  St  ,  New 
York  City. 

CURT  G.  PFEIFFER  (Specially  recommended  by  Mr.  Alaurice 
Damour),  Vice-President  Geo.  Borgfeldt  &  Co.,  Kith  St.  &  Irvine 
Place,  Now  York  City. 

E.  E.   RUSSELL,  J.   I    Case  Threshing  Machine  Co.,   Racine,  Wis. 

JAMES  E.  SAGUE,  Vice-President  Am.Soc.M.E.,  Former  Vice-Presi- 
dent American  Locomotive  Co.,  New  York,  and  Public  Service 
Commissioner  ;  .\ddress  :  Poughkeepsie,  N.  Y. 

AMBROSE  SWASEY,  Hon.  Mem.Am.Soc.M.E..  President  Warner  & 
Swasey   Co.,   Cleveland,   Ohio. 

E.  A.  WARREN,  Vice-President  Universal   Winding  Co.,   95   South   St 
Boston,    Mass.    ■ 


ARIZONA  MEETING  OF  A.  I.  M.  E. 

The  American  Institute  of  Minmg  Engineers  will  hold  a 
meeting  in  Arizona  from  September  18  to  2.5,  1916.  A  special 
train  will  be  provided  to  convey  members  and  their  guests  from 
New  York  City  and  other  points  to  Arizona  for  this  meeting. 
The  meeting  will  include  a  special  train  tour  of  the  Arizona 
mining  districts,  technical  sessions  being  held  at  several  centers 
en  route.  Among  the  side  trips  is  included  an  automobile  ride 
over  the  Apache  Trail  and  a  visit  to  the  Grand  Canyon  of  the 
Colorado. 

A  cordial  invitation  to  attend  the  meeting  has  been  extended 
by  the  Institute  to  all  the  members  of  our  Society,  and  the 
Secretary  of  the  A.I.M.E.,  Mr.  Bradley  Stoughton,  29  West 
39th  Street,  New  York,  will  be  glad  to  send  a  little  booklet 
giving  full  information  regarding  the  meeting  and  tour  to  any 
member  of  the  Society  interested. 

A.  I.  E.  E.  PACIFIC  COAST  CONVENTION 

The  Pacific-Coast  Convention  of  the  American  Institute  of 
•  Electrical  Engineers  will  be  held  in  Seattle,  Wash.,  Septem- 
ber 5  to  9,  1916.     At  the  technical  sessions  the  following  pa- 
pers will  be  presented : 

A  Distributing  System  for  Domestic  Power  Service  from  Com- 
mercial and  Engineering  Standpoints 

Some  Features  of  Domestic  Electric  Cooking  and  Heating 

Temperature  Rise  of  Insulated  Lead  Cables 

Inductive  Interference  as  a  Practical  Problem 

Testing  for  Defecti\-e  Insulators  on  High-Tension  Transmis- 
sion Lines 

The  High- Voltage  Potentiometer 

An  Artificial  Transmission  Line  with  Adjustable  Line  Con- 
stants 

Characteristics  of  Admittance  Type  of  Wave-Form  Standard 

Insulator  Failures  Under  Transient  Voltages. 

In  addition  to  the  technical  sessions  numerous  entertainment 
features  have  been  arranged.  The  program  for  the  day  ses- 
sions on  the  7th  will  be  supplied  by  tlie  Northwest  Electric 
Light  and  Power  Association.  At  the  evening  session  of  that 
day  a  lecture  on  The  Illumination  of  the  Panama-Pacific  Ex- 
position will  be  delivered  by  W.  D'A.  Ryan. 

Further  information  regarding  this  meeting  may  be  ob- 
tained from  the  Secretary  of  the  A.I.E.E.,  Mr.  F.  L.  Hutchin- 
son, 29  West  39th  Street,  New  York  City. 


APPLICATIONS  FOR  MEMBERSHIP 

TO  BE  VOTED   ON  AFTER   OCTOBER  10,  1916. 


TV/f  EMBERS  are  requested  to  scrutinize  with  care  the  follow- 
ing  list  of  candidates  who  have  tiled  applications  for 
membership  in  the  Society.  These  are  subdivided  according  to 
the  grades  for  which  their  ages  qualify  them  and  not  with  re- 
gard to  professional  qualifications,  i.e.,  the  ages  of  those  under 
the  first  heading  place  them  under  either  Member,  Associate 
or  Associate-Member,  those  in  the  nest  class  under  Associate- 
Member  or  Junior,  and  those  in  the  third  under  Junior  grade 
only.    Applications  for  change  of  grading  are  also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume  their  share  of  the  responsibility  of  re- 


ceiving these  candidates  into  membership  by  advising  the  Sec- 
retary promptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  All  correspondence  in  regard  to  such 
matters  is  strictly  confidential,  and  is  solely  for  the  good  of  the 
Society,  which  it  is  the  duty  of  every  Member  to  j^romote. 
Unless  objection  is  made  to  any  of  the  candidates  posted,  by 
October  10,  1916,  and  providing  satisfactory  replies  have  been 
received  from  the  required  number  of  references,  these  candi- 
dates will  be  balloted  upon  by  the  Council.  Those  elected  to 
membership  will  be  notified  by  the  Secretary  about  November 
15,  1916. 


NEW   APPLICATIONS 


FOR    COXSIDERATIOX    .iS    MEMBER,    ASSOCIATE    OR    ASSOCIATE    MEMBER 


Philadelphia,  Pa. 


Fitchburg,  Mass. 


Pittsburgh,  Pa. 


Dover.  N.  J. 


Buffalo,  N.  Y. 


ALPERN,  Maxwell, 

American  Engineering  Co., 
.\LMY,  Thomas  R.,  Jr.,  Plant  Engineer. 

Falulah  Paper  Co.. 
.4SHME.A.D,  CHARLES  B.,  District  Manager, 

The  Richardson-Pl!enix  Co., 
AYER,  William  T.,  Superintendent, 

McKinnan-Terry  Drill  Co., 
B.iLDWIN,  Raymond  S.,  Buffalo  Works  Manager, 

J.  H.  Williams  &  Co., 
BALZ.\R1,  Robert  A.,  Engineer, 

Westinghouse  Electric  &  Mfg.  Co.,  San  Francisco,  Cal. 

BARNES.  Eugene  L.,  District  Manager, 

American  District  Steam  Co.,  Seattle,  Wash. 

BATES,  Harry  H.,  Vice-President, 

Joliet  Oil  Tractor  Co.,  Joliet,  111. 

BEEBE,  Herbert  A.,  Chief  Draftsman, 

Fitchburg  Machine  Worlis,  .Automatic  Dept.,  Fitchburg,  Mass. 

BIDWELL,  Padl  W., 

B.  F.  Perliins  &  Son,  Inc.,  Holyoke,  Mass. 

BRANDT,  Carl  X.  W.,  Mechanical  Engineer, 

Locomotive  Superheater  Co..  New  York 

BROWN,  Holcombe  J.,  Operating  Manager, 

Keystone  Plaster  Co.,  Chester,  Pa. 

BROWNE,  Thomas  .\.,  Employment  Manager, 

Ashcroft  Mfg.  Co.,  Bridgeport,  Conn. 

BRYANT,  Percy  J.,  Heating  and  Ventilating  Engineer, 

D.  S.  Military  Academy,  West  Point,  N.  Y. 

BDERST.A.TTE,  Fred  W.,  Associate  Professor, 

Washington  State  College,  Pullman,  Wash. 

BUGGE,  SvE-N  B.,  Engineer, 

Wausau  Sulphate  Fibre  Co.,  Mosinee,  Wis. 

C.i-LDWELL,  Charles  A.,  Consulting  Engineer.  Macon,  Ga. 

CARTER,  Robert  A.,  Jr.,  Assistant  Engineer  of  Manufacture, 

Consolidated  Gas  Co.  of  N.  Y..  New  York 

CARTER,  William  D.,  Designing  Engineer,  San  Jose,  Cal. 

CONVERY,  John  J.,  Consulting  Engineer,  New  York 

COOPER.  Arthur,  Chief  Draftsman, 

Manila  Railroad  Co.,  Manila,  P.  I. 

COPONY,  .Alfred,  Master  Car  Builder, 

Grand  Trunk  Rwy..  Western  Lines,  Chicago,  III. 

COX,  John  W.,  Chief  Engineer. 

Erie  Malleable  Iron  Co.,  Erie,  Pa. 

CURTIS,  Allen.  Manager  of  Manufacturing, 

International  Paper  Co..  New  York 

DALLY,  Charles  \.,  Manager  Reserve  Natural  Gas  Co.  of  La., 
DAY,  William   .\..  General  Sales  Manager, 

The  Frost  Manufacturing  Co.,  Chicago,  111. 

DENNIS,  Frederick  L., 

U.  S.  Local  Inspector  of  Boilers,  New  Haven,  Conn. 

DETTE,  Arthur  E.  L..  Chief  Engineer. 

Alan  Wood  Iron  &  Steel  Co..  Conshohocken,  Pa. 

DIXON,  J.  Alfred,  Vice-President, 

Safety  Car  Heating  &  Lighting  Co.,  New  York 

DORSEY,  Walter  A.,  Mechanical  Enginee  ■, 

The  Bonney  Floyd  Co.,  Columbus,  Ohio 

Shreveport,  Li. 


DU  BOSE,  George  P.,  Superintendent, 

Holt  Manufacturing  Co.,  Stockton,  Cal. 

DUNLEVY,  D.  W.,  General  Superintendent, 

Colonial  Steel  Co.,  Pittsburgh,  Pa. 

DURAM,  .Arthur  E.,  President  and  Chief  Engineer, 

The  New  York  Steam  Co.,  New  York 

EL.4,  Everett  W.,  Research  Engineer, 

Waltham  Watch  Co.,  Waltham,  Mass. 

ENGEL,  Godfrey,  Jr.,  Engineer  in  charge  of  Sugar  Dept., 

Gerdes  &  Co..  New  York 

ENTWISLE,  Edward  F.,  Mechanical  Engineer, 

Bethlehem  Steel  Co.,  Steelton,  Pa. 

FELG.\R,  James  H.,  Dean,  College  of  Engineering, 

University  of  Oklahoma,  Norman,   Okla. 

FIELD,  Henry  P.,  -\ssistant  Mechanical  Engineer, 

American  Car  &  Fdy.  Co..  Berwick,  Pa. 

FINCH,  George  L.,  Engineering  Superintendent, 

Hood  Rubber  Co.,  E.  Watertown,  Mass. 

FREEMAN.  Herbert  .\.,  Chief  Draftsman, 

Crocker  Wheeler  Co.,  Ampere,  N.  J. 

FREEM.iN    Julian  B.,   Chief  Engineer, 

Webster  Engineering  Co.,  Chicago,  111. 

FOSDICK,  William  P., 

With  Walter  G.  Franz,  Consulting  Engineer,  Cincinnati,  Ohio 

G.iLLAHER,  Charles  W.,  1st  Lieutenant, 

Iowa  Engineers,  Brownsville,  Tex. 

GILLHAM,  Ch.\rles  X.,  Vice-President,  Executive, 

The  New  York  Steam  Co.,  New  York 

GODA,  Peter  H.,  Motive  Power  Inspector, 

Penn.  Lines.  Fort  Wayne,  Ind. 

GREENE,  Edward  .\.,  Captain  U.  S.  Marine  Corps,  Washington,  D.  C. 
HADLEY,  Frederick  V.,  Chief  Engineer, 

.American  Incandescent  Heat  Co..  Inc..  .     Boston.  Mass. 

HAGEN.\1I,  Rudolph  E.,  Chief  Engineer  of  Plants, 

New  York  Steam  Co.,  New  York 

HANSON,  Edward  S.,  Editor, 

The  Cement  Era,  Chicago,  111. 

H.IWKINS,  Paul  D.,  Engineer, 

Framingham  Machine  Works,  Framingbam,  Mass. 

HEULINGS,  Samuel  M., 

With  Sheffield  Farms-SIawson  Decker  Co.,  New  York 

HEWITT,  Carl  T..  Engineer 

Remington  .\rms  Union  Metallic  Cartridge  Co.,  Bridgeport,  Conn. 
HICKOK,  WiLLiAiii  O..  -iTH,  Goshen,  N.  Y. 

HILL,  Anthony  S., 

With  .American  Saw  Mill  Machinery  Co.,  Hackettstown,  N.  J. 

HULL,  Burton  E.,  Department  Engineer, 

The  Texas  Co.,  Houston,  Tex. 

JACEMAN,  Chester  C, 

With  Massachusetts  Saw  Works,  Springfield,  Mass. 

JASCHKA,  John  H., 

With  The  National  Malleable  Castings  Co.  of  Cleveland, 

San  Francisco,  Cal. 
JANN,  Victor, 

General  Electric  Co.,  Cincinnati,  Oiio 

JERNEE,  Howard  B.,  Engineer, 

E.  I.  du  Pont  de  Nemours  &  Co..  Barksdale,  Wis. 

JOHNSTON,  A.  Langstaff,  Jr.,  Consulting  Engineer, 

Southern  Associate  of  Moses,  Pope  &  Messer,  Cons.  Engrs., 

Richmond,  Va. 


736 


September 
1916 


SOCIETY  AFFAIRS 


737 


JOLINE.  Emmkt  a..   Factory   Superintendent, 

S.  S.  White  Dental  Mfg.  Co.,  Prince  Bay,  N.  Y. 

JUDY,  WiLKL'R  PI.,  Engineering  Inspector. 

City  of  San  Diego,  Cal. 

KLATJDER,  Lonis  T.,  -Assistant  Engineer,  Mechanical  Construction, 

Philadelphia   Rapid  Transit  Co.,  Philadelphia,   Pa. 

KNOWLTON.  Edgar,  Electrical  Engineer, 

General  Electric  Co.,  Schenectady,  N.  Y. 

KOTZ,  Emii.  F..  Mechanical  Engineer,  Syracuse,  N.  Y. 

KRISHN.MVENGAR,   Halslk,   Supervisor  of  Sloyd. 

West  Circle,  Mysore,  India. 

LAY,  ROUERT  P.,  Superintendent  of  Inspection, 

Curtlss  Aeroplane  &  Motor  Corp.,  Buffalo,  N.  Y. 

LEATHERS.  Harry  H., 

With  Schumaker-Santry  Co.,  Boston,  Mass. 

LEIIR,  Charles  E.,  Chief  Engineer  of  Construction, 

Bethlehem  Steel  Co.,  South  Bethlehem,  Pa. 

LONGLEY,  Francis  B.,  Inspector, 

Associated  Pipe  Line  Co.,  San  Francisco,  Cal. 

LOWM.\N,  Roy  L..  Ordnance  Engineer, 

Bethlehem  Steel  Co.,  Bethlehem,  Pa. 

McINTYRE.  Melvil  B.,  Secretary, 

Steel  Fabricating  Co.,  Chicago  Heights,  111. 

M.iCKAY,  Alfred,  Chief  Engineer. 

John  Lang  Paper  Co..  Philadelphia,  Pa. 

MAIER,  Fred,  Proprietor, 

Mechanical  Pattern  Works,  Los  Angeles,  Cal. 

MAYO,  Edmcnd  C,  General  Manager. 

Worcester  Pressed  Steel  Co.,  Worcester,  Mass. 

MESERVE,  Frank  A.,  Superintendent  of  Construction  Dept., 

Ashcroft  Mfg.  Co.,  Bridgeport,  Conn. 

MOSSMAN,   ROY  L.,  Chief  Engineer, 

Municipal  Water  &  Power  Plant,  Humboldt,  Tenn. 

MOTTINGER.  Byrox  T.,  Electrical  Engineer, 

Fort  Dodge,  Des  Moines  &  So.  R.  R..  Boone,   la. 

MUNRO.  ROBERT  E.,  Chief  Inspector, 

Hartford  Steam  Boiler  Inspection  and  Insurance  Co., 

Baltimore,   Md. 
NEIDIG,  W.  N.,  Mechanical  Engineer, 

Fred  T.  Ley  &  Co.,  Inc.,  .  Springfield,  Mass. 

NELSON,  Marcus  C,  Manager, 

R.  B.  Phillips  Manufacturing  Co.,  Worcester,  Mass. 

NEWMAN,  Charles  H.,  Designer, 

209  Broadway,  New  York 

NOBLE,  .-\.  C,  Master  Mechanic, 

Empire  Steel  &  Iron  Co.,  Mt.  Hope  Div.,  Wharton,  N.  .7. 

OAK,  ^AMES  H.,  General  Foreman,  Production  Dept., 

New  England  Westinghouse  Co.,  Springfield,  Mass. 

OBERLIN.  Edgak  G„  Lieutenant  U.   S.  Navy,  Engineer, 

Republiiiue  d'Haiti,  c/o  Department  of  State,        Washington,  D.  C. 
PARKS.  Edward  F.,  Chief  Engineer, 

Universal  Winding  Co.,  Providence,  R.  I. 

PEARSON.  Samuel.  President  and  Chief  Engineer, 

C.  I.  C.  Engine  Mfg.  Co..  Portland,  Ore. 

POGUE,  George. 

With  Fulton  Iron  Works,  St.  Louis,  Mo. 

PRATT,  Harold  H..  Assistant  Consulting  Engineer, 

Phelps,  Dodge  &  Co.,  Inc.,  Douglas,   Ariz, 

PRINCE,  Duffield.  Engineering  Department, 

N.  Y.  C.  &  H.  R,  R.  Co.,  New  York 

RATHJENS,  George  W„  Vice-President, 

Twin  City  Brick  Co.,  St.  Paul,  Minn. 

REICHARD,  George  A., 

With  Worthington  Pump  &  Machinery  Corp.,         Los  Angeles.  CaL 
RICKETSON,   William   E.,   Mechanical  Engineer, 

C,  C,  C.  &  St.  L.  Rwy.  Co.,  Beecli  Grove.  Ind. 

ROBERTS,  J.  Edwards,  Secretary, 

L.  L.  Ilarr  Corporation,  New  York,  N.  Y. 

ROBERTS,  Jno.  D., 

With  Pere  Marquette  R.  R.,  Detroit,  Mich. 

ROUTH,  G.  H..  Chief  Operating  Engineer,  Niagara  Falls  Mill, 

International  Paper  Co.,  Niagara  Falls,  N.  Y. 

SCHR.ANZ.  Frederick  G.,  Manager  Hydraulic  Department, 

Southwark  Foundry  &  Machine  Co.,  Philadelphia,   Pa. 

SE.iBURY.  George  E.,  Engineer, 

Edison  Electric  Illuminating  Co.,  Boston,  Mass. 

SETTI,  Sriram   v..   Superintendent. 

Government  Mechanical  Engineering  School, 

Bangalore,  Mysore  State,  India 
SH.iW,  Benjamin  C,  Master  Mechanic, 

Warren  Cotton  Mills.  West  Warren,  Mass. 

SLATER.  William  A.,  Superintendent. 

Fort  Worth  Refinery  of  Gulf  Refining  Co.,  Port  Worth,  Tex. 

SMITH.  Preston  M., 

With  Allied  Machinery  Co.  of  America,  New  York 

SOLOMON,  Gabriel  R.,  Consulting  Engineer, 

Solomon-Norcross,  .Mtoona,   Pa, 


STEVENS,  Ray  P.,  President, 

Mahoning  &  Shenango  Railway  &  Light  Co.,       Youngstown,  Ohio. 
STOELTZING,  Harry  E.,  Assistant  Superintendent  of  Power, 

Brooklyn  Rapid  Transit  System,  Brooklyn,  N.  Y. 

STUART,  Thomas  E.,  Power  Station  Supt., 

Omaha  Electric  Light  &  Power  Co.,  Omaha,  Neb. 

SWIFT,  Henry,  Chief  Draftsman,  Munitions  Dept., 

American  Steam  Gauge  &  Valve  Mfg.  Co.,  Boston,  Mass. 

THAYER,  Abbot  A.,  Secretary, 

Oakley  Machine  Tool  Co.,  Cincinnati,  Ohio 

TOWNSEND,  George  R.,  Secretary, 

East  Jersey  Pipe  Corporation,  Paterson,  N.  J. 

VAN  DEE  HOEVEN,  Constant,  Manager  New  York  Office, 

Lindeteves  &  Stokvis,  at  Amsterdam,  Holland,  New  Yorl5 

WADDELL,  Taever  W.,  Southern  Manager, 

Pawling  &  Harnischfeger  Co.,  Milwaukee,  Wis. 

W.\RD,  Harry  A., 

With  Sterling  Blower  Co.,  Hartford,  Conn. 

WATEROUS,  Charles  A.,  Assistant  General  Manager, 

Waterous  Engine  Works  Co.,  Ltd.,  Brantford,  Ont..  Canada. 

WATT,  James,  Mechanical  Engineer, 

Krehbiel  Co.,  Chicago,  111. 

WELLS,  Clement,  Vice-President  of  Sarco  Co.,  Inc.  ,  New  York 

WESTW.ATER,  Andrew,  Marine  Engine  Draftsman, 

Moore  &  Scott  Iron  Works,  Oakland,  Cal. 

WHITE,  Harold  C,  Factory  Manager, 

The  Holt  Manufacturing  Co.,  Stockton,  Cal. 

WHITESIDE,  Samuel  P.,  Mechanical  Engineer, 

Davison  Chemical  Co.,  Curtis  Bay,  Md. 

WILDER,  Frank  E.,  Consulting  Engineer,  _ 

Southworth  Machine  Co.,  '  Portland,  M 

WILLIAMS,  Jarvis,  Jr,.  Manager  Commercial  Div,. 

U.  M.  C.  Works,  Remington  .\rms  U.  M.  C.  Co..     Bridgeport,  Conn. 
WONFOR,  William  H.,  Specialist  in  Technical  Advertising, 

Dayton,  Ohio. 
WOODCOCK,  John  W..  Head  of  Engineering,  Drafting  and  Estimating 
Departments, 

Crane  Co.,  Bridgeport,  Conn. 

WOODWORTH.  Carl  B.,  General  Foreman  Locomotive  Department, 

Mt.  Clare  Shops,  B.  &  O.  R.  R.,  Baltimore,  Md. 

WOOTTON,  Harry  C,  .\sst.  General  Inspector, 

Hopkins  &  -illen  Arms  Co.,  Norwich,  Conn. 

WORK.  David  W.,  Draftsman, 

Braden  Copper  Co.,  Rancagua,  Chile 

WRIGHT,  .\rthdr  C,  Superintendent  and  Consulting  Engineer, 

East  Springfield  Plant,  New  England  Westinghouse  Co., 

E.  Springfield,  Mass. 
WYANT.  Robert  E,.  Superintendent, 

New  Haven  Gas  Light  Co.,  New  Haven,  Conn. 

FOR    CONSIDERATION    AS    ASSOCIATE-MEMBER    OR    JUNIOR 

.VRDlLL.i,  Ricardo,  Special, 

N.  Y.  Central  Railroad  Shops,  Depew,  N.  Y. 

ABBEY,  Frank  H.,  Boston  Manager, 

Glfford-Wood  Co.,  Boston,  Mass. 

B.4.NGS,  George  H.,  .\ssistant  Superintendent  Machine  Department, 

H.  B.  Smith  Co.,  South  Side  Works.  Westfleld,  Mass. 

BARCL.\Y,  William,  Chief  Engineer, 

R.  &  J.  Dick,  Ltd.,  Passaic,  N.  J. 

BARNUM,  Edwards  W.,  Efficiency  Engineer, 

Winchester  Repeating  .-Vrms  Co..  New  Haven,  Conn. 

BEEHLER,  Weyman  P..  Senior  Engineer  Officer, 

U.  S.  S.  Columbia,  c/Navy  Department,  Washington,  D.  C. 

BEEKLEY,  Waldron  C,  Manager  Heater  Dept., 

Whitlock  Coil  Pipe  Co.,  Hartford.  Conn, 

BORNHORST,  August  H.,  Marine  Engine  Draftsman, 

Navy  Yard,  Puget  Sound,  Bremerton.  Wash, 

BRANDEL,  S.  W,.  Factory  Manager, 

U.  S,  Ball  Bearing  Mfg.  Co.,  Chicago,  III. 

BROOKS,  .4LFRED  A,,  .\ssistant  Engineer, 

Turbine  Research  Department,  General  Electric  Co.,  Lynn,  Mass. 

BROWN,  Wendell  S..  Engineer. 

with  F.  P.  Sheldon  &  Son,  Providence,  R.  I. 

BUCH.\N.\N.  Moses  R..  General  Manager, 

Silver  City  Power  Co.,  Silver  City,   N.  Mex. 

BUCKLEY,  Ambrose  T.,  Electrician. 

Department  of  Public  Charities,  Sea  View  Hospital,  City  of  N.  Y. 

CHAMPNEY,  Ralph  P.,  Chief  Engineer, 

Constr.  Department,  The  Graton  &  Knight  Mfg.  Co., 

Worcester,  Mass. 
COWELL,  Franklin  W., 

With  The  Great  Western  Sugar  Co.,  Denver,  Colo. 

CREDO,  Julius, 

With  Louisville  Drying  Machinery  Co.,  Louisville,  Ky. 

CULLEN,  James  W., 

With  Cambria.  Midvale  and  Worth  Bros.  Steel  Companies. 

Pittsburgh,  Pa. 
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CUMMINGS,  Lawkexce  T.,  Member  of  Staff. 

Miller  Franklin  &  Co..  Eflicioncy  Engineers,  New  York 

DEVINE,  Charles  P.,  Vice-President. 

J.  P.  Devine  Co.,  Butfaio,  N.  Y. 

DODGE,  James  S.,  Secretary  and  General  Manager, 

Sulpho-Cliemical  Sprinkler  Corpiiralion,  New  York 

DCSENRERY,  Henry. 

With  Thos.  P.  Ford  Co..  Inc.,  New  York 

DYER,  Horace  T.,  Lieutenant  U.  S.  N.. 

Chief  Engineer,  U.  S.  S.  Montana,  New  York 

EVANS,   David  F,  Assistant   to  Mechanical  Superintendent, 

Hopewell  Works,  City  Point,  Va. 

FINK,  John  B., 

With  Cosden  Oil  &  Gas  Co.,  Shamrock,  Okla. 

FITZP.\TRICE,  Cr.AREXcE  J..  Chief  Engineer, 

Cleveland  Worm  &  Gear  Co.,  Cleveland,  Ohio 

HAWLEY,  Kent  A.,  Assistant  Engineer, 

Gibbs  &  Hill,  Pennsylvania  Station,  New  York 

GUNKEL,  Frederick  H..  Jr..  Member  of  Plant  Engineers'  Force. 

American  Telephone  &  Telegraph  Co..  New  York 

HEWLETT,  Van  Wick,  Jr.,  Draftsman, 

J.  Edward  Ogden  Co..  Woodmere,  L.  I.,  N.  x. 

HOOKER,  Oliver  W.,  Draftsman, 

Birmingham  Iron  Foundry,  Derby,  Conn. 

HORTON,  Ralph,  Chief  Engineer, 

Sheffield  Farms-Slawson   Decker  Co.,-  New  York 

HUGHES,  Walter  J., 

With  Larimer-Hughes  Co.,  Los  -\ngeles,  Cal. 

KERR,  Charles  P.. 

With  The  Goodyear  Tyre  &  Rubber  Co.,  Sydney,  .\ustralia 

LEE.  Clifford.  Mechanical  Engineer. 

India  Rubber  Co.,  New  Brunswick,  N.  J. 

LEWIS,  J.  Clifford,  Industrial  and  Mechanical  Engineer, 

Indianapolis.  Ind. 

LOVELY'.  John  E..  Mechanical  Engineer, 

F.  li.  Patch  Manufacturing  Co.,  Kutlnu.l.  Vt. 

LUETSCHER.  Oliver  P.,  Chief  Engineer, 

111.  Zinc  Co.,  Peru,  III. 

LUNDGREN,  Sven  E.,  Chief  Engineer  Stoker  Section, 

Westinghouse  Electric  &  Mfg.  Co..  E.  Pittsburgh,  Pa. 

LYNDE,  Charles  C,  Engineering  Editor, 

The  National  Iron  &  Steel  Publishing  Co.,  Pittsburgh,  Pa. 

MARTIN.  Clifford  A.,  Chief  Draftsman, 

J.  H.  Williams  &  Co.,  Brooklyn.  N.  Y. 

MELONEY.  Charles  W.,  Assistant  Engineer, 

Henry  I.  Lea,  Cons.  Engr.,  Chicago,  111. 

MENGES,  Harry  P.,  Superintendent  No.  12  Mill, 

Jones  &  Laughlin  Steel  Co..  Pittsburgh,  Pa. 

MURPHY',    Walter    B.,    Superintendent.    Frankford    Plant,    Chemical 

Dept.,  The  Barrett  Co.,  Philadelphia.  Pa. 

NORRMAN.  Axel  E.,  Designing  Engineer, 

Moulton  Engineering  Corp.,  Portland,  Me. 

POLGL.iZE,  Richard  A.,    Superintendent  Water  Dept., 

City  of  Gadsden,  .Via. 
RAYMOND,  Harold  E.,  Consulting  Engineer, 

New  Orleans,  La. 
REILLY",  Charles  J.,  .\ssistant  to  Superintendent, 

The  Sandusky  Cement  Co..  Bay  Ridge.  Ohio 

SCHIKENDANZ,  LoDis  H.,  Assistant  in  Mechanical  Department, 

Cleveland  Cliffs  Iron  Co..  Ishpeming,  Mich. 

SERMULIN,  Fred  E..  Resident  Engineer, 

Alpha  Portland  Cement  Co.,  Manheim,  W.  Va. 

SH.\W,  Max  M.. 

With  Eston  Dodson  &  Co.,   Inc..  Bethlehem,   Pa. 

SOSSONG,  Raymond  A.,  Operating  Manager, 

Searchlight  Co.,  Chicago,  111. 

SPECK,  WiLLiA.M  C.  General  Inspector, 

The  Buckeye  Steel  Castings  Co.,  Columbus,  Ohio 

SPIEGELHALTER,  Charles,  Designer, 

The  Pusey  &  Jones  Co.,  Wilmington,  Del. 

STEPHENS,  Feed  S..   Superintendent  Engineering, 

Chulas  Tea  Co.,  Ltd.,  Matelli,  P.  O.   India 

TOWNSEXD.  Arthik  J.,  Chief  Engineer, 

Berger  Mfg.  Co.,  Canton,  Ohio 

VUILLEUMIER,   Albert,   Designing   Engineer, 

New  Departure  Mfg.  Co.,  Bristol,  Conn. 

VICKERS,  Chauncy  H.,  Efficiency  Draftsman, 

.American  La  France  Fire  Engine  Co.,   Inc.,  Elmira,  N.  Y. 

WEILER,  Rudolph  B..  Mechanical  Engineer, 

The  Sharpies  Separator  Co.,  West  Chester,  Pa. 

WETJEN,  Henry  W., 

With  Alberger  Pump  &  Condenser  Co.,  New  York 

WICHUM,  Victor, 

With  C.  J.  Tagliabue  Mfg.  Co..  Brooklyn,  N.   Y. 

WILHELM,  Captain  Walter  M.,  Vice-President, 

Eddystone  .\mmunitou  Corp.,  Eddystone    Pa. 

WUESTNER,  Clarence  J.,  Mechanical   Draftsman, 
.     E.  I.  du  Pont  de  Nemours  &  Co.,  City  Point,  Va. 


YOUNG,  John  H.,  District  Lubrication  Engineer, 
The  Texas  Co., 


fob  consideration  as  Jn.VIOH 


Youngstown,  Ohio 


B.VKER.  Irving  C, 

With  American  Blower  Co.,  Detroit,  Mich. 

B.VLL.VNTINE,  John  H.,  Assistant  Superintendent, 

Neptune  Meter  Co.,  Long  Island  City,  N.  Y. 

B-VRR.  James  A.,  Draftsman, 

Pittsburgh  Valve,  Foundry  &  Construction  Co..         I'ittsliurgh,  Pa. 
B.\YLIS,  Roger  V.,  Engineering  Dept., 

Neptune  Meter  Co.,  Long  Island  City,  N.  Y. 

BLIXT,  GUSTAF  F.,  Jr.,  Designer, 

J.   Edward  Ogden  Co.,  New  York 

BOYLE,  Walter  W.,  .Assistant  to  Superintendent, 

Central  Power  Plant,  Estate  Henry  W.  Oliver,  Pittsburgh,  Pa. 

BYRON,  Leroy  T., 

With  Westinghouse,  Church,  Kerr  &  Co.,  New  Y'ork 

C.VTHER,  William  A., 

With  Worthington  Pump  &  Mchy.  Co.,  Harrison,  N.  J. 

COHEN,  Edgar  P., 

With  Centrifugal  Pump   Dept.,  Worthington   Pump  & 

Machinery  Corp.,  Harrison,  N.  J. 
CRON.\N.  Clifford  B., 

With  Remington  Arms  Co.,  Bridgeport,  Conn. 

D.\HLSTRAND,  JosEF  Y.,  Chief  Engineer, 

Kerr  Turbine  Co.,  Wellsville,  N.  Y. 

DE  YOUNG.  Herman. 

With  Hopkins  &  Allen  .\rms  Co.,  Norwich,  Conn. 

DREYER,  Elmer  J., 

With  Illinois  Steel  Co.  South  Chicago,  III. 

DDVIC,  Frank  R.,  Inspector, 

U.  S.  Engineer  Office,  New  Orleans.  La. 

EDDY,  Carlton  W.,  Dorchester,  Mass. 

EDW.VRDS,  Gilbert  M.,  Draftsman, 

Terry  Steam  Turbine  Co.,  Hartford,  Conn. 

EICHENBERG,  Mark  A.,  Maintenance  Dept., 

Bosch  Magneto  Co.,  Plainfield,  N.  J. 

ELBELT,  William   H., 

With   Chino   Copper   Co.,  Hurley,   N.  Y. 

FLANNAGAN,  Eric  G.,  Engineer, 

The  W.  Virginia  Pulp  &  Paper  Co.,  Covington,  Va. 

GEOTZENBERGER,  Ralph  L.,  Engineer,  Power  and  Mining  Dept., 

General  Electric  Co.,  Schenectady,  N.  Y. 

GLOVER,  John  S.,  Office  of  Inspector  Eng.  Material,  U.  S.  N.. 

General  Electric  Co.,  Schenectady,  N.  Y. 

GOEDKOOP,  Walter  C, 

With  The  New  York   Steam  Co..  New  York 

GREEN.  Lloyd  F.. 

With  Bethlehem  Steel  Co.,  Bethlehem,  Pa. 

GROSNER,   Gerald  D..  Mechanical  Engineer, 

Sharpless  Specialty  Co.,  West  Chester,  Pa. 

HOLMGREN,  Frederick  W.,  Mechanical  Engineer,  New  York 

HOYT,  Albert  J., 

With  American  Steel  &  Wire  Co.,  l"i'enton.  N.  J. 

HUBBARD,  George  M.  C,  Graduate  Student,  Higganum,  Conn. 

HUMMEL,  Ferdinand  G., 

With  Babcock  &  Wilcox  Co.,  Bayonne.  N.  J. 

INMAN,  Chester  M., 

With  Pratt  &  Inman,  Worcester,  Mass. 

J.iCKSON,  William  G., 

With  Spaulding  &  Jennings  Works,  Crucible  Steel  Co.,  of  America, 

Jersey  City,  N.  J. 
J.VCOBS,  .\dolph.  Mechanical   Draftsman, 

United  Printing  Mch.  Co..  Boston,  Mass. 

JOHNSON,  John  B..   Inspector  .Aeroplanes, 

U.   S.  Government,   S.S.L.,  Washington,  D.  C. 

JUDE,  Henry, 

With  Manning,   Maxwell  &  Moore,  Inc.,  New  York 

KEEN.\N,  George  M.,  Engineer,  Service  Dept., 

Washington  E.  &  M.  Co.,  Chicago,  111. 

KEET,  Clarence  T.,  Engineer, 

With  Schutte  &"Koerting  Co.,  Philadelphia,  Pa. 

KEND.VLL.  Edgar  H.,  .Assistant  Engineer, 

Standard  Steel  Works  Co..  Burnham,  Pa. 

KEOGH,  Jere  K.,  Erecting  Engineer. 

.illis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

KOUWENHOVEN,  Frank  W.,  Brooklyn,  N.  Y. 

KRAUT,  Hans  B., 

Joseph  T.  Ryerson  &  Sons,  Chicago.  111. 

LANNING,  JOHN  G., 

With  The  Ashcroft  Mfg.  Co.,  Bridgeport,  Conn. 

M.\RSH.\LL,  Kenneth  I.,  Mechanical  Engineer, 

The  Western  Precipitation  Co.,  Los  Angeles.  Cal. 
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MERKIAM,  Carroll  F.,  Instructor, 

Worcester  Polytechnic  Institute, 
MEERIAM,   I.  B.,  JR.,   President, 

Cliattanooga  Boiler  &  Tanls  Co., 
MERSIION,  John  W.,  Mechanical  Engineer, 

Remington  Arms  &  Ammunition  Co., 
MULLER,  Raymond  W.,  Asst.  Maintenance  Engr., 

Bosch  Magneto  Co., 
NEWCOMB,  BekjamIiN  R.,  Patent  Attorney, 


NICE,  Everett  W.,  Mechanical  Engineer, 
Western  Electric  Co.,  Inc., 

NOYES.    JONAi-HAN    A., 

With  Sullivan  Machinery  Co.. 
NORDIIEIMBR,  Albert, 

With  New  York  Central  Railroad. 
O'BRIEN,  Thomas  C, 

With  De  La  Vergne  Machine  Co.. 
OVERMIRE.  Wilfred  J.,  Assistant  Fuel  Inspector. 

C.  C.  C.  &  St.  L.  Ry., 
PEASE,  Maxfield, 

With  The  Stanley  Works. 
PETER,  .\LBERT  G.,  Efficiency  Engineer, 

Chain  Belt   Co., 
PICCARD,  JOLES  B.,  Student  Graduate, 

Polytechnic   Institute, 
PURDY,  Asa  R.,  Engineer, 

With  Martin  &  De  Remer,  Consulting  Engineers, 
RAYMOND.  Thomas  E.,  Engineer. 

Metz  Motor  Car  Co., 
BIKER,  FredricKj  .\ssistant  to  Superintendent,  Dept 


Worcester,   Mass. 

Chattanooga,  Tenn. 

Bridgeport.  Conn. 

Plainfleld,  N.  J. 

Washington,  D.  C. 

Chicago,  111. 

Chicago,  111. 

West  Albany,  N.  Y. 

New  York 

Indianapolis,  lud. 

New  Britain.  Conn. 


Milwaukee,  Wis. 


Brooklyn,   N.   Y. 


New  York 

Waltimm,  Mass. 

of  Distrihntiou, 

Long  Island  City,  N.  Y. 


East  River  Gas  Co., 
ROSEN.  Carl  G.  A.,  Mechanical  Engineer, 

Dow  Pump  &  Diesel  Engine  Co.. 
RYDER,  Frederick  W.,  Efficiency  Engineer, 

Lehigh  Valley  Coal  Co., 
SAALFRANK,  ROVAL  B., 

With  De  Long  Hook  &  Eye  Co., 
SCHDLTZ,   ARTHUR  F.,   Machine  Designer, 

Westinghouse  Machine  Co., 
SEARLE,  Dana  A.,  Draftsman. 

Ordnance  War  Dept.. 
SEMMEL,  JOHN  W.,  Assistant  Chief  Operating  Engineer, 

New  Jersey  Zinc  Co., 
SMITH,  Horace  L.,  Jr.,  Secretary, 

Horace  L.  Smith  &  Co.,  Inc., 
SMITH,  William  H.,  Draftsman, 

Alpha   Portland  Cement  Co.. 
TROOP.  Eugene  F.,  Boiler  Superintendent 

E.  I.  Du  Pont  de  Nemours  &  Co., 
UEHLING  Edward, 

With  Pittsburgh  Valve  &  Fittings  Co.,  Barberton, 

VAN  KENNEN,  Harold  II.,  .\ssistant  to  Elec.  Engr., 

Rochester  &  Pittsburgh  Coal  &  Iron  Co.,  Punxsutawney.   Pa. 

W.\CHTLER,  William   B.,  -Assistant  to  Engineer  of  Tests, 

Hyatt  Roller  Bearing  Co.,  Newark.  N.  J. 

WORK,  Clayton  W.,  Erecting  Engineer, 

Westinghouse  Elec.   &  Mfg.  Co.,  New  York 

APPLICATION   FOR  CHANGE   OF   GRADING 

promotion  from  associate-member 


Alameda,  Cal. 

Wilkes-Barre,  Pa. 

Philadelphia,  Pa. 

E.  Pittsburgh,  Pa, 

Washington,   D.   C. 
r, 
Palmerton,  Pa. 

Petersburg.  Pa. 

Easton,   Pa. 

Hopewell.  Va. 

Ohio 


San  Francisco,  Cal. 


BRAUN.  Carl  F.,  President, 

C.  F.  Braun  Co., 

promotion  from  junior 
B.\LZ,  George  A.,  Vice-President,  Manager  and  Treasurer, 

Didier-March  Co.,  Perth  Amboy,  N.  J. 

BROWN,  Richard  P.,  President, 

The  Brown  Instrument  Co..  Philadelplun,  Pa. 

BURDSALL,  Er.LwoOD,   Secretary, 

Russell-Burdsall-Ward  Bolt  &  Nut  Co.,  Port  Chester.  N.  Y. 

BUSHNELL,  James  E.,  Engineer, 

Robins  Conveying  Belt  Co.,  New  York 


CASE,  Albert  II.,  Mining  Engineer. 

General  Development  Co., 
CASE,  Milo  M.,  Consulting  Mechanical  Engineer, 
DE.-VRBORN.  William  L.,  Resident  Engineer, 

Barclay,  Parsons  &  Klapp, 
DISERENS,  Paul,  Engineer  of  Tests,  Laidlaw  Works 

Worthington  Pump  &  Mchy.  Corp.. 
FIELD-FRANK,  Crosby.  Chief  Engineer. 

Standard  Aniline  Products,  Inc.,  Wappingers  Falls,  N 

GFRORER,  .\LEERT  H.,  Engineer,  Indus.  Truck  Dept., 

Samuel  L.  Moore  &  Sons  Corp., 
HIDER,  George  T.,  Partner, 

Bell  &  Rider,  Lak^ 

HILDENBRAND,  Harry,  General  Superintendent, 

Houston  Cotton  Oil  Mill, 
NORTHRUP,  Fr^vncis  B..  Charge  of  Drawing  Room, 

The  Charles  Burroughs  Co.. 
P.iTTERSON,  Peter  C.  Chief  Engineer. 

National  Tube  Co., 
PULIS.  William  E.. 

With    H.   L.    Gantt,    Consulting   Engineer,   as   Industrial  Engineer. 

Newark,   N.   J. 
REINICKER,  Norman  G.,  .\ssistant  to  Chief  Engineer  of  Power  Plants, 

New  Y'ork  Edison  Co., 
RICHTER.  .\RTHUR  W.,  Dean  of  Engineering, 

University  of  Montana, 
SONN,  George  P.,  Engineer, 

Bridgeport  Brass  Co., 
WILLIAMS,   Richard  G.,   Special  Investigator. 

Norton  Co., 


New  York 
Chicago,  111. 

New  York 

Cincinnati.  Ohio 


Elizabeth,  N.  J. 
Providence,  La. 

Houston,  Tex. 

Newark,  N.  J. 
Pittsburgh,  Pa. 


New  York 

Bozeman,  Mont. 

Bridgeport,  Conn. 

Worcester,  Mass. 


SUMMARY 


New  applications 2.')8 

.Application  for  change  of  grading : 

Promotion  from  .\ssociate-Member 1 

Promotion  from  Junior 19 

Total 27s 

SUMMARY     SHOWING     .AVERAGE     .AGE     AND     POSITIONS  OF 
APPLICANTS  ON  BALLOT  CLOSING  JUNE  29,   191G 


-Average  age  of  applicants  ; 

Members   

Associates     

Associate-Members    

Juniors    

Chief  Engineers  and  Asst.  Ch.   Engineers 

Construction   Engineers    

Consulting  Engineers    

Designers    . .  . ,. 

Draftsmen    

Chief    Draftsmen 

Editors  and  -Associate  Editors 

Estimator    (-isst. )     •. .  . 

Executives  : 

Presidents,      Vice-Presidents.      Treasurers.       Secretaries      and 

Managers    

Inventor    

Instructors    

Laboratory   

Mechanical  Engineers  and  -Assistant   Mechanical  Engineers 

Production   Engineers    

Professor    

Professor  (Associate)   

Sales  Manager    

Superintendents     

Superintendents  (Assistant)   

Students    

Student    -Apprentice 

Works  Manager  (.Assistant) 

Miscellaneous     


39 

42 

32 

23 

5 

5 

4 

6 

6 

4 

2 

1 


11 

1 
2 
2 
14 
2 
1 
1 
1 


GEOGRAPHICAL  LIST 
[Applications  for  promotion  from  any  grade  will  be  indicated  bif  the   initials  of  that  (jradci 


Alabama 

Gadsden — Polglaze,  R.  .A. 

Arizona 

Douglas — Pratt,  H.  H. 

California 

Alameda — Rosen,  C.  G. 


Los  Angeles — Hughes,  W.  J. 
Maier,  F. 
Marshall,  K.  I. 
Reichard.  G.  -A. 
Oakland — Westwater,  A. 
San  Diego — Judy.  W.  H. 
t^an  Francisco — Balzari,  R.  .A. 

Braun,  C.  F.    (-A.  M.) 
Jaschka,  J.   11. 
Longley,   F.   B. 


Kan  Jose — Carter,  W.  D. 
Htockton — DuBose.  G.  P. 
WhHe,  H.  C. 

Canada 

Brantford — -Waterous.  C.  \. 
Chile — Work,  D.  W^ 

Colorado 

Denver — Cowell.  P.  W. 
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Connecticut 

Bridgeport — Browne,  T.  A. 

Cronan,  C.  B. 

Hewitt,  C.  T. 

LaDDing,  J.  G. 

Mercbon,  J.  W. 

Meserve,   F.   A. 

Sonn,  G.  P. 

Williams,    J.,   Jr. 

Woodcock,  J.  W. 
Bristol — Vuilleumier,  A. 
Deriy — Hooker,  O.  W. 
Hartford—  Beekley,   W.   C. 
Edwards,  G.  M. 
Ward,  H.  A. 
New  Britain — Pease,  M. 
New  Haven — Barnum,  E.  W. 
Dennis,   F.   L. 

Wyant,  R.  E. 
Norwich — DeYoung,  H. 

Wootton.   H.   C. 

Delaware 

Wilmington — Spiegelhalter,  C. 

District   of  Columbia 

Washington — Beehler,   W.  P. 
Greene,  E.  A. 
Johnson,  J.  B. 
Newcomfa,  B.  R. 
Oberlin,  E.  G. 
Searle,  D.  A. 

Georgia 

Macon — Caldwell,  C.  A. 

Illinois 

Chicago — Brandel,    S.    W. 

Case,  M.  M.  (J.) 

Copony,  A. 

Day,    W.    A. 

Dreyer.  E.  J. 

Freeman,   J.   B. 

Hanson,   E.   S 

Keenan,  G.  M. 

Kraut,   Hans  B. 

Mclntyre,    M.    B. 

Meloney,  C.  W. 

Nice,  E.  W. 

Noyes,    J.    A. 

Sossong.  R.  A. 

Watt.  J. 
Joliet — Bates.  H.  H. 
Peru — Luetscber,  O.  P. 

Indiana 

Beech  Grove — Ricketson,  W.  E. 
Fort  Wayne — Goda,  P.  H. 
Indianapolis — Lewis,  J.  C. 

Overmire,   Wilfred  J. 

Iowa 

Boone — Mottinger,  B.  T. 

I^ouisiana 

Lake  Providence — Hider,  G.  T. 
New  Orleans — Duvic,  F.   R. 

Raymond,   H.  E. 
Shreveport — Dally,  C.  A. 

Kentucky 

Louisville — Credo,   J. 
Maine 

Portland — Norrman,  A.  E. 
Wilder,  F.  E. 

Maryland 

Baltimore— ilunro,   R.   E. 

Woodworth,   C.  B. 
Curtis  Bay — Whiteside,  R.  P. 

Massachusetts 

Bostoii— Abbey,  F.  H. 
Hadley,  F.  V. 
Jacobs,  A. 
Leathers,   H.   H. 
Seabury,   G.  E. 
Swift,  H. 
Dorchester — Eddy,  C.  W. 
Fitchhurg — Almy,   T.   R.,   Jr. 

Beebe,  H.  A. 
Framinyham — Hawkins,  P.   D. 
Holyok* — Bidwell.  P.  W. 
Lynn — Brooks.  A.   A. 
Springfield — Jackman,   C.    C. 
Neidig,   W.    K. 
Oak,  J.  II. 
Wright.  A.  C. 
Waltham — Ela,  E.  W. 

Raymond.   T.  E. 
Watertown — Finch,  G.  L. 
Westfiehl — Bangs,  G.  H. 
West  Warreti — Shaw,  B.  C. 
Worcester — Champney.  R.  P. 
Inman,  C.  M. 
Mayo.  E.  C. 
Merriam.  C.  F. 
Nelson,  M.  C. 
Williams.   R.   G. 


Michigan 

Detroit — Baker,    1.    C. 

Roberts,  J.  D. 
Ishpeming — Schikendanz,   L.   H. 

Minnesota 

St.  Paul — Rathjens,  G.  W. 

Missouri 

St.  Louis — Pogue,  G. 

Montana 

Bozeman — liicbter,  A.  W.   (J.) 

Nebraska 

Omaha — Stuart,   T.   E. 

New  Jersey 

Ampere — Freeman,  H.  A. 
Bayonne — Hummel,  F.  G. 
Dover — Ayer,  W.  T. 
Elizabeth — Gfrorer,  A.   H.    (J.) 
Hackettstown — Hill,  A.  S. 
Harrison — Cather,  W.  A. 

Cohen,  E.  F. 
Jersey  City — Jackson,  W.  G. 
Newark — -Nortbrup,  Francis  B. 
Pulis,   W.   E.    (J.) 
Wachtler,   W.  B. 
New  Brunswick — Lee,  C. 
Passaic — Barclay,  W. 
Paterson — Townsend,  G.  R. 
Perth  Amhoy — Balz,  G.  A. 
Plainfield  — Eichenberg,  M.  A. 

Muller,    R.    W. 
Trenton — Hoyt,  A.  J. 
Wharton — Noble,  A.  C. 
New  Mexico 

Silver  City — Buchanan,  M.  R. 

New  York 

Albatiy — Nordbeimer,  A. 
Brooklyn — Kouvvenhoven,   F.   W. 
Martin,  C.  A. 
Piccard,  J.  B. 
Stoeltzing,  H.  E. 
Wicbum,   V. 
Buffalo — Baldwin,   R.    S. 
Uevine,  C.  P. 
Lay,  K.  P. 
Dcpeu- — Ardilla,  Ricardo 
Eimiva — Vickers,  C.   H. 
Cushen — Hickok,  W.  O. 
.ffuWcj/— Elbelt,  W.  H. 
Long  Island  City — Ballantine,  J.   H. 
Baylis,    K.   V. 
Kiker,  F. 
New  York — Blixt,  G.   F.,  Jr. 

Brandt,  Carl  A.   W. 
Buckley,  A.  T. 
Bushnell,  J.  E.    (J.) 
Byron,   L.    T. 
Case,    A.    H.    (J.) 
Carter.   R.  A.,  Jr. 
Convery,    J.    J. 
Cummings,    L.    T. 
Curtis,    A. 

Dearborn,  W.  L.   (J.) 
Dixon,   J.   A. 
Dodge.   J.    S. 
Duram.    A.    E. 
Dusenbery.  H. 
Dyer,  H.  T. 
Engel.   G.,   Jr. 
(iillbam,   C.   A. 
Goedkoop.  W.  C. 
Gunkel.   F.   H.,  Jr. 
Hagenab,   E.  E. 
Hawley,  K.  A. 
Heulings.  S.   N. 
Holmgren,   F.   W. 
Horton,    R. 
Jude,   H. 
Newman,  C,  H. 
O'Brien,   T.   C. 
Prince,    D. 
Purdy.  A.  R. 
Reinicker.    M.    G.    (J.) 
Roberts,   J.   E. 
Smith,   P.  M. 
Van  der  Hoeven,  C. 
Wells.  C. 
Wetjen,  H.  W. 
Work,  C.  W. 
Niagara   Falls — Routh,  G.  H. 
Port  Chester — ^Burdsall,  E.    (J.) 
Schenectady — Glover.    J.    S. 

Goetzenberger,  R.  L. 
Knowlton.    E. 
Siiracuse — Kotz.  Emil  P. 
Wappingers  Falls — Field,  Frank  C.  (J.) 
Prince  Ban — Joline,  E.  A. 
Wellsville — Dahlstrand.  J.  Y. 
West  Point — Bryant,  P.  J. 
Woodmcre — Hewlett.    V.    W.,    Jr. 


Ohio 


liarberton — Uebling,  E. 
Bay  Bridge — Reilly,  0.  J. 


Canton — Townsend,  .\.  J. 
Cincinnati — Dlsercns,  P.   (J.) 

Fosdick,   W.   F. 

Jaun,  V. 

Thayer,  A.  A. 
Cleveland — Fitzpatrick,  C.  J. 
Columbus — Dorsey,  W.  A. 

Speck,  W.  C. 
Dayton — Wonl'or,  W.  H. 
youngstown — Stevens.  K.  P. 

Young,  J.  H..  Jr. 

Oklahoma 

Normun — Felgar,   J.   H. 
.Shamrock — Fink,   J.   B. 

Oregon 

Portland — Pearson,  S. 

Pennsylvania 

Altoona — Solomon,  G.  R. 
Berwick-^Field,  H.  T. 
Bethlehem — Green,   Ij.   F. 

Lowman.    R.    L. 
Shaw.  M.  M. 
Burham — Kendall,   E.    H. 
Chester — Brown,   H.   J. 
Conshohocken — Dette.  A.   E.  L. 
Fasten — Smith,  W.  H. 
Eddystone — Wilhelm,    W.   M. 
Erie — Cox,  J.  W. 
Palmerton — Senimel.  J.  W. 
Philadelphia — Alpern.   Maxwell 

Asbmead.  C.  B. 

Barr.   J.   A. 

Boyle,    W.    W. 

Brnwti,   R.  P.    (J.) 

Keet,  C.  T. 

Klauder.  L.  T. 

Mackay,  A. 

Menges,  H.  P. 

Murpbv.    W.    B. 

Saalfrank.    It.    B. 

Scbranz,   F.   G. 

Scbultz,   A.   F. 
Pittsburgh — Cullen,  J.  W. 

Dunlevy,    D.    W. 
Lundgren,.S.  E. 
Lynde,  C.  C. 
Patterson.   P.   C.    (J.) 
Punxsutauney — Van  Kennen,  H.  H. 
Steelton — Entwisle,  E.  F. 
South  Bethlehem — Lehr,  C.  E. 
West  Chester — Grosner,  G.  D. 
Weiler,   R.   B. 
Wilkes-Barre — Ryder,  F.  W. 
Proaidence — Parks.  E.  F. 

Rhode  Island 

Providence — Brown,  W.  S. 
Parks,  E.  F. 

Tennessee 

Chattanooga — Merriam,  I.  B.,  Jr. 
Humboldt — Massman.   R.   L. 

Texas 

Brownsville — Gallagher,   C.   W. 
Fort  Worth — Slater,  W.  A. 
Hou.it on — Hildenbrand,  H.   (J.) 
Hull.  B.   E. 

Vermont 

Rutland — Lovely,  J.  E. 

Virginia 

City  Point — Evans.  D.  F. 

Wuestber.  C.  J. 
Covington — Flannagan.  E.  G. 
Hopetoell — Troop.  Eugene  F. 
Petersburgh — Siuitb,  H.  L.,  Jr. 
i?«c7imon(^— Johnston.   A,  L.,   Jr. 

Washington 

Bremerton — Bornhorst,  A.  H. 
Pullman — Buerstatte.  F.  W. 
Seattle — Barnes,  E.  L. 

West  Virginia 

IfaiiJieim^Sermulln,   F.   E. 

Wisconsin 

Barksdale — Jernee.   H.  B. 
Milwaukee — Keogh,  J.  K. 

Peter,  A.  G. 

Waddell,  T.  W. 
Mosinee — ^Bugge,  S.  B. 

.\ustralia 

Sydney — Kerr,   C.   P. 

India 

Matelli — Stephens.  F.  S. 
Mysore — Krisbnaiyengar,  H. 
Settl,  S.  V. 

Fhilllppine  Islands 

Manila — Cooper,  A. 


PERSONALS 


/N  these  eolumiis  are  inserted  items  concerning  members 
of  the  Society  and  their  professional  activities.  Mem- 
bers are  alwai/s  interested  in  the  doings  of  their  fellow- 
members,  and  the  Society  zvelcomes  notes  from  members 
and  concerninxi  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to 
the  Secretary  and  items  should  be  received  by  the  18th 
of  the  montJi  in  order  to  appear  in  the  succeeding  issue 
of  The  Journal. 

ANNOUNCEMENTS. 

Herbert  L.  Thomfsox  has  accepted  a  position  witli  the  A.  S. 
Cameron  Steam  Pump  Works,  St.  Louis.  Mo. 

RORERi  B.  Bkownlee  has  accepted  a  position  with  the  Reed- 
Prentice  Company  of  Worcester,  Mass. 

W.  M.  AuMSTRONG  has  resigned  his  position  as  vice-president 
and  sales  manager  of  the  Corrugated  Bar  Company,  Buffalo,  N.  Y. 

Austin  D.  Keables  has  accepted  the  position  of  mechanical  engi- 
neer for  the  Slatersville  Finishing  Company,  Slatersville,  R.  I. 

E.  P.  H.\INES  has  accepted  a  position  as  mechanical  engineer  with 
the  Curtis  and  Company  Manufacturing  Company  of  St.  Louis,  Mo. 

D.4N  L.  Rover  has  been  transferred  from  Milwaukee  to  the  Chi- 
cago ofiBce  of  The  Ocean  Accident  and  Guarantee  Corporation,  Ltd. 

Robert  W.  Hunt  received  the  honorary  degree  of  Doctor  of  En- 
gineering at  the  recent  commencement  at  Rensselaer  Polytechnic  Insti- 
tute. 

WiLLAKD  C.  Brinton,  Consulting  engineor,  specializing  on  freight 
terminal  and  factory  location  work,  recently  returned  from  a  business 
trip  to  China  and  Japan. 

Harry  L.  Horning  of  the  Waukesha  Motor  Company,  Waukesha. 
Wis.,  has  been  nominated  as  one  of  the  councillors  of  the  Society  of 
Automobile  Engineers.     He  will  serve  for  two  years. 

Thomas  H.  Allen  has  withdrawn  from  the  Hoshall  Machinery 
Company,  Memphis,  Tenn.,  with  which  firm  he  was  connected  as  a 
partner,  and  is  now  engaged  In  consulting  engineiering  practice. 


John  W.  Morton,  formerly  of  the  desiguiujj  department  of  the 
Mcintosh  and  Seymour  Corporation,  Auburn,  N.  Y,,  has  been  appointed 
chief  draftsman  of  the  Baltimore  Oil  Engine  Company,  Baltimore,  Md. 

George  S.  Wheatlicy,  formerly  instructor  of  mechanical  engineer- 
ing, University  of  Pennsylvania,  has  become  associated  with  the  Cam- 
bria Steel  Company,  Johnstown.. Pa.,  in  the  engineering  department. 

Ferdinand  Jehle  has  resigned  his  position  as  laboratory  engineer 
with  The  .A.utomobile  Club  of  America,  and  has  accepted  the  position 
of  service  engineer  with  The  Aluminum  Castings  Company,  Cleveland, 
O. 

Frederick  W.  Starr,  until  rece-ntly  publicity  manager  of  The 
Pope  Manufacturing  Company.  Westfield,  Mass.,  has  joined  the  force 
of  the  Toledo  Scale  Company  of  Toledo,  O.,  with  offices  in  Hartford, 
Conn. 

Melbert  W.  Taber.  formerly  construction  engineer  with  the  Pack- 
ard Motor  Car  Company,  Detroit,  Mich.,  has  been  made  manager  of 
the  Detroit  office  of  the  Asbestos  Protected  Metal  Company  of  Pitts- 
burgh. Pa. 

Frank  G.  Bolles,  formerly  manager  of  International  Trade,  an 
export  journal  published  in  Chicago,  has  been  elected  vice-president 
of  the  Russian  Trade  Corporation  of  AmC'rica.  Maritime  Building,  New 
York  City. 

Edgar  E  Burnet  has  entered  the  employ  of  the  Western  Mines 
Supply  Company,  San  Francisco,  Cal..  in  the  capacity  of  Manager.  He 
was  formerly  associated  with  the  Judson  Manufacturing  Company  of 
the  same  city. 

Lewis  F.  Moody,  for  eight  years  a  member  of  the  faculty  of 
Rensselaer  Polytechnic  Institute,  has  resigned  as  professor  of  hydrau- 
lic engineering  and  will  act  as  consulting  engineer  for  the  I.  P.  Morris 
Company,   Philadelphia. 

W,  F.  Rockwell  has  resigned  his  position  as  chief  industrial 
engineer  of  Clinton  H.  Scovell  and  Company,  to  become  assistant 
general  manager  and  works  manager  of  The  Torbensen  Gear  and 
Axle  Company  of  Cleveland. 

Henry  J.  Hanzlik  has  resigned  his  position  as  mechanical  engi- 
neer of  the  De  Laval  Steam  Turbine  Company.  Trenton,  N.  J.,  and  has 
accepted  the  position  of  consulting  engineer  of  the  Kerr  Turbine  Com- 
pany, Wellsville,  N.  Y. 


Fred  G.  Lundgken  has  been  transferred  from  the  Terre  Haute, 
Ind.,  plant  of  the  American  Car  and  Foundry  Company  to  the  position 
of  master  mechanic  at  the  Milton,  Pa.,  plant  of  the  company. 

CHANGES  OF  POSITION. 

Artuuu  L.  Lewis,  formerly  with  L.  F.  Fales,  Walpole.  Mass.,  has 
accepted  the  position  of  superintendent  with  Sleeper  and  Hartley,  Inc., 
Worcester,  Mass. 

P.  J.  Freeman  has  resigned  from  the  professorship  of  applied 
mechanics  in  Kansas  State  College  to  become  engineer  of  tests  for 
the  Pittsburgh  Testing  Laboratory. 

L.  S.  Richabdson,  consulting  engineer  with  the  Morgan  Clark 
System  Company,  Rochester,  N.  Y..  has  become  associated  with  W.  S. 
Barstow  and  Company,  Inc.,  New  York,  N.  Y. 

Samuel  J.  Hoexter,  instructor  in  mechanical  engineering,  Uni- 
versity of  Michigan,  has  been  appointed  manager  of  the  Engineers' 
Society  of  Pennsylvania,  Harrlsburg,  Pa. 

Anton  Hansen  has  severed  his  connection  as  chief  draftsman 
with  the  Kelly  and  Jones  Company,  Greensburg,  Pa,,  and  has  become 
affiliated  with  the  Crane  Company,  Bridgeport,  Conn. 

Thomas  F.  Gitiiens,  until  recently  associated  with  the  American 
Sugar  Refining  Company,  Brooklyn,  N,  Y.,  has  become  affiliated  with 
the  American  Synthetic  Dyes,   Inc.,  Newark  Transfer,  N.  J. 

Walter  N.  Walmsley,  formerly  general  manager  of  the  Sao 
Paolo  (Brazil)  Tramway,  Light  and  Power  Company,  Ltd.,  has  been 
appointed  general  manager  of  the  Alabama  Power  Company. 


W.  H.  Kavanaugh,  who  for  15  years  has  been  a  member  of  the 
faculty  of  the  College  of  Engineering  at  the  University  of  Minnesota, 
has  accepted  the  professorship  of  experimental  engineering  in  the 
Towne  Scientific  School  of  the  University  of  Pennsylvania. 

Q.  R,  Nolan  has  assumed  the  duties  of  resident  engineer  at  the 
LaGrange,  Ga,,  works  of  the  Hillside  Cotton  Mills.  He  was  formerly 
connected  with  the  Park  A.  Dallis  Company,  Atlanta,  Ga.,  in  the 
capacity  of  superintendent  of  construction  In  charge  of  surveys. 

Arthur  W.  MacNabb  has  entered  the  employ  of  the  National 
Meter  Company,  Brooklyn.  N.  Y..  in  the  capacity  of  mechanical  drafts- 
man. He  was  formerly  affiliated  with  the  engineering  department  and 
inspection  division  of  the  Fidelity  and  Casualty  Insurance  Company, 
New  York. 

Albert  T.  Keller,  formerly  identified  with  the  Indiana  Steel 
Company.  Chicago,  111.,  has  accepted  the  position  of  chief  engineer  of 
construction  for  the  Bethlehem  Steel  Company  at  Sparrows  Point. 
Md.,  and  will  have  charge  of  the  extensive  new  work  at  the  Mary- 
land plant. 

Douglas  B.  Wright,  formerly  connected  with  the  steam  and 
chemical  testing  department  of  the  Philadelphia  Electric  Companv, 
Philadelphia,  Pa.,  has  accepted  the  position  of  test  engineer  in  the 
steam  engineering  department  of  the  Worth  Brothers  Company  of 
Coatesvillo,  Pa. 

Henry  Anderson,  Jr.,  until  recently  connected  with  the  New 
York  Fire  Insurance  Exchange,  New  York.  N.  Y.,  as  inspector  of  the 
automatic  sprinkler  department,  has  accepted  a  position  with 
B.  I.  du  Pont  de  Nemours  and  Company.  Wilmington,  Del.,  In  the 
capacity  of  assistant  engineer  In  connection  with  fire  protection  work. 
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George  H.  Blakeley,  structural  engineer  with  the  Bethlehem 
Steel  Company,  has  been  made  president  of  the  newly  organized  Beth- 
lehem Steel  Bridge  Company,  which  is  to  carry  on  the  structural  busi- 
ness of  the  Bethlehem  Steel  Company  and  the  business  formerly  con- 
ducted by  the  bridge  department  of  the  Pennsylvania  Steel  Company. 

John  Caldee  has  been  appointed  works  manager  and  assistant  to 
vice^preEident  H.  H.  Pinuey  of  the  Bridgeport  works  of  the  Remington 
Arms-Cnion  Metallic  Cartridge  Company,  Inc.  Mr.  Calder  has  recently 
been  associated  with  the  banking  house  of  Willett,  Sears  and  Company 
of  Boston,  Mass.,  and  has  served  as  an  advisory  engineer  to  a  number 
of  New  England  industrial  interests.  ' 


APPOINTMENTS. 

S.  E.  Keefe  has  been  appointed  New  York  representative  of  The 
Franklin  Oil  and  Gas  Company,  Bedford,  Ohio. 

Frank  E.  Leahy  has  been  promoted  to  the  position  of  steam  and 
hydraulic  engineer  of  the  National  Tube  Company,  Pittsburgh,  Pa. 

A.  G.  Williams,  assistant  master  mechanic  of  the  Pennsylvania 
Lines  West,  has  been  appointed  assistant  emgineer  of  motive  power, 
succeeding  L.  B.   Jones. 

E.  J.  Bl'RDiCK,  superintendent  of  power  stations  tor  the  Detroit 
(Mich.)  United  Railways,  has  been  appointed  assistant  general  mana- 
ger of  the  corpoi'ation. 

Frank  E.  Howells,  superintendent  of  shops  of  the  Steelton  plant 
of  the  Bethlehem  Steel  Company,  has  been  advanced  to  the  position 
of  assistant  mechanical  engineer  of  the  plant. 

E.  L.  Mayall  has  recently  been  appointed  plant  engineer  of  the 
Holt  .Manufacturing  Company,  Stockton,  Cal.  Mr.  Mayall  was  for- 
merly connected  with  the  company  as  head  of  the  implement  depart- 
ment, 

George  F.  Swain,  professor  of  civil  engineering.  Harvard  Univer- 
sity and  Massachusrtts  Institute  of  Technology,  has  been  chosen  as 
one  of  three  arbitrators  of  the  dispute  over  the  plans  for  rehabilitating 
the  Galveston  causeway,  by  the  interurban  railway  and  the  county. 

William  H.  Boehm  was  appointed  vice-president  of  the  Fidelity 
and  Casualty  Company,  New  York  City,  at  a  recent  meeting  of  the 
board  of  directors  of  the  company.  Mr.  Boehm  still  retains  the  super- 
intendency  of  the  departments  of  steam  boiler  and  flywheel  insurance. 

Arthur  N.  Talbot,  professor  of  municipal  and  sanitary  engineer- 
ing. University  of  Illinois,  has  been  chosen  as  one  of  three  arbitra- 
tors of  the  dispute  that  has  arisen  over  plans  for  the  rehabilitation  of 
the  Galveston  causeway,  by  the  three  sieam  railways  interested.  The 
degree  of  Doctor  of  Engineering  was  conferred  on  Professor  Talbot  in 
June   by    the    University    of   Michigan. 


NECROLOGY 

HARRY    A.    HAAS 

Harry  A.  Haas  was  born  at  Tamaqua,  Pa.,  on  March  31, 
1887.  In  June,  1902,  he  was  graduated  from  the  Tamaqua 
High  School  following  which  he  became  a  clerk  in  his  father's 
general  store.  In  the  summer  of  1906  he  entered  Mount  Her- 
man School,  in  Massachusetts,  from  which  he  was  graduated 
in  August,  1907.  He  then  entered  Lehigh  University  and  grad- 
uated with  first  senior  mechanical  honors  in  1911.  During  the 
summer  of  1909  he  was  employed  as  a  teacher  of  science  at 
Mount  Herman  School  and  during  the  summer  of  1910,  he 
was  employed  in  the  gun  shop  of  the  Bethlehem  Steel  Company. 
Following  his  graduation  from  Lehigh  University,  he  entered 
the  employ  of  the  Winchester  Eepeatmg  Arms  Company  which 
position  he  held  up  to  the  time  of  his  death.  He  was  employed 
in  the  capacity  of  equipment  engineer  for  the  cannon,  case, 
annealing,  washing  and  packing  shops  and  for  special  machin- 
ery. 

Mr.  Haas  was  a  member  of  Lehigh  Alumni  Association.  He 
became  a  member  of  tliis  Society  in  1915.  He  was  drowned  in 
Lake  Bantam  on  July  15,  1916. 


AMOS    GRANVILLE    HOSMER 

Amos  Granville  Hosmer  was  born  in  Hubbardston,  Mass.,  on 
October  2,  1861.  He  received  his  early  education  in  the  home 
schools,  and  at  the  age  of  twenty,  he  learned  the  machinists' 
trade  at  the  works  of  F.  Copeland  at  Sterling,  Mass. 

He  later  became  connected  with  the  Arnold  Prmt  Works 
in  North  Adams,  Mass.,  as  mechanical  engineer  where  he  re- 
mained ten  years.  For  the  eight  years  following  this,  he  was 
at  Clinton,  Mass.,  at  the  Lancaster  Mills,  also  as  mechanical 
engineer.  In  1915,  he  moved  to  Lowell,  Mass.,  where  he  held 
the  position  of  mechanical  superintendent  for  the  Merrimack 
Manufacturing  Company. 

Mr.  Hosmer  was  a  member  of  several  lodges  and  a  member 
of  the  Cotton  Manufacturers'  Association.  He  became  a  mem- 
ber of  this  Society  in  1906.  Mr.  Hosmer  died  following  an 
operation  on  July  22,  1916. 

JUDSON   H.   BOUGHTON 

Judson  H.  Boughton  was  born  at  Rochester,  N.  Y.,  on 
January  10,  1881.  He  received  his  early  education  at  the 
Fairfield  Military  Academy  and  was  graduated  from  Cornell 
University  in  June,  1903. 

From  1907  to  1915  he  was  interested  in  the  operation  of 
light,  water,  gas  and  street  railways  in  the  South  and  South- 
west. During  that  time  he  was  secretary  and  treasurer  of  the 
National  Light  Improvement  Company,  a  New  Jersey  holding 
company;  consulting  engineer  of  the  Ft.  Worth  Light  and 
Power  Company  of  Ft.  Worth,  Texas;  president  of  the  Citi- 
zens Railway  Company  and  the  Waco  Gas  Company  of  Waco, 
Texas;  consulting  engineer  for  the  Hot  Springs  Water  Com- 
pany, the  Hot  Springs  Gas  Company,  and  the  Hot  Springs 
Street  Railway  Company  of  Hot  Springs,  Ark. ;  president  of 
the  National  Light  &  Power  Company,  a  New  Jersey  holding 
company;  president  of  the  Fulton  Electric  Light  and  Power 
Company  of  Fulton,  Ky. ;  president  of  the  Hickman  Light  and 
Water  Company  of  Hickman,  Ky. ;  president  of  the  Prairie 
County  Public  Utility  Company  of  Prairieville,  Mo. ;  consult- 
ing engineer  for  the  St.  Francis  Railroad  of  Mo.;  and  con- 
sulting engineer  on  various  other  properties.  During  the  past 
two  or  three  years,  Mr.  Boughton  has  been  devoting  his  time 
to  the  boat  industry  and  in  this  connection  he  organized  and 
was  president  of  the  St.  Louis  Yacht  and  Boat  Company  and 
the  Great  Lakes  Boat  Building  Corporation  of  Milwaukee  to 
which  he  was  giving  all  of  his  attention  at  the  time  of  his 
death. 

Mr.  Boughton  was  a  member  of  the  American  Institute  of 
Electrical  Engineers,  the  American  Street  Railway  Associa- 
tion, the  National  Electric  Light  Association.  He  was  also  a 
member  of  the  Racket  Club,  and  the  City  Club  of  St.  Louis, 
the  University  Club  of  Milwaukee  and  the  Milwaukee  Yacht 
Club  and  the  Chicago  Yacht  Club.  He  became  a  member  of 
the  Society  in  1903.  He  died  at  Milwaukee,  Wis.,  on  July  29, 
1916. 

CHARLES    KIRCHHOFF 

Charles  Kirchhoff  was  born  at  San  Francisco,  on  March  28, 
1853.  After  receiving  his  education  in  the  schools  of  this 
country,  he  completed  his  education  in  Germany  where  he  was 
graduated  from  the  Royal  School  of  Mines  at  Clausthal,  Sax- 
ony, in  1874. 

Returning  to  the  United  States,  he  was  employed  as  chemist 
at  the  Delaware  Lead  Refinery  in  Philadelphia  until  1877.  In 
that  year,  he  became  assistant  editor  of  the  Metallurgical  Be- 
view  and  the  following  year  he  held  the  same  position  with  the 
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Iron  Age  of  which  he  afterward  became  editor  and  part  owner 
for  more  than  twenty  years.  He  was  also  from  1881  until 
1884  the  assistant  editor  of  the  Mining  Journal.  In  the  latter 
year  he  became  again  associated  with  the  Iron  Age,  tliis  time 
as  associate  editor.  When  he  relinquished  this  position  in 
1889,  it  was  to  become  the  editor  in  chief,  a  position  which 
he  held  until  1910,  when  he  retired  from  business.  During  the 
time  he  was  in  control  of  this  magazine,  it  became  one  of  the 
leading  engineering  publications  of  the  country.  During  this 
time,  also,  he  was  for  many  years  vice-president  and  general 
manager  of  the  David  Williams  Company,  retiring  from  this 
connection  in  1910. 

From  1883  until  1906  Mr.  Kirehhoff  was  a  special  agent  of 
the  United   States  Geological  Survey    for    the    collection  of 


statistics  on  the  production  of  lead,  copper  and  zinc.  He  was 
the  author  in  1910  of  Notes  on  Some  European  Iron  Dis- 
tricts. 

Mr.  Kirehhoff  was  a  member  of  the  American  Institute  of 
Mining  Engineers,  of  which  society  he  was  president  from  1898 
until  1899.  He  also  was  a  member  of  the  American  Iron  and 
Steel  Institute  of  Great  Britain,  the  Verein  Deutscher  Eisen- 
huettenleute,  and  an  honorary  member  of  The  Franklin  Insti- 
tute of  Philadelphia.  He  was  trustee  and  treasurer  of  the 
United  Engineering  Society  of  New  York  and  last  year  was 
elected  a  trustee  of  the  Engineers'  Club  of  New  York.  He  was 
also  a  member  of  the  Century  Club.  He  became  a  member  of 
this  Society  in  1882.  He  died  at  his  summer  home  in  Wan- 
namassa,  N.  J.,  on  July  23,  1916. 


EMPLOYMENT  BULLETIN 

rrillE  Secretary  considers  it  a  special  obligation   and  pleasant  duty  to  make  the  office  of  the  Society 
■L        the  medium  for  assisting  members   to  secure    positions,  by  jjutting  them  in  touch  -with  special  oppor- 
tunities for  which   their   training  and  experience  qualify  them,  and  for  helping  anyone  desiring  engineer- 
ing services.      The  Society  acts  only  as  a  clearing   house  in  these  matters. 


POSITIONS  AVAIL-^BLE 

In  forwarding  applications,  stamps  should  be  enclosed  for  transmittal 
to  advertisers;  applications  from  non^members  should  be  accompanied 
by  a  letter  of  reference  or  introduction  from  a  member,  such  reference 
letter  to  be  filed  by  the  Society.  Copy  for  notices  should  be  in  hand 
by  the  18th  of  the  month. 

ENGINEER.  Technical  graduate  preferred.  Experienced  in  de- 
sign of  open  feed  water  lieaters,  softeners,  etc.  Good  position  to 
rigiit  person.  Write  fully,  giving  details  of  experience  and  refer- 
ences.    102 

SALESMAN  AND  DRAFTSMAN,  on  elevating  and  conveying  ma- 
chinery and  light  structural  work.  Preference  given  to  men  who 
would  develop  into  salesmen  after  training  in  general  work  of  com- 
pany in  order  to  become  thoroughly  familiar  with  product.  Salary 
$1500  to  $1700.  Apply  by  letter  with  object  of  personal  interview. 
Location  New  York  State.     179 

DETAIL  DRAFTSMAN,  on  structural  and  mechanical  work.  Sal- 
ary about  $100  to  $]2,T.  State  experience  and  salary  expected. 
Location   Kansas.     231 

TECHNICAL  GRADU.4.TE,  age  30  to  35,  with  practical  experience 
in  manufacture  and  building  of  steam  and  hydraulic  machinery. 
Man  preferrea  with  wide  shop  experience  and  capable  of  directing 
men.  Location  Ohio.  Interview  will  be  arranged  only  after  exam- 
ination of  applicant's  statement  of  qualification,  records  and  com- 
pensation expected.     328 

DESIGNER,  technical  graduate  experienced  in  design  of  small 
intricate   machinery.      Location   New   York.      424 

ASSOCIATE  PROFESSOR  for  university  in  Missouri,  to  teach 
elementary  and  advanced  steam  machinery,  steam  turbines  and  ad- 
vanced machine  design.     Salary  about  $1800.     427 

ASSISTANT  FOREM.iN  In  sub-department  for  development  of  auto- 
starting  batteries.  One  having  storage  battery  experience  preferred. 
Salary  $21.     Location  New  York  State.     441 

SUPERINTENDENT  for  machine  shop  and  brass  foundry.  Liberal 
salary  for  .\1  man.     State  qualifications,  age  and  salary.     442 

EXPERIENCED  OFFICE  MAN  with  executive  training,  capable  of 
taking  control  of  an  entire  office  staff.     Location  Canada.     444 

ASSISTANT  WORKS  MANAGER,  exceptionally  good  opportunity. 
American  parentage,  technical  education,  not  over  35,  machine  shop 
experience.     455 

PRODUCTION  SUPERINTENDENT.  Man  of  exemplary  habits 
and  character;  very  dependable.  Experience  in  manufacturing  nad 
operation  of  machine  tools,  as  planers,  drills,  forging  machines, 
presses,  etc.  Hours  from  7  a.m.  to  5 :30  p.m.  Must  be  discip- 
linarian and  good  mechanic;  150  to  200  men  employed.  Location 
Mif'.dlc    West.      4H0 


PRODUCTION  MAN,  for  cartridge  factory  in  Kansas.  Salary 
$5  to  $10  per  diem.  Main  problems  are  discipline  for  mixed  labor, 
scheduling  orders,  rate  setting,  etc.     465 

YOUNG  ENGINEER  who  has  made  specialty  of  cement  plants, 
with  three  or  four  years  practical  work  since  graduation.  To  take 
charge  of  cement  plant  department  of  concern  manufacturing,  crush- 
ing and  handling  plants  and  cement  plant  parts.  Location  Kent, 
England.     467 

YOUNG  TECHNICAL  GRADUATE,  two  to  four  years  out  of  col- 
lege, to  train  into  sales  work  tor  New  York  concern.     469 

ROLLING    MILL    EXPERT,    thoroughly    experienced.     470 

DESIGNER  in  general  line  of  conveying  and  materials-handling 
machinery,  with  practical  knowledge  of  shop  construction  work.  Posi- 
tion offers  good  opportunity  for  advancement.  State  age,  experience, 
education,  salary  desired  to  start.     473 

TEACHER  for  department  of  mechanical  engineering  in  Southern 
University.  Graduate  engineer  with  machine  shop  experience.  Work 
in  the  university  will  be  instructing  in  machine  shop  and  steam 
laboratory.  Capable  man  should  work  to  professorship  either  in 
mechanical  engineering  or  machine  shop  practice.  Salary  $1500. 
474 

AGENCY  desired  for  high  grade  Diesel  type  oil  engine  in  terri- 
tory  surrounding   Kansas  City.     475 

TOOL  DESIGNER.  Man  who  can  design  and  make  calculations 
on  special  tool  jigs  and  fixtures.  Preferably  man  with  actual  shop 
experience  and   technical   education.     476 

DR.^FTSM.iN,  who  has  had  considerable  experience  with  the  de- 
sign and  installation  of  boilers,  stokers,  coal  bunkers  and  coal  hand- 
ling machinery.  Capable  of  designing  foundations  for  boilers  and 
supports  for  concrete  overhead  coal  bunkers.  Liberal  salary.  Lo- 
cation  Pittsburgh,   Pa.     477 

DR.\FTSM.\N,  experienced  on  small  tool,  jig  and  fixture  design- 
ing ;  preferably  in  connection  with  small  arms  and  ammunition 
works.     Location   Canada.     478 

SUPERINTENDENT  AND  CHIEF  ENGINEER  for  Diesel  engine 
central  station  of  500-h.p.  units  in  Western  state.  Must  be  responsible, 
efficient  superintendent  and  competent  workman-like  chief  with  some 
experience  in  Diesel  engines.     479 

CHIEF  DRAFTSMAN  OR  ASSISTANT  ENGINEER  with  fallowing 
requirements  :  First,  thoroughly  familiar  with  metric  system  and  able 
to  convert  to  English  units,  or  vice  versa.  Second,  read  and  under- 
stand French  language.  Third,  familiar  with  standard  practice  as 
applied  to  drafting,  shop  management  and  shop  production.  Fourtli, 
thoroughly  familiar  with  specifications  as  applied  to  materials,  blHs  of 
materials,  etc.  Fifth,  knowledge  of  tool  design  and  methods  used  in 
production  of  small  brass  parts.     484 
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SHOP  SUPERINTENDENT  (or  old  established  foundi-y  and  raacbine 
works  near  X?w  York.     Investment  desired.     482 

DRAFTSMAN  witli  valve  experience.     4S3 

SUPERINTENDENT  witb  e.xperience  in  factory  manufacturing 
small  brass  parts  and  who  tborougbly  understands  manufacture  from 
design  of  tools  to  sliipplng.     Name  confidential.     Apply  by  letter.     486 

MECHANICAL  ENGINEER  AND  DESIGNER  OP  HIGH  GRADE 
MACIIINERi'  who  can  follow  latest  machine  shop  foundry  and  pat- 
tern shop  practice,  be  original,  investigate  present  methods  from  data 
secured,  develop  machinery  and  conveyors,  in  proper  sequence,  to 
handle  mechanically  all  material  from  raw  stock  to  finished  product. 
Four  or  five  years  experience  in  same  line  of  work.  State  age,  experi- 
ence, education,  nationality,  former  connections,  salary  received,  refer- 
ences, when  available.     Confidential.     Location  Detroit.     492 

SHOP  ACCOUNTANTS  of  experience  who  have  made  good  wanted 
for  Canadian  firm.     493 

YOUNG  ENGINEER,  with  fair  knowledge  of  drafting  and  chemistry, 
to  look  after  testing  work  in  bleachery  plant.  Location  New  Jersey. 
500 

YOUNG  TECHNICAL  GRADUATE  for  planning  department.  Man 
with  one  or  two  years  experience  will  receive  preference.  Location 
Massachusetts.     501 

TOOL  DESIGNER,  experienced  in  jig  and  fixture  work,  for  well 
known  machine-tool  factory  in  Massachusetts.     502 

LIBRARIAN,  for  Engineering  Library  of  Sibley  College,  Cornell 
University.  Engineering  graduate  with  ability  to  translate  German 
fluently.  In  addition  to  routine  work  librarian  would  be  expected  to 
advise  and  assist  students  in  use  of  library,  abstract  articles,  make 
translations  and  render  assistance  to  the  faculty.  Considerable  por- 
tion of  time  would  be  available  for  study  and  other  purposes.  Salary 
for  first  year  $800.  Two  months  vacation  during  summer  and  sev- 
eral days  during  Christmas  and  Spring  recesses.     303 

MEN  AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  published  notices  in 
this  section.  Copy  for  notices  should  be  in  hand  by  the  ISth  of  the 
month,  and  the  form  of  the  notice  should  be  such  that  the  initial  toords 
indicate  tJie  classificati07i.  Notices  are  not  repeated  in  consecutive 
iasuea. 

MECH.VNICAL  ENGINEER.  Eight  years  experience  in  design 
and  manufacture  of  stationary  and  aeronautical  engines,  including 
Jig,  tool  and  foundry  work.  Desires  position  as  engineer-in-charge 
or  superintendent  of  gas  engine  shop.     1-288. 

MECHANICAL  ENGINEER.  Eight  years  experience  in  heat- 
treating,  testing,  forging  and  micro-structure  of  steel.  Desires  posi- 
tion where  experience  may  be  used  either  as  executive  or  semi-excu- 
tlve  in  production  or  purchasing  department.     1-289 

BRANCH  OFFICE  MANAGER.  Wide  business  experience,  good 
negotiator  of  large  or  intricate  transactions.  Now  trustee  and  man- 
aging director  for  large  Interests  and  operating  several  businesses. 
Desires  position  demanding  general  ability  of  high  order.  Available 
January  1.   1917.     1-290 

DESIGNER.  1897  graduate,  age  38.  Several  years  experience  In 
designing  Corliss  engines,  refrigerating  machinery,  ice  plants  and 
refrigerating  plants.  For  past  five  years  chief  engineer  for  leading 
lee  plant  builder  in  middle  west.     1-291 

PRODUCTION  ENGINEER.  Technical  graduate,  age  34.  Strong 
disciplinarian  and  successful  handler  of  men ;  organizing  and  ex- 
ecutive ability ;  well  versed  in  efficiency,  rate  setting,  cost  account- 
ing and  modern  shop  management.  Desires  position  along  lines  of 
foundry,  machine  shop  or  sheet  metal  work.  Compensation  to  be 
based  on   results.     1-292 

ASSISTANT  SUPERINTENDENT.  18  years  varied  experience  in 
Interchangeable  manufacturing.  Now  with  concern  employing  1800. 
Wishes  connection  with  reliable  company  where  growing  opportunity 
Is  assured.      1-293 

MEMBER.  Stevens  graduate,  age  37.  married.  Eleven  years 
practical    experience   in   U.    S.   and   abroad   in   general    power   station 

design,   engineering   and   construction.  Also   five  years   experience   In 

engineering,    administrative   and    sales  department    of    manufacturing 

corporations.     Desires  connection  with  manufacturing  company,   with 

eventual   investment   of   some   capital.  Knows    German    and    French. 
At  present  employed.     1-294 

CHIEF  DRAFTSMAN  or  ASSISTANT  MECHANICAL  ENGINEER 
or  INSTRUCTOR  IN  ENGINEERING  BRANCHES.  Graduate.  Ex- 
perienced designer  of  machinery,  structural  iron  and  small  auto- 
matic machines.     1-293. 


REPRESENTATIVE.  Mechanical  engineer,  with  exteusivf  sliop 
and  office  experience.  Desires  to  become  associated  with,  or  repre- 
sent in  New  York  City,  large  industrial  interests  engaged  in  domestic 
and   foreign   trade.     1-296 

DESIGNER.  Experienced  on  locomotives,  gasoline  motors,  spe- 
cial machinery  and  tools  ;  practical  machinist ;  technical  education  ; 
good  personality  :  working  knowledge  of  Spanish  and  German.  Seeks 
opportunity  to  work  into  export  sales.  Salary  moderate.  Associate- 
Member,   32.      1-297 

SALES  ENGINEER,  SALES  MANAGER  or  DISTRICT  MAN- 
AGER. Age  35,  graduate  mechanical  engineer.  Ten  years  experi- 
ence with  constantly  Increasing  sales :  power  plant  equipment  and 
power  transmission  lines.  Salary  or  commission.  At  present  em- 
ployed, but  ready  to  make  change  for  position  offering  good  pros- 
pects.    1-298. 

MECHANICAL  ENGINEER  OF  COAL  MINES.  Ten  years  ex- 
perience m  design,  installation  and  operation  of  mechanical  equip- 
ment of  coal  mines.  Specialist  in  boiler  plant  operation  and  as 
combustion   engineer  for  coal  sales  department.     1-299 

MECHANICAL  and  MINING  ENGINEER,  speaking  several  lan- 
guages and  with  wide  experience  in  management  of  manufacturing 
and  selling  engineering  specialties,  such  as  time  fuses,  military 
rolling  sticks,  gold  placer  machines,  structural  steel,  foundry  works, 
water  and  gas  meters,  aluminum  die-castings  and  automobiles,  now 
employed  in  such  a  capacity,  wishes  a  similar  position.  Would  also 
entertain  representation  of  manufacturing  concern  in  Europe.  Pre- 
viously represented  .\merican  concerns  abroad  as  technical  and 
commercial  director  for  engineering  specialties  and  ammunition. 
Best  references  furnished.  Salary  to  start  $6000  in  America  ;  $6000 
plus  expenses  abroad.     1-300 

MANAGER,  SUPERINTENDENT  or  SALES  ENGINEER.  M.E. 
(Lehigh  University).  Several  years  experience  in  management  of 
mechanical  and  purchasing  departments  of  railroad,  coal  mining, 
and  industrial  corporations :  extensive  experience  as  sales  engineer 
in  railroad  equipment,  organizer  and  executive.  Qualified  to  fill 
position  of  manager  of  industrial  plant  or  coal  mining  company,  or 
superintendent  of  motive  power  of  railroad.  Can  successfully  repre- 
sent manufacturers  of  machinery,  power  plant  equipment,  iron  and 
steel.     1-301 

ENGINEER  or  MANAGER'S  ASSISTANT.  Junior  member,  grad- 
uate M.E..  varied  experience  in  power  plants,  shops,  construction 
and  design.  Now  chief  draftsman.  Desires  to  make  a  change 
where  there  is  an  opportunity  for  advancement.     1-302. 

SALES  ENGINEER.  Technical  graduate.  Twelve  years  selling 
experience,  especially  government  work.  At  present  in  charge  of 
office  of  large  machinery  manufacturer.  Desires  similar  position  in 
New  York.     1-303 

MECHANICAL  ENGINEER.  Long  experience  in  England,  Ger- 
many and  United  States  in  design  and  construction  of  passenger  and 
freight  cars  and  structural  ironwork.  Desires  responsible  position ; 
able  to  take  charge  of  men.     Age  38,  married.     1-304. 

MECHANICAL  ENGINEER.  Technical  graduate.  Ten  years  ex- 
perience in  designing,  constructing  and  •operating  steam,  electric 
and  ice  properties ;  five  years  in  active  charge.  Desires  position  as 
general  manager  or  construction  manager  for  public  utilities  cor- 
poration or  consulting  engineering  firm.  At  present  employed.  I- 
305 

MECH.ANICAL  ENGINEER  or  EXECUTIVE.  Graduate  M.B., 
age  40,  Associate-Member.  10  years  practical  experience  as  execu- 
tive. Desires  change :  would  consider  manager  or  superintendency 
for  firm  desiring  man  familiar  with  heavy  machine  design,  up-to- 
date  plant   methods,   efficiency,   organization.     1-306 

EXECUTIVE  in  semi-executive  capacity.  Mechanical,  electrical 
engineer ;  member  both  societies ;  age  41.  Superintendent  of  opera- 
tions largest  City  electricity-supply  system.  East;  18  years  responsi- 
bility, design,  construction,  operation.  Successful  organizer,  main 
and  sub-station  economies,  boilers,  stokers,  smoke  abatement,  trans- 
mission and  distribution,  energy  supply  to  railways.  Best  recom- 
mendations,  employing   corporations.     1-307 

PRODUCTION  ENGINEER.  Associate-Member,  age  32.  Broad 
experience  factory  and  foundry  operation,  organization,  production 
equipment,  accounting  and  cost  covering  stamping,  shaping,  plating 
and  finishing :  also  machine  parts  on  interchangeable  basis.  Vicin- 
itj'  New  York.     1-308 

SUPERINTENDENT,  CHIEF  ENGINEER  or  SALES  ENGINEER. 
Experienced  in  design,  installation,  operation,  and  testing  of  com- 
plete power  plant  and  pumping  equipment,  including  engines,  boilers, 
mechanical  stokers,  coal  and  ash-handling  machinery,  high-pressure 
piping  and  all  accessories.     Age  39.     1-309 
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MECHANICAL  ENGINEER.  Graduate  M.B.  and  E.B.  Junior 
Member,  age  33.  Thorough,  resourceful  and  energetic,  desires  posi- 
tion with  large  firm.  In  following  position  during  past  twelve  years 
as  engineer — operating,  testing,  draftsman,  In  charge  of  station,  de- 
signing, resident  engineer  on  construction,  power  engineer.  At  pres- 
ent employed  as  mechanical  engineer.  Location  in  or  near  New 
York.     Salarv  $2500.      1-310 

ASSISTANT  TO  EXECUTIVE  or  S.\LES  MANAGER.  Member, 
technical  graduate,  age  36,  desires  change  of  position.  Experience 
covers  testing,  research,  designing  and  commercial  engineering.  In 
connection  with  steam  turbines,  turbo-blowers  and  centrifugal  pumps, 
with  responsible  charge  of  men.  New  York  City  or  eastern  location 
preferred.     1-311 

MECHANICAL  ENGINEER,  Graduate  Columbia  University,  1915, 
'desires  to  locate  with  manufacturing  or  engineering  concern  in  or 
near  New  York.  Two  years  power  plant,  shop  and  drafting  room 
experience.  Experienced  in  power  plant  testing,  automatic  machin- 
ery, installation  and  layout  of  machinery.  At  present  employed  in 
maintenance  department  of  concern  mauufacturing  automobile  aux- 
iliaries.    1-312 

SUCCESSFUL  DESIGNER  of  automatic  paper-box,  bag,  envelope 
machines,  printing  presses,  etc.,  desires  change.  First  class  refer- 
ences.    Salary  not  under  $2000.      1-313 

MECHANICAL  ENGINEER.  Junior  member.  Technical  graduate, 
age  25.  Now  employed  in  engineering  work  involving  design,  charge 
of  installation  of  textile  machinery,  plant  operation  and  manage- 
ment. Capable  of  taking  initiative.  Desires  permanent  position  In 
aggressive  company.     1-314 

MECHANICAL  ENGINEER,  41,  technical  graduate.  Extensive 
experience  erecting,  operating  and  testing  power  plant  machinery ; 
sales  engineer ;  five  years  In  charge  of  water  works  pumping  plant, 
including  supply  and  filtration.  Desires  change ;  will  go  anywhere 
in   United   States.     1-315 

MECHANICAL  ENGINEER.  .Associate-Member,  age  28,  technical 
graduate.  At  present  employed,  but  desires  responsible  position  with 
manufacturing  concern.  Nine  years  experience  in  design,  develop- 
ment and  experimental  work,  as  well  as  maintenance  and  operation 
of  industrial   plants.      1-316 

STEAM  or  EFFICIENCY  ENGINEER.  Graduate  Cornell  Uni- 
versity, M.E.,  1908.  Broad  executive  experience.  Would  be  glad  to 
consider  position  as  superintendent  or  assistant  superintendent  of 
employment.     1-317 

MECHANICAL  ENGINEER.  Junior  Member,  Graduate  Cornell 
University,  age  25.  Three  years  practical  experience  in  marine 
work,  including  ship  construction  and  hydraulic  dredge  erection. 
Desires  position  with  engineering  firm  or  dredging  contractor.  Holds 
marine  engineer's  license.  Excellent  references.  Salary  $1200. 
1-318 

MANAGER    or    CHIEF    ENGINEER.       Technical    graduate.       Now 


assistant  manager  large  plant  manufacturing  steel  freight  and  pas- 
senger cars,  also  munitions  and  army  transportation  equipment.  18 
years  experience ;  5  years  railroad  shops ;  3  years  engine  and  boiler 
works ;  10  years  car  designing  and  manufacture.  Experienced  in 
shop  management,  planning  and  efficiency,  also  In  sales  and  pur- 
chasing. Desires  change  as  plant  manager  or  consulting  engineer 
in  above   lines.      1-319 

INDUSTRI.AL  ENGINEER,  Junior  member.  Two  years  experience 
as  designer  of  heavy  machinery ;  one  year  as  draftsman  of  indus- 
trial plants ;  for  the  past  year  and  a  half  with  large  industrial 
plant  as  industrial  engineer.  Familiar  with  cost  accounting,  sched- 
uling, time  study  work,  etc.  Desires  change.  Location  immaterial. 
1-320 

JUNIOR  MEMBER  of  Am.Soc.M.E.  and  S.A.B.  Graduate  M.B. 
Experienced  in  design  of  eflicient  high  speed  gasoline  engines ; 
definite  knowledge  of  the  many  points  of  design  that  make  for  high 
speed,  high  power,  and  smooth  running,  with  ability  to  apply  this 
knowledge  in  developing  designs.  Position  desired  in  some  engine 
manufacturing  concern,  preferably  one  contemplating  new  designs. 
Location,   Detroit,   Mich.      1-321 

ENGINEER,  with  exceptional  inventive  talent,  desires  position 
requiring  such  ability.  Cornell  graduate,  M.E.  (having  specialized 
in  E.E.),  with  M.S.  from  Union  College.  One  year  experience  at 
General  Electric  Co.  and  two  years  as  university  Instructor  in  elec- 
trical engineering.  At  present  assistant  engineer  of  chemical  fac- 
tory.    Salary   a  distinct  object.     1-322 

MECHANICAL  ENGINEER,  age  31,  technical  training.  At  pres- 
ent employed  in  executive  capacity ;  wide  experience  in  combustion 
engineering  and  in  design  and  operation  of  boiler  plants.  Desires 
position  with  boiler  or  stoker  manufacturer,  or  with  large  plant  as 
power  efficiency  engineer.  Can  produce  results  and  is  not  afraid  of 
responsibility.     1-323 

MANUFACTURERS  REPRESENTATIVE  OR  SALES  MANAGER. 
Consulting  Engineer  with  New  York  Office,  large  industrial  and  engi- 
neering acquaintance  in  Eastern  territory,  wishes  to  add  to  representa- 
tion on  commission  basis  only.  New  York,  New  England  States  and 
New  Jersey.     1-324 

COMBUSTION  ENGINEER.  Graduate,  age  32.  Ten  years  experi- 
ence in  handling  boilers  and  mechanical  stokers.  Would  like  to  take 
charge  of  power  proposition  where  saving  in  fuel  is  desired.  Can 
show  good  record.  At  present  employed  in  large  central  station  hold- 
ing record  for  fuel  company.     1-325 

EFFICIENCY  ENGINEER.  Graduate,  M.  E.,  University  of  Penn- 
sylvania, age  28.  Junior  Member.  Four  years  machine  shop  experi- 
ence, eight  months  designing  safety  devices,  jigs,  fixtures,  etc.,  one 
year  connection  in  various  phases  in  production  department  of  manu- 
facturing concern.  Inventive  inclination,  has  made  several  practical 
inventions.  Wishes  to  specialize  in  labor-saving  devices  and  improv- 
ing machines  in  connection  with  efficiency  work.  Will  start  at  $100 
per  month  where  advancement  is  assured.      1-326 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the  Society 
and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS  BY  THE  SOCIETY 

BniLDiNG  Single  Puhpose  Lathes  in  a  Single  Purpose  Shop,  Ethan 

Viall.     Reprinted  from  American  Machinist,  May   11,  1916.     Gift 

of  L.  I.  Yeomans. 
OoNNECTicTT  SOCIETY  OF  CiviL  Bngineeks.     Papers  and  Transactions 

for   1915   and   Proceedings   of   32d   Annual   Meeting,    1916.      Ne-w 

Haven,  1916.     Gift  of  Society. 
Henry  Gannett,  S.  N.  D.  North.     1915.     Gift  of  C.  W.  Rice. 
Illinois   Society  of  Engineers.     31st  Annual  Report,  1916.     Whea- 

ton.  I!tl6.    Gift  of  Society. 
Is    Equal    Justice    Possible    in    Government    Contracts?    Wm.    B. 

King.      Waslitngton.     Gift  of  King  &  King. 

LiQDEFYING    AlB    BY    UTILIZING    THE    "  JOnLE-TEOMSON     EFFECT  "    AND 

Mechanical  Liquefaction  by  an  Expansion  Engine,  J.  F.  Place. 
aien  Ridge,  N.  J.,  1016.     Gift  of  author. 

New  Britain  (Conn.)  Board  of  Water  Commissioners.  59th  An- 
nual Report,  1916.  Gift  of  New  Britain  Board  of  Water  Com- 
missioners. 

New  Orleans.  Sewerage  and  Water  Board.  32d  Semi-Annual  Re- 
port.    A'cjc  Orleans,  1915.     Gift  of  Sewerage  and  Water  Board. 

The  Place  Mechanical  Process   of  Liquefying  Air  and  the   Sep- 


aration of  Liquid  Air  Into  its  Constituents  Oxygen  and  Ni- 
trogen, J.  F.  Place.     Gift  of  author. 

Reasonableness  and  Legal  Right  of  the  '•  Minimum  Charge  "  and 
Puulic  Utility  Services,  S.  S.  Wyer.  Columiua,  1918.  Gift  of 
author. 

El  Sistema  de  Ai.cantarillado  y  Pavimentacion  db  la  Ciudad  db 
la  Habana.  (Revista  de  la  Sociedad  Cubana  de  Ingenieros.  Bdi- 
cion  Bxtraordinaria.)  Habana,  1916.  Gift  of  Sociedad  Cubana  de 
Ingenieros. 

Sturtevant  War  Letters  from  Members  of  the  Staff.  London, 
1916.     Gift  of  Sturtevant  Engineering  Co..  Ltd. 


GIFT    OF  WATER  POWER    DEVELOPMENT   ASSOCIATION 

An   .\nswer  to  Gifford  Pincuot.     An   open  letter  to  the  President 

of  the  U.  S. 
CraTicis.-us  of  the  Shields  Bill  Answered. 
Steam   vs.   Water   Power.     Factors  that   have  hindered   the  building 

of  water  power  plants  and  how  such  obstacles  can  and  should  be 

eliminated,  by  H.  W.  Buck. 
W.4TBR  Power  as  a  Natural  Resource.     Editorial  from  The  Outlook, 

Feb.  9,    1916. 
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TRADE    CATALOGUES 

Diamond  Power  Specialty  Co.  Detroit,  Mich.  Bull.  118.  Insulumi- 
num.     Juhi  igie. 

Flanneky  Bolt  Co.     Pittsburgh,  Pa.     Staybolts.     July  1916. 

Macrae's  Blue  Book  Co.  IVewj  York  City.  MacRae's  Blue  Book,  vol. 
vii.     1916. 

PORTER,  H.  K.  Co.  Pittsburgh,  Pa.  Modern  Compressed  Air  Loco- 
motives, ed.  2.     lot',. 

Stakdakd  Pump  &  Engine  Co.  Akron,  Ohio.  Catalogue  No.  16. 
Pumping  units  for  water  supply.     1916. 

Walworth  Mfg.  Co.    Boston,  Mass.    Walworth  Log.     Aug.  1916. 


ADDITIONS  BY  THE  UNITED  ENGINEER- 
ING SOCIETY 

Aircraft  in  Warfare,  F.  W.  Lanchester.    New  York,  1916. 

AMERICAN    Chemical   Society.      Directory,   revised   to    June   1,    1916. 

1916.     Gift  of  Society. 
The  Automobile  Book,  C.  E.  Duryea  and  J.  E.  Homans.     Neic  York, 

1916. 
Axles    and    Fougings   for    Steam    and   Electric    Railway    Service. 

Standard   axle   designs   and   specifications.      Carnegie    Steel   Com- 
pany.    Pitt.ihurgh,  191S.     Gift  of  Company. 
Balancing   of   Engines,   Steam,   Gas   and   Petrol,   Archibald    Sharp. 

Jiexe  York,  wn. 
Bibliographii:    her    Dedtschen    Zeitschriften    Literatur.       Band 

XXXVI  B.     Leipzig,  1915. 
Block   Signal  and   Interlocking   System   of  the   Subway   Division 

OF  the  Interburough  R.1PID  TRANSIT  COMPANY.     Bulletin  No.  21. 

Union  Switch  &  Signal  Company      Gift  of  Union  Switch  &  Signal 

Company. 
British  Journal   Photographic  .\lmanac.     1883,   1SS9,   1892.     Gift 

of  Arthur  WoriseheU. 
Chart    Showing    Prices    of    Non-fehrous    Metals    for    1898-March 

1916.      Gift  of  Daily  Iron  Trade. 
Chronology  of  Aviation,  Hudson  Maxim  and  W.  J.  Hammer.     New 

York,  1912.     Gift  of  Aeronautical   Society. 
Coal,  Its   Economical  and  Smokeless  Combustion,  J.   F.   Cosgrove. 

Philadelohia.  1916. 
Coal  Miners'  Pocketeook.     ed.  11.     Neic  York,  1916. 
Coke  Oven  Accidents  in  the  United  States  During  the  Calendar 

Tear  1915.     Technical  paper  151,  U.  S.  Bureau  of  Mines.    Wash- 

inoton,  1916. 
Concrete  on  the  Farm  and  in  the  Shop,  H.  Colin  CampbeJl.     New 

York.  1916. 
Dams  and  Weirs,  W.  G.  Bligh.     Chicago.  1915. 
Description  of  Exhibits  of  United  States  Steel  Corporation  and 

StiBSiDiART  Companies.     Gift  of  Carnegie  Steel  Company. 
Eddy.stone  Lighthouse,  Narrative  of  the  Building  and  a  Descrip- 
tion OF  THE  Construction,  John  Smeaton.     ed.  2.     London,  isis. 

Gift  of  W.  L.  Harkness. 
Effects  of  Temper.ature  and  Pressure  on  the  Explosibilitv   of 

Methane    Air    Mixtures.      U.    S.    Bureau    of    Mines.      Technical 

paper  121.     Washington,  1916, 
The  Engineer  in   War,  P.  S.  Bond.     New  York,  1916. 
Engineer's  Year  Book,   1916,   H.   R.  Kempe.     London,  1916. 
is^DERAL  Registration   Service  op  the  United  States  ;   its  Devel- 
opment,   Problems    and    Defects.      U.    S.    Bureau    of    Census. 

Wa-iliin(iton,  1916. 
Gear  Blanks  and  Miscellaneous  Circular  Sections,     ed.  3.     Pitts- 
burgh, 1916.     Gift  of  Carnegie  Steel  Company. 
Geology   and   Ground   Waters   of   Northeastern   Arkansas.     U.   S, 

Geological   Survey.      Water   Supply   Paper  399.      Washington,  1916. 
History   and   Handbook   of   Photography.      Edited   by   J.   Thomson. 

New  York,  1S77.     Gift  of  Arthur  Worischek. 
Hydraulics  and  it.s  Appi.iciTioNs,  A.  H.  Gibson.     New  York.  1915. 
India.     Geological  Survey.     Contents  and  Index  of  the  Memoirs,     vols. 

xxi-xxxv.   1SS4-1911.     Calcutta,  1916. 
Industrial  Accident   Prevention,   D.   S.   Beyer.      Boston-Nexc   York, 

191C. 
La  Industria  Minera  de  Mexico,  Fernando  Gonzalez  and  others,     nos. 

1-0.      Mexico,  1011. 
Institution    of   Mechanical   Engineers.      List   of    members,    March 

1916.     London,  1916. 
Imperial  College  of  Science  and  Technology  and  City  and  Guilds 

OF  London  Institute.     Prospectus  of  the  City  and  Guilds,  June 

1916.     London,  1016.     Gift  of  Imperial  College  of  Sciente,,  etc. 
International  Engineering  Congress,  1915.     Transactions,     vol.  Iv. 

Railway  Engineering.     !?an  Francisco,  1916. 
International  Engineering  Congress,     vol.   v.     Materials  of  Engi- 
neering Construction.     San  Francisco,  1916. 

lNVESrIG.4TI0N     OF     THE     PEAT     BOGS     AND     PEAT     INDU.STRY     OF    CANADA. 

1913-14.     Bulletin  No.  11,  Canada,  Dept.  of  Mines.     Ottawa,  191S. 
Lathes  :  Their  Construction  and  Operation,  G.  W.  Burley.    London, 
1915. 


Limestones  and  Marls  op  the  Coastal  Plain  of  Georgia.  A  Re- 
port.    Bulletin  21,  Georgia  Geological  Survey.     Atlanta,  1916. 

Logarithmischtbigonometkische  Tafeln,  Georg  Vega.  Band  1-2. 
Leipzig,  1797. 

Maryland  Geological  Survey.  Upper  Cretaceous.  2  vols.  Text  and 
plates.     Baltimore,  1916..     Gift  of  Sur\-ey. 

Mechanical  Technology,  G.  F.  Charnock.     New  York,  1915. 

Michigan  Engineering  Society.  Proceedings,  vol.  34,  1916.  Kala- 
mazoo, 1916.     Gift  of  Society. 

Micromotion  Studies  Applied  to  Education,  A.  A.  Douglass  and 
W.  L.  Dealcy.  Reprinted  from  the  Pedagogical  Seminary.  June, 
1916.     Gift  of  Frank  Gilbreth. 

Mine  Sampling  and  Valueing,  C.  S.  Herzlg.     San  Francisco,  19U. 

Minneapolis-St.  Paul  Folio.  U.  S.  Geological  Survey,  Folio  201. 
Wn.thington,  1016. 

Moody's  Manual  of  Railroads  and  Corporation  Securities,  1916., 
Vol.  II.     Industrial  and  Public  Utility  Section.     New  York,  191S. 

Moody's  Manual.  Complete  list  of  securities  maturing.  Vol.  II. 
June  1st.  1916-June  30,  1918.  Arranged  chronologically.  New 
York,  1916.     Gift  of  Moody  Manual  Company. 

National  Fire  Protection  Association.  Proceedings  of  20th  .Vnnual 
Meciting,  1916.     Chicago,  1916.     Gift  of  Association. 

Navigation  ;  Notes  and  Examples,  S.  F.  Card.     London,  1916. 

Notre  75,  par  un  Ahtilleur.    Paris,  1915. 

Petroleum  Withdrawals  and  Restorations  Affecting  the  Public 
Domain.  U.  S.  Geological  Survey.  Bulletin  623.  Washington, 
1916. 

Poor's  Manual  of  Public  Utilities.     1916.     New  York,  1016. 

Practical  Design  of  Steel  Framed  Sheds,  A.  S.  Spencer.  New 
York.  1315. 

Principles  of  Electrical  Design.  D.  C.  and  A.  C.  Generators, 
Alfred  Still.     New  York,  1916. 

Quantity  of  Gasoline  Necessary  to  Produce  Explosive  Conditions 
IN  Sewers.  U.  S.  Bureau  of  Mines.  Technical  Paper  117. 
Washington,  1916. 

Railway  Problems  of  the  Day.  What  They  Mean  to  Manufac- 
turers. .Address  of  Chas.  J.  Graham.  May  17.  1916.  Gift  of 
Bureau   of  Railway  Economics. 

Results  of  Magnetic  Obervations  Made  by  the  United  States 
Coast  and  Geodetic  Survey  in  1915.  U.  S.  Coast  and  Geodetic 
Survey    Special    Publication   No.   36.      Washington,  1916. 

Results  of  Observations  Made  at  the  United  States  Coast  and 
Geodetic  Survey  Magnetic  Observatory  at  Vieques.  Porto 
Bico,  1913-1914.  U.  S.  Coast  and  Geodetic  Survey,  Serial  N». 
33.      Washington,  ,1916. 


GIFT   OP   THE    HILL   PUBLISHING   COMPAtJT 
A  good  collection  of  twenty-nine  text  books. 

GD'T   OF   ARTHUR   WORISCHEK 

.\miot,  A.     Elements  de  Gfiometrie.     ed.  6.     Pan's,  i860. 

Bayley.   Thos.      A   Pocket-book   for   chemists,      ed.   4.      1886. 

Bolas,  Thos. :  Tallent,  A.  A.  K.  &  Senior,  E.     Handbook  of  photography 

in   colors.      1900. 
Duchochois,  P.  C.      Industrial  Photography.     1901. 
Elementary  Course  in  Dry  Plate  Photography.     18SS. 
Harrison,  W.  J.      History  of  Photography.     JSS7. 
Hasluck,  P.  N.     Knotting,  and  Splicing  ropes  and  cordage.     lOlS. 
Heather,  J.  F.     Treatise  on  Mathematical  Instruments,     ed.   7.     186i. 
Hearn,   C.  W.     Practical  Printer.     lS7i. 
Hinton,  A.  H.     Handbook  of  Illustration. 

Pitman's  Commercial  Terms  and  Phrases  in  Five  Languages. 
Price,  H.  C.     How  to  make  pictures.     i882. 

Robinson,  H.  P.  and  Abney,  Capt.    Art  and  practice  of  silver  printing. 
Wall,  E.  J.     Dictionary  of  photography.     1889. 
Wireless  Association  of  America.     First  .Annual  Official  Wireless  Blue- 

Book,  May  1909. 


TRADE   CATALOGUES 

The  Alexander  Milburn  Co.  Baltimore,  Md.  Mllburn  oxy  ?acetylene 
welding  and  cutting  apparatus. 

American  Blower  Co.  Detroit,  Mich.  Sirocco  Service-Ventura  Num- 
ber. 

Ingebsoll-Rand  Company.  New  York,  N.  Y.  Form  No.  4120.  Ley- 
ner-Ingersoll  Water  Drills.    Dec.  1015. 

Ivanhoe-Regbnt  Works.     Cleveland,  O.     The  Hunchman.     June  1916. 

Pybene  Manufactueing  Co.  New  York,  N.  Y.  The  Firefly.  June- 
July  1916. 

Undeh-Feed  Stoker  Company  of  .\uerica.  Chicago,  III.  Publicity 
Magazine.     June  1916. 


ENGINEERING  SURVEY 

A  Review  of  Engineering  Publications  in  All  Languages.     All  the  leading  periodicals  of  the 

engineering  world,  embracing  over  1000  different  publications,  are  received  at  the  Library. 

These  are  systematically  examined  for  review  each  month  in  the  Survey. 


SUB.JECTS  OF  ABSTRACTS 

Arranged  in  the  Order  of  Their  Appearance   in   the   Sorvev. 


AEROPLANE  Accidents. 

Air  Gusts. 

Scientific  Research  in  Aeroplane 
Construction. 

Research  Department  of  the  Ccrtiss 
Company. 

Vdlcanization  of  Plantation  Para 
Rubber. 

Nitrogen  Content  and  Cure  of  Rub- 
ber. 

Protein  Decomposition  and  Cure  of 
Rubber. 

Cure  of  Sheet  Rubber. 

Tool   Steel   Hardening  and  Grinding. 

Normalizing  of  Tool  Steel. 

Fungus  Growth  on  Wood. 

Fire  Retardents. 

Concrete,   Some  Properties  of. 

American  Petroleum  Oils,  Density. 

American  Petroleum  Oils,  Thermal 
Expansion. 

Pre-heated  Blast  Cupola. 

Casting  8  in.  H.E.  Shell  Ingots. 

Forging  Rough  8  in.  H.E.  Shells. 


Feat  as  Fuel. 

German  Steam  Plant  Using  Peat 
Fuel. 

Cvcloidal  Curve  Law  of  Distribution 
OF  Velocities  in  Flow  of  Water  in 
Pipes. 

Anti-Friction  Bearings  in  Axle  Gen- 
erators. 

Anti-Friction  Bearings  on  Baggage 
Trucks. 

Anti-Friction  Bearings  on  Trucks  in 
Creosoting  Plants. 

Aluminum  Welding. 

Drawing  Metal  by  Hydraulic  Method. 

Hydraulic  Press  System  for  Shell 
Making. 

Thermalene  Production  and  Proper- 
ties. 

Thermalene  Welding  Torch. 

.Veroplane  Cylinders,  Machining. 

Hydraulic  and  Steam-Hydraulic  Forg- 
ing op  Shells  Compared. 

Steam-Hydraulic  Shell  Forging  in 
Russia,  Time  Table. 


Chart,  Engine  Frame  Loads. 
Accelerating     Characteristics,     Cen- 
trifugal Pumps  and  Fans. 
Theory  of  Elasticity. 
Unsymmetrical  Riveted  Joints,  Effi 

CIENCY. 

Plastic  Flow  Phenomena. 

Plastic  Flow  of  Steel  and  Clay. 

CoKE-OvEN  Gas  Power  Plant. 

CoKE-OvEN  Gas.  Cleaning. 

Pre-ignition  Through  Sulphur  in 
Gas  Engines. 

Prime  Movers  for  Isolated  Plants. 

Indicator  Diagrams  from  a  Compound 
Corliss. 

Uniform  Boiler  Laws  in  Canada. 

Steam  Economies  on  French  Rail- 
roads. 

Malleable  and  Cast  Steel  Testing. 

Fire-brick  Testing. 

Hardness  Testing  of  Non-ferrous 
Metals. 

Charts. 


There  is  in  this  issue  of  the  Engineering  Sur\'ey  an  abstract 
of  a  description  of  the  Engineering  Department  of  the  Curtiss 
Aeroplane  and  Motor  Corporation  plant  at  Buffalo,  N.  Y. 
To  many  it  will  come  as  a  great  surprise.  The  industry 
was  created  less  than  five  years  ago,  as  the  entire  previous 
period  of  heavier-than-air  flying  was  devoted  to  experimental 
work  and  exhibition  flights  exclusively.  And  nevertheless  we 
find  that  the  engineering  department  only  of  the  Curtiss  works 
employs  150  men,  and  we  find  further  that  the  thoroughness 
of  designing  and  construction  in  the  manufacture  of  aero- 
planes equals  if  not  surpasses  that  in  many  older  and  far 
more  established  branches  of  the  mechanical  art. 

In  this  connection,  particular  attention  is  called  to  the  illus- 
tration on  page  749,  reproducing  a  working  blueprint  of  an 
aeroplane  wing.  The  data  presented  there  are  of  no  particular 
interest  as  such,  but  it  is  believed  that  engineers  will  be  in- 
terested to  note  how  carefully  all  the  details  of  construction 
are  worked  out  and  how  far  aeroplane  building  has  passed 
from  the  stage  of  guesswork  and  cut-and-try  methods  of  the 
early  days,  "  early  days "  which  are,  however,  probably  less 
than  three  years  ago. 


THIS  month's  articles 

Lieutenant  R.  C.  Saufley  discusses  the  causes  of  aeroplane 
accidents  with  particular  reference  to  the  action  of  gusts. 
He  gives  also  an  interesting  summing  up  of  the  present  situa- 
tion with  respect  to  the  position  of  the  aerial  branch  of  the 
Navy  Service :  "  The  developments  of  the  last  twelve  months 
have  left  no  doubt  as  to  the  naval  advantage  to  be  gained  from 
the  use  of  aircraft.  .  .  .  Ignorance,  not  unbelief,  is  our 
problem." 

In  the  section  Engineering  Materials  will  be  found  the  con- 
tinuation of  an  abstract  of  the  report  on  important  experi- 
ments on  the  vulcanization  of  plantation  Para  rubber,  in  which 


the  writer  determines  the  cause  of  variability  of  curing  and 
establishes  its  connection  with  the  nitrogen  content  of  the  latex. 

In  the  same  section  wUl  be  found  an  abstract  of  the  report 
presented  by  the  Tool  Research  Committee  to  the  Manchester 
Association  of  Engineers.  The  most  important  conclusions  ta 
which  their  experiments  led  are  that  some  of  the  tools  showed 
a  decided  deterioration  on  regrinding  only  after  a  failure^ 
which  is  contrary  to  general  belief.  Further,  it  was  found  that 
high  speed  steel  is  not  injured  by  repeated  heating  at  high 
temperature,  such  as  that  required  for  hardening,  and  that  nor- 
malizing does  not  materially  improve  lathe  tools. 

There  are  two  articles  on  the  behavior  of  wood,  one  dis- 
cussing the  fungus  growth  on  untreated  wood  and  ties,  and 
another  the  efficiency  of  fire  retardents  with  special  reference 
to  their  use  on  roof  shmgles.  The  last  of  these  articles  is  of 
particular  interest  as  it  presents  data  of  an  experimental  in- 
vestigation carried  out  in  a  systematic  manner. 

From  a  scientific  paper  of  the  U.  S.  Bureau  of  Standards 
are  abstracted  some  data  on  the  strength  and  other  properties 
of  concrete  as  affected  by  the  constituent  materials  and  method 
of  preparation.  In  the  same  section  will  be  found  an  advance 
abstract  of  a  Technologic  Paper  on  the  density  and  thermal 
expansion  of  American  petroleum  oils.  Through  the  courtesy 
of  Dr.  S.  W.  Stratton,  Director  of  the  Bureau  of  Standards, 
The  Journal  h£is  been  accorded  the  valuable  privilege  of  receiv- 
ing advance  notices  of  Technologic  Papers  published  by  the 
Bureau.  Abstracts  of  these  papers  will  in  future  be  reported 
in  the  Engineering  Sur\'ey  at  the  earliest  opportunity. 

The  easting  of  8-in.  H.E.  shell  ingots  is  discussed  in  the 
section  Foundry. 

B.  F.  Haauel,  in  a  paper  before  the  American  Peat  Society, 
considers  the  value  of  peat  fuel  as  compared  with  coke,  and 
among  other  things  presents  some  interesting  data  on  a  large 
steam  power  plant  (over  5000  h.p.)  designed  for  the  exclusive 
use  of  peat  fuel  in  Germany.  From  the  paper  it  appears  that 
peat  fuel  can  be  used  for  power  generation  only  where  the 
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strictest  economies  are  introduced  in  the  manufacture  and  use 
of  the  fuel,  and  where  further  no  other  fuel  is  readily  available. 
The  law  of  distribution  of  velocities  in  the  flow  of  water  in 
pipes  is  expressed  by  a  cycloidal  curve  by  Moignie,  in  a 
French  official  periodical. 

Several  letters  and  articles  on  the  use  of  anti-friction  bear- 
ings in  railway  axle  generator  sers-ice  are  reported  from  the 
Hailway  Electrical  Engineer. 

In  the  section  Machine  Shop  attention  is  called  to  the  several 
articles  on  forging,  referring  mainly  to  forging  blanks  for 
large  shells  either  hydraulically  or  by  steam  presses.  In  the 
same  section  will  be  found  an  abstract  taken  from  the  Ameri- 
can Ma-chinist  on  the  production,  properties  and  use  of  ther- 
malene,  a  new  gas  designed  to  take  the  place  of  acetylene  for 
purposes  of  welding  and  metal  cutting. 

A  chart  for  determining  engine  frame  loads  is  reproduced 
from  Machinery  in  the  section  Mechanics.  In  the  same  section 
will  be  found  a  brief  discussion  of  the  accelerating  character- 
istics of  centrifugal  pumps  and  fans. 

From  the  London  Philosophical  Magazine  are  briefly  ab- 
stracted the  main  points  of  a  very  interesting  mathematical 
discussion  of  some  of  the  fundamental  problems  in  the  theory 
of  elasticity,  in  particular  those  of  elastic  equilibrium  under 
certain  given  conditions. 

R.  N.  Blackburn's  discussion  of  the  comparative  efficiency 
of  symmetrical  and  unsymmetrical  joints  brings  out  the  im- 
portant distinction  between  apparent  efficiency  calculated 
from  formulae  under  certain  assumptions,  and  the  actual  effi- 
ciency of  a  riveted  joint,  such  as  would  be  determined  by 
measurement.  There  ought  not  to  be  any  difference  between 
the  two  efficiencies  if  the  assumptions  on  which  the  formula  is 
based  always  held  good  in  actual  practice,  and  Mr.  Black- 
burn claims  that  this  is  not  the  case.  He  also  expresses  the 
opinion  that  as  far  as  the  stresses  in  an  unsymmetrical  joint 
are  concerned,  the  bending  action  is  of  more  importance  than 
the  direct  stress  due  to  the  pull  on  the  plate: 

The  description  of  a  plant  for  the  production  of  power  from 
coke-oven  gas  is  abstracted  from  a  British  periodical.  It  con- 
tains some  data  on  the  purification  of  the  gas,  especially  on 
the  elimination  of  sulphur.  The  author  calls  attention  to  the 
comparatively  little  known  fact  that  the  presence  of  sulphur 
in  the  gas  may  cause  pre-ignition  of  the  charge  during  the 
compression  stroke.  Another  point  of  interest  is  the  fact  that, 
by  regular  attention  to  exhaust  analysis  and  methods  of  driv- 
ing the  engines,  the  gas  consumption  per  month  on  the  same 
load  was  reduced  from  15  million  cu.  ft.  to  1'2V2  million  cu.  ft. 
From  tests  made  upon  the  high  and  intermediate  cylinders 
of  a  triple-expansion  Corliss  engine,  Prof.  Victor  R.  Gage 
comes  to  the  conclusion  that  the  logarithmic  analysis  of  the 
indicator  diagrams  cannot  be  applied  under  all  conditions. 
On  the  other  hand,  he  shows  that  the  point  of  thermal  equi- 
librium and  the  general  behavior  of  the  steam  during  expansion 
can  be  readily  shown  by  means  of  the  temperature-entropy 
diagram. 

The  application  of  the  Brinnell  method  for  regulating 
methods  of  manufacture  of  non-ferrous  metal  product  is 
reported  in  some  detail  in  an  abstract  of  an  article  by  Hugo 
Friedmann.  He  points  out  several  useful  applications  of 
the  hardness  test.  For  example,  for  discovering  whether  the 
entire  piece  cooled  at  the  same  speed,  or  for  determining  in  cer- 
tain eases  the  properties  of  the  metal  at  different  distances 
from  the  surface.  Likewise,  for  example,  in  the  ease  of  alumi- 
num, a  hardness  test  enables  to  determine  whether  the  hardness 
of  the  metal  is  due  to  its  chemical  composition  or  to  the 
mechanical  treatment  to  which  it  has  been  submitted. 


That  firebricks  tend  to  group  themselves  with  respect  to 
most  of  their  mechanical  properties  according  to  their  density 
is  a  practical  conclusion  arrived  at  from  a  number  of  tests. 
These  tests  also  covered  the  subjects  of  spalling,  slagging  and 
compression  strength  of  fire  bricks. 


Aeronautics 

Aeroplane  Accidents:   Causes  and  Remedies, 
Lieut.  R.  C.  Saufley,  U.  S.  Navy 

The  author  attributes  aeroplane  accidents  to  three  general 
causes,  namely,  (1)  air  conditions,  (2)  material,  (3)  personal 
error.  In  the  first  stages  of  aeroplane  construction,  when  the 
factor  of  safety  was  small  and  the  machines  were  slow  and 
underpowered,  casualties  from  causes  (1)  and  (2)  were  fre- 
quent. 

As  regards  air  conditions,  gust  action  may  be  classified  as 
one  of  the  great  causes  of  aeroplane  accidents.  The  general 
effect  of  gusts  upon  aeroplanes  depends  on  the  direction.  Acci- 
dents due  to  rear  gusts  occur  because  the  aeroplane  flies  sud- 
denly into  a  region  of  air  being  accelerated  in  the  direction  of 
the  machine's  path.  Were  the  air  accelerations  strong  enough, 
the  direction  of  air  flowing  through  the  wings  would  be  mo- 
mentarily reversed  and  the  machine  would  drop  precipitously. 
Fortunately,  there  are  no  records  of  air  currents  being  ac- 
celerated to  such  an  extent,  as  experiments  have  shown  few  air 
accelerations  beyond  15  miles.  What  ordinarily  happens  in 
case  of  the  real  gust  is  that  the  velocity  relative  to  the  aero- 
plane is  momentarily  reduced  and.  the  machine's  inertia  pre- 
venting an  immediate  absorption  of  the  gust's  speed,  lift  and 
control  are  lost.  It  must  be  said,  however,  that  actually  the 
aust  cannot  overtake  an  aeroplane,  and  the  term  "  rear  gust  " 
is  therefore  a  misnomer. 

The  autlior  endeavors  to  explain  the  effect  of  a  rear  gust 
upon  an  aeroplane  by  assuming  that  the  machine  is  sustained 
in  normal  flight,  disregarding  the  consideration  of  air  velocity. 
With  this  explanation,  any  variation  in  the  conduct  of  the 
machine  must  be  due  to  a  variation  of  gravity  relative  to  the 
air.  This  latter  term  has  the  following  meaning:  When  a 
machine  is  being  sustained  in  undisturbed  air,  i.e.,  air  whose 
velocity  is  constant,  "  gravity  relative  to  the  air  "  and  "  abso- 
lute gravity  "  are  the  same,  but  if  the  supporting  medium  is 
suddenly  accelerated,  the  machine's  equilibrium  must  be  mo- 
mentarily adjusted  to  the  resultant  of  the  two  accelerations, 
gravity  and  the  gust.  This  resultant  is  the  new  "  gravity  rela- 
tive to  the  air,"  the  direction  of  which  is  perpendicular  to  the 
air  only  when  the  air  acceleration  or  gust  is  directly  outward 
or  downward. 

While  fatalities  due  to  downward  gusts  have  been  less  fre- 
quent than  those  due  to  rear  gusts,  this  is  only  because  few 
flights  were  attempted  when  this  sort  of  gust  was  prevalent. 
Actually,  the  downward  gust  is  doubly  dangerous  as  compared 
with  the  rear  gust,  both  on  account  of  the  dangerous  absolute 
path  of  the  machine  and  its  critical  incidence  to  the  air  when 
the  gust  is  past.  The  downward  gust  accounts  for  the  phe- 
nomenon observed  in  very  disturbed  air  when  the  machine 
seems  to  be  struck  with  such  violence  as  to  make  a  small 
wrench  and  pliers  jump  from  the  pilot's  seat.  To  the  down- 
ward gust,  likewise,  may  be  attributed  many  stalls  that  are 
ordinarily  assumed  to  have  arisen  from  other  causes,  and  it 
has  sometimes  caused  the  smash  of  machines  when  they  have 
been  thrown  bodily  to  the  earth  just  after  making  a  "getaway." 
The  danger  of  the  head  gust  is  due  to  the  fact  that  its  en- 
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Fig.  1     A  Complete  Stress  Analysis  is  Made  of  the  Wing  Framing  of  Each  Type  of  Machine  Made  by  the 

CuKTiss  Company 

As  shown  in  the  above  diagram 
wing  CL —     —  '         '   •■ 
3.  Diag 
mary  gl       _ 
diagrani  to  iiccompany  the  summary. 


safety 


member  of  the  wing  framing,     6.  A   reference 
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counter  momentarily  increases  the  velocity  of  air  under  the 
lifting  surfaces,  thereby  increasing  the  lift  under  the  machine. 
The  latter  immediately  starts  to  climb.  When  the  gust  is 
passed  the  machine,  being  pointed  upward,  retakes  the  undis- 
turbed air  at  a  larger  angle  than  it  can  fly;  hence  a  stall 
ensues. 

Accidents  due  to  ruptures  of  material  have  unquestionably 
been  frequent,  but  a  steady  and  rapid  improvement  in  material 
is  gradually  reducing  them.  As  regards  niptures  due  to  pro- 
pellers, the  author  calls  attention  to  the  fact  that  tractor-type 
military  aeroplanes  appear  to  suffer  a  good  deal  less  than  the 
pusher  type. 

There  are  many  cases  where  ruptures  of  the  gasoline  tank 
have  forced  landings.  Likewise  several  instances  where  back- 
fires from  the  caiburetor  have  caught  in  the  drip  from  a  gaso- 
line leak  and  burned  the  machine  completely.  In  one  case 
the  afterpart  of  the  gasoline  tank  broke  off  bodily  and  struck 
the  propeller. 

The  accidents  due  to  the  personnel  are  discussed  in  detail. 
Reviewing  the  whole  situation,  the  writer  comes  to  the  follow- 
ing conclusion :  "  The  developments  of  the  last  twelve  months 
have  left  no  doubt  as  to  the  naval  advantage  to  be  gained 
from  the  use  of  aircraft.  The  question  now  confronting  us  is 
not  whether  aircraft  can  accomplish  their  mission,  but  how 
soon  and  how  well  can  the  navy  acquire  their  use.  The  sea- 
plane is  but  a  weapon,  and,  following  the  rule  of  weapons,  it 
is  dangerous  to  him  who  handles  it  without  interest  or  without 
care.  Ignorance,  not  unbelief,  is  our  problem."  {United 
States  Naval  Institute  Proceedings,  vol.  42,  no.  164,  p.  1117, 
July-August,  1916,  19  pp.,  6  figs,    gtp.) 

SciENTiric  Research  in  Aekoplane  Construction  at  the 

Factory  of  the  Curtiss  Aeroplane  and  Motor 

Corporation 

The  Engineering  Department  of  the  Curtiss  Aeroplane  and 
Motor  Corporation  at  Buffalo  comprises  over  one  hundred  and 
fifty  men  and  occupies  a  floor  space  of  30,000  sq.  ft.  in  the 
factory,  together  with  additional  testing  laboratories  outside 
of  the  factory. 

This  department  consists  of  four  main  divisions :  First,  the 
Motor  Designing  and  Testing  Department;  second,  the  Aero- 
plane Designing  Department;  third,  the  Aeroplane  Develop- 
ment Department;  fourth,  the  Research  and  Test  Department. 

Some  of  the  divisions  of  the  last  department  are  of  par- 
ticular interest.  The  mathematical  division  forms  a  very  im- 
portant part  of  it.  Before  commencing  the  working  drawings 
of  a  new  type  of  aeroplane,  the  Designing  Department  submits 
to  the  Mathematical  Department  the  preliminary  sketch  of  the 
proposed  machine  and  secures  an  estimate  of  its  efiiciency  and 
of  the  factors  of  safety  of  its  various  structural  members. 
The  working  drawisgs  are  then  made  consistent  with  these 
estimates.  As  the  design  becomes  more  fully  crystallized,  the 
Mathematical  Department  makes  a  complete  graphical  analysis 
of  the  stresses  and  factors  of  safety  in  all  the  principal  mem- 
bers of  the  aeroplane.  It  furthermore  computes  and  presents 
in  graphical  form  the  air  resistance  of  the  proposed  craft,  the 
power  required  to  drive  it,  the  rate  of  climb,  the  range  of 
speed  and  corresponding  angles  of  incidence,  the  gliding 
angle,  the  conditions  of  stability,  etc. 

In  the  Structure  Testing  Laboratory,  among  other  things, 
experiments  are  made  to  determine  the  mass  distribution, 
strength  and  factor  of  safety  of  all  the  structural  parts  and  of 
the  assembled  machine.    For  example,  the  moment  of  inertia 


of  the  entire  machine  loaded  for  flight  is  determined  by  sus- 
pending the  machine  from  the  ceiling  of  the  laboratory  and 
allowing  it  to  vibrate  about  its  three  principal  axes. 

For  determining  the  aerodynamical  properties  of  full-scale 
aeroplanes  and  their  structural  parts,  a  special  laboratory, 
30  by  60  ft.,  has  been  set  apart  and  provided  with  apparatus 
for  generating  a  uniform  current  of  air.  A  wind  tunnel  of 
the  latest  British  pattern  produces  a  uniform  stream  of  air, 
4  ft.  sq.  in  section  and  30  miles  per  hour  in  velocity.  In  this 
current  various  models  are  supported  from  the  sheltered  arm 
of  a  wind  balance,  which  has  its  weighing  beams  outside  the 
tunnel,  and  is  adapted  to  measure  accurately  the  lift  of  the 
model,  the  head  resistance  and  the  center  of  pressure  at  all 
different  angles  of  incidence.  The  speed  of  the  air  is  uniform 
to  less  than  one  per  cent  at  all  parts  of  the  cross-section  of  the 
tunnel.  The  direction  of  the  flow  is  parallel  to  the  walls  of  the 
tunnel  truly  to  a  small  fraction  of  a  degree. 

In  developing  a  new  type  of  propeller,  a  tentative  draft  is 
first  made  by  the  Propeller  Division  on  a  drawing  board  and 
subjected  to  mathematical  analysis.  From  the  given  dimen- 
sions and  speed  of  a  propeller  are  calculated  the  thrust,  torque 
and  efficiency  of  each  section  of  the  blade,  and  from  these  re- 
sults are  computed  the  aggregate  thrust,  torque,  thrust  power, 
torque  power  and  efficiency  of  the  whole  propeller.  When 
these  properties  are  finally  made  satisfactory,  accurate  scale 
drawings  and  blueprints  are  made  and  from  these  templates 
are  constructed  for  use  in  the  projieller  factory. 

Simultaneously,  estimates  are  made  of  the  structural  strength 
of  the  blade  and  of  the  internal  stresses  due  to  centrifugal 
force  and  air  pressure.  From  the  resultant  stresses  within  the 
blade,  and  from  the  predetermined  tensUe  and  compressive 
splitting  strength  of  the  wood  the  factor  of  speed  of  the  blade 
is  computed.  In  designing  the  sheet-metal  propeller  tips,  the 
centrifugal  force  of  each  portion  of  the  sheathing  is  computed 
and  measurements  are  made  of  the  resistance  and  strength  of 
the  rivets  or  nails  which  secure  the  metal  to  the  wooden  pro- 
peller tip. 

An  interesting  section  of  the  laboratory  is  the  Photographic 
Studio.  For  many  years  the  Curtiss  Company  has  made  and 
preserved  photographs  showing  the  development  of  all  its  im- 
portant devices  and  constructions,  and  as  far  as  possible  the 
performance  of  its  various  types  of  aircraft.  Experience  has 
shown  that  many  important  details  of  structural  development 
which  have  escaped  the  memory  of  the  entire  force  at  the  fac- 
tory are  clearly  disclosed  in  the  photographs,  both  stiU  and 
moving-picture.  These  photographs  have,  therefore,  an  engi- 
neering as  well  as  commercial  and  historical  value. 

The  Engine  Testing  Laboratory  was  planned  on  a  very  large 
scale.  There  are  two  large  dynamometers,  each  of  300-h.p. 
rated  capacity  at  from  1500  to  3500  r.p.m.,  and  with  stand- 
ard overload  rating.  A  feature  of  these  dynamometers  to 
which  attention  is  called  is  the  extension  of  both  ends  of  the 
shaft  instead  of  only  one  end  as  in  former  installations.  The 
double  end  arrangement  is  claimed  to  be  of  advantage  as  it 
permits  one  engine  to  be  set  up  and  prepared  for  running 
while  the  test  is  in  progress  on  another  engine  connected  to  the 
other  end  of  the  dynamometer  shaft.  The  special  test  plates, 
engine  support  pedestals  and  gasoline  support  column  are  so 
an-anged  that  all  connections  except  the  water  inlet  and  outlet 
can  be  completed  beforehand  and  moved  up  with  the  engine. 

Fig.  1,  showing  a  complete  stress  analysis  of  the  wing 
framing,  is  here  reproduced  to  demonstrate  the  thoroughness 
with  which  the  engineering  featiu'es  are  handled  in  modem 
aeroplane  construction.  (Aerial  Age  Weekly,  vol.  3,  no.  19, 
p.  562,  July  24,  1916,  7  pp.,  11  figs,     d.) 
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Engineering  Materials 

Vulcanization  Experiments  on  Plantation  Para  Rubber: 
The  Cause  of  Variability  and  Some  Contributing 
Factors,  B.  J.  Eaton  and  J.  Grantham 

Continuation  of  the  paper  reported  in  The  Journal  (De- 
cember, 1915,  p.  725.) 

Previous  experiments  have  led  the  writers  to  the  belief 
that  the  primary  cause  of  variability  in  the  rate  of  cure  of 
plantation  Para  rubber  lay  in  the  accelerating  action  of  a 
small  quantity  of  some  substance  existing  in  the  latex  or  pro- 
duced subsequently  in  the  raw  rubber  from  some  constituent 
present  in  the  latex.  The  present  series  of  experiments  has. 
therefore,  been  directed  to  ascertain  the  nature  of  this  sub- 
stance and  its  behavior  under  different  treatments.  The 
wi'iters  have  been  able  to  isolate  or  prepare  a  substance  or 
substances  from  the  latex  serum  to  which  acceleration  in  rate 
of  cure  can  be  attributed,  and  have  obtained  evidence  of  the 
presence  of  a  second  substance  which  also  has  a  similar  effect. 
Hence  it  becomes  possible,  by  adopting  certain  rigid  methods 
of  preparation  of  raw  rubber,  to  obtain  uniformity  in  rate 
of  cure  and  also,  if  desired,  to  prepare  various  types  of  raw 
rubber  having  specific  rates  of  cure. 

Because  of  lack  of  space  only  a  summary  of  this  impor- 
tant investigation  can  be  here  reported. 

1  The  experiments  and  results  contained  in  Part  1  of 
this  paper  show  that  one  factor  which  causes  variability  in 
respect  to  rate  of  cure  in  plantation  Para  rubber  is  produced 
during  the  first  six  days  after  coagulation,  and  that  the  change 
which  takes  place  in  the  coagulum  is  progressive  during  this 
period,  while  after  this  period  no  further  change  under  ordi- 
nary conditions  takes  place. 

2  The  action  of  antiseptics,  such  as  formalin,  also  heat 
and  cold,  are  shown  to  inhibit  this  change,  while  soaking  of 
the  fresh  coagulum  in  running  water  considerably  retards 
the  rate  of  cure. 

3  The  action  of  formalin  is  also  shown  to  be  partly 
though  not  to  any  great  extent  an  action  on  the  accelerating 
agent  after  its  formation. 

4  Experiments  on  the  cold  storage  of  freshly  coagulated 
rubber  show  that  while  the  change  which  produces  rapidity 
of  cure  is  inhibited  as  long  as  the  coagulum  remains  in  cold 
storage,  if  the  rubber  is  removed  again  and  allowed  to  re- 
main, without  machining,  for  a  further  period  (13  days  or 
possibly  less)  at  ordinary  atmospheric  temperatures  (about 
85  deg.  fahr.  in  the  Federated  Malay  States),  rapidity  of 
cure  is  again  brought  about. 

5  All  the  experiments  in  Part  1  suggest  that  the  change 
whicli  proauees  rapidity  of  cure  in  the  rubber  is  caused  by 
biological  agencies,  i.e.,  micro-organisms  entering  the  lalex 
after  collection  and  remaining  in  the  coagulum,  and  that  the 
change  is  probably  a  decomposition  of  the  protein  or  nitro- 
genous substances  present  in  the  coagulum  producing  an  ac- 
celerating agent  which  is  a  decomposition  protluct  of  the 
proteins. 

6  The  experiments  in  Part  2  on  the  addition  to  slow- 
curing  rubbers  of  various  proteins  and  nitrogenous  sub- 
stances and  their  decomposition  products,  including  the  pro- 
teins from  latex  serum,  decomposed  by  suitable  methods  after 
separation  from  the  serum,  confirm  the  conclusions  arrived 
at  from  the  experimental  evidence  contained  in  Part  1,  and 
show  that  the  original  proteins  have  little  or  no  effect  under 
the  conditions  employed,  while  the  decomposed  proteins  have 
a  marked  effect. 


7  Experiments  with  undecomposed  evaporated  serum, 
after  separation  of  the  proteins  coagulated  by  lieat,  suggest 
the  presence  of  a  second  factor  which  accelerates  the  rate  of 
cure,  and  due  to  some  substance  originally  present  in  the 
latex. 

8  In  the  case  of  our  so-called  "  slab "  rubbers  possibly 
both  factors  are  responsible  for  the  acceleration  in  rate  of 
cure,  and  it  would  appear  that  the  second  factor  may  be 
responsible  for  the  actual  superior  tensile  properties  of  the 
rubber;  some  evidence  to  tliis  effect  is  contained  in  the  com- 
paratively poor  quality  of  the  rubbers  to  which  the  protein 
decomposition  product  has  been  added,  in  which  the  second 
factor  has  been  removed,  and  also  in  the  good  quality  in  the 
case  of  the  evaporated  latex  samples  and  the  rubber  to  which 
the  evaporated  serum  has  been  added.  Further  experiments 
are,  however,  necessary  to  eonfii-m  tliis. 

9  Experiments  with  evaporated  latex,  which  contains  all 
the  serum  constituents  and  is  dried  sufficiently  rapidly  to  pre- 
vent decomposition  of  the  proteins,  also  confli-m  the  presence 
of  this  second  factor. 

10  The  nitrogen  figures  given  in  Part  3,  still  further 
confirm  the  decomposition  theory,  i.e.,  the  production  of  some 
substance  from  the  protein  which  accelerates  the  rate  of  cure, 
the  nitrogenous  portion  which  becomes  soluble  in  water  and 
is  removed  on  crepeing  being  non-essential.  On  the  other 
hand,  the  high  nitrogen  content  in  rapidly  curing  rubbers 
produced  by  evaporation  of  the  latex  without  decomposition 
of  the  protein,  again  confirms  the  evidence  obtained  as  to  a 
second  factor  which  is  probably  of  a  non-nitrogenous  nature. 

11  These  experiments  and  results  also  show  why  it  has 
not  been  possible  hitherto  to  connect  the  nitrogen  content  of 
a  rubber  with  its  rate  of  cure,  since  a  rapidly  curing  rubber 
may  have  either  a  low  or  high  nitrogen  content,  and  indi- 
cate how  previous  workers  have  gone  astray  or  not  gone 
suflBciently  far  in  their  investigations  in  connection  with  the 
protein  or  nitrogenous  constituents  of  latex  and  rubber. 

12  Many  other  experiments  on  nearly  1000  samples  of 
rubber  which  are  not  included  in  this  present  paper  all  con- 
firm the  above  results  and  conclusions. 

13  A  further  investigation  is  now  being  made  as  to  the 
exact  nature  of  the  protein  decomposition  product  which  ac- 
celerates the  rate  of  cure,  and  as  to  the  nature  of  the  second 
factor  responsible  for  acceleration,  together  with  the  numer- 
ous subsidiary  factors  which  influence  rate  of  cure,  a  num- 
ber of  which  have  already  been  investigated. 

Since  this  paper  has  been  completed,  the  writers  have 
found  that  the  protein  left  in  sheets  of  average  thickness  can 
be  decomposed  and  so  produce  a  more  rapidly  curing  sheet 
rubber  by  simply  rolling  up  the  sheets  after  machining  in 
order  to  retain  a  sufficient  moisture  content  for  the  basterial 
decomposition,  which  demonstrates  that  the  rapidity  of  cure 
of  the  so-called  "  slab  "  rubber  is  largely  due  to  the  decom- 
position of  protein  normally  retained  by  the  rubber  even 
after  rolling  to  sheet  form.  These  results  also  show  the  im- 
portance of  the  rate  of  dryuig  during  early  stages  as  a  fac- 
tor in  the  preparation  of  sheet  rubber,  in  order  to  have  a 
unifoi-m  rate  of  cure.  (Journal  of  the  Society  of  Chemical 
Industry,  vol.  35,  no.  13,  p.  715,  July  15,  1916,  14  pp.,  etA) 


Tool-Steel  Research 

Abstract  of  an  interim  report  presented  by  Mr.  Dempster 
Smith  on  behalf  of  the  Tool  Research  Committee  of  the  Man- 
chester Association  of  Engineers. 
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This  Committee  was  appointed  in  1914  to  undertake  tests 
in  the  heat  treatment  of  tool  steel  to  ascertain  whether  uni- 
formity in  results  could  he  obtained  in  successive  trials  made 
under  identical  conditions. 

The  operations  of  the  Committee  included  tests  made  to 
ascertain  whether  a  tool  that  has  failed  in  use  is  less  service- 
able after  being  simply  reground,  and  if  so  whether  heat  treats 
ment  restores  the  tool  to  its  original  vitality.  The  report  in- 
cludes the  opinion  of  several  experts  on  the  question  of  heat 
treatment  and  the  possibility  of  obtaining  uniform  resiUts,  and 
deals  with  the  effect  due  to  carrying  heat  treatment  to  different 
stages,  normalizing  and  tempering. 

It  was  decided  at  the  outset  that  only  one  grade  of  tool 
steel  be  used.  The  tools  selected  had  a  nose  radius  of  0.5  in., 
a  cutting  angle  of  70  deg.  in  a  plane  at  45  deg.  to  the  length 
of  the  tool,  which  is  equivalent  to  a  front  and  side  top  rake  of 
14.5  deg.,  and  a  clearance  angle  of  6  deg.  The  cutting  speed 
was  selected  to  be  such  as  would  give  a  20-min.  life  to  the  tool 
when  heat-treated  according  to  the  steelmaker's  instructions. 
The  heat  treatment  recommended  by  the  maker  was  to  raise  the 
temperature  slowly  to  about  800  deg.  cent,  and  then  quickly 
to  1275  deg. 

For  the  cutting  test  the  trials  were  made  on  a  medium  steel 
bar  and  without  a  lubricant.  In  all  cases  the  test  was  con- 
tinued until  the  tool  failed.  The  results  showed  a  slight  im- 
provement on  rehardeniug  tool  No.  1  and  the  improvement  in 
one  case  but  not  in  another  for  tool  No.  5.  Tools  Nos.  2  and 
4  showed  a  decided  deterioration  on  regi'inding  only  after  a 
failure.  This  result  was  contrary  to  expectations,  it  being  gen- 
erally understood  that  the  performance  of  a  tool  improves 
after  the  first  failure. 

Another  idea  of  which  the  credibility  has  been  shaken  by  the 
present  tests  is  that  high-speed  steel  is  injured  by  repeated 
heating  to  a  high  temperature  such  as  that  required  for  harden- 
ing (some  engineers  for  this  reason  prefer  to  harden  turning 
tools  in  the  smith's  hearth  where  the  heat  is  concentrated  at  the 
nose  of  the  tool).  The  result  of  these  trials  showed  that  two 
rehardenings  do  not  appreciably  impair  the  cutting  quality 
of  the  steel. 

Tools  Nos.  2  and  4  were  then  normalized,  reground,  har- 
dened and  tested  again.  The  normalizing  process  consisted  in 
heating  the  tool  slowly  (about  ten  minutes)  to  a  dull  cherry 
red  (800  deg.  cent.),  placing  the  tool  in  hot  cinders,  and  allow- 
ing it  to  cool.  The  normalizing  preceded  the  grinding  and 
hardening  processes.  The  results  were  in  neither  case  equal 
to  those  obtained  by  these  tools  when  new,  and  it  could  not  be 
found  generally  that  any  benefit  had  accrued  from  normalizing. 
It  was  concluded  that  in  the  ease  of  formed  cutters  which  had 
been  unequally  strained  in  machining  or  in  annealing,  the 
normalizing  process  might  tend  to  eUminate  these  strains,  but 
it  would  hardly  have  any  pronounced  effect  on  a  lathe  tool 
which  has  not  been  cracked,  and  which  has  been  carefully 
forged  and  not  hammered  after  the  temperature  has  fallen 
below  a  cherry  red  {i.e.,  about  900  deg.  cent.). 

One  other  conclusion  arrived  at  is  that  with  freshly  forged 
tools,  hardened  as  stated  and  tested  under  identical  conditions, 
it  was  possible  to  obtain  results  within  5  per  cent  of  the  mean 
and  within  an  extreme  difference  of  9  per  cent. 

Among  other  things,  the  report  contains  advices  from  an 
authority  on  the  heat  treatment  of  tool  steel. 

As  the  methods  of  hardening  adopted  by  experts  show  great 
variations  as  to  furnace  temperature  and  duration  of  treat- 
ment, the  data  collected  in  this  report  (not  abstracted  here) 
may  be  likewise  of  interest.  (The  Foundry  Trade  Journal, 
vol.  18,  no.  175,  p.  370,  July,  1916,  2  pp.     eA.) 


Fungi  v?hich  Grow  on  Untreated  Ties  or  Untreated  Wood, 
H.  von  Schrenk 

Discussion  of  the  Efficiency  of  Wood  Treatment. 

One  of  the  conditions  of  wood  treatment,  which  is  often 
lost  sight  of,  is  that  the  material  must  be  still  in  good  condi- 
tion before  treatment  and  it  is  necessary  to  use  the  most  rigid 
methods  in  handling  such  material  before  it  is  actually  treated. 

The  only  safe  basis  upon  which  one  can  rely  in  trying  to 
tell  the  actual  condition  of  wood  is  to  saw  off  the  ends  of  a 
considerable  number  of  ties.  A  simple  inspection  of  the 
back  of  a  log  does  not  tell  anything. 

Another  important  point  in  connection  with  the  problem 
of  the  gi'owth  of  fungi  on  treated  wood  is  that  for  the  pre- 
vention of  this  growth  the  entire  piece  must  be  treated.  The 
author  cites  a  case  where  beech  ties  8  ft.  long  were  treated. 
After  treatment,  these  ties  were  sawed  in  the  middle  and  used 
as  tram  ties.  In  other  words,  one  end  of  each  tram  tie  was 
the  original  treated  end,  and  the  other  end  was  the  part  that 
had  been  sawed  through  and  received  no  treatment.  When 
inspected  after  about  tive  years  of  service  these  so-called 
creosoted  ties  were  foimd  to  have  enormous  bunches  of  fnngi 
growing  out  at  theii-  ends.  The  significance  of  this  lies  in  the 
fact  that  we  have  to  deal  with  comparatively  new  points  of 
view  in  treating  industry,  namely,  the  failure  of  the  unpro- 
tected portion  of  the  timber. 

In  treating  paving  blocks,  it  happens  sometimes  that  the 
hardwood  is  thoroughly  impregnated  with  black  oil,  while 
only  a  very  small  amount  of  oil  gets  into  the  sapwood.  The 
author  ascribes  this  not  to  the  oil,  but  to  the  process  under 
which  the  oil  is  injected  into  the  block  and  the  methods  used 
to  obtain  such  penetration.  He  believes  that  it  is  due  proba- 
bly entirely  to  the  fact  that  the  moisture  contained  in  the 
sapwood  prevents  the  proper  penetration  of  this  sapwood, 
while  the  hardwood,  with  a  comparatively  low  moisture  con- 
tent, receives  a  very  thorough  impregnation.  (Loco,  vol.  7, 
no.  2,  p.  122,  August,  1916,  16  pp.,  5  figs,    p.) 

Tests  of  Fire  Retaedents,  with  Special  Reference  to  the 
Shingle  Roof 

Extracts  from  a  bulletin  by  Herman  and  Arnold  von 
Schrenk,  comprising  a  report  for  the  Engineering  Bureau  of 
the  National  Lumber  Manufacturers'  Association,  Chicago. 

Before  beginning  their  investigation,  the  experimenters 
went  over  the  niunerous  tests  made  in  past  years  to  demon- 
strate the  efiiciency  of  various  compounds  as  fire-resisting 
materials.  They  found,  however,  that  practically  all  of  these 
tests  have  been  made  in  an  imseieutifle  manner,  and  so  did 
not  peiTnit  the  drawing  of  definite  and  reliable  conclusions. 
Among  other  things,  a  point  concerning  which  very  little  in- 
formation of  definite  value  is  available  was  the  permanence 
of  fire-resistive  wood,  or  the  manner  in  which  such  wood  re- 
sisted the  action  of  wind  and  fire. 

It  was  furthermore  foimd  that  any  discussion  of  the  sub- 
ject fell  naturally  into  two  divisions,  one  dealing  with  the 
problem  as  applied  to  building  lumber  and  the  other  as  ap- 
lied  to  shingle  roofs.  The  requirements  for  a  successful  fire- 
retardent  were  found  to  be  very  different  for  these  two  classes 
of  use. 

The  apparatus  used  by  the  writers,  and  developed  by  the 
U.  S.  Forest  Sei-vice,  involved  a  furnace  in  wliich  treated  wood 
is  tested  under  definite  conditions  identical  for  all  the  tests 
made.  The  tested  sections  are  exposed  at  the  same  distance 
to  a  plate  heated  electrically  to  a  constant  temperature  of  450 
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deg.  cent.  (832  deg.  fahr.)  The  efficiency  of  the  material 
tested  was  measured  by  the  length  of  time  it  took,  under  the 
conditions  described,  to  bring  about  ignition. 

The  conclusions  so  far  reached  indicate  that  several  com- 
pounds are  now  available,  which  if  properly  applied  will  give 
a  shingle  roof  a  very  high  degiee  of  fire  resistance.  These 
compounds  have  every  guarantee  of  permanence.  They  are 
insoluble  in  water,  and  give  a  roof  a  pleasant  appearance. 
The  results  indicate  that  there  is  every  probability  that  a 
number  of  substances,  not  only  practicable  but  fairly  cheap, 
can  with  simiile  directions  he  apiilied  by  an  ordinary  house 
owner  and  give  him  a  high  degree  of  fire  protection,  whether 
on  a  roof  or  in  a  building.  {Bailway  Review,  vol.  50,  no.  6, 
p.  192,  August  5.  1916,  2  pp.  ep.) 


Strength  and  Other  Properties  of  Concretes  as  Affected 
BY  THE  Materials  and  Methods  of  Preparation 

R.  J.  Wig,  G.  M.  Williams  and  E.  R.  Gates 

Data  of  about  20,000  tests.  Compressive  and  tensile  tests 
were  made  upon  mortars  of  different  ages,  including  about  240 
different  sands  and  stone  screenings,  and  com)iressive  tests 
were  made  on  concretes  composed  of  60  aggregates,  including 
limestones,  gravels,  granites,  cindeis  and  trap  rock,  as  well  as 
tests  of  the  physical  properties  of  the  sands,  stone  screenings 
and  coarse  aggregates.  Only  the  conclusions  of  this  important 
investigation  can  be  reported  here. 

1  No  standard  of  compressive  strength  can  be  assumed  or 
guaranteed  for  concrete  of  any  particular  proportions  made 
with  any  aggregate  unless  all  (he  factors  entering  into  its 
fabrication  are  controlled. 

2  A  concrete  having  a  desired  compressive  strength  is  not 
necessarily  guaranteed  by  a  specification  requiring  only  the  use 
of  certain  tj'pes  of  materials  in  stated  proportions.  Only  a 
fractional  part  of  the  desired  strength  may  be  obtained  unless 
other  factors  are  controlled. 

3  The  compressive  strength  of  a  concrete  is  just  as  much 
dependent  upon  other  factors,  such  as  careful  workmanship 
and  the  use  of  the  proper  quantity  of  water  in  mixing  the 
concrete,  as  it  is  upon  the  use  of  the  proper  quantity  of  cement. 

4  The  compressive  strength  of  concrete  may  be  reduced  by 
the  use  of  an  excess  of  water  in  mixing  to  a  fractional  part 
of  that  which  it  should  attain  with  the  same  materials.  Too 
much  emjihasis  cannot  be  placed  ujjon  the  injurious  effect  of 
the  use  of  excessive  quantities  of  water  in  mixing  concrete. 

5  The  compressive  strength  of  concrete  may  be  greatly  re- 
ducd  if,  after  fabrication,  it  is  exposed  to  the  sun  and  wind 
or  in  any  relatively  dry  atmosphere  in  which  it  loses  its  moist- 
ure rapidly,  even  though  suitable  materials  were  used  and 
proper  methods  of  fabrication  employed. 

6  The  relative  compressive  strength  of  concretes  to  be  ob- 
tained from  any  given  materials  can  be  determined  only  by 
an  actual  test  of  those  materials  combined  in  a  concrete. 

7  Contrary  to  general  practice  and  opinion,  the  relative 
value  of  several  fine  aggiegates  to  be  used  in  concrete  cannot 
be  determined  by  testing  them  in  mortar  mixtures.  They  must 
be  tested  in  the  combined  state  with  the  coarse  aggregate. 

8  Contrary  to  general  practice  and  opinion,  the  relative 
value  of  several  coarse  aggregates  to  be  used  in  concrete  cannot 
be  determined  by  testing  them  with  a  given  sand  in  one  arbi- 
trarily selected  proportion.  They  should  be  tested  in  such  com- 
bination with  the  fine  aggregate  as  will  give  maximum  density, 
assuming  the  same  ratio  of  cement  to  total  combined  aggregate. 


9  No  type  of  aggregate  such  as  granite,  gravel  or  limestone 
can  be  said  to  be  generally  superior  to  all  other  types.  There 
are  good  and  poor  aggi-egates  of  each  type. 

10  By  proper  attention  to  methods  of  fabrication  and  cur- 
ing, aggregates  which  appear  inferior  and  may  be  available 
at  the  site  of  the  work  may  give  as  high  compressive  strength 
in  concrete  as  the  best  selected  materials  brought  from  a  dis- 
tance, when  the  latter  are  carelessly  or  improperly  used. 

11  Density  is  a  good  measure  of  the  relative  compressive 
strength  of  several  different  mixtures  of  the  same  aggregates 
with  the  same  proportion  of  cement  to  total  aggregate.  The 
mixture  having  the  highest  density  need  not  necessarily  have 
tlie  maximum  strength,  but  it  will  have  a  relatively  high 
strength. 

12  Two  concretes  having  the  same  density  but  composed 
of  different  aggregates  may  have  widely  different  compressive 
strength. 

1?>  There  is  no  definite  relation  between  the  gradation  of 
tlie  aggregates  and  the  compressive  strength  of  the  concrete 
wliich  is  applicable  to  any  considerable  number  of  different 
aggregates. 

14  The  gradation  curve  for  maximum  compressive  strength, 
which  is  usually  the  same  as  for  the  maximum  density,  differs 
for  each  aggregate. 

15  With  the  relative  volume  of  fine  and  coarse  aggregate 
fiied,  the  compressive  strength  of  a  concrete  increases  directly, 
but  not  in  a  proportionate  ratio  as  the  cement  content.  An 
increase  in  the  ratio  of  cement  to  total  fine  and  coarse  aggre- 
gates when  the  relative  proportions  of  the  latter  are  not  fixed 
does  not  necessarily  result  in  an  increase  in  strength,  but  may 
give  even  a  lower  strength. 

16  The  compressive  strength  of  concrete  composed  of  given 
materials,  combined  in  definite  proportions  and  fabricated  and 
exposed  under  given  conditions,  can  be  determined  only  by 
testing  the  concrete  actually  prepared  and  treated  in  the  pre- 
scribed manner. 

17  The  results  included  in  this  paper  would  indicate  that 
the  compressive  strength  of  most  concretes,  as  commercially 
made,  can  be  increased  25  to  100  per  cent  or  more  by  employ- 
ing rigid  inspection  which  will  insure  proper  methods  of  fabri- 
cation of  the  materials.  {Technologic  Papers  of  the  Bureau  of 
Standards,  no.  58,  June  20,  1916,  172  pp.,  44  pp.      eA.) 

The  Density  and  Thermal  Expansion  of  American 
Petroleum  Oils, 

H.  W.  Bearce  and  E.  L.  Peffer 

This  paper  gives  an  account  of  tlie  experimental  work  on 
which  are  based  the  expansion  tables  of  Circular  No.  57, 
"  United  States  Standard  Tables  for  Petroleum  Oils."  It  gives 
a  detailed  description  of  the  methods  and  apparatus  em- 
ployed in  the  determination  of  the  density  and  thermal  ex- 
pansion of  petroleum  oils  from  the  various  oil  fields  of  the 
United  States.  (Bureau  of  Standards,  Technologic  Paper 
no.  77,  preliminary  abstract.) 

Foundry 

A  Pre-Hbated  Blast  Cupola,  J.  A.  Parsons 

Description  of  a  cujiola  in  which  the  blast  is  pre-heated. 

The  air  blast,  instead  of  getting  into  contact  with  the  bed 
of  the  coke  coals,  is  passed  through  a  series  of  tubes  in  the  top 
or  chimney  of  the  cupola,  and  reaches  the  coke  bed  at  first 
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only  slightly  warm,  and  after  a  few  minutes  at  a  temperature 
that  melts  the  lead,  then  at  a  temperature  that  burns  zinc, 
and,  after  the  blast  has  been  on  say  twenty  minutes,  at  ap- 
proximately one-third  of  the  total  temperature  required  to  be 
imparted  to  the  iron. 

With  the  device  under  description,  it  is  not  claimed  that  the 
evolution  of  carbon  monoxide  is  altered,  but  that  when  it  is 
burned  into  carbon  dioxide  in  the  top  of  the  cupola  the  heat 
then  evolved  (10,220  B.t.u.)  is  to  a  large  extent  absorbed  into 
the  blast  through  the  tubes  instead  of  being  allowed  to  waste. 

Among  other  advantages  it  is  claimed  that  the  furnaces  can 
be  held  up  temporarily  by  diminishing  the  blast,  notwithstand- 
ing which  the  balance  of  the  blast  comes  in  so  hot  that  the 
melting  time  can  be  reduced  in  proportion  and  without  hold- 
ing down  the  furnace  unduly.  This  allows  for  a  greater  flexi- 
bility of  operation.  (Cassier's  Engineering  Monthly,  vol.  50, 
no.  1,  p.  60.    July,  1916,  3  pp.,  1  fig.) 


Casting  8-in.  H.  E.  Shell  Ingots  and  Forging  the  Rough 

Shells 

Description  of  methods  of  casting  and  forging  8-in.  shell 
blanks. 

The  requirements  of  shell  specifications  are  quite  strict,  and 
to  determine  the  quantity  of  the  various  materials  so  as  to 
obtain  certain  results  it  is  necessary  to  analyze  first  the  scrajs. 
In  shell  manufacture  the  bulk  of  the  scrap  has  already  been  in 
the  furnace  for  shell  making,  which  makes  it  very  much  easier 
for  the  melter  to  calculate  his  charge. 

In  the  jjlant  to  which  the  article  mainly  refers,  in  a  20-ton 
charge  they  use  from  7000  to  7500  lb.  of  pig,  13,000  lb.  of 
shell  head  scrap,  7600  lb.  of  plate  scrap,  and  about  11,000  lb. 
of  crop  ends  from  the  tops  of  the  previous  ingots.  These, 
with  the  addition  of  iron  ore,  sihcon  and  manganese,  bring 
the  total  charge  up  to  between  38,000  and  42,000  lb.  Of  the 
total  charge  of  pig  iron  75  per  cent  is  placed  in  the  furnace 
first,  and  as  this  begins  to  settle,  the  shell  scrap,  plate  scrap 
and  crop  ends  are  added.  When  these  have  become  partly 
melted,  the  remaining  25  per  cent  of  pig  is  placed  in  the  fur- 
nace. The  time  required  to  melt  a  charge  of  about  20  tons  is 
from  41/^  to  5  hr. ;  in  addition,  another  hour  or  so  elapses  be- 
fore the  molten  mass  comes  to  a  tapping  condition. 

When  the  heat  is  about  ready,  tlie  tapping  tests  are  made  for 
carbon  content  by  removing  a  small  bar  and  breaking  it.  The 
trained  eye  of  the  melter  tells  him  the  amount  of  carbon  by 
the  exposed  surface  of  the  fracture.  No  chemical  test  is  made 
of  a  charge  until  the  metal  has  been  poured  into  the  molds. 

The  article  describes  in  some  detail  the  tapping  and  pouring 
of  the  molten  metal.  The  tapping  is  done  into  a  large  ladle. 
The  capacity  of  the  20-ton  ladle  will  fill  approximately  120 
8-in.  molds  or  360  4.5-Ln.  molds.  In  order  to  avoid  any  possi- 
bility of  the  metal  freezing,  it  is  advisable  to  have  it  very  hot 
when  working  on  the  4.5-in.  ingots.  As  each  ingot  is  poured 
the  top  surface  is  covered  with  floor  sand  to  retain  the  heat 
and  also  to  aid  in  the  feeding  of  the  metal  as  the  billet 
solidifies.  It  requiies  about  10  or  20  minutes  for  the  ingots  to 
become  soUd. 

When  the  crop  ends  of  the  ingots  are  cut  off  the  billets  are 
taken  to  another  plant,  where  they  are  forged  into  the  rough 
shell.  The  billets,  15  at  a  time,  are  placed  in  oil-burning  Fer- 
guson furnaces  and  are  heated  to  about  2100  deg.  fahr.,  this 
taking  from  13^  to  2  hr.  When  the  billets  are  a  little  high  in 
carbon  they  are  allowed  to  soak  a  little  longer,  this  slightly 
reducing  the  percentage  of  carbon. 


A  350-ton  Wood  forging  press  has  a  capacity  of  approxi- 
mately four  hundred  and  fifty  shells  per  day  of  24  hr.,  and  to 
maintain  this  production  it  requires  the  continuous  operation 
of  four  15-shell  heating  furnaces. 

To  insure  satisfactory  operation  in  forging  the  scale  is  re- 
moved from  the  surface  of  the  heated  billet  by  means  of 
scrapers.  This  is  not  only  necessary  for  the  longer  life  of  the 
dies  but  is  essential  to  the  uniform  drawing  of  the  shell,  as 
the  adherence  of  scale  will  often  tend  to  produce  a  forging 
with  eccentric  walls. 

Among  other  things,  the  article  describes  the  preparation  of 
the  ladle  and  molds,  ladle  refitting  and  the  operations  of  forg- 
ing proper.  (Canadicm  Machinery,  vol.  16,  no.  4,  p.  81,  July 
27,  1916,  4  pp.,  6  figs,     d.) 

Fuel 

The  Value  op  Peat  Fuel,  as  Compared  with  Coal,  for 
Production  of  Power,  B.  F.  Haanel 

Discussion  of  the  subject  of  peat  fuel  manufacture  a.:(l  use, 
with  special  reference  to  the  practice  of  a  German  plant. 

The  most  important  difficulty  in  the  manufacture  of  peat 
fuel  is  the  reduction  of  moisture  to  a  ]iermissible  amount, 
which  means  a  reduction  from  90  per  cent  to  about  25  per 
cent. 

By  a  brief  calculation  the  writer  shows  that  this  cannot  be 
done  by  the  application  of  artificial  heat  solely,  because  the 
quantity  of  heat  required  to  reduce  the  moisture  from  90  to 
25  per  cent  is  approximately  97,000  B.t.u.,  while  the  quantity 
of  heat  available  in  dry  peat  is  only  about  90,000  B.t.u. 

By  pressing  in  hydraulic  presses  the  water  content  of  the 
raw  peat  can  be  reduced  to  about  75  per  cent,  but  a  further 
reduction  so  far  could  not  be  effected  economically  because  part 
of  the  water  in  the  peat  is  held  chemically.  A  larger  amount, 
however,  can  be  extracted  by  the  so-called  "  wet-carbonizing 
process  "  of  Ekenburg,  but  up  to  the  present  time  this  process 
has  not  proved  to  be  commercially  feasible. 

The  only  process  that  appears  at  present  to  be  commercially 
applicable  is  that  dependent  on  the  sun's  heat  and  wind  for 
the  evaporation  of  the  moisture.  The  conditions  under  which 
peat  fuel  in  the  opinion  of  the  writer  can  compete  with  coal 
are  principally  the  proximity  of  peat  deposits  to  points  of  con- 
sumption and  the  high  cost  of  coal  owing  to  distance  of  coal 
mines  from  points  of  consumption.  This  applies  to  the  pro- 
duction of  power  in  gas  producers  without  by-product  recov- 
ery. When  the  latter  is  considered,  new  factors  arise  which 
may  alter  the  comparative  value  of  the  two  fuels. 

Peat  can  be  burned  as  efficiently  as  coal  in  properly  designed 
steam  generators.  The  principal  disadvantages  of  peat  fuel  are 
its  comparatively  low  heating  value,  larger  volume  occupied 
per  heat  unit,  and  the  difficulty  of  handling  and  storing  the 
requisite  quantity  of  fuel  for  a  period  of  operation.  On  the 
other  hand,  the  amount  of  ash  is  small. 

The  only  large  steam-power  plant  designed  for  the  exclusive 
use  of  peat  fuel  of  which  the  writer  has  any  details,  is  that 
of  the  Siemens-Schuekert  Company  on  the  Wiesmoor,  in  Ost- 
friesland,  Germany.  This  plant  is  equipped  with  specially  de- 
signed steam  generators  and  steam  turbines  and  has  a  capacity 
of  over  5000  h.p.  The  steam  generators  are  supplied  with 
special  grates  with  removable  bars  and  large  combustion  cham- 
bers, similar  to  those  of  the  Babcock  &  Wilcox  boilers.  With 
peat  fuel  costing  $1.20  per  ton,  the  price  at  which  it  is  said  the 
German  Government  sells  the  fuel  to  this  company  under  con- 
tract, the  steam  plant  is  able  to  generate  power  more  cheaply 
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than    with    coal    including    delivery    costing    $3.50    per    ton. 

Tests  conducted  at  this  plant  showed  that  a  thermal  efficiency 
of  73.5  per  cent  could  be  realized  for  the  steam  generator; 
this  is  equivalent  to  an  evaporation  of  3.01  kilograms  of  water 
per  kilo  of  peat,  or  3.01  pounds  of  water  per  pound  of  peat. 
The  average  calorific  value  of  the  peat  burned  was  4.824  B.t.u. 
per  pound,  which,  it  might  be  remarked,  is  low  compared  with 
that  determined  for  many  of  the  Canadian  peats  so  far  ex- 
amined. The  moisture  content  of  the  peat  fuel,  of  course, 
varies,  but  an  effort  is  made  to  keep  the  average  in  the  vicinity 
of  30  per  cent. 

The  above  results  cannot  be  realized  in  every-day  operation. 
Up  to  the  time  the  plant  was  visited  by  the  writer,  it  had  been 
possible  to  attain  a  consumption  of  2.4  to  2.8  kilos  (5.28  to 
6.16  pounds)  per  kilowatt-hour  in  rare  and  isolated  cases.  A 
consumption  of  2.4  kilos  (5.28  pounds)  of  peat  has  in  fact 
been  obtained.  In  wet  weather  the  fuel  consumption  averages 
3  kilos  (6.6  pounds)  per  kilowatt-hour. 

If  the  cost  of  peat  per  ton  is  taken  as  5  marks  ($1.20),  a 
fuel  consumption  of  2.4  to  2.8  kilos  (5.28  to  6.16  pounds)  per 
kilowatt-hour  would  cost  0.3  to  0.35  cent  per  kilowatt,  which 
at  that  place  would  be  about  the  same  price  as  when  coal  is 
burned. 

From  the  foregoing  it  will  be  seen  that  peat  fuel  can  be 
utilized  in  competition  with  coal  for  the  production  of  power 
in  steam  plants,  but  only  when  the  most  rigid  economies  are 
introduced  both  in  the  manufacturing  and  handling  of  the  peat 
fuel  and  in  the  conversion  of  its  heat  energy  into  useful  work. 
(Journal  of  the  American  Peat  Society,  vol.  9,  no.  2,  p.  47, 
April,  1916,  15  pp.,  5  figs,     dg.) 

Hydraulics 

CycLOiDAL  Curve  Expressing  the  Law  op  Distribution  of 
Velocities  in  Flow  op  Water  in  Pipes,  M.  Moignie 


y- 


Uy/b 


A  curve  proposed  to  express  the  distribution  of  the  veloci- 
ties will  therefore  finally  be  represented  by  the  following 
equations : 

/  V  —  v 

\ =  X  (1  — cose) 


R 


=  e  +  sin  ( 


where  X  is  a  numerical  coefficient  which  has  to  be  determined 
experimentally. 

The  author  describes  then  the  experiments  of  Bazin,  pub- 
lished in  1897,  from  the  data  of  which  he  obtains  the  experi- 
mental values  of  {V  —  v)/U,  which  he  expresses  in  the  form 
of  tables  and  curves.  The  curves  are  of  interest  in  that  they 
(there  are  six)  form  two  clearly  distinct  groups,  some  of  which 
are  remarkable  because  of  their  slower  decrease  of  velocities 
with  the  approach  to  the  center  of  the  tube.  The  author  points 
out  that  this  could  have  been  foreseen  because  after  the  con- 
traction which  exists  at  the  entrance  to  the  tube,  the  relative 
velocities  do  not  immediately  attain  the  values  which  they 
attain  later  when  a  uniform  flow  is  established.  Moreover, 
twenty-five  diameters,  which  was  the  distance  from  the  en- 


Discussion  and  experimental  investigation  of  the  distribution 
of  velocities  of  flow  of  water  in  pipes,  having  for  its  purpose 
to  prove  that  when  water  flows  through  pipes  without  the 
formation  of  eddies,  the  law  of  decrease  of  velocity  from  the 
center  outwards  may  be  conveniently  expressed  by  a  cycloidal 
curve. 

The  author  refers  the  cycloidal  curve  to  its  axis  and  a  line 
tangent  to  it  at  the  apex. 

Let  0  y  (Fig.  2)  be  the  axis  of  a  pipe  of  radius  B  A  =  i?. 
Let  us  now  plot  the  semi-cycloidal  0  P  A  generated  by  the 
point  P  of  the  periphery  of  the  circle  of  radius  R/%  rolling 
without  friction  along  the  radius  B  A. 

When  expressed  as  a  function  of  the  variable  angle  P  C  E  = 
6  which  the  radius  C  P  makes  with  the  axis  0  y,  the  coordi- 
nates of  the  point  P  may  be  written  as : 

X  =      (0  -|-  sin  G)  ;  2/  =  -  (1  —  cos  6) 

or  they  may  be  also  expressed  as  follows :  By  multiplying  all 
theordinates  by  liz/R,  where  X  is  a  numerical  constant,  we  ob- 
tain the  following  parametric  equations: 


R 


(9  -f  sin   6) 


y 


X   (1  —  cos  6) 


which  express  a  cycloidal  curve. 

In  order  that  the  last  named  equations  express  the  law  of 
decrease  of  velocities,  it  is  sufficient  to  substitute 


Fig.  2    Sejii-Cycloidal  Curve  Illustrating  the  Law  op 

Distribution  op  Velocities  in  the  Flow  of  Water 

in  Pipes 

trance  of  the  tube  to  the  point  at  which  the  first  series  of  meas- 
urements was  taken,  is  not  sufficient  to  eliminate  the  initial 
disturbance  of  flow. 

From  the  expression  for  the  cycloidal  curve,  the  author  de- 
rives expressions  for  the  mean  velocity  of  flow.  He  finds 
values  of  V/U  to  vary  from  1.1627  to  1.1667  and  finds,  there- 
fore, that  the  value  of  V/U  =  1.1667  derived  from  Boussi- 
nesq's  formula  represents  very  exactly  the  average  of  the  ex- 
perimental values  obtained  at  one  of  the  sections  of  the  pipe. 

The  writer  finally  compares  the  ratios  of  maximum  and 
minimum  velocities  to  the  mean  velocity  and  finds  for  them  the 
expressions 

V/U  =  1  +  8.93\/b,  w/U  =  1  —  14.27\/b, 
as  precise  as  the  values  obtained  from  the  formula  of  Bazin 
and  Boussinesq. 

Notation : 
F  =  velocity  of  the  central  water  thread 

V  =  velocity  of  a  water  thread  at  a  distance  r  from  the  center 

of  the  tube 
B  =  radius  of  the  tube 
/  =  gradient 

V  =  average  velocity 
6  =  RJ/IP 

(Courbe    Cycloidale   de   Distribution    des    Vitesses    dans    les 
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Tuyaux,  M.  Moignie,  Annales  des  Fonts  et  Chaussees,  Partie 
Technique,  vol.  6.  Tome  30,  p.  303,  November-December,  1915, 
23  pp.,  4  figs,     t.) 

Machine  Parts 

Anti-Friction  Beaeings  in  Axle  Generator  Service, 
J.  R.  Sloan 

Discussion  of  anti-friction  bearings  from  the  point  of  view 
of  maintenance  cost  of  axle  generator  service  in  railway  light- 
ing equipment.  Proper  belt  operation  is  a  somewhat  difficult 
matter  with  any  type  of  generator;  particularly  with  the  truck 
mounted  type  the  high  initial  belt  tension  necessary  to  prevent 
belt  slipping  is  often  applied  by  careless  inspectors  far  in 
excess  of  the  amount  actually  required,  and  causes  very  severe 
loads  for  the  pulley  end  bearings.  This,  together  with  the 
stresses  due  to  vibrations  and  irregularities  of  road,  were  the 
chief  causes  of  the  excessively  high  generator  maintenance  cost, 
in  1911  and  1912  as  compared  with  what  they  are  now.  The 
net  generator  cost  per  ear  per  month  was  in  1911,  $23.30; 
in  1912,  $24.12  and  in  1914  and  1915  respectively,  $10.22  and 
$10.86  which  reduction  of  cost  was  due  practically  entirely  to 
the  rather  extensive  application  of  anti-friction  bearings. 

Of  the  total,  734,  there  have  been  but  4  ball  bearing  failures 
reported  or  approximately  1/2  of  1  per  cent  per  annum  which 
is  an  extremely  good  showing  in  comparison  with  the  frequent 
failures  of  plain  beaiinus.  In  no  case,  however,  were  the  arma- 
ture or  field  coils  damaged,  a  frequent  occurrence  when  sleeve 
bearings  failed  and  let  the  armature  down  on  the  pole  pieces. 
{Bailway  Electrical  Engineer,  vol.  7,  no.  14,  p.  409,  July  1916, 
1  p.,  1  fig.,  cp.) 

Application  op  Anti-Friction  Bearings,  T.  V.  Buckwalter 

Description  of  the  installation  of  ball  bearings  on  baggage 
trucks  of  a  light  weight  design  and  on  trucks  for  creosoting 
plants. 

The  baggage  trucks  are  equipped  with  Timken  bearings  on 
all  four  wheels,  the  bearings  being  mounted  to  take  thrust  in 
all  directions  and  to  take  the  load  equally.  The  bearings  have 
a  rating  at  constant  normal  loading  of  625  lb.  each  and  can-y 
545  lb.  per  bearing,  or  87  per  cent  of  the  normal  constant 
loading;  in  addition  to  this  load  due  to  weight,  there  is  some 
thrust  load  taken  by  these  bearings  due  to  road  shocks  and 
curving  but  these  thrust  loads  are  considered  negligible.  There 
are  no  reports  of  failures  of  any  of  the  bearings  on  this  type 
of  truck. 

The  next  type  described  are  trucks  for  creosoting  plants. 
These  trucks  must  be  moved  by  hand  with  a  load  approximat- 
ing five  tons  for  short  distances  which  makes  the  use  of  plain 
bearings  inadvisable. 

These  trucks  are  made  in  two  general  types,  namely  tie 
trucks  with  four  wheels  and  integral  bolstere  and  timber  trucks 
with  four  wheels  and  swinging  bolsters,  the  latter  to  facilitate 
the  loading  of  long  timbers. 

The  bearings  are  of  the  Hyatt  flexible  roller  type  adapted  to 
take  radial  load  only.  The  thrust  on  the  timber  treating  trucks, 
which  is  considerable,  is  taken  directly  on  the  hubs  of  the 
wheels  on  plain  surfaces  formed  on  the  bearing  housing.  These 
bearings  are  loaded  up  to  50  per  cent  above  their  normal 
capacity  and  in  the  five  years  they  have  been  in  service  (a  total 
of  200  trucks)  there  are  no  reported  failures. 

No  provision  was  made  to  lubricate  the  bearings  on  these 
trucks.  The  only  lubrication  they  receive  is  the  immersion  in 
creosote  at  each   treatment   of  their  load   of  timber  or  ties. 


{Railway  Electrical  Engineer,  vol.  7,  no.  14,  p.  418,  July  1916, 
2  ])p.,  5  figs,    d.) 

Anti-Friction  Bearings  in  Cab  Lighting  Generators 

Three  letters  from  H.  C.  Meloy,  Engineer  of  Electrical  Ap- 
pliances on  N.  Y.  C.  Lines,  West,  E.  C.  McNab,  Car  Lighting 
Engineer  of  the  Canadian  Pacific  and  A.  E.  Voigt,  Assistant 
Electrical  Engineer,  Santa  Fe.  All  reported  in  favor  of  ball 
bearings  as  compared  with  sleeve  bearings.  The  last  named 
letter  reports  comparative  statistical  data  on  ball  and  sleeve 
bearing  failures,  with  results  likewise  in  favor  of  ball  bearings. 
(Railway  Electrical  Engineer,  vol.  7,  no.  14,  p.  408,  .July  1916, 
1  p.,  ps.) 

Machine  Shop 

Aluminum  Welding,  Harry  B.  Hoover 

The  process  of  welding  aluminum  is  somewhat  difficult  to 
learn  but  it  can  be  applied  to  work  which  would  be  diffieult  to 
repair  by  any  other  means.  The  writer  describes  a  method 
which  after  several  years  of  successful  experience  he  found  to 
be  the  most  practical. 

Some  of  the  most  difficult  things  to  contend  with  in  alum- 
inum welding  are  the  rapid  oxidation  of  the  metal,  the  low 
fusion  point,  rapid  conduction  of  heat,  contraction  and  ex- 
pansion, shrinkage,  and  in  some  cases  warping  which  makes  it 
difficult  to  keep  the  work  in  ]ierfect  alignment. 

As  regards  oxidation,  the  writer  points  out  that  any  fluxes 
used  must  be  chemically  active  and  then  one  has  to  reckon  with 
the  after-effects  of  the  flux  which  sometimes  do  not  develop 
until  some  time  after.  It  is  therefore  important  that  the  work 
be  thoroughly  brushed  in  boiling  water  to  remove  remnants  of 
the  flux  and  prevent  chemical  action  after  the  welding  has  been 
done.  At  times  the  use  of  flux  is  exceptionally  difficult.  It  is, 
however,  necessary  in  sheet  aluminum  work. 

For  practical  purposes  the  puddling  system  is  by  far  the 
best.  This  is  done  by  the  use  of  a  paddle  made  from  a  small 
steel  rod  flattened  at  one  end  like  a  flat  screwdriver  and 
gi'ound  or  filed  off  smooth,  the  edges  being  left  sharp.  As 
aluminum,  unlike  some  other  metals,  does  not  change  color 
when  it  becomes  hot  it  is  necessary  to  watch  it  very  closely 
during  the  process  of  welding  and  at  the  time  when  the  edges 
begin  to  fuse  the  paddle  is  used  to  puddle  them  together. 

The  contraction  and  expansion  of  aluminum  are  greater  than 
of  any  other  metal  and  if  they  are  not  properly  taken  care  of 
a  case  which  is  being  welded  will  warp  or  shrink  out  of  align- 
ment to  such  an  extent  that  it  is  entirely  useless.  The  shrinkage 
and  warping  may  be  taken  care  of  to  a  certain  extent  by 
proper  preheating  say  by  a  preheating  torch.  The  author  de- 
scribes in  detail  several  cases  of  typical  welding.  (Machinery, 
vol.  22,  no.  12,  p.  1032,  August  1916,  4  pp.,  5  figs,  dp.) 

Drawing  Metal  by  Hydraulic  Method,  G.  E.  Smith 

The  principal  difficulty  encountered  in  drawing  metal  over 
dies  in  heavy  presses  is  the  tendency  for  tlie  metal  to  fail  at 
pertain  points  where  excessive  stresses  are  produced  by  the 
stretching  action  of  the  dies.  This  makes  it  necessary  to  use 
only  sheet  metal  of  high  tensile  strength,  wliich  adds  to  the 
cost  of  production. 

The  present  article  describes  a  method  of  hydraulic  shell- 
drawing  which  is  claimed  to  overcome  this  difficulty.  Two 
blanks  are  clamped  at  the  edges  between  two  dies.  When 
hydraulic  pressure  is  applied  between  them,  the  blanks  are 
forced  outward  to  the  contour  of  the  dies.     Since  the  metal  is 
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only  held  at  its  outer  edge,  practically  the  entire  area  is  sub- 
ject to  stretch.  Thus  the  stresses  are  distributed  evenly  and 
excessive  local  strains  are  eliminated. 

It  is  claimed  that  the  initial  cost  of  the  hydraulic  equipment 
for  the  presses  is  low,  while  the  cost  of  maintenance  is  very 
materially  reduced  through  the  fact  that  dies  are  not  subject 
to  the  heavy  wear  imposed  by  impact  as  in  the  usual  type 
of  presses.  {The  Iron  Trade  Review,  vol.  59,  no.  5,  p.  213, 
August  3,  1916,  1  p.,  2  figs,    d.) 

Hydraulic  System  in  Modern  Shell  Plant,  F.  L.  Prentiss 

Description  of  the  pumping  equipment  and  other  features  in 
the  new  shop  of  the  Hydraulic-  Press  Steel  Co.  of  Cleveland,  0. 

The  plant  has  been  built  mainly  to  take  care  of  orders  for 
shell  forging,  but  has  been  laid  out  with  the  view  of  converting 
it  to  other  hydraulic  press  work  as  soon  as  the  demand  for 
shell  forgings  ceases.  The  shell  plant  is  equipped  with  six 
units,  each  consisting  of  a  piercing  and  drawing  press,  and  its 
capacity  is  for  a  daily  output  of  15,000  3-in.  shrapnel  forg- 
ings. 

The  pumps  are  located  in  a  row  along  one  side  of  the  pump 
house.  One  attendant  and  two  oilers  are  able  to  take  care  of 
the  entire  pumping  equipment. 

Overhead  piping  is  eliminated  bj'  having  the  water  supply 
lines  run  from  the  header  through  the  shop  in  tunnels.  The 
water  is  carried  from  the  high-pressure  header  through  a  10- 
in.  main  pressure  line,  from  which  8-in.  branch  lines  are  car- 
ried through  the  shop,  each  branch  line  serving  three  units 
and  each  unit  consisting  of  a  piercing  and  drawing  press. 
One  main  shut-off  valve  is  provided  on  the  10-in.  Hne,  and 
there  is  another  valve  for  each  press  vrith  an  8-in.  line.  This 
small  line  is  provided  with  a  shock  valve  which  acts  as  an 
equalizer,  and  a  three-way  operating  valve.  The  shock  valve 
takes  the  place  of  the  usual  overflow  chamber  and  has  the 
advantage  of  taking  less  space  than  is  required  for  the  latter. 

Among  other  things  an  equalizing  device  is  being  provided 
to  insure  the  equal  travel  of  all  accumulators,  giving  a  higb- 
pressure  water  capacity  of  1500  gal.  per  minute.  The  maxi- 
mum intensified  pressure  used  in  the  plant  is  6000  lb.  per 
square  foot. 

Specially  designed  tool  boxes  are  provided  for  tools  used 
in  changing  the  tools  in  the  presses.  These  boxes  have  three 
drawers  each.  The  plant  operates  at  three  8  hr.  turns  and  a 
tool  box  is  provided  for  each  press,  each  of  the  foremen 
having  a  separate  set  of  tools  which  he  keeps  under  lock  in  one 
of  the  drawers.  In  this  way  the  man  in  charge  of  the  press 
gang  is  responsible  for  his  own  tools,  and  the  trouble  of  hav- 
ing tools  lost  or  mislaid  when  handled  by  separate  sets  of  men 
is  eliminated.  (The  Iron  Age,  vol.  98,  no.  5,  p.  231,  August 
3,  1916,  4  pp.,  4  figs,    d.) 

Production,  Properties  and  Use  op  Thermalene 

Thermalene  is  a  new  gas  which  may  be  used  for  welding, 
heating,  lighting  and  other  purposes.  It  is  a  combination  pro- 
duced by  the  decomposition  of  calcium  carbide  and  hydro- 
carbon oils,  the  heat  generated  by  the  carbide  being  used  to 
vaporize  the  oil.  It  is  a  discovery  of  K.  F.  L.  Wolf,  of  Zurich, 
Switzerland. 

The  article  describes  the  method  of  producing  the  gas.  The 
physical  properties  of  the  gas  are  diiferent  from  those  of  either 
oil  gas  or  acetylene.  Its  density  is  1.1,  taking  air  as  imity. 
Its  specific  heat  is  a  little  over  one-eighth  that  of  acetylene. 
Thermalene  liquifies  at  a  pressure  of  between  1400  and  1500 


lb.  per  sq.  in.  at  room  temperatures,  and  in  its  liquid  state  is 
not  explosive.  The  maximum  flame  temperature  has  been 
found  to  be  about  6500  degrees.  It  does  not  explode  as 
readily  as  acetylene  and  so  can  be  mixed  with  greater  propor- 
tions of  air.  The  upper  and  lower  explosive  limits  are  12  per 
cent  and  30  per  cent. 

When  used  for  welding  thermalene  does  not  require  an  ex- 
cess of  oxygen,  and  for  this  reason  does  not  absorb  carbon 
from  the  iron.  The  flame,  therefore,  produces  a  soft  weld, 
especially  in  east  iron.  When  welding  with  it  less  sparks  are 
thrown  off  than  when  using  acetylene.  It  can  be  also  used  at 
a  lower  pressure,  owing  to  its  higher  specific  gravity. 

The  torches  used  were  also  designed  by  K.  F.  L.  WoLf,  and 
under  all  sorts  of  tests  showed  no  tendency  to  flash  back.  The 
construction  of  these  torches  is  shown  in  detail  in  Fig  3.  The 
oxygen  nozzle  is  at  C.  Screens  are  placed  at  D.  No  flash- 
back into  the  oxygen  nozzle  can  occur  in  this  type  of  torch. 
The  gas  chamber  is  comparatively  large,  while  the  orifice  lead- 
ing from  the  gas  chamber  to  the  mixing  chamber  is  restricted 
and  elongated.  This  orifice  is  enlarged  abruptly  to  the  mixing 
chamber  in  the  nozzle,  so  as  to  form  sharp  comers  at  E.  The 
mixing  chamber  gradually  contracts  to  the  outer  opening  in 
the   nozzle.      As   a   result,    if   flashback   should   occur   it    will 


Fig.  3    Wolf  Torch  for  Use  with  Thermalene  Gas 

cause  an  eddy  at  E,  which  in  itself  will  prevent  the  flame  from 
nmning  back  through  the  restricted  channel;  moreover,  such 
propagation  of  the  flame  into  the  mixing  chamber  will  cause 
the  gas  in  the  chamber  to  be  pressed  back  by  the  increased  ex- 
pansion and  pressure,  so  that  there  wUl  be  only  burnt  gas  in 
the  restricted  channel  and  around  the  oxygen  tip.  Further, 
the  pure  oxygen  discharged  from  the  nozzle  of  C  will  cool  off 
and  blow  out  the  flame.  The  result  is  that  the  flame  will  die 
out  in  the  restricted  channel  between  the  gas  and  mixing 
chambers,  so  that  a  cutting  flame  is  never  formed  at  the  OJcy- 
gen  nozzle.  It  is  necessary,  however,  that  these  torches  should 
be  properly  proportioned  to  obtain  the  desired  results. 

Table  1  gives  a  good  idea  of  the  amount  of  thermalene  and 
oxygen  used  per  hour  for  different  thicknesses  of  metal,  the 
torch  being  fitted  with  the  proper  nozzle  in  each  case.  {Ameri- 
can Machinist,  vol.  45,  no.  6,  p.  221,  August  10,  1916,  5  pp., 
10  figs,    d.) 

Methods  Used  in  Machining  an  Aeroplane  Cylinder, 
Robert  Mawson 

Description  of  tools  and  methods  used  in  machining  the 
cylinders  for  the  eight-  and  twelve-cylinder  Ashmusen  aero- 
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TABLE  1 


TABLE  OF  QUANTITIES  OF  THERMALENE  AND  OXYGEN 
USED  PER   HOUR   IN  WELDING  OPERATIONS 


Tip  No. 

Thick- 
ness of 
Metal 
in  Inches 

Consump- 
tion of 
Thermalene, 
Cu.  Ft. 

Consumption 

of  Oxygen 
with  Therma- 
lene, Cu.  Ft. 

Ox>gen  Pres- 
sure, with 
Thermalene, 
Lb.  per  Sq.  In. 

1 

Ato   A 
Ato   A 
Ato   H 
Kto   A 
Ato   A 
Ato   A 
Ato   H 
%to   % 
Mto   14 
VstolH 
IJitolM 
lHto2 

2.15 

3.32 

5.51 

8.29 

11.78 

16.48 

21.40 

25.00 

33.60 

48.05 

70.35 

91.10 

2.55 

3.99 

6.52 

10.11 

14-21 

20.10 

27.51 

35.01 

54.21 

75.30 

101.62 

159.20 

1.0 

2 

2J.«to    3 

3 

3      to    3)^ 

4 

3Hto   4H 

5 

5      to    5^2 

6     

6Mto    7H 

7 

10      to  11 

8       

11      to  12 

9 

15 

10 

20      to  22 

11 

25      to  28 

12 

25     to  30 

PROJECTED  AREA  OF  CH06SHEAD   BEARING  SURFACE  IN  SQUARE  INCHES 

-1.  o 


6400   o 


The  author  had  before  him  a  purely  hydraulic  press  of 
90  tons  capacity,  working  with  an  accumulator  and  forging 
sheet  plates  with  an  output  of  about  17  tons  daily. 

The  steam-hydraulic  press  has  a  capacity  of  5000  tons  and 
is  used  for  forging  6-in.  trotyl  shells  from  V2-ton  cropjied  steel 
ingots.    This  press  has  a  daily  output  of  about  35  tons. 

Sometime  near  the  beginning  of  the  year  1914  a  thorough 
stop-watch  study  of  movements  was  made  at  the  plant  as  a 
preliminary  to  the  introduction  of  the  Taylor  system  of  shop 
management.  At  that  time  the  following  table  was  obtained 
covering  the  forging  of  one  50-pood  (1  pood  =  36  lb.)  ingot 
having  after  cropping  a  weight  of  35  poods.  This  ingot  is 
forged  into  a  6-in.  billet  having  a  section  of  the  shape  of  an 
octagon  inscribed  into  a  circle  of  167  mm.  (6.57  in.). 

Time  Necessary  for  Forging  Minutes 

1.  Withdrawing  ingot  from  furnace,  conveying  it  to  the 
press  and  locating  it  in  the  correct  position  for 

forging 1.5 

2.  Time  required  for  the  forging  of  the 
ingot  10.75 

3.  Time  required  for  straightening. ...     3.5 

4.  Time  consumed  in  the  interruption 
between  the  end  of  the  forging  of 
one  ingot  and  the  beginning  of 
the  withdrawing  from  the  furnace 
of  the  next  one  (during  this  time 
some  of  the  men  are  occupied  in 
taking  the  ingot  out  from  the 
press  for  conveying  it  to  the  sand 
bath)  1.5 

5.  Time  lost  by  the  men  in  changing  the 
hammer  heads  and  falls  and 
tightening  them  up  (average  per 
forging)    5 

6.  Time  lost  by  the  men  because  of  trou- 
ble with  the  cranes  (average  per 
forging)    0.5 


720O  li 


S     »      S 

TOTAL  LOAD  ON  PISTON  IN  POUNDS  Alachtncru 

Fig.  4    Chart  for  Use  in  Rapidly  Determining  Loads  on  Important 
Engine  Frame  Members 


plane  engines  made  by  the  Ashmusen  Manufacturing  Com- 
pany, Providence,  R.  I. 

The  article  briefly  describes  and  illustrates  the  tools  used, 
and  also  the  main  operations,  step  by  step.  {American  Ma- 
chinist, vol.  45,  no.  6,  p.  230,  August  10,  1916,  2  pp.,  6  figs, 
and  one  plate,     d.) 


Total  time  necessary  for  forging 
one  ingot  under  normal  condi- 
ditions 22.75 

At  present  the  works  have  reached  the  stage 
of  forging  21  ingots  in  an  eight-hour  shift. 

The  article  gives  a  detailed  account  of  the 
steam  consumption  for  the  forging.  (Srav- 
neniye  robot  kovki  chistahydravlicheskava 
kovochnava,  v  smysle  raskJioda  energiyi  na 
pood  godnava  prodookta  i  rahoty  paro- 
hydravlicheskikh  pressov  i  detalnoye  izlsedavaniye  kovki  paro- 
hydravliclieskava  pressa  Verkhne-Toorinskava  Zavoda  v  svyazi 
s  raskhodom  paravoy  energiyi  i  opredeleniye  poslednyava 
raskhoda,  Uralskiy  Tekhnie,  Uralian  Engineer,  in  Russian, 
vol.  10,  no.  4-5,  p.  70,  April-May,  1916,  8  pp.,  1  plate  of  draw- 
ings,   ep.) 


Pueelt-Hydraulic  and  Steam-Htdraulio  Forging  op  Steel 
COMPAREB,  A.  Myslin 

The  paper  compares  the  purely  hydraulic  process  of  forg- 
ing with  the  steam-hydraulic  from  the  point  of  view  of  con- 
sumption of  power  per  unit  of  weight  of  output.  The  in- 
vestigation is  based  on  the  working  of  a  steam-hydraulic  forg- 
ing press  at  the  Upper  Toorin  works  in  northeastern  Russia. 


Mechanics 

Chart  for  Determining  Engine  Frame  Loads,  Ernest  A. 
Andrews 

The  chart  shown  in  Fig.  4  is  for  finding  the  loads  on  the 
following  members  of  an  engine:  (1)  main  bearings;  (2) 
crank  pins  and  crosshead  pins;  (3)  erosshead  guides.  Th» 
horizontal  line  AB  represents  various  values  of  the  total  load 
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on  the  piston  in  pounds;  tbe  vertical  line  CD  indicates  the  pro- 
jected area  of  the  main  bearings  in  square  inches;  and  the 
horizontal  line  EF  shows  the  projected  area  of  the  crosshead 
bearing  surface  in  square  inches. 

To  determine  the  proper  area  for  the  crosshead  bearing 
surface  it  is  necessary  to  know  the  ratio  of  the  lengih  of  the 
connecting  rod  to  the  radius  of  the  crank  circle. 

The  total  load  on  the  crosshead  guide  is  represented  on 
line  BF  at  the  right  hand  margin  of  the  chart  and  is  found  by 
moving  across  the  chart  to  the  right  from  the  point  of  inter- 
section of  the  piston  load  line  and  the  radial  line  representing 
the  ratio  of  connecting  length  to  crank  radius.  (Machinery, 
vol.  22,  no.  12,  p.  1056,  August  1916,  1  p.,  1  flg.  d.) 

Accelerating  Characteristics  of  Centrifugal  Pumps  and 
Fans,  B.  W.  Jones 

The  author  emphasizes  how  the  different  load  characteristics 
affect  the  amount  of  control  apparatus  necessary  in  the  case  of 
centrifugal  pumps  and  fans  diiven  by  electric  motors. 

The  external  conditions  under  which  the  pump  may  be 
worked  may  be  represented  bj-  two  extreme  cases.  First,  the 
pump  may  be  discharging  against  a  very  low  static  or  actual 
head,  the  friction  head  being  the  principal  factor.  A  jnimp 
used  for  dredging  is  a  very  good  example  of  this  condition. 
Here  the  pump  starts  discharging  at  a  very  low  speed  and  the 
speed  torque  requirements  of  the  driving  motor  are  shown  in 
Fig.  5,  curve  A.  This  is  the  worst  starting  condition  and 
requires  the  largest  amount  of  control  apparatus  to  keep  the 
starting  current  peaks  below  a  requii-ed  amount.  The  second 
extreme  case  to  be  considered  is  that  of  a  pump  discharging 
against  a  verj'  high  static  or  actual  heail,  the  friction  head 
being  the  minor  factor.  A  good  example  of  this  condition  is 
a  centrifugal  pump  used  for  pumping  water  out  of  a  deep 
mine  where  the  lift  is  several  hundred  feet.  A  check  valve  or 
a  foot  valve  is  placed  in  the  pipe  line  and  this  is  seated  when 
the  pump  is  at  rest.  The  motor  speed  at  which  this  valve  will 
open  depends  upon  whether  the  pump  has  a  flat  or  a  steep 
characteristic  curve.  If  this  valve  or  the  discharge  opening  be 
kept  closed,  then  the  speed-torque  characteristic  of  the  driving 
motor  during  starting  is  shown  in  Fig.  5,  curve  B. 

What  has  been  said  of  centrifugal  pumps  starting  up  under 
various  external  conditions  holds  true  with  proper  variations 
for  centrifugal  fans.  Hence  it  is  not  sutlicient  information  for 
the  industrial  control  engineer  to  know  that  the  motor  is  to 
start  a  centrifugal  pump  or  fan.  The  conditions  under  which 
they  will  accelerate  should  also  be  known.  Without  this  in- 
formation it  is  necessary  to  design  the  control  equipment  to 
meet  the  worst  conditions  whereas  if  the  necessary  details 
were  known  the  equipment  might  be  made  to  accelerate  under 
the  most  favorable  conditions.  (General  Electric  Review,  vol. 
19,  no.  8,  p.  703,  August  1916,  3  pp.,  4  figs,  p.) 

/Vlechanics  of  Materials 

On  TvfO  Fundamental  Problems  in  the  Theory  of  Elas- 
ticity, C.  E.  Weatherbum 

The  writer  shows  how  the  theory  of  vector  integral  equa- 
tions which  was  presented  by  him  some  time  ago  in  the 
Transactions  of  the  Cambridge  Philosophical  Society,  may 
be  directly  applied  to  the  solution  of  the  fundamental  prob- 
lems of  elastic  equilibrium  requiring  the  determination  of 
the  displacement  at  any  point  of  an  elastic  body  when  the 
value  of  the  surface  displacement  or  that  of  the  surface 
traction  is  known. 


The  author  generalizes  the  problem  by  the  introduction  of 
a  special  parameter.  Then  by  the  use  of  vector  analysis 
he  constructs,  from  Somigliana's  integrals  of  the  equations 
of  equilibrium,  dyadics  which  form  the  basis  of  displacement 
functions  whose  properties  exactly  resemble  those  of  ordi- 
nary simple  and  double  stratum  potentials.  Corresponding 
theorems  are  established  concerning  the  magnitude  and  the 
reality  of  the  singular  parameter  values.  The  treatment  of 
the  fundamental  problems  in  elasticity  is  thus  recast. 

The  author  derives  in  this  way  vector  equations  with  dyadic 
kernels  and  dyadic  resolvents  and  shows  that  the  kernel  does 
not  become  infinite  of  too  high  an  order  to  be  treated  by  the 
methods  of  vector  integral  equations.  (The  London,  Edin- 
burgh and  Dublin  Philosophical  Magazine,  vol.  32,  no.  187, 
p.  15,  July,  1916,  24  pp.,  tm) 

Efficiency  of  Un symmetrical  Riveted  Joints,  R.  N.  Black- 
burn 

Discussion  of  the  strength  of  riveted  joints,  particularly 
those  not  symmetrical  in  form.    Exception  is  taken  to  the  rule 
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Fig.  5    Pump  Characteristic  Curves 

for  such  a  joint,  contained  in  the  Boiler  Code  of  the  Ameriea« 
iSociety  of  Mechanical  Engineers.  In  the  Code,  examples  are 
given  of  riveted  joints  having  apparent  efficiency  of  from 
57.6  to  96.3  per  cent.  The  writer  believes  that  it  is  doubtful 
whether  so  high  an  efficiency  as  the  latter  figure  is  ever  ob- 
tained, and  that  the  actual  efficiency  of  the  joint  will  be  less 
than  the  calculated  efficiency.  The  apparent  efficiency  is  cal- 
culated by  certain  formulae  usually  based  on  certain  assump- 
tions that  are  not  strictly  proved.  It  is  assumed,  for  example : 
First,  that  the  total  load  is  uniformly  distributed  over  the 
rivets;  second,  that  the  stress  in  the  shell  plate  along  a  line 
of  rivet  holes  parallel  to  the  joint  is  uniformly  distributed 
over  the  net  section  of  the  plate ;  third,  that  no  bending  stresses 
are  produced  in  the  plate  by  the  puU  on  the  joint  due  to  the 
internal  pressure  in  the  boiler. 

The  first  assumption  is  seldom  true,  the  second  one  never 
true  and  the  third  can  only  be  true  for  symmetrical  joints, 
such  as  butt  joints  with  straps  of  equal  width  and  with  all 
the  rivets  in  double  shear. 

In  an  example  cited,  the  writer  shows  that  if  the  nominal 
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efficiency  of  the  rivet  section,  based  on  the  assumption  that 
the  load  is  equally  distributed  over  the  rivets,  is  say  70  per 
cent  of  the  strength  of  the  solid  plate,  the  actual  efficiency 
is  only  52.5  per  cent.  Turther.  the  relative  tliiokness  of  the 
butt  strap  to  that  of  the  plate  materially  aifects  the  efficiency 
of  the  joint,  a  factor  not  usually  taken  into  account  in  rules 
for  calculating  the  efficiency  of  riveted  joints. 

A  simple  experiment  will  show  the  untruth  of  the  second 
condition  assumed  in  formulae  for  the  efficiency  of  the  riveted 
joints,  namely,  that  the  stress  is  uniformly  distributed  over 
the  net  section  of  the  plate.  If  a  narrow  strip  of  elastic 
rubber  be  secured  to  a  board  by  a  nail  near  the  end  of  the 
strip,  a  pencil  line  having  previously  been  drawn  across  the 
rubber  as  shown  in  Fig.  A,  and  if  the  strip  be  then  pulled 
in  the  direction  of  the  arrow,  the  pencil  line  wiU  assume  a 
position  shown  by  the  dotted  line,  clearly  showing  that  the 
stress  is  much  greater  near  the  nail  than  at  the  outer  edges 
of  the  rubber  strip.  Owing  to  the  greater  flexibility  of  rub- 
ber as  compared  with  steel,  the  stress  appears  more  con- 
centrated near  the  naU  than  it  would  be  in  a  boUer  plate, 
but  there  is  no  essential  difference  in  the  two  cases. 

The  writer  believes  that  the  stress  in  a  boiler  plate  around 
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Fig.  6    A,  Experiment  with  Rubber  Strip  and  Nail  to 

Show  that  Stress  is  not  Uniformly  Distributed 

over  Net  Section  op  Plate;  B,  India-Rubber 

Model  op  a  Riveted  Joint 

(Numbers  denote  percentage  of  load  carried  by  respective  parts  of 
joint.) 

the  riveted  hole  is  so  distributed  that  the  stress  at  any  point 
in  a  line  drawn  at  right  angles  to  the  direction  of  the  pull 
in  the  plate  through  the  center  of  tlie  rivet  iiole  varies  in- 
versely as  the  distance  of  the  point  from  the  center  of  the 
rivet. 

The  author  calls  attention  to  the  magnitude  of  the  bending 
stresses  produced  in  an  imsymmetrical  joint.  In  fact,  he  be- 
lieves that  the  bending  action  is  of  more  importance  than  the 
direct  stress  due  to  the  pull  on  the  plate.  Other  considera- 
tions affecting  the  strength  of  riveted  joints  are  the  bending 
stress  produced  by  the  load  of  the  rivets  and  sometimes  also 
tensile  stresses.  From  this  the  writer  comes  to  the  conclusion 
that  the  nominal  efficiency  of  riveted  joints  bears  no  exact 
relation  to  their  real  efficiency.  He  considers  that  the  use  of 
lap-riveted  joints  for  laige  boilers  is  quite  properly  prohibited 
by  The  American  Society  of  Mechanical  Engineers,  but  as 
regards  butt  joints  with  inner  and  outer  straps  of  equal  width, 
he  expresses  a  regret  tiiat  the  four  examples  of  butt  joints 
given  in  the  Code  to  illustrate  the  method  of  calculating  the 
efficiency  of  riveted  joints  are  aU  unsymmetrical  joints  in 
which  severe  bending  stresses  are  produced. 

It  occurred  to  the  writer  that  a  fairly  correct  estimate  of 
the  stresses  in  a  riveted  joint  of  this  type  could  be  obtained 


by  measuring  the  elongation  under  stress  of  the  several  parts 
of  an  india-rubber  model  of  the  joint.  From  the  measurement 
thus  taken,  the  stress  on  each  part  of  the  joint  can  be  readily 
calculated,  and  its  efficiency  determined.  Several  tests  were 
made  and  the  main  results  obtained  are  shown  in  Fig.  B.  The 
nmnbers  in  the  sketch  denote  the  percentage  of  the  total  load 
carried  by  the  respective  parts  of  the  joint.  A  proposed 
method  of  estimating  the  stress  is  submitted. 

The  importance  of  this  discussion  lies  in  the  fact  emphasized 
by  the  writer,  that  unless  some  distinction  is  made  between 
the  two  classes  of  joints,  manufacturers  will  naturally  adopt 
the  type  having  the  higher  nominal  efficiency,  in  spite  of  the 
fact  that  such  efficiency  is  largely  imaginary;  and  the  unsym- 
metrical butt  joint  will  thus  become  the  standard  used  in 
preference  to  the  more  efficient  symmetrical  butt  joint. 
{Power,  vol.  44,  no.  6,  p.  203,  August  8,  1916,  4  pp.,  5  figs,  tc.) 

Investigation  of  Plastic  Flow  Phenomena,  W.  Trinks 

The  paper  points  out  the  similarity  between  the  plastic  flow 
of  clay  and  that  of  steel,  based  mainly  on  tests  described  in 
Scientific  Paper  No.  278  of  U.  S.  Bureau  of  Standards  (E.  C. 
Bingham). 

The  tests  referred  to  in  this  paper  were  made  with  clay  as 
a  plastic  material.  Of  particular  interest  to  the  steel  man  is 
the  experimental  determination  of  the  relation  between  shear- 
ing stress  and  velocity  of  deformation.  It  was  found  that  a 
certain  minimum  pressure  is  required  to  start  deformation,  and 
that  velocity  of  deformation  is  proportional  to  the  difference 
between  actual  pressure  and  said  minimum  pressure,  the  rela- 
tion being  apparently  strictly  linear.  (Blast  Furnace  and 
Steel  Plant,  vol.  50,  no.  8,  p.  362,  August  1916,  2  pp.,  2 
figs,    e.) 

Power  Generation 

The  Economical  Production  of  Power  prom  Coke-Oven 
Gas,  G.  Dearie 

Discussion  of  the  general  subject  of  coke-oven  gas  engines 
and  description  of  a  plant  operated  under  the  supervision  of 
the  author. 

This  installation  consists  of  300  to  500  b.h.p.  vertical  tandem 
gas  engines,  direct-coupled  to  3-phase  alternators  generating 
current  at  a  pressure  of  440  volts  and  a  frequency  of  50  cycles 
per  second. 

The  gas  engines  are  of  the  single-acting  type.  4-stroke  cycle, 
the  cylinders  being  so  arranged  that  the  suction  stroke  of  one 
cylinder  is  the  explosion  stroke  of  the  other  cylinders  on  the 
same  line.  By  this  arrangement  each  crank  receives  one  im- 
pulse per  revolution,  each  down-stroke  being  a  working  im- 
pulse of  either  the  upper  or  the  lower  cylinders.  On  the  up- 
stroke the  inertia  of  the  moving  parts  is  absorbed  by  the  com- 
pression of  either  the  top  or  the  bottom  cylinder,  and  part  of 
the  inertia  is  absorbed  on  the  downward  stroke  by  the  buffer 
cylinder  formed  under  the  upper  piston. 

By  means  of  this  arrangement  the  connecting  rod  is  always 
in  compression,  and  little  or  no  strain  is  throvra  upon  the 
connecting  rod  bolts.  This  is  an  important  feature,  as,  ac- 
cording to  the  reports  of  the  various  insurance  companies, 
more  breakdowns  to  engines  are  caused  by  the  failure  of  these 
bolts  than  by  any  other  cause. 

There  are  eight  cylinders  on  each  engine,  the  upper  four 
having  a  diameter  of  16.5  in.  and  the  lower  ones  15.5  in.,  with 
a  stroke  of  16  in.  The  speed  is  300  r.p.m.  and  the  full  load 
is  500  b.h.p.    The  object  of  making  the  upper  cylinders  1  in. 
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larger  than  the  lower  ones  is  so  that  the  whole  line  of  pistons 
may  be  removed  together;  by  this  arrangement  the  dismantling 
of  the  engine  for  cleaning  purposes  becomes  very  simple. 

The  gas  supplied  is  obtained  from  a  battery  of  110  Otto 
ovens ;  60  of  these  are  waste-heat  and  50  are  of  the  regenerat- 
ing tyiie.  From  the  former  about  15  per  cent  of  the  total 
gas  is  available  and  from  the  latter  about  40  per  cent.  The 
average  gas  pressure  is  approximately  10  in. 

The  writer  emphasizes  the  great  importance  of  the  further 
purification  of  the  gas  after  it  leaves  the  by-product  plant. 
When  the  gas  leaves  the  benzole  scrubbers  it  contains  about 
900  grains  of  sulphuretted  hydrogen  in  every  100  cu.  ft.  If 
this  sulphuretted  hydrogen  were  allowed  to  go  through  the 
engines,  a  considerable  amount  of  trouble  would  be  experi- 
enced. The  moisture  in  the  exhaust  gases  condenses  as  the 
engine  cools  down,  and  there  immediately  forms  sulphuric 
acid  which,  in  its  turn,  would  attack  the  inside  of  the  cylinders 
and  the  exhaust  valves. 

A  further  effect  is  that  the  presence  of  sulphur  causes  a 
certain  amount  of  pre-ignition  of  the  charge  during  the  com- 
pression stroke.  A  possible  reason  for  this  is  that  the  presence 
of  a  small  portion  of  the  sulphuretted  hydrogen  acts  as  an 
igniter,  it  being  more  liable  than  the  rest  of  the  gas  to  spon- 
taneous combustion  under  compression. 

The  gas  is  therefore  purified  by  oxide  of  iron  in  a  set  of 
four  purifiers  of  the  Wilbourne  type,  each  20  ft.  square  by 
5  ft.  deep.  The  boxes  hold  about  30  tons  of  oxide  in  two 
tiers  of  oi-dinai"y  giids.  These  boxes  are  worked  on  what  is 
known  as  the  "  baekwai'd  rotation "  principle.  Air  to  the 
extent  of  2V3  or  3  per  cent  is  drawn  in  at  the  exhauster,  and 
this  air  supply  plays  a  vei-y  important  part  in  the  re-vivifying 
of  the  oxide  in  the  purifiers;  prior  to  the  introduction  of  this 
air  the  oxide  in  the  purifiers  was  changed  at  the  rate  of  one 
box  for  every  four  weeks.  After  the  introduction  of  the  air, 
the  period  between  the  changes  was  extended  from  four  weeks 
to  four  months.  The  total  sulphur  contained  in  the  gas  after 
passing  the  purifiers  is  less  than  50  grains  per  100  cu.  ft., 
and  the  further  advantage  of  the  purifiers  is  that  they  elimi- 
nate absolutely  the  last  traces  of  any  tar  which  may  be  left 
in  the  gas  after  passing  the  benzole  scrubbers. 

During  the  initial  running  of  the  plant,  some  trouble  was 
experienced  due  to  the  difficulty  of  obtaining  satisfactory  mix- 
ing of  the  gas  and  air.  The  usual  method  has  been  to  dilute 
the  mixture  with  a  certain  amount  of  exhaust  gas.  The  writer 
considered  this  method  somewhat  inetEcient  and  resorted  to  the 
following  expedient: 

The  main  gas  pipe  to  each  engine  was  reduced  for  a  distance 
of  about  10  ft.  to  an  internal  diameter  of  2%  in.,  and  on 
reaching  the  engine  was  led  into  the  mixing  chamber  for  a 
distance  of  about  6  in.  Entering  the  mixing  chamber  at  right 
angles  to  this  pipe,  and  about  3  in.  above  its  end,  was  an 
auxiliary  air  supply  controlled  by  a  diaphragm  governor.  The 
gas  admitted  through  the  mixing  chamber  was  then  diluted 
by  a  certain  quantity  of  air.  A  further  air  supply,  controlled 
by  a  hand  lever  from  the  driving  platform,  was  led  direct 
into  the  chamber  of  the  governor  valve  where  the  diluted  gas 
and  au'  met.  After  passing  through  the  chamber  of  the  gov- 
ernor valve  the  mixture  was  given  a  rotatoi-y  motion  by  means 
of  a  set  of  vanes,  and  was  also  very  thoroughly  mixed  by 
being  passed  through  a  set  of  perforated  plates.  With  this 
device  over-heating  or  pre-ignition  were  eliminated  and  the 
engines  could  be  run  up  to  and  above  their  rated  capacity  with- 
out trouble. 

During  March,  1914,  a  maximum  of  15  million  cu.  ft.  was 
used.    During  that  period  the  author  had  been  unable  to  pay 


the  necessary  attention  to  the  question  of  gas  consumption. 
The  matter  was  then  taken  up  and  by  regular  analyses  of  the 
exhaust  gases  combined  with  instructions  to  the  drivers  to 
drive  by  the  pressure  gage,  the  gas  consumption  was  reduced 
to  121/2  million  cu.  ft.  at  the  end  of  May,  and  was  still  fur- 
ther reduced  later  on,  the  load  remaining  approximately  the 
same.  The  present  consumption  is  approximately  39  cu.  ft. 
per  kw.-hour.  For  the  most  tried  part  of  a  gas  engine  of  the 
type  described,  the  exhaust  valve,  nickel  steel  was  found  to  be 
the  best  material.  (The  Journal  of  the  Institution  of  Elec- 
trical Engineers,  vol.  54,  no.  2C0,  p.  646,  June  1916,  10  pp., 
2  figs,    de.) 

How  TO  Select  Prime  Movers  for  Industrial  Electricaii 
Generating  Plants,  H.  T.  Luscomb 

Discussion  of  the  merits  of  Corliss  engines,  newer  types  of 
small  steam  units,  producer-gas  engines  and  various  types  of 
oil  engines,  all  with  a  view  to  service  in  isolated-plant  installa- 
tions. The  discussion  is  accompanied  by  tables  obtained  from 
actual  tests  of  representative  installations. 

The  writer  emphasizes  the  fact  that  in  considering  the  ad- 
visability of  any  type  of  prime  mover  there  are  two  distinct 
phases  to  the  question :  First,  the  handling  of  the  engine  itself, 
and  second,  the  conditions  under  which  it  is  operated.  There 
are  no  "  fool-proof  "  machines,  and  any  engine  can  fail  if  it 
does  not  get  proper  care.  Certain  types  of  engines  are,  how- 
ever, more  dependent  upon  attention  for  successful  operation 
than  are  others.  Thus,  a  producer-gas  plant  requires  more 
diversified  skill  in  handling  than  does  a  steam  engine. 

The  ordinary  piston  or  slide-valve  high-speed  engine  and 
medium-size  turbine  with  generator  and  necessary  piping, 
wiring,  switchboard,  foundations  and  erection  charges,  cost 
from  $50  to  $90  per  kilowatt  of  generator  capacity,  with  a 
tendency  to  be  considerably  higher  at  the  present  time;  for 
Corliss  and  four-valve  medium-  and  low-speed  engines,  similar 
prices  run  from  $75  to  $100  per  kilowatt  of  generator  capacity. 

Certain  types  of  steam  engines,  comparatively  new  in  this 
country,  such  as  the  uniflow,  poppet-valve  and  locomobile, 
show  high  steam  economies.  The  poppet-valve  in  particular, 
which  is  very  popular  in  large  plants  in  Europe,  allows  the 
use  of  superheated  steam  at  high  pressure  and  shows  low  steam 
consumption,  but  both  the  poppet-valve  and  the  uniflow  en- 
gines operate  most  economically  at  steam  pressures  higher 
than  those  generally  found  in  isolated  plants.  As  to  cost,  a 
recent  installation  of  these  engines  consisting  of  three  units, 
aggi-egating  about  800  kilowatts,  cost  for  the  engines  alone 
approximately  $18  per  kilowatt.  The  uniflow  type  costs  con- 
siderably more  than  the  Corliss  type.  A  140-kilowatt  unit 
recently  installed  in  a  plant  near  New  York  cost  $5000  for  the 
engine  alone,  or  $36  per  kilowatt. 

The  locomobile  unit  is  a  self-contained  power  plant  com- 
prising boiler,  superheater,  preheater  and  compound-condens- 
ing engine,  condenser,  soot  blower  and  feed  heater.  The  guar- 
anteed coal  economy  is  exceptionally  low.  The  cost  varies 
from  $79  for  a  unit  of  300  kilowatts  to  $102  for  one  of  50 
kilowatts. 

In  general,  where  any  considerable  proportion  of  the  exhaust 
steam  can  be  utilized,  the  amount  of  steam  charged  to  the  gen- 
eration of  electrical  energy  is  little  less  with  the  uniflow, 
poppet-valve  or  Corliss  engine  than  with  the  high-speed  slide- 
valve  engine.  The  author  gives  a  comparison  of  two  cases 
which  show  how  the  question  of  utilization  of  the  exhaust  steam 
affects  the  prospective  economy  from  the  prime  mover  selected. 

The  writer  is  anything  but  optimistic  about  producer-gas 
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installatious  for  isolated  plants.  Siiice  the  first  producer-gas 
electric  plant  was  installed  in  New  York  City,  about  fourteen 
years  ago,  thirteen  other  plants  have  been  added,  and  of  them 
only  four  plants  appear  to  be  operating  satisfactorily  and  are 
reliable  enough  to  be  depended  upon  exclusively.  The  main 
trouble  with  producer-gas  plants  seems  to  be  with  attendance. 

The  writer  calls  attention  to  the  very  important  fact  that 
in  most  factories  the  cost  of  power  is  a  very  small  percentage 
of  the  cost  of  the  finished  product,  while  a  shutdown,  even  for 
a  short  lime,  is  usually  an  extremely  costly  matter.  For  this 
reason  owners  prefer  comparative  security  from  breakdown, 
even  at  some  slight  increase  in  the  cost  of  power.  The  writer 
gives  operating  data  obtained  from  three  producer-gas  elec- 
trical plants  in  New  York  City,  together  with  a  brief  descrip- 
tion of  the  apparatus  installed  in  each. 

In  each  of  these  three  plants,  which  probably  represent  the 
best  producer-gas  practice,  the  reported  operating  cost  per 
kilowatt  hour  is  extremely  low,  ranging  from  0.7  cent  in  the 
largest  plant  with  24-hr.  operation  to  1.48  cents  in  the  small- 
est plant  operated  on  a  12-hr.  schedule,  while  the  total  costs. 
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Fig.  7A    Average  Diagrams  Plotted  to  Logarithmic  Scale 

including  fixed  charges,  range  from  1.14  to  2.54  cents  per 
kilowatt-hour.  In  this  case,  however,  the  amount  of  labor 
charged  against  the  producer-gas  plant  is  exceptionally  low  on 
account  of  various  individual  conditions. 

The  article  concludes  with  the  discussion  of  oil  engines  for 
isolated  plants.  {The  Engineering  Magazine,  vol.  51,  no.  5, 
p.  705,  August,  1916,  12  pp.    2  figs,     cps.) 

Steam  Engineering 

A  Study  op  Indicator  Diagrams  prom  a  Compound  Corliss 
Engine,  Professor  Victor  R.  Gaee 

Data  of  tests  made  upon  high  and  intermediate  cylinders 
of  a  "triple-expansion  Corliss  engine  with  a  view  to  obtaining 
a  series  of  average  indicator  diagTams  together  with  saturation 
and  superheat  cun'CS. 

The  interest  of  the  tests  lies  in  the  fact  that  the  diagrams 
taken  from  the  engine  at  comparatively  light  load  show  that 
tl'-.e  logarithmic  analysis  cannot  be  applied  under  all  condi- 


tions. On  the  logarithmic  PV  diagiam.  Fig.  7A,  the  expansion 
lines  are  not  straight  but  curved.  The  curved  form  of  the  ex- 
jiansion  lines  might  be  attributed  to  leakage  or  possibly  to 
faulty  application  of  the  indicators.  Neither  of  these  ex- 
jilanations,  however,  seems  logical  in  this  case,  and  the  prob- 
:ihle  explanation  is  cylinder  condensation  and  re-evaporation. 
The  saturation  curves  are  straight  lines  within  the  limits  of 
the  pressure  range  of  the  diagrams.  If  expansion  lines  also 
had  this  same  form  of  equation  and  n  (in  equation  PV  =  K) 
had  the  same  numerical  value,  the  two  lines  would  be  parallel 
or  coincident  and  the  quality  or  condition  of  the  steam  would 
remain  unchanged  during  expansion. 

If  thermal  equilibrium  between  the  steam  and  the  surfaces 
does  not  occur  until  some  point  on  the  expansion  line  is 
reached,  it  is  not  possible  for  the  expansion  line  to  plot  as 
a  straight  line  upon  the  logaritlmiic  diagram.  This  point  of 
thermal  equilibrium  and  the  general  behavior  of  the  steam 
during  expansion  are  shown  readily  if  the  temperature-entropy 
diagram  is  employed. 

On  the  temperature-entropy  diagram,  as  plotted  for  tliis 
test,  only  the  expansion  lines  appear,  as  well  as  the  condition 
of  the  steam  supplied  and  exhausted  from  each  cylinder.  ( See 
Fig.  B.)     That  portion  of  the  expansion  line  which  is  of  con- 
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stant  entropy  (vertical)  indicates  the  period  of  thermal 
equilibrium  during  which  the  net  interchange  of  heat  between 
the  steam  and  the  surface  is  zero.  From  the  high-pressure 
cut-off  to  the  point  of  equilibrium  the  expansion  line  slopes 
downward  and  to  the  left,  with  entropy  decreasing,  indicating 
transfer  of  heat  from  the  steam  to  the  surface,  continuing 
below  this  point  to  release  the  transfer  is  in  the  opposite 
direction.  The  quantity  of  heat  transferred  per  pound  of 
steam  may  be  obtained  by  evaluating  the  area  under  the 
selected  portion  of  the  expansion  line  down  to  absolute  zero. 
There  is  a  slight  inherent  error  in  computing  the  heat  inter- 
changes in  this  manner.  The  values  of  entropy  are  based  upon 
the  total  energy  required  to  bring  1  lb.  of  water  to  the  con- 
dition shown  by  a  point  on  the  diagram.  When  the  cylinder 
i«  a  closed  vessel,  the  only  heat  enersy  available  to  do  the  work 
is  the  "  intrinsic  "  or  "  internal  "  energy  of  the  steam.  Thus 
the  heat  interchanges  as  computed  from  the  temperature- 
entropy  diagram  are  based  upon  "  total  energy,"  whereas 
when  computed  by  means  of  Hii-n's  analysis,  only  the  "  in- 
trinsic "  energy  is  used.  Numerically  the  errors  introduced  in 
this  way  are  probably  not  greater  than  the  experimental  errors. 


{Power,   vol.   44,   no.    6,   p. 
figs.    et. ) 
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IJNirORM  Boiler  Laws 

A  Power  Show  was  held  at  Montreal  diiritia'  the  week  of 
July  24th. 

One  of  the  exhibits  in  the  show  was  a  complete  set  of  forms, 
application  blanks,  blueprints,  forms  relating  to  boilers  of  all 
descriptions,  piping  plans,  drawings  and  forms  relating  to 
boiler  accessories,  gages,  valves,  etc.  In  this  connection  it  is 
stated  that  there  is  now  a  possibility  that  Quebec  will  join  with 
British  Columbia,  Alberta,  Saskatchewan  and  Ontario  in  hav- 
ing a  uniform  boiler  inspection  law.  {The  Canadian  Manu- 
facturer, vol.  36,  no.  8,  p.  23,  August,  1916,  1  p.     g.) 

Compounding  and  Superheating  on  French  Railroads, 
L.  Bade 

The  article  discusses  the  economies  of  fuel  utilization  in 
France  through  the  use  of  compounding  and  superheating  on 
railroads,  and  among  other  things  gives  a  brief  history  of 
compounding  on  railroads  in  France.  It  is  based  on  the  in- 
formation contained  in  Questionnaire  sur  la  Construction  et  la 
Conduite  des  Locomotives  a  Vapeur,  by  Herdner. 

The  article  contains  an  interesting  calculation  of  the  amount 
of  coal  saved  by  the  French  railroads  through  the  use  of  com- 
pounding and  superheating.  This  saving  as  compared  witli 
the  amount  consumed  in  saturated-steam  operation  is  from 
fifteen  to  twenty  per  cent.  The  author  takes  17..5  per  cent  as 
an  average  of  saving.  On  January  1,  1914,  there  were  on  the 
French  trunk  lines  13,691  locomotives,  of  which  5751  were 
equipped  with  either  compounding  or  superheating  or  both  of 
them  simultaneously. 

Locomotives  so  equijjped  made  in  the  course  of  the  year 
runs  amounting  to  a  total  of  about  300  million  kilometers 
(roughly  200  million  miles). 

The  coal  consumption  of  modern  locomotives  on  the  Midi 
railway  system  (one  of  the  most  important  French  railroad 
companies)  amounts  to  about  15.67  kg.  per  kilometer.  Loco- 
motives having  the  same  output  but  working  with  saturated 
steam  and  without  compounding  would,  therefore,  under  the 
same  conditions  of  service,  consume  about  19  kg.,  or  an  excess 
of  about  3.33  kg.  per  kilometer. 

Applying  this  calculation  to  the  entire  system  of  French 
trunk  lines  with  their  total  runs  of  300  million  kilometers,  one 
gets  a  saving  of  about  one  million  metric  tons  per  year. 

In  view  of  the  fact  that  the  greater  part  of  the  coal  con- 
sumed on  Freneli  railroads  comes  from  England,  the  impor- 
tance of  this  saving  becomes  especially  great  at  the  present 
time  and  with  the  present  scarcity  of  bottoms.  The  writer 
shows  further  that  it  would  require  the  work  of  twenty  coal 
carriers  for  a  year  to  trans];ort  a  million  of  tons  from  Cardiff 
to  France,  to  which  must  be  added  the  additional  work  of  the 
railroads.  (Le  Genie  Civil,  vol.  69,  no.  4,  p.  54,  July  22,  1916, 
3  pp.      gs.) 


Testing  Methods 

Testing  Malleable  and  Cast  Steel,  Andrew  Harley 

The  paper  is  an  address  delivered  before  the  Birmingham 
Branch  of  the  British  Foundrymen's  Association  on  December 
4,  1915.  What  the  author  has  to  say  applies  more  particularly 
to  the  production  of  light  castings  in  malleable  iron  and  mild 
steel  such  as  are  made  for  the  automobile  and  cycle  trade. 

In  the  production  of  malleable  a  uniform  composition  in 
the  hard  state  is  of  the  utmost  importance.     Irregularities  in 


the  hard  metal  lead  to  most  of  the  difficulties  in  annealing. 
The  writer  used  the  following  means  to  obtain  the  control  of 
the  composition  of  the  molten  metal,  confining  himself  mainly 
to  the  question  of  the  raw  materials. 

Pig  iron  is  bought  to  speeificatiou  and  ade(juately  clipcked,. 
each  separate  consignment  being  given  a  reference  nunil)er 
used  in  all  subsequent  records.  Scrap  is  graded  according  to 
analysis,  the  silicon  content  being  sufficient  as  a  rule.  As  a 
certain  portion  of  the  metal  is  of  necessity  melted  over  and 
over  again,  scrap  from  one  mix  is  accumulated  so  long  as  that 
particular  mix  is  in  use.  If  the  silicon  has  been  kept  fairly 
regular,  this  heap  of  scrap  can  be  safely  incorporated  in  the 
mix  at  a  subsequent  date. 

Coke  of  the  best  quality  must  be  used,  with  suljihur  as  low 
as  jiossible.  Allowances  must  be  made  for  the  changes  that 
take  place  in  the  comjiosition  of  the  metal  during  the  melt. 
With  silicon,  for  instance,  the  loss  in  the  writer's  practice  at 
the  beginning  was  0.23  per  cent.  This  would  diminish  fairly 
regularly  until  0.14  per  cent  only  was  recorded.  Then  just 
at  the  end  there  was  a  sudden  jump  back  to  0.21  per  cent. 
Sulphur  acts  in  nearly  the  same  way;  at  the  beginning  there 
was  an  increase  of  0.07  per  cent,  but  towards  the  end  this  was 
reduced  to  0.003  per  cent. 

With  reference  to  soaking,  theoretically  a  continuous  tire  is 
no  doubt  possible,  but  jiractically  soaking  is  considered  ad- 
vantageous. The  size  and  shape  of  the  pans,  strength  of  ore 
used,  temperature  and  time  t.aken,  must  be  all  adjusted  to  the 
end  of  establishing  an  equilibrium.  The  writer  in  his  works 
uses  gas-flred  round  ovens  and  makes  his  own  pans  (a  pan 
should  be  made  of  metal  which  resists  annealing)  and  the 
analysis  of  good  annealing  ore  should  be  as  follows :  ferric 
oxide,  84  to  90  per  cent;  silica.  8  to  13  per  cent;  lime  should 
be  absent;  ferrous  oxide,  not  more  than  I  per  cent. 

The  paper  is  accompanied  by  illustrations  showing,  among 
other  things,  the  shrinkage  of  malleable  iron.  While  this  in 
the  white  casting  only  varies  slightly  in  low  and  liigh  silicon 
iron,  the  annealing  produces  a  further  shrinkage  in  the  low 
silicon  and  an  exjiansion  in  the  high  silicon  iron,  a  fact  of 
the  utmost  iuqiortance  both  to  pattern-makers  and  molders. 
Any  cast  malleable  of  high  silicon  content,  in  which  a  large 
amount  of  carbon  is  left  in  the  graphitic  and  combined  form, 
is  unsuitable.  Even  a  black  heart  malleable  containing  no  com- 
bined carbon  is  hardened  considerably  after  quenching. 

As  regards  quenching,  the  author  points  out  that  where  oil 
quenching  is  resorted  to  it  is  advisable  that  it  be  followed  by 
a  tempering  treatment.  The  lead  bath  is  the  most  effective 
method  of  performing  this  operation,  and  five  hours  at  a  tem- 
lierature  of  550-570  deg.  is  a  suitable  treatment.  [The  Iron 
Trade  Beview,  vol.  59,  no.  3,  p.  121,  July  20,  1916,  7  pp..  25 
figs.    epA.) 

Practical  Methods  for  Testing  Fire  Brick,  C.  E.  Nesbit 
and  M.  L.  Bell 

Paper  outlining  conditions,  apparatus  and  findings  for 
various  methods  of  determining  brick  qualities. 

Previous  tests  have  shown  that  bricks  are  not  always  the 
same  at  both  ends.  Spoiling  was  next  studied.  In  brick  work 
such  a  condition  is  usually  the  result  of  thermal  changes,  often 
accelerated  by  mechanical  pinching. 

After  trying  various  tests,  it  was  decided  to  place  the  brick 
to  be  tested  in  the  wall  of  the  furnace  so  that  only  one  end 
was  exposed.  The  testing  temperature  was  1350  deg.  cent.; 
time  of  heating,  one  hour,  and  cooling  in  water  for  three  min- 
utes. It  was  found  that  to  jiroduce  a  measurable  spall  ten 
operations  are  necessary. 
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The  slagging  test  is  important  because  failure  of  brickwork 
due  to  the  corrosive  action  of  slags  is  more  prevalent  than 
from  any  other  cause.  Experiments  were  made  to  determine 
the  effect  of  fineness  of  the  slag,  time  of  exposure  to  heat  and 
the  effect  of  destroying  the  surface  texture  by  drilling. 

A  compression  test  was  made  to  determine  the  ability  of 
brickwork  to  stand  up  under  loads  when  highly  heated.  A 
comparative  test,  consisting  of  a  modified  Brinell  ball  test,  was 
made  by  heating  the  brick  to  1350  deg.  cent.,  removing  from 
the  furnace  and  then  forcing  a  2V2-in.  steel  ball  into  the  brick 
under  a  pressure  of  1600  pounds. 

As  a  result  of  a  large  number  of  tests,  it  was  found  that 
firebricks  tend  to  group  themselves  according  to  density.  In 
general,  all  other  factors  being  equal,  bricks  of  high  density 
have  the  most  desirable  qualities,  namely,  least  abrasion,  good 
resistance  to  slag  and  least  compression. 

An  appendix  describes  in  detail  the  apparatus  and  methods 
used  in  the  tests.  (Blast  Furnace  and  Steel  Plant,  vol.  50,  no. 
8,  p.  369,  August  1916,  5  pp.,  3  figs.,  end  of  serial  article. 
dep.) 

Testing   Non-Ferrous   Metals   for   Hardness, 
Hugo    Friedmann 

Discussion  of  the  application  of  the  Brinell  method  in  regu- 
lating methods  of  manufacture  of  non-ferrous  metal  products. 

It  is  difficult  to  secure  accurate  results  from  hardness  tests 
of  castings  as  ordinary  castmgs  of  brass,  aluminum  or  bronze 
which  have  not  been  subjected  to  some  mechanical  treatment 
do  not  show  clearly  defined  circular  impressions  when  it  is 
attempted  to  determine  their  hardness  by  the  Brinell  method. 
The  circumference  of  the  impression  is  irregular,  making  it  a 
difficult  matter  to  measure  the  diameter  accurately.  A  micro- 
scopic investigation  carried  out  by  the  writer  failed  to  reveal 
any  relation  between  the  irregularities  of  the  outline  of  the 
impression  and  the  crystalline  structure  of  the  metal,  and  it 
seems  likely  that  the  indentations  in  the  outline  of  the  im- 
pression are  caused  by  minute  holes  in  the  metal  rather  than 
by  crystalline  structure. 

In  addition  to  that,  unless  the  metal  is  annealed,  hardness 
tests  on  castings  are  likely  to  show  varying  results  on  different 
parts  of  the  same  casting  owing  to  the  diffei"ences  in  the  speed 
at  which  the  metal  cooled.  Hence  only  information  regarding 
the  general  characteristics  of  the  metal  can  be  secured  by 
hardness  tests  of  castings.  On  the  other  hand,  where  cast- 
ings of  similar  appearance  but  composed  of  different  metal 
mixtures  have  been  accidentally  mixed,  the  application  of  the 
hardness  test  enables  one  to  I'apidly  sort  them  out. 

A  useful  application  of  the  hardness  test  of  non-ferrous 
metals  is  in  the  investigation  of  the  influence  of  mechanical 
and  thermal  treatment  on  such  materials.  Hardness  tests  may 
also  be  profitably  employed  as  a  means  of  guidance  in  the 
purchase  of  factory  supplies.  For  instance,  sheet  metal  is 
frequently  ordered  in  various  degrees  of  stiffness.  If  com- 
plete standards  are  established  a  hardness  test  will  definitely 
indicate  whether  the  material  meets  the  required  standard. 

Another  application  of  the  hardness  test  is  shown  by  the 
following.  The  diameter  of  a  rod  of  electrolytic  copper  was 
reduced  by  cold  drawing  from  1%  in.  to  1%  in.,  then  it  was 
tested  at  different  distances  below  the  surface,  as  shown  in  the 
diagram  of  Table  2.  The  results  clearly  show  that  the  draw- 
ing operation  had  the  greatest  effect  on  the  physical  charac- 
teristics of  the  metal  near  the  surface  of  the  rod,  but  that 
even  a  comparatively  slight  reduction  of  the  diameter  by  draw- 
ing, as  in  the  present  case,  does  affect  the  properties  of  the 


metal  at  the  center  of  the  bar.  The  difference  between  the 
properties  of  the  metal  at  different  distances  from  the  surface 
cannot  readily  be  determined  by  other  methods,  as  shown  from 
the  results  of  the  following  experiments.  Standard  tensile 
bars  were  taken  from  the  same  copper  rod  and  turned  to 
diameters  of  1%  in.,  1  in.  and  %  in.  respectively,  the  purpose 
being  to  remove  different  amounts  of  metal  from  the  surface. 
It  might  be  expected  that  when  these  bars  were  subjected  to  a 
tensile  test  they  would  show  differences  iji  ultimate  strength, 
but  as  a  matter  of  fact  all  the  bars  were  broken  by  the  appli- 
cation of  the  same  unit  stress. 

There  is  sometimes  a  tendency  for  the  hardness  test  impres- 
sions to  be  elliptical  m  shape  rather  than  round.  Such  im- 
pressions are  usually  formed  when  the  material  has  been  sub- 
jected to  severe  mechanical  treatment  in  one  direction  only  and 
they  are  usually  found  in  cold  rolled  sheet  metal.    The  differ- 

TABI.E     2— HARDNESS      OF      COPPER      ROD      AT      DIFFERENT 
LE^  ELf?.  SHOWING  THE  EFFECT  OF  DRAWING. 


Level  No 

1 

2 

3 

4 

Test  on 
Annealed  Metal 
at   any    Level 

Diameter    of     impres- 
sion   made    by    ball, 
millimeters 

2.85 

3.05 

3.15 

3.25 

3.55 

Machincrp 

TABLE  3     RELATION  OF  HARDNESS.  TENSILE  STRENGTH  AND  PER 
CENT  ELONGATION,  NON-FERROUS  METALS 


In  same  direction  that  rolling 
was  done 

In  opposite  direction  to  that  in 
which  rolling  was  done. . , 


Length  of  Long 

Axis  of  Elliptical 

Impression 

made  by  Ball, 

Millimeters 


3.55 
3.42 


Tensile 
Strength, 
Pounds  per 
Square  Inch 


53,480 
57,680 


Elongation, 
Per  Cent 


ence  between  the  long  and  short  axes  of  the  impression  affords 
an  indication  of  the  amount  of  cold  treatment  to  which  the 
metal  has  been  subjected;  for  example,  if  an  aluminum  sheet 
shows  considerable  hardness  it  may  be  judged  from  the  appear- 
ance of  the  impression  whether  it  is  pure  hard  rolled  aluminum 
or  an  alloy  in  which  the  hardness  is  due  to  the  chemical  com- 
position of  the  metal  rather  than  to  the  mechanical  treatment 
to  which  it  has  been  subjected.  Table  3  gives  an  indication 
IS  to  the  relation  which  exists  between  the  dimensions  of  these 
elliptical  impressions  and  the  other  properties  of  the  material. 
It  shows  that  the  strength  of  the  material  in  the  direction  of 
the  fibres  is  less  than  its  strength  across  the  fibres.  Similarly 
the  larger  diameter  of  the  impression  indicates  a  lower  degree 
of  hardness  and  strength  and  is  usually  found  in  the  direction 
in  which  the  rolling  was  done. 

On  the  other  hand  experiments  have  shown  that  there  is 
no  definite  relation  between  the  hardness  of  the  metal  and  its 
resistance  to  wearing  by  friction.  (Machinery,  vol.  22,  no.  12, 
p.  1026,  August,  1916,  3  pp.,  ep.) 
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Plow  of  Water  Into  Wells  ;  .\pproximate  Theory.  N.  Werensklold. 
Engineering  News,  vol.  76,  no.  6,  1^4  pp,  2  figs. 


MACHINE  SHOP  AND  TOOLS 


The  Rolling  of  Screw  Threads,  James  Steelman.  Cassier's  Engi- 
neering Monthly,  vol.  50,  no.  1,  July  1916,  11  pp.,  illustrated. 

Welding  Tubing  by  Oxy-Acetylene.  The  Iron  Trade  Review,  vol. 
59,  no.  3,  July  20,  1916,  3  pp.,  illustrated. 

The  Sand  Blast,  James  Steelman.  Brass  World,  vol.  12,  no.  7,  July 
1916,  5Mi  pp.,  illustrated. 

Electric  Spot  Welding,  Douglas  T.  Hamilton.  Machinery,  vol.  22, 
no.  12,  August  1916,  5  pp.,  7  figs. 

Aluminum  Welding,  Harry  B.  Hoover.  Machinery,  vol.  22,  no.  12, 
August  1916,  3%  pp.,  6  flgs. 

Manufacture  of  Ball  Bearings.  Machinery,  vol.  22,  no.  12,  August 
1916,  4V4  pp.,  17  figs. 

Portable  Machine  Shops  for  the  United  States  Army,  W.  S.  Dox- 
sey.     The  Iron  Trade  Review,  vol.  59.  no.  5,  IV2  pp.,  Illustrated. 

Ball  Bearing  Manufacture  in  a  Specialized  Canadian  Plant.  Staff 
Article.  Canadian  Machinery  and  Manufacturing  News,  vol.  16, 
no.  5,  3  pp.,  13  figs. 

Methods  Used  in  Machining  an  Aeroplane  Cylinder,  Robert  Maw- 
son.     American  Machinist,  vol.  45,  no.  6,  2  pp.,  7  flgs. 

Sandblasting  and  Sandblast  Machines,  J.  J.  Richardson.  The 
Mechanical  Engineer,  vol.  xxxviii,  no.  967,  2>4  pp. 

The  Production  of  Patterns  for  Internal-Combustion  Engines, 
Joseph  G.  Horner.  The  Foundry  Trade  Journal,  vol.  18,  no.  175, 
6  pp.,  13  flgs. 

Tool-Steel  Research.  The  Foundry  Trade  Journal,  vol.  18,  no.  175, 
2  pp. 

Board  Drop-Hammers.  Dixie.  Machinery,  vol.  22,  no.  12,  August 
1916,  8%  pp.,  20  figs. 


MECHANICS 

Accelerating  Characteristics  of  Centrifugal  Pumps  and  Fans, 
B.  W.  Jones.  General  Electric  Review,  vol.  19,  no.  8,  August 
1916.  3  pp.,  4  flgs. 

Accelerating  Force  of  Reciprocating  Parts,  Hubert  L.  Watson. 
Machinery,  vol.  22,  no.  12,  August  1916,  2  pp.,  4  figs. 

iNVESTi ration  OF  PLASTIC  FLOW  PHENOMENA.  W.  Trluks.  The  Blast 
Furnace  and  Steel  Plant,  vol.  50,  no.  8,  August  1916,  2'A  PP.,  2 
figs. 

The  Performance  of  Flexible  Staybolts.  Railway  Review,  vol.  59, 
no.  6,  Vi  p. 

Belts — Selection  and  Care  to  Secure  Greatest  Efficiency,  C.  J. 
Morrison.     The  Canadian  Manuacturer,  vol.  36,  no.  8,  4%  pp. 

Design  of  an  Ideal  Thrust  Block,  C.  P.  Tanner.  The  Mechanical 
Engineer,  vol.  xxxviii,  no.  964,  2  pp.,  2  figs. 


MUNITIONS 

Uses  of  Gas  in  Munition  Making,  The  Engineering  Review,  vol. 
30,  no.  1,  July  15,  1916,  4  pp.,  7  figs. 

Armored  Car  for  the  Use  of  the  United  States  Army.  Railway 
Review,  vol.  59,  no.  6,  3  pp.,  2  figs. 

Casting  8  In.  H.  E.  Shell  Ingots  and  Forging  the  Rough  Shells. 
Staff  .Vrticle.  Canadian  Machinery  and  Manufacturing  News,  vol. 
16,  no.  4,  2  pp.,  5  figs. 

The  Mobilization  of  Material  and  Industrial  Resources,  A.  L. 
Humphrey.  Proceedings  of  The  Engineers'  Societ.v  of  Western 
Pennsylvania,  vol.  32,  no.  5,  June  1916,  58  pp.  23  figs. 

Albert  Ball's  Magazine  Rifle  op  1863,  Guy  Hubbard.  Machinery, 
vol.  22,  no.  12,  August  1916,  3V4  pp.,  6  figs. 


HEATING 

Heating  Factories  by  Forced  Hot  Water  Circulation,  Albert  O. 
Duncan.     The  Canadian  Manufacturer,  vol.  36,  no.  8,  4  pp.,  5  flgs. 


POWER  GENERATION 


The  Economical  Production  of  Power  from  Coke-Oven  Gas,  G. 
Dearie.  The  Journal  of  The  Institution  of  Electrical  Engineers, 
vol.  54,  no.  260,  June  1916,  9!^  pp. 
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Das  Kraptwerk  an  der  ViJ:ze  bei  Monthey,  L.  Kursteiner.     Schwel- 
zerische  Bauzeitung,  vol.  (jT.  no.  26,  June  24,  1916,  4Vi  pp.,  6  tigs. 
Vi6ze  hydroelectric  plant  iu  Switzerland. 

Electric  Drive  for  Reversing  Rolling  Mills,  Wilfred  Sykes  and 
David  Hall.  The  Blast  Furnace  and  Steel  Plant,  vol.  50,  no.  S, 
August  1916,  6Vi  pp.,  6  figs. 

How  TO  Select  Prime  Movers  for  Industrial  Electrical  Generat- 
ing Plants,  H.  T.  Luscomb.  The  Engineering  Magazine,  vol.  51, 
no.  5,  August  1916,  liy>  pp. 


Power  Cost  in  Paper  Mill,  Thomas  Wilson. 
3  pp.,  2  figs. 


Power,  vol.  44.  no.   6, 


Oil  Engines  and  Steam  Engines  in  Combination,  Geoffrey  Porter. 
The  Mechanical  Engineer,  vol.  xxxvlii,  no.  965,  4  pp.,  1  ng. 

RAILROAD   ENGINEERING 

Triplex  Articclated  Compound  Locomotives  for  the  Erie  R.  R. 
Railway  Review,  vol.  59,  no.  4,  July  22,  1916.  4  pp.,  illustrated. 

American  Railway  Association's  Co-oper.ation  with  the  Military 
Authorities.  Railway  Review,  vol.  59,  no.  5,  July  29,  1916,  1% 
pp. 

L'Emploi  de  la  detente  Compound  et  de  la  surchauffe.     Le  G^nie 
Civil.     Tome  Ixix,  no.  4,  2  pp. 
Compounding  and  superheating  and  their  economics  on  French  rail- 
roads. 

t'ouu  Wheel  Trijces  for  Passenger  Train  Coaches,  Roy  V.  Wright 
Railway  Gazette,  vol.  xxv,  no.  4,  4  pp.,  3  figs. 

Le  gabarit  d'espace  libre  et  on  materiel  roclant  des  chemins  de 
FER  suissEs  A  voiE  NORMALE,  R.  Winkler.     Bulletin  Technique  De 
La  Suisse  Romande,  42  Annee,  no.  14,  3  pp. 
Clearance  and  track  gage  for  rolling  stock  on  Swiss  trunk  lines. 


REFRIGERATION 

A  S0GGESTION  TO  Prevent  the  Loss  op  Ammonia  at  Stopping 
Boxes,  Louis  Block.  A.  S.  R.  E.  Journal,  vol.  3,  no.  1,  July  1916, 
3  pp..  1  fig. 

A  New  Departure  in  Ammonia  Compression,  Charles  H.  Bromley. 
Power,  vol.  44,  no.  7,  4  pp.,  4  figs. 


SAFETY  ENGINEERING 

Piping    for    Steam-Generating    Plants    from    a    Safety    Point   op 
View.     The  Travelers'  Standard,  vol.  iv,  no.  S,  7%  pp.,  7  flgs. 


Red  Book  op  the  British  Fire  Prevention  Committee. 
the  Executive.     London  1912  edition. 


STEAM  ENGINEERING 


Edited  by 


The  Ljungstrom  Turbine  and  Its  Application  to  Marine  Propul- 
sion, Ronald  S.  Portham.  Cassier's  Engineering  Monthly,  vol 
50,  no.  1,  July  1916,  12V4  pp..  10  flgs. 

Multiple  Jet  Ejector  Condenser.  The  Engineer,  vol.  122  no  3159 
July  14,  1916,  %  p.,  2  figs. 

A  New  Tipe  op  Steam  Safety  Valve.  George  H.  Clark.  A.  S.  R  E. 
Journal,  vol.  3,  no.  1,  July  1916,  5  pp.,  1  fig. 

Efficiency  op  TJnsymmetrical  Riveted  Joints,  R.  N.  Blackburn 
Power,  vol.  44,  no.  6,  3%  pp.,  5  figs. 

A  Study  op  Indicator  Diagrams  from  a  Compound  Corliss,  Victor 
R.  Gage.     Power,  vol.  44,  no.  6,  2  pp.,  4  flgs. 

Design  op  Superheaters,  W.  C.  Strott.    Power,  vol.  44,  no.  6,  2  pp. 

STRENGTH  OP  MATERIALS 

Graphical  Analysis  op  Continuous  Beams  by  the  Use  of  the 
Principle  of  Continuity,  Cyril  Provo  Hubert.  Vol.  7,  no.  8. 
Western  Engineering,  4  pp.,  10  figs. 

To  Find  Graphically  the  Position  of  Unit  Load  Giving  Zero 
Stress  in  any  Web  Member  of  a  Girder,  John  Edmonson.  Engi- 
neering, vol.  cii,  no.  2639,  4  pp.,  6  flgs. 

liA  Determination  des  Elements  nEcessaires  au  calcul  de  la  pous- 
sEe  des  terres.     Le  G«nie  Civil,   Tome  Ixix,   no.   5,   Samedl  29. 
JuiUet  1916.  3  pp. 
The  determination  of  the  elements  necessary  for  the  calculation  of 

the  earth  pressure. 


VARIA 

Underwriters'  Laboratories'  New  Hydraulic  Laboratory  R  w 
Hendricks.  Quarterly  of  the  National  Fire  Protection  Associa- 
tion, vol.  10,  no.  1,  July  1916,  7  pp.,  illustrated. 

RussiiN  Measures  and  Equivalents,  Edward  L.  Stenger  Minine 
and  Scientific  Press,  vol.  113,  no.  5,  July  29,  1916,  2  pp. 

What  Manufacturers  Look  for  in  Engineering  Graduates,  E  H. 
Fish.  The  Engineering  Magazine,  vol.  51,  no.  5,  August  1916. 
5  pp. 

Rectangular  Storage  Tanks  for  Liquids,  H.  Eisert.  Monthly  Jour- 
nal of  The  Engineers  Club  of  Baltimore,  vol.  5,  no.  2,  August 
1916,  121,4  pp.,  3  flgs. 

The  Casting  of  Clay  W.ares,  Taine  G.  McDougal.  Loco  vol  7 
no.  2,  IIV2  pp.,  6  figs. 

Les    necessities   de   l'enseignement   technique    supErieur.      Revue 
ggntoale  des  Sciences,  27  .\nnee,  no.  13,  4  pp. 
The  needs  of  higher  technical  education. 

La  reeducation   professionnelle  des   elessEs   et  des   amputes  de 
LA  GUERRE.     Lc  GSnle  Civil,  Tome  Ixix,  no.   5,  July  29,  1916,  2% 
pp.,  5  figs. 
Re-education  from  a  professional  point  of  view  of  men  wounded  and 

crippled  iu  the  war. 

Mechanical  Engineering  in  a  Synthetic  Phenol  Plant,  Frederick 
Pope.  Metallurgical  and  Chemical  Engineering,  vol.  xv,  no.  4,  7 
pp.,  illustrated. 


CHARTS 

Accelerating  Force  of  Reciprocating  Parts,  Hubert  L.  Watson. 
Machinery,  vol.  22,  no.  12,  August  1916. 

Chart :  For  use  in  obtaining  unit  forces  due  to  inertia  of  recipro- 
cating parts  of  an  engine. 

Chart  for  Determining  Engine  Loads,  Ernest  A.  Andrews.  Machin- 
ery, vol.  22,  no.  12,  August  1916. 

Chart :  For  Use  in  Rapidly  Determining  Loads  on  Important  Engine 
Frame  Members. 

The  Economics  op  Material  Handling  in  Manufacturing  Plants, 
Belt  Conveyors,  Reginald  Trautschold.  The  Engineering  .Maga- 
zine, vol.  51,  no.  5,  August  1916. 

Charts  : 

1.  Capacities  of  Standard  Belt  Conveyors,  Economically  Load  U  and 
Operated. 

2.  Horsepower  Requirements  of  Belt  Conveyors. 

3.  Average  Cost  of  Standard  Troughed  Rubber  Belt  Conveyors  with 
Grease  Lubrication. 

4.  Average  Cost  of  Discharging  Devices  for  Belt  Conveyors. 

5.  .Annual  Depreciation  of  Standard  Belt  Conveyors. 

6.  Capacities  of  Standard  Flight  Conveyors,  Economically  Loaded 
and  Operated. 

7.  Horsepower  Requirements  of  Flight  Conveyors. 

8.  Average  Cost  of  Conveyors  with  Sliding  Shoe  Flights. 

9.  Average  Cost  of  Conveyors  with   Roller  Flights. 

10.  Depreciation  Factors  for  Standard  Flight  Conveyors. 

11.  Capacities  of  Standard  Screw  Conveyors,  Economically  Loaded 
and  Operated. 

12.  Horsepower  Requirements  of  Screw  Conveyors. 

13.  Average  Cost  of  Screw  Conveyors. 

14.  Depreciation  Factors  for  Standard  Screw  Conveyors. 

The  Value  op  Peat  Fuel,  as  Compared  with  Coal,  for  Production 
op  Power,  B.  P.  Haanel.  Journal  of  the  American  Peat  Society, 
Inc.,  vol.  9,  no.  2,  13>4  pp. 

Curves  illustrating  effect  of  increase  of  nitrogen  content  on  co.<t  of 

generating  power  from  heat. 

A.  Cost  of  producing  1  brake  horsepower-year  with  non-by-product 
recovery  peat  producer  gas  plant. 

B  Cost  of  producing  1  brake  horsepower-year  with  by-product  re- 
covery peat  producer  gas  plant. 

C  Cost  of  producing  ItiOO  cubic  feet  of  gas  with  by-product  re- 
covery peat  producer  gas  plant. 

D  Cost  of  producing  gas  for  1  brake  horsepower-year  with  by- 
product recovery  peat  producer  gas  plant. 

E  Net  cost  of  recovering  ammonium  sulphate  per  ton  of  absolutely 
dry  peat  gasified. 

Curves  A  show  the  effect  of  increase  of  fuel  cost  of  power. 

Curve  B  shows  the  nitrogen  the  fuel  must  contain  to  permit  by- 
product recovery  plant  to  compete  with  non-by-product  recovery 
producer-gas  power  plant. 

Curves  A  showing  cost  of  1000  cubic  feet  of  gas  when  peat  costs 
$0.50  to  $3.00  per  ton. 

Curves  B  showing  cost  of  sulphate  when  peat  costs  $0.50  to  $3.00 
per  ton. 


THERMOD'YNAMICS 

Entropie  gEnErique  et  melanges  gazeox,  Edouard  GuiUaume.     Bib- 
hothique  Universelle,  Tome  xli,  no.  6,  12  pp. 
Generic  entropy  and- gaseous  mixtures. 

Effect  op  Velocity  and  Humidity  of  Air  on  Heat  Transmission 
Through  Building  Materials,  J.  A.  Moyer.  A  S  R  E  Jour- 
nal, vol.  3,  no.  1,  July  1916,  SM-  pp.  '      ' 

TRACTORS 

Interesting  Type  of  Canadian  Built  Oil-Driven  Tractor.  Staff 
Article.  Canadian  Machinery  and  Manufacturing  News  vol  15, 
no.  22,  2  pp.,  11  figs. 


CLASSIFICATION    OF   ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
tive; d  descriptive;  e  experimental;  g  general;  h  historical j 
m  mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  by  the  reviewer.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion in  connection  with  articles  reported  in  the  Survey. 


EFFICIENCY  OF   PROPULSIVE    MACHIN'ERY   AND   LATE 
DEVELOPMENTS  IN  NAVAL  ENGINEERING 

BY  LIEUTENANT-COMMANDER   H.  C.   DINGER',   U.   S.    N.,   WASHINGTON,   D.  C. 

Non-Member 


IN  January,  1912,  Capt.  C.  W.  Dyson  presented  a  paper 
before  the  Engineers'  Club  of  Philadelphia,  entitled 
Propulsive  Machinery  and  Oil  Fuel  in  the  U.  S.  Navy,  which 
was  followed  later  in  the  same  year  with  a  paper  entitled 
Engineering  Progress  in  the  U.  S.  Navy,  read  by  the  then 
Engineer-in-Chief,  Bear-Admiral  H.  I.  Cone,  before  the 
American  Society  of  Naval  Architects  and  Marine  Engineers 
at  their  annual  meeting  in  New  York  City. 

The  first  of  these  papers  contained  a  comparison  of  the 
performances  of  the  reciprocating-engined  vessel  Delaware 
and  the  Curtis  turbine-engined  vessel  North  Dakota,  while 
the  second  paper  contained  a  comparison  of  the  performance 
of  the  Delaware  and  the  Parsons  turbine-engined  vessel  Utah. 
In  both  of  these  comparisons  the  decided  superiority  in  econ- 
omy of  the  reciprocating  engine  over  the  turbine  for  battle- 
ship propulsion  was  fully  demonstrated. 

That  this  apparent  superiority  was  due  to  faulty  practice 
in  the  design  of  propellers  in  the  case  of  the  Parsons  turbine, 
and  to  both  turbines  and  propellers  in  the  ease  of  the  Curtis 
turbine,  has  been  demonstrated  by  the  trials  of  later  vessels, 
in  which  the  turbine  revolutions  have  been  very  considerably 
reduced ;  and  in  the  eases  of  Curtis  turbines  the  turbine  design 
has  been  radically  changed  in  quite  a  number  of  particulars. 
In  the  cases  of  the  latest  two  turbine-engined  vessels,  the  econ- 
omy has  been  stiU  further  improved  by  fitting  cruising  turbines 
driving  the  main  shafting  through  mechanical  reduction  gear. 

Since  the  trials  of  the  Delaware,  North  Dakota,  Utah  and 
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her  sister  ship  Florida,  the  following  vessels  have  been  com- 
pleted and  tried  and  commissioned :  Arkarisas,  Wyoming,  New 
York,  Texas,  Oklahoma,  Nevada  and  Pennsylvania.  Of  these 
vessels  the  Arkansas  and  Wyoming  are  sister  ships  and  are 
fitted  with  Parsons  turbines  on  four  shafts.  The  New  York 
and  Texas  are  alike  and  have  reciprocating  engines  on  two 
shafts.  The  Oklahoma  and  Nevada  are  also  sister  ships,  the 
first  having  reciprocating  engines  while  the  other  has  Curtis 
turbines  with  cruising  turbines  and  reduction  gear.  Both  ves- 
sels have  two  shafts.  The  latest  vessel,  the  Pennsylvania,  is 
also  fitted  with  Curtis  turbines  and  with  cruising  turbines  and 
reduction  gear,  but  the  power  is  divided  among  four  shafts. 

In  tracing  the  advance  in  economy  in  turbine  propulsion, 
that  vessel  of  each  pair  of  sister  ships  showing  the  better  trial 
performance  will  be  considered  in  order  to  eliminate  favoritism 
of  one  type  over  the  other,  and  with  this  object  in  view  the 
following  vessels  wiU  be  used  in  the  argument : 

1  Reciprocating-engined  vessels  Delaware,  New  York,  Okla- 

homa. 

2  Parsons-turbine-engined  vessels  Utah,  Arkansas. 

3  Curtis-turbine-engined  vessels  North  Dakota,  Nevada,  Penn- 

sylvania. 

In  order  to  furnish  a  proper  understanding  of  the  conditions 
of  operation  of  the  machinery,  the  characteristics  of  the  vessels' 
huUs,  their  machinery  and  their  propellers,  must  be  at  hand 
for  reference ;  and  these  characteristics  are  given  in  Tables  1-3. 

The  following  is  a  detailed  description  of  the  turbines  of 
the  Nevada  and  Pennsylvania  : 


SYNOPSIS 

In  papers  read  early  in  1912  by  Rear-Admiral  H.  I.  Cone  and 
Capt.  C.  W.  Dyson,  U.  S.  N.,  comparisons  were  made  of  the  per- 
formances of  turbine-engined  and  reciprocating-engined  naval  ves- 
sels that  demonstrated  the  superiority  of  the  latter  for  battleship 
propulsion.  That  this  superiority  was  only  apparent,  however, 
and  was  due  to  faulty  design  of  turbines  and  propellers,  has  been 
shown  by  the  trials  of  vessels  since  constructed. 

In  tracing  the  advance  in  economy  in  turbine  propulsion  the 
author  selects  as  good  examples  of  modern  practice  the  recipro- 
cating-engined vessels  Delaware,  New  York  and  Oklahoma;  the 
Parsons-turbine-engined  vessels  Utah  and  Arkansas;  and  the  Cur- 
tis-turbine-engined vessels  North  Dakota,  Nevada  and  Pennsyl- 
vania. He  gives  tabulated  details  regarding  the  hulls  and  ma- 
chinery of  these  vessels  and  also  curves  plotted  from  their  trial- 
trip  data.  , 

In  one  set  of  curves  shaft  or  indicated  horsepowers  are  plotted 
against  effective  horsepowers,  giving  curves  of  relative  propeller 
efficiency  which  indicate  graphically  the  improvement  in  propeller 
design  made  in  succeeding  vessels,  and  which  show  the  recipro- 
cating-engined vessels  to  be  decidedly  superior  above  12,000  effec- 
tive h.p.  In  another  set  B.t.u.  per  effective  horsepower  are  plot- 
ted against  effective  horsepowers,  giving  a  comparison  of  com- 
bined engine  and  propeller  efficiencies.  In  a  third  set  revolutions 
per  minute  are  plotted  against  effective  horsepowers. 

So  far  as  economy  at  the  different  speeds  is  concerned,  the 
curves  show  that  there  is  but  slight  choice  between  the  different 
types  of  machinery  when  they  have  proper  propeller  efficiency. 
At  very  low  powers  the  reciprocating  engine  is  about  as  econom- 
ical as  the  geared  cruising  turbine,  and  both  of  these  are  more 
economical   than   directly   connected   cruising   turbines ;    and   it   is 


evident  that  matters  other  than  economical  performance  should 
decide  the  question  of  type  of  prime  mover.  When  losses  are 
guarded  against  it  is  the  range  of  temperature  that  really  counts 
in  securing  efficient  propulsive  machinery ;  hence  the  most  effective 
measures  are  obviously  the  use  of  superheat  and  the  highest  prac- 
ticable vacuum,  the  best  possible  utilization  of  feed-heating  ap- 
paratus, and  the  economical  operation  of  auxiliaries.  These  latter 
can  become  very  wasteful,  but  in  the  best  cases  the  percentage 
of  available  heat  used  by  them  has  been  reduced  to  about  5  per 
cent  of  the  total  at  full  power. 

The  geared  turbine  and  the  electric  drive  are  recent  innovations 
which  show  decided  economy  and  a  material  saving  in  weight  over 
directly  connected  units.  For  large  capital  vessels  the  electric 
drive  is  to  be  preferred  on  account  of  (1)  greater  flexibility  in 
shaft  and  piping  arrangements,  (2)  better  economy  at  cruising 
ranges,  (3)  better  arrangement  of  generator  rooms,  boilers,  etc., 
(4)  better  handling  conditions  and  greatly  improved  power  for 
backing,  and  (5)  the  practicability  of  using  high  superheat;  also 
(6)  parts  of  machinery  can  undergo  repair  while  other  parts  are 
in  operation  at  a  very  large  percentage  of  the  total  power  of  the 
vessel.  Gearing  is  more  suitable  for  light,  high-powered  vessels 
of  the  destroyer  or  scout  type. 

The  paper  discusses  briefly  recent  improvements  in  auxiliary 
machinery,  making  special  mention  of  the  adoption  of  the  small 
steam  turbine  for  driving  forced-draft  blowers,  and  of  the  use 
of  gearing  for  turbine-driven  generators,  pumps  and  blowers.  At- 
tention is  also  called  to  the  fact  that  the  problem  of  the  naval 
engineer  is  largely  one  of  saving  weight  and  space,  and  that  as 
the  principal  method  of  accomplishing  this  is  to  install  high- 
efliciency  machinery,  the  desirability  of  cooperation  of  naval  engi- 
neers  with    the   industrial    engineers   of   the    country    is    obvious. 
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U.  S.  S.  Nevada  Turbine  Data. — The  high-pressure  turbine 
has  five  wheels  and  two  drums,  the  5th-stage  wheel  being 
secured  to  the  foi-ward  drum,  the  steam  being  divided  after 
leaving  the  wheel  stages.  The  wheels  are  separated  from  each 
other  by  diaphragms  eontaming  the  steam  nozzles.  There  is 
one  stage  on  each  wheel  with  two  rows  of  buckets  each,  except 
the  Ist-stage  wheel  which  has  four  rows,  all  having  a  pitch 
diameter  of  132  iii.  The  fon\-ard  drum,  6th  to  14th  stages, 
inclusive,  has  nine  rows  of  buckets  with  a  pitch  diameter  of 
119  in.,  and  the  after  drum,  15th  to  30th  stages  inclusive,  has 
16  rows  of  buckets  with  a  pitch  diameter  of  118%  in. 

The  low-pressure  turbine  has  one  drum  of  38  stages  and 
38  rows  of  buckets  for  ahead  conditions,  and  one  wheel  and 


rows,  (108  in.  P.  D.j.  The  drum  has  17  rows  of  buckets  (84 
in.  P.  D.). 

The  high-pressure  cruising  turbine  has  four  wheels,  two 
rows  of  buckets  on  each,  except  the  first  has  three  (30  in. 
P.  D.).  The  low-pressure  cruising  turbine  has  six  wheels, 
two  rows  of  buckets  on  each  (30  in.  P.  D.). 

The  cruising  turbines  for  the  Nevada  'were  designed  to  give 
requisite  power  to  pass  steam  through  them  up  to  a  speed  of 
15  knots.  Those  for  the  Pemisylvama  were  designed  to  pass 
steam  through  them  up  to  a  speed  of  12  knots.  They  were, 
however,  used  up  to  15  knots  by  making  use  of  special  by- 
passes. In  both  -s'essels  the  cruising  turbines  may  be  used  at 
higher  speeds  than  those  originally  designed  by  keeping  the 


T.\BI.E   1     HULL    CHARACTERISTICS     OF    VESSELS 


Delaware 

North  Dakota 

Utah 

Arkansas 

jVew   York 

- 
Oklahoma 

Nevada 

Pennsylmnia 

Length  on  load  water  line 

510  ft.  0  in. 
85  ft.  2ys  in. 
27  ft.  2      in. 

20.209 

0.6000 

0.9798 

510  ft.  2M  in. 

85  ft.  2'A  in. 

26  ft.  llHin. 

20,051 

0.6000 

0  9810 

510  ft.  0      in. 

88  ft.  2}-i  in. 

27  ft.  lOJ^in. 

21,268 

0..5S37 

0.9792 

554  ft.  0      in. 

93  ft.  2H  in. 

27  ft.  IIA  in. 

25,496 

0.6220 

0.9850 

565  ft.  0  in. 
95  ft.  2H  in. 
27  ft.  9Hin. 

26,300 

0.6100 

0.9900 

575  ft.  0  in. 
95  ft.  25^  in. 
28  ft.  6      in. 

27,500 

0.6170 

0.9840 

575  ft.  0  in. 
95  ft.  2;-g  in. 
28  ft.  3A  in. 

27,222 

0.6080 

0.9820 

600  ft.  0      in. 
97  ft.     14  in. 

28  ft.  9ii  in. 

Displacement  on  trial,  tons 

Coefficient  of  fineness,  block 

Coefficient  of  fineness,   mid-section 

31,400 
0.6460 
0.9820 

TABLE     2         MACHINERY     CHARACTERISTICS     OF     RECIP- 
ROCATING-ENGINED     VESSELS 


TABLE     3 


Delaware 


New   York 


Oklahoma 


Engines 


{r 


type 

umber. 


Cvl.diam.,f'''«^.P"'--- 
i  medium  pres. 
m.  . 

V  low  pres 


.Stroke,  in 

Clearances  (total  per  cent) 

High-pres.  cyl.  (H.PJ..  .. 

Med.-pres.  c.vl.  (M.P.).... 

Low-pres.  cyl.  (L.P.) 

Ratio     H.P.:M.P 

Ratio     M.P.rL.P 

Ratio     H.P.tL.P 


Vertical,  inverted,  4-cylinder,  triple-expansion 
2 

38.5 

57 
(2)    76 


Top 
15.57 
12.71 
11.91 


48 

Bottom 
16.77 
14.43 
13.04 

2.22 

3.58 

7.92 


(2) 


Top 
14.29 
12.18 
13.75 


2 

2 

39 

34.98 

63 

59. 

S3 

(2)      78. 

48 

48 

Bottom 

Top        Bf 

13.54 

7.226 

14.85 

9.284         1 

2.61 
3.47 
9.06 


8.900 


Bottom 

9  .586 

12.409 

12.400 

890 

SOS 


10.130 


Valves- 


type  Piston, 

number jlH.P.,     2  M.P. 

I  4  L.P. 


with  short,  straight  ports. 
11  H.P.,     2  M.P.,  I  1  H.P..     2M.P., 
4  L.P.  I  4  L.P. 


one  drum  for  backing.  The  backing  wheel,  one  stage,  has  four 
rows  of  buckets  with  a  pitch  diameter  of  137.55  in.,  and  the 
drum,  nine  stages,  has  11  rows  of  buckets  with  a  pitch  diam- 
eter of  120  in.  The  backing  wheel  and  drum  are  separated  by 
a  diaphragm  containing  steam  nozzles. 

Pennsylvanw  Turbine  Data. — The  high-pressure  ahead  tur- 
bine has  three  wheels  and  two  drums,  the  3d-stage  wheel  being- 
secured  to  the  forward  drum.  The  wheels  are  separated  from 
each  other  by  diaphragms  containing  the  steam  nozzles.  There 
is  one  stage  on  each  wheel,  with  three  rows  of  buckets  (132  in. 
P.  D.),  except  the  Ist-stage  wheel  which  has  four  rows  of 
buckets.  The  fonvard  drum  has  18  rows  of  buckets  and  the 
after  drum  21  rows  of  buckets  (both  120  in.  P.  D.). 

The  low-pressure  ahead  and  astern  turbine  has  two  drums. 
The  forward  drum  has  42  rows  of  buckets  for  ahead  condi- 
tions (138  in.  P.  D.),  and  the  after  drum  13  rows  of  buckets 
for  astern  conditions  (120  in.  P.  D.).  The  high-pressure 
astern  turbine  has  three  wheels  and  one  drum;  each  wheel  has 
three  rows  of  buckets  except  the  first  stage,  which  has  five 


.M.ACHINERY    CHARACTERISTICS    OF    TURBINE- 
E.VGINED     VESSELS 


Arkansas, 

North 

Utah  and 

Dakota 

Florida 

r 

Parsons 

Curtis, 

Curtis, 

Curtis,  wheels 

Type  of  turbines J 

reaction 

wheel 
stages  only 

wheels  and 
drums 

and  drums 

Number  of  shafts 

4 

2 

2 

4 

Rotor  diameters,  in.* 

High-pressure 

71 

144 

132-1385^ 

132-120 

Low-pressure 

97 

120 

138 

High-pressure  cruising...  . 

71 

38^1 

30 

Intermed.-pres.  cruising .  . 

70 

Low-pres.  cruising 

30 

High-pressure  astern 

71 

137.55 

84-103 

No.  of        fhigt-pres.    ., 

Stages        j  , 

t  low-pres 

6  (91  rows) 

9 

(  5  wheel 
1  25  drum 

4  wheel  stages 

39  row^s  on  drums 

6  (39  rows) 

38 

55     

Revolutions  per  minute...  . 

.320 

280 

212 

210 

Steam  pres.,  lb.  per  sq.  in. . 

200 

250 

250 

250 

*  AU  pitch  diameters  except  in  second  column. 

cruising  turbines  in  operation  and  at  the  same  time  admitting 
some  live  steam  into  the  main  high-pressure  turbines. 


COMPARISON    OF    ECONOMICAL    PERFORMANCES 

The  curves  in  Tigs.  1  and  2  have  been  plotted  in  order  to 
establish  a  definite  basis  of  comparison  of  the  economical  per- 
formances of  the  diff^erent  vessels,  and  it  is  believed  that  the 
comparison  thus  made  is  very  easily  comprehended.  The 
curves  are  plotted  from  the  trial-trip  data  of  the  various 
vessels,  which  are  believed  to  be  reliable,  but  which  cannot  be 
taken  with  the  refinement  of  a  laboratory  experiment. 

CONSTRUCTION   OF  CURVES 

Fig.  1,  lower  part,  gives  the  effective  horsepower  and  revolu- 
tion curves  for  each  of  the  several  vessels.  Fig.  1,  upper  part, 
gives  the  effective  horsepower  and  indicated  or  shaft  horse- 
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power  curves  for  each  of  the  several  vessels.  As  plotted  they 
are  really  curves  of  relative  propeller  efficiency,  and  the  closer 
the  curve  comes  to  the  horizontal  the  greater  the  propeller 
efficiency.  The  curves  indicate  graphically  the  general  im- 
provement in  propeller  design  made  in  succeeding  vessels.  It 
will  be  seen  that  curves  of  the  two  latest  vessels,  the  Oklahoma 
and  Pennsylvania,  run  fairly  close  together  up  to  an  effective 
liorsepower  of  12,000,  though  one  is  a  turbined  vessel  running 
at  181  r.  p.  m.,  and  the  other  a  reeiprocating-engined  vessel 
running  at  118  r.  p.  m. ;  but  above  this  point  the  reciprocating 
engine  propellers  are  decidedly  superior. 

Fig.   2  gives  the  effective   horsepower  and   B.t.u.   utilized, 
obtained  by  plotting  the  value   uf  AV  H -^  (E.  H.P.),   where 
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the  engine.  They  also  take  into  account  water  for  all  pur- 
poses, except  for  the  Xorth  Dakota  the  water  for  dynamos  is 
excluded. 

Any  other  vessels  for  which  the  water  consumption,  steam 
pressure,  feed  temperature,  shaft  horsepower  and  effective 
horsepower  are  known,  can  be  compared  in  the  same  way  and 
the  relative  eflBciency  of  the  machinery  shown. 

The  disclosures  from  the  curves  of  the  B.t.u.  per  effective 
horsepower  are  extremely  interesting.  The  New  York  here 
shows  the  best  performance,  and  this  represents  the  combina- 
tion of  efBcient  propellers,  good  reciprocating  engines,  and  the 
use  of  a  moderate  degree  of  superheat.  In  comparing  the 
Delaware,  New  York  and  Oklahoma,  we  find  their  propeller 
efficiencies  stand  in  the  following  order:  1  Oklahoma;  2  Neto 
York;  3  Delaivare.  The  order  of  their  economical  efficiencies 
is:  1  New  York;  2  Delaware;  3  Oklahoma.  Both  the  New 
York  and  Delaware  have  superheat;  the  Oklahoma  has  none. 
The  relative  standing  of  the  Neiv  York  and  Delaware  is 
largely  accounted  for  by  the  difference  in  propeller  efficiency. 
The  Oklahoma  has  better  propeller  efficiency  and  fully  as 
good,  if  not  better,  engines,  hence  one  is  easily  led  to  the  con- 
clusion that  the  falling  off  in  the  economical  efficiency  of  the 
Oklahoma  is  due  to  the  non-use  of  superheat.  Similarly  the 
performance  of  the  Nevada  and  of  the  Pennsylvania  could 
have  been  improved  nearly  10  per  cent  bj'  using  superheat. 

The  Nevada  and  the  Pennsylvania  are  fitted  with  geared 
cruising  turbines.  The  superior  economy  secured  by  these  over 
other  turbine  vessels  is  clearly  shown  by  the  curves.  The 
curves  also  indicate  that  the  Parsons  vessels  at  high  speeds 
give  about  the  same  economical  result  as  the  Curtis-turbined 
Xevada  and  Pennsylvania.     The  propeller  efficiencies  of  the 


Scale    oi    Zhp   (Tow  Sope  Horscpowar, 

Fig.  1     Comparative  Performances  op  Naval  Vessels 


5cole  of  E  h  p    (Tow  Rofie  florsepower] 

I^'iG.  2     Comparative  Performances  op  Naval  Vessels 


ir  =  total  water  consumption  per  hour  at  point  where 
the  effective  horsepower  (E.  H.  P.)  mentioned  is  used,  and 
H  =  total  heat  of  one  pound  of  steam  at  boiler  less  feed 
temperature.  These  curves,  therefore,  give  a  comparison  of 
combined  engine  and  propeller  efficiency,  eliminating  the 
boilers.  Similar  curves  might  be  plotted  showing  the  engine 
efficiency  only.  But  as  the  type  of  machinery  affects  the  pro- 
peller efficiency,  it  is  a  better  comparison  to  have  the  combined 
efficiency  of  engines  and  propellers. 

In  plotting  these  curves,  where  saturated  steam  is  used  the 
steam  is  assumed  to  be  dry.  Wliere  superheated  steam  is  used 
the  temperature  of  steam  recorded  is  employed.  It  is  believed 
that  the  curves  are  truly  comparable  graphs  of  the  economical 
efficiency  of  the  machinery  of  the  different  vessels,  and  are 
unique  in  this  particular,  since  they  take  into  account  proiml- 
sive  work  performed  per  heat  unit  supplied  in  the  steam  to 


Nevada  and  Arkansas  are  about  the  same.  However,  within 
the  range  of  the  intermediate-pressure  cruising  turbine  the 
Parsons  vessels  are  superior,  while  at  very  low  speeds  the 
economy  in  the  turbine  vessels  is  about  the  same.  The  Penn- 
sylvania at  high  power  shows  slightly  better  economy  than  the 
Nevada,  this  being  expected  since  it  is  a  later  and  somewhat 
better  design,  and  better  propeller  conditions  due  to  the  use 
of  four  screws  running  at  same  revolutions  are  obtained.  At 
low  power  the  Nevada  gives  better  economy  results.  The 
curves  of  the  Utah,  Arkansas,  Nevada  and  Pennsylvania  are 
really  a  series  of  curves,  as  they  jump  from  one  combination 
of  turbines  to  another. 

In  plotting  the  curves,  that  for  each  condition  is  laid  down 
and  carried  up  to  the  point  where  the  next  combination  of 
turbines  comes  in.  Actually,  by  means  of  by-passing  steam, 
the  rejsults  will  not  follow  the  separate  lines;  but,  as  the  limit 
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of  one  combination  is  reached,  by-passing  is  resorted  to  and  a 
better  result  secured  than  if  a  complete  shift  to  the  next  com- 
bination were  made. 

As  far  as  economy  at  the  different  speeds  is  concerned,  there 
is  not  much  choice  between  the  different  types  of  machinery 
when  they  have  proper  propeller  efiflciency.  At  very  low 
powers  the  reciprocating  engine  is  about  as  economical  as  the 
geared  cruising  turbine,  both  of  these  being  more  economical 
than  directly  connected  cruising  turbines.  The  use  of  super- 
heat would  improve  the  performance,  however,  especially  that 
of  the  reciprocating  engine  and  impulse  turbine. 

The  foregoing  indicates  that  when  aU  advantages  of  design 
are  used,  about  the  same  economical  results  are  secured  with 
either  reciprocating  engines.  Parsons  turbines  or  Curtis  tur- 
bines, and  that  other  matters  besides  mere  economical  per- 
formance should  decide  the  choice  of  prime  mover  as  between 
the  several  types.  It  also  goes  to  show  that  when  the  losses 
are  properly  guarded  against  it  is  the  range  of  temperature 
that  really  counts  in  securing  efficient  propulsive  machinery. 
Therefore,  the  most  effective  measures  that  can  be  applied  are 
those  which  increase  the  range  of  temperature  that  can  be 
used  and  those  which  conserve  the  use  of  the  heat  units  sup- 
plied. Hence  we  have  reasons  for  use  of  superheat,  the 
employment  of  the  highest  possible  vacuum  practicable,  the 
best  possible  use  of  feed-heating  apparatus,  and  economical 
operation  of  auxiliaries. 

The  curves  of  the  destroyers  MeDougal  and  Wadsworth 
have  also  been  plotted.  Fig.  2.  Owing  to  large  difierences  in 
hulls  and  speeds,  the  destroyers  are  not  directly  comparable 
with  the  battleships,  but  they  are  comparable  with  each  other, 
and  the  curves  indicate  the  general  efficiency  of  the  propulsive 
machinei-y  of  representative  destroyers,  and  strikingly  show 
the  economical  advantage  secured  by  use  of  gearing. 


STEAM    USED    BY   AUXILIARIES 

A  number  of  tests  have  recently  been  made  to  determine 
the  percentage  of  total  steam  used  by  the  auxiliaries  of  naval 
vessels,  and  following  are  given  the  approximate  values  ob- 
tained from  averaging  these  results : 


Capital  vessels 


/  Speed,  knots 10 


IS 

19 

21 

30 

18 

14 

16 

20 

25 

30 

21 

17 

13.5 

12 

\  Per  cent  of  total  steam 38 

P  f  Speed,  know 12 

\  Per  cent  of  total  ateam 27 


It  will  be  noticed  that  the  percentage  of  steam  used  by  the 
auxiliaries  in  the  case  of  the  destroyers  is  considerably  less 
than  that  used  by  the  large  vessels.  This  condition  accounts 
for  the  fact  that  the  destroyer  machinery  proves  to  be  more 
efficient  than  that  of  the  capital  vessels.  The  above  axe 
average  results  for  certain  average  conditions,  but  it  is  be- 
lieved that  the  steam  consumption  of  the  auxiliaries  can,  by 
special  care  and  attention,  be  reduced  from  10  to  25  per  cent 
below  the  average  conditions  which  obtained  when  the  water 
consumption  was  measured. 

The  auxiliary  exhaust  that  is  not  used  in  the  feed  heaters  is 
used  in  the  low-pressure  turbines,  so  that  under  the  condi- 
tions of  actual  operation  the  auxiliaries  do  not  use  the  full 
extent  of  this  percentage,  and  all  over  about  10  per  cent  is 
used  in  the  low-pressure  turbine,  where  it  wiU  give  approxi- 
mately half  the  return  that  the  same  amount  of  live  steam 
entering  at  the  throttle  would  give.  Therefore,  strictly  speak- 
ing, the  auxiliaries,  except  electric  generators,  should  be 
charged  with  only  about  half  of  the  above  percentages,  since 


they  exhaust  at  about  10  lb.  pressure,  and  this  exhaust  is 
used  effectively  both  in  the  feed  heater  and  in  tie  turbines. 
The  following  table  has  been  compiled  to  show  the  approxi- 
mate steam  consumption  of  various  auxiliaries  on  large  vessels 
for  full-power  conditions.  The  amounts  of  steam  used  are 
quite  variable  and  depend  not  only  upon  the  design  of  the 
auxiliaries  but  also  on  the  method  of  operation.  The  following 
gives  the  percentages  of  steam  used  by  the  auxiliaries. 

Per  cent  of  total  steam 

Feed  pumps 3.0  to  5.0 

Circulating  pumps 1.5  to  25 

Air  pumps  and  condensate  pumps 0.2  to  0.6 

Forced-draft  blowers 1.5  to  3.0 

Lubricating  pumps 0.1  to  0.2 

Oil-fuel  pumps 0.2  to  0.4 

Total  for  auxiliary  machinery  necessary  to  operate  main  engines.  .  6.5  to  11.7 
Bilge  pumps,  ice  machines,  steering  engine  and  other  miscellaneous 

machinery 1.0  to  4.0 

Dynamo  plant  other  than  forced-draft  blowers 1.0  to  2.0 

Total S.5  to  17.7 

Evaporating  plant,  depending  on  rate  of  use. 

The  principal  steam  users  among  the  auxiliaries  are  the  feed 
pumps,  circulating  pumps  and  forced-draft  blowers;  the  other 
auxiliaries  of  naval  vessels  use  a  relatively  very  small  per- 
centage of  steam. 

The  introduction  of  turbine-driven  centrifugal  feed  pumps 
will  reduce  the  steam  consumption  for  feeding.  The  consump- 
tion of  circulating  pumps  is  reduced  by  the  use  of  scoop 
injection  for  condensers  on  destroyers  and  scouts,  and  on 
other  vessels  where  this  is  practicable.  The  consumption  for 
forced-draft  blowers  is  reduced  by  using  larger  blower  units 
and  by  having  arrangements  made  whereby  two  blower  units 
are  compounded.  Compounding  has  actually  been  made  use 
of  in  several  instances. 

Electric  forced-draft  blowers  have  been  used  on  a  consider- 
able number  of  large  vessels.  While  this  practice  is  fairly 
economical,  the  desired  speed  regulation  is  not  secured,  and 
electrically  driven  blowers  are  not  well-suited  to  oil-burning 
installations.    The  objections  to  the  electrically  driven  blowers 


(1)  Difficulty  in  obtaining  as  variable  a  speed  as  is  desirable 
and  necessary  with  oil  fuel.  With  steam-turbine  drive  minute 
regulation  is  possible. 

(2)  Additional  generating  units  have  to  be  started  when  a 
considerable  number  of  blowers  are  started. 

(3)  Starting  and  stopping  of  blowers  creates  a  very  vari- 
able load,  and  in  order  to  accommodate  this  load  extra  gen- 
erators have  to  be  kept  in  operation. 

(4)  Electrically  driven  blowers  cannot  be  efficiently  ope- 
rated at  low  speeds,  and  in  many  cases  a  low  speed  is  desirable 
to  suit  the  boiler  output  at  any  one  time. 

(5)  Circuit  breakers  are  likely  to  blow,  and  if  this  hap- 
pens flare  backs  may  take  place  and  all  steam  generation  be 
stopped  until  the  blowers  are  again  started.  With  steam- 
turbine  drive  it  is  very  unlikely  that  all  blowers  would  stop 
at  the  same  time. 

It  must  be  remembered  that  the  auxiliary  exhaust  is  now 
invariably  used  for  feed  heating  and  in  some  instances  for  dis- 
tilling, so  that  the  actual  heat  used  by  the  auxiliaries  is  really 
from  4.5  to  9  per  cent  of  the  total  instead  of  from  8.5  to  18 
per  cent. 

The  auxiliaries  can,  by  lack  of  care  in  design,  condition  and 
operation,  become  very  wasteful,  so  that  they  do,  in  cases,  use 
two  or  three  times  the  amounts  stated.    But  in  our  best  per- 
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formanees  we  are  reducing  the  percentage  of  available  heat 
used  by  the  auxiliaries  to  approximately  5  per  cent  of  the  total 
at  full  power.  By  improvement  in  design  and  operation  this 
figure  can  be  still  further  reduced,  but  no  very  marked  further 
saving  in  steam  used  for  auxiliaries  is  practicable. 

NEW    TYPES    OF    MACHINERY 

In  tlie  search  for  economy  and  efficiency  there  are  new  types 
of  naval  machinery  to  deal  with  which  are  causing  both  the 
directly  connected  turbine  and  the  reciprocating  engine  to  be 
superseded.  These  are  the  geared  turbine  and  the  electric 
drive.  The  hydraulic  transmitter  lias  also  been  considered 
abroad.  Tliese  innovations,  which  have  actually  been  tried  in 
quite  a  number  of  cases  both  on  naval  vessels  and  in  the 
merchant  marine,  will  secure  an  advantage  in  economy  of  10 
to  15  per  cent  as  compared  with  the  directly  connected  units, 
as  well  as  a  material  saving  in  weight.  In  this  connection  note 
the  position  of  the  curves  of  the  Wadsworth,  our  first  U.  S. 
geared  destroyer.  For  certain  types  of  vessels  the  geared 
turbine  has  the  advantage  over  the  electric  drive.  For  other 
types  the  reverse  is  the  case.  For  large  capital  vessels  of  high 
speed  the  electric  drive  appears  to  have  the  advantage  for  the 
following  reasons : 

(1)  There  is  much  more  flexibility  so  far  as  arrangement  and 
shaft  and  piping  connections  are  concerned. 

(2)  Better  economy  at  cruising  ranges  is  secured. 

(3)  Generator  rooms,  boilers,  piping,  etc.,  can  be  more  adapt- 
ably  arranged.  The  necessity  for  bringing  large  steam 
pipes  through  boiler  compartments  and  back  to  the  engine 
room  is  avoided,  electric  conductors  taking  the  place  of 
these  large  pipes. 

(4)  Parts  of  machinery  can  be  undergoing  repair  while  other 
parts  are  in  operation  at  a  very  large  percentage  of  the 
total  power  of  the  vessel. 

(5)  Much  better  handling  conditions  are  secured,  and  a  gTeatly 
improved  power  for  backing  is  present  without  the  com- 
plication caused  by  the  use  of  backing  turbines. 

(6)  It  is  entirely  practicable  to  use  a  high  degree  of  superheat. 

GEARING   vs.    ELECTRIC   DRIVE 

Gearing  is  more  suitable  than  the  electric  drive  for  light, 
high-powered  vessels  of  the  destroyer  or  scout  type,  because 
it  is  more  compact  and,  within  the  limitations  of  these  vessels, 
is  lighter  than  the  electric  drive.  It  is  a  little  more  economical 
at  high  power  but  not  as  economical  at  cruising  and  inter- 
mediate speeds.  Gearing  is  more  suitable  for  light,  high- 
powered  installations  where  weight  and  space  are  cut  to  the 
minimum  and  where  the  power  is  not  so  great  but  what  the 
leads  of  steam  piping  and  shafting  can  be  satisfactorily 
handled.  The  turbine-reduetion-gear  layout  does  not  permit 
of  as  much  protection  to  the  machinery,  and  the  handling 
arrangements  and  flexibility  are  not  as  good.  In  the  scout  and 
destroyer  designs,  machinery  of  the  following  characteristics 
may  be  applied:  Powers  up  to  25,000  shaft  h.p.  on  one 
reduction  gear  set,  two  pinions  being  utilized.  Water  consump- 
tion of  10.5  to  11  lb.  per  shaft  h.p.  at  full  power;  machinery 
weight,  total,  about  40  lb.  per  shaft  h.p.  Such  maehmery 
contemplates  the  use  of  scoop  injection  condensers,  and  also 
the  possible  use  of  steam  ejectors  or  kinetic  tanks  in  place  of 
air  pumps.     Such  machinery  also  requires  the  red\iction  of 


all  the  auxiliaries  to  the  lowest  limit  that  is  practicable. 
A  comparison  of  gearing  and  electric  dri.ve  on  various  points 
is  given  below.  The  advantage  is  not  all  one  way,  and  the 
special  conditions  of  vessel  and  her  service  requirements  will 
govern  the  choice  of  one  type  or  the  other. 


GEARING 


ELECTRIC  DRIVE 


Weight 


The  initial  advantage  rests 
with  the  gearing,  since  the  gear 
wUl  not  weigh  as  much  as  the 
generator  and  motor  combined. 
As  very  large  powers  are  used 
and  a  multiplicity  of  shafts,  this 
advantage  is  lessened. 


The  saving  of  weight  by  using 
gearing  will,  however,  not  be  a 
very  large  percentage  of  the 
total  machinery  weight,  prob- 
ably not  more  than  1  or  2  pet 
cent.  However,  considerable 
weight  in  piping  is  saved  by 
means  of  the  electric  drive,  so 
that  for  large  vessels  the  weight 
of  machinery  is  about  the  same 
for  either  gearing  or  for  electric 
drive. 


Space 


The  advantage  wUl  rest  to  a 
slight  extent  with  gearing,  !0 
far  as  the  cubical  contents  are 
concerned. 


The  space  can,  however,  be  in 
many  cases  more  advantageously 
utilized.  The  generator  can  be 
placed  at  some  distance  from 
the  motor.  The  shaft  can  be 
greatly  shortened.  This  advan- 
tage shows  up  specially  on  large 
vessels.  Superior  boiler-room 
arrangements  can  be  utilized. 


Racing 


The  gear  and  turbine  will  be 
subject  to  the  racing  action  of 
the  propeller. 


There  will  be  no  racing.  The 
motor  will  govern  the  propeller 
and  maintain  even  speed.  This 
fact  may  possibly  produce  a 
slight  gain  in  propulsive  effi- 
ciency. 


Handling 


Handling  is  satisfactory. 


The  advantage  rests  with  the 
electric  drive,  especially  with 
regard  to  backing  power.  See 
Jour.  A.S.N.E.,  February,  1916, 
Stopping.  Backing  and  Turning 
Ships,  by  Lieut.  S.  M.  Robin- 
son, U.  S.  N. 


Adaptability  to  Best  Conditions  foe  Efficient  Pbopulsion 


The  gear  ratio  having  been 
adopted  it  can  not  be  changed. 
If  the  effective  horsepower  and 
propeller  efficiency  have  not 
been  accurately  estimated,  an 
improper  ratio  will  be  present 
which  may  prevent  the  turbine 
from  securing  its  most  efficient 
speed.  Unless  very  high  gear 
ratios  are  employed  the  most 
economical  turbines  can  not  be 
used. 


The  relative  speed  of  propel- 
ler and  turbine  can  be  altered  to 
any  extent.  The  turbine  can 
therefore  run  at  its  most  effi- 
cient speed  without  reference  to 
the  propeller  speed.  This  en- 
ables a  very-high-speed  turbine 
to  be  used,  which  allows  of 
greater  economy.  The  design 
can  utilize  the  very  best  pro- 
peller conditions  without  affect- 
ing the  design  or  limitations  of 
the  turbine. 


Facility  for  Repair 


No  special  advantage.  Whole 
engine  plant  has  to  be  run  when 
under  way.  At  present  large 
gears  can  only  be  cut  by  very 
few  firms. 


In  case  of  accident  generator 
and  motor  parts  can  be  renewed 
more  easUy  than  gear  can  be 
repaired.  One  generator  can  be 
repaired  while  other  works  to 
full  power.  This  will  give  about 
three-quarter-speed. 
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Repairs   to   be   Expected 


Repairs  to  gearing  will  be  lit- 
tle or  nothing ;  but  if  damagpcl 
to  any  extent,  however,  gear 
will  have  to  be  replaced.  A 
spare  gear  should  be  at  hand  to 
replace  one  damaged  by  acri- 
deut. 


The  repairs  to  generator  and 
motor  may  be  of  considerably 
greater  extent  and  may  cost 
more  than  those  to  gear,  but 
they  can  be  more  readily  made, 
and  actual  experience  with  the 
Jupiter  does  not  indicate  that 
there  will  be  large  repair  bills. 


Economy 


With  the  same  boilers  and 
turbines  gearing  has  an  advan- 
tage of  about  5  per  cent  at  full 
power.  The  same  turbines  may. 
however,  not  be  feasible,  since 
the  turbine  to  be  used  must  ac- 
commodate itself  to  the  gear 
that  is  being  used. 


Owing  to  ability  to  use  only 
one  generator  at  below  half 
power,  the  ability  to  run  gener- 
ator at  practically  constant 
speed  and  the  flexibility  of  the 
electric  bond  to  adjust  itself  to 
any  speed  ratio,  it  is  likely  that 
the  initial  advantage  of  gearing 
in  economy  will  disappear  at 
cruising  speeds,  and  at  low 
speeds  the  electric  drive  will  be 
more  economical. 


Eeveb.sibii,ity — Backing   Power 


Requires  a  backing  turbine, 
which  complicates  design  and 
enables  only  a  portion  of  full 
power  to  be  used  for  backing. 
Limited  to  about  50  per  cent 
backing  power,  even  with  very 
large  backing  turbines. 


Full  backing  power  is  secured 
without  disturbing  turbine.  Re- 
versing is  made  particularly 
easy,  and  the  full  utilization  of 
the  steam  supply  is  possible 
for  backing,  since  there  is  about 
the  same  engine  efficiency  back- 
ing as  going  ahead. 


Care  i.\  Operation 


Little  or  no  special  care  re- 
quired for  the  gear.  Oil  supply 
the  essential  matter.  Some  dif- 
ficulty in  lubrication  has  been 
experienced. 


Facilitv  fob 

Location  of  turbines  and  gear 
fixed  by  position  of  shaft. 


Considerable  attention  will 
have  to  be  given  to  maintaining 
generator  and  motor  in  condi- 
tion. This  also  requires  a  spe- 
cial knowledge  of  electrical  feat- 
ures, for  which  personnel  will 
have  to  be  specially  trained. 
Ventilation  of  motor  and  keep- 
ing it  dry  will  require  special 
attention. 

Inst.\i.i.atiox 

Generators  can  be  located 
anywhere  without  regard  to 
shaft.  Best  location  of  con- 
denser, steam  piping,  etc..  can 
be  secured.  This  enables  a  more- 
more  adaptable  and  simple  ar- 
rangement to  be  made.  Special 
advantage  of  this  may  be  taken 
in  making  best  provision  for 
torpedo  protection. 


Certainty  of  Data  ox   Which  to   Base   Design 


All  portions  of  the  electric 
drive  apparatus  have  been  built 
and  fully  tested  out:  They  have 
been  applied  to  one  marine  in- 
stallation and  have  been  suc- 
cessful. 


Gears  suitable  for  very  large 
power  have  not  yet  been  built 
in  this  country.  Each  installa- 
tion practically  necessitates  a 
new  design  of  the  gear.  Exist- 
ing installations  have  been  gen- 
erally successful,  but  some 
trouble  with  wear  on  gear  and 
breaking  of  gears  has  been  ex- 
perienced. 

The  Ljungstrom  turbo-dynamos  are  a  new  feature  in  marine 
electric  driving,  but  though  there  has  been  an  installation 
actually  built,  the  device  is  still  experimental.  If  it  stands  up 
in  seirice  it  will  be  a  means  of  improving  the  now  accepted 
type  of  electric  drive  in  this  eomitry  by  about  10  per  cent. 
Nothing  definite  has  been  done  with  tliis  device  in  the  U.  S.. 


though  a  great  increase  in  economy  is  claimed  for  it  and  has 
been  secured  in  numerous  actual  installations. 


BOILER    EFFICIENCY 

The  campaign  for  economy  also  makes  it  necessary  to 
inquire  into  possible  ways  of  improving  boiler  economy.  Boiler 
efficiency  has  remained  approximately  at  a  standstill  for  quite 
a  number  of  years,  but  the  advent  of  oil  burning  has  given  a 
new  phase  to  the  situation.  By  means  of  improved  burners 
continual  improvement  in  combustion  has  been  effected.  A 
great  deal  of  experimental  work  has  been  done  by  the  fuel-oil 
testing  plant  at  the  Navy  Yard,  Philadelphia,  and  marked 
improvement  in  burners  has  been  secured. 

It  is  believed,  however,  that  we  are  about  to  secure  a  mate- 
rial improvement  by  arranging  the  heating  surface  of  boilers 
so  as  to  secure  a  proper  relation  between  the  flow  of  gases  and 
the  circulation  of  water.  The  actual  course  of  circulation  in 
water-tube  boilers  is  a  matter  that  bears  study  and  investiga- 
tion. A  recent  disclosure  has  shown  that  some  generally 
accepted  ideas  are  in  error.  It  is  believed  that  to  obtain  the 
best  efficiency  the  gases  must  be  so  directed  as  to  pass  in  the 
counter  direction  to  the  flow  of  water  in  the  tubes,  and  that  as 
the  gases  are  cooled  and  the  volume  reduced  the  area  of  the 
gas  passage  should  be  decreased  in  order  that  the  velocity 
of  the  gases  may  be  maintained  at  a  proper  point  for  the 
requisite  efficiency.  Some  experiments  along  these  lines  are 
under  waj'. 

The  best  boiler  results  that  we  have  record  of  give  from  77 
to  81  per  cent  efficiency  for  well-baffled  straight-tube  boilers 
(with  0.1  to  0.3  lb.  oil  per  sq.  ft.  of  heating  surface),  and  about 
70  to  78  per  cent  for  express  boilers.  With  coal  the  boiler 
efficiency  averages  about  5  per  cent  less.  It  is  believed  that 
by  special  care  based  on  proper  experimental  data  a  boiler 
efficiency  of  85  per  cent  can  be  secured  for  continuous  opera- 
tion on  board  ship ;  this  economy  to  be  effected  by  means  of 
proper  baffling  and  proper  relation  of  baffling  to  boiler  cir- 
culation, and  by  supplying  more  efficient  clothing  and  lagging. 
An  oil  furnace  means  a  higher  furnace  temperature,  and  hence 
more  boiler  clothing  is  needed. 


•SPECIAIi  CONDITIONS  OF  DESIGN 

The  demands  upon  the  engineer  to  secure  in  the  new  designs 
the  necessary  power  for  a  great  increase  in  speed,  as  well  as 
for  special  and  tmprecedented  protection  from  torpedo  attack, 
have  made  it  necessary  to  get  every  bit  of  power  out  of  e\ei-y 
pomid  of  weight  and  cubic  foot  of  space  allowed.  Everything 
non-essential  must  be  left  off,  and  every  part  must  be  designed 
to  be  adequate  but  without  excessive  margin.  The  principal 
method  of  saving  both  weight  and  space  is  to  install  machinery 
that  will  secure  the  highest  practical  economy,  and  in  search- 
ing for  the  means  of  accomplishing  this  the  naval  engineer 
is  looking  to  the  engineering  talent  of  the  country  to  come 
to  his  assistance. 


NEW    DEVELOPIIEXTS    IN"    NAVAL    ENGINEERING 

The  present  time  is  especially  a  period  of  development  in 
naval  engineering.  The  European  war,  and  the  developments 
caused  by  it.  have  emphasized  and  will  tend  to  emphasize  many 
new  features  and  point  out  special  lines  of  advancement  in 
naval  engineering'.     We  are  now  almost  at  the  stage  of  dis- 
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carding  the  reeiprocatiug  engine  and  the  direct  turbine  drive 
for  new  fighting  craft,  and  in  their  place  are  coming  turbine 
reduction  gear  and  the  electric  drive,  with  the  oil  engine  for  sub- 
marines and  as  a  possibility  for  some  auxiliary  vessels.  Coal 
burning  is  being  superseded  by  oil  burning  on  nearly  all  classes 
of  vessels  building  for  our  Navy.  There  have  been  recently 
successfully  tried  three  superdreadnoughts,  the  Nevada.  Okla- 
homa and  Pennsylvania,  all  of  them  equipped  with  oil-burn- 
ing boilers  exclusively.  This  marks  a  special  step  of  progress 
in  the  evolution  of  naval  engineering  work,  and  the  use  of  oil 
fuel  has  permitted  many  engineering  and  operating  advan- 
tages to  be  secured.  Special  development  is  taking  place  in 
the  field  of  aeronautical  apparatus,  and  a  great  deal  of  this  is 
being  done  by  the  cooperation  between  the  Navy  and  the  engi- 
neering industries  of  the  country.  Many  new  developments  of 
condensing  apparatus,  pumps  and  other  auxiliaries  are  coming 
on.  New  things  are  dawning  all  the  time,  and  as  fast  as  they 
give  promise  of  practicability,  reliability  and  proper  adapta- 
tion to  naval  use  they  are  tried  out  and  adopted.  There  is 
continual  progress  toward  greater  efficiency,  greater  economy, 
compactness,  and  in  reduction  of  weight,  which  enables  the 
United  States  to  take  the  lead  in  engineering  development. 
Such  developments  are  'largely  the  result  of  coopei-ation  be- 
tween the  industrial  engineers  and  the  naval  engineers.  Fur- 
ther to  develop  this,  more  experimental  and  laboratory  work 
is  necessaiT,  and  the  country  must  be  willing  to  spend  some 
money  for  experimentation  in  order  to  save  in  actual  service. 
and  to  secure  greater  efiBciency. 

The  Navy  has  now  in  service  one  destroyer,  one  destroyer 
tender  and  one  submarine  tender  equipped  with  Parsons  tur- 
bine reduction  gear,  and  one  eoUier  equipped  with  Westing- 
house  reduction  gear.  There  are  building  four  destroyers  with 
machinery  of  this  type,  three  with  Parsons  turbines  and  one 
with  Curtis.  Geared  cruising  turbines  are  being  used  on  fifteen 
destroyers  and  five  battleships  built  and  building.  The  elec- 
tric drive  has  been  tested  out  on  one  auxiliary  vessel  and  is 
being  installed  on  three  first-class  battleships  building.  In  the 
matter  of  electric  drive  for  propulsion  of  ships  our  Navy  is 
the  pioneer.  This  is  entirely  an  American  development,  and 
the  men  responsible  for  its  initiative  and  its  development  to  a 
successful  point  are  all  Americans.  The  Navy  Department  has 
materially  assisted  in  this  development.  An  experimental 
Diesel  engine,  the  largest  yet  to  be  installed  on  a  vessel,  has 
been  completed  at  the  Navy  Yard,  New  York,  and  is  now 
being  installed  on  the  oil-fuel  carrier  Maumee,  which  has  been 
towed  there  from  San  Francisco.  This  two-cycle  Diesel  engine, 
of  5200  h.p.,  was  built  by  the  Government.  The  tender  Fulton 
has  been  equipped  with  a  two-cycle  Diesel  engine  and  has  been 
in  service  for  over  a  year. 

Among  the  new  things  in  the  auxiliary  machinery  of  na\al 
vessels,  it  may  be  mentioned  that  the  small  steam  turbine 
has  been  developed  as  the  accepted  drive  for  forced-draft 
blowers  on  nearly  all  our  naval  vessels.  In  this  also  the 
United  States  has  been  the  pioneer.  The  use  of  gearing  for 
turbine-driven  generators,  pumps  and  blowers  has  also  been 
initiated.  Rotary  pumps  are.  now  being  used  for  oil-fuel 
sen'ice. 

Condensers. — The  principal  improvement  in  condenser  prac- 
tice has  been  the  adoption  of  expanded  tubes  in  place  of 
packed  tubes.  Expanded  tubes  can  be  kept  absolutely  tight, 
while  there  is  always  some  doubt  about  a  packed  tube.  For 
some  years  expanded  tubes  have  been  used  on  destroyers.  For 
large  vessels  the  tubes  have  been  expanded  at  inlet  end  and 
packed  at  outlet  end.     This  jirevents  crawling  of  tubes. 

Augmenters,  dual  air  pumps,  or  some  kind  of  dry  vacuum 


apparatus  are  installed.  Tube  spacing  to  allow  of  least  pos- 
sible resistance  to  flow  of  steam  is  being  employed. 

Steam  ejectors  m  combination  with  a  condensate  pump  have 
been  experimented  with  and  their  use  is  being  considered. 
These  ejectors  save  a  great  deal  of  weight  and  space,  but  they 
will  have  to  be  thoroughly  tried  out  before  they  can  be  gen- 
erally applied. 

The  importance  of  high  vacuum  is  fully  appreciated  and  no 
effort  is  spared  to  obtain  all  possible  advantage  within  the 
limitations  of  the  design.  On  turbine  vessels  the  design  con- 
templates securing  a  vacuum  of  about  28  to  28V2  in.  of  mercury 
at  full  power,  with  circulating  water  at  70  deg.  fahr.  At  lower 
powers  a  better  vacuum  is  obtained.  On  destroyers  and 
scouts  scoop  injection  condensers  are  being  used,  with  a  small 
auxiliary  circulating  pump  to  furnish  circulating  water  for 
backing  and  while  vessel  is  standing  still  or  maneuvering. 

Feed  Pumps. — Turbine-driven  multiple-stage  centrifugal 
feed  pumps  are  being  installed  on  our  latest  vessels.  It  is 
expected  that  these  pumps  will  be  more  reliable,  fui-nish  a 
more  steady  pressure,  and  be  considerably  more  economical, 
especially  in  repairs,  than  the  reciprocating  plunger  pumps 
that  they  supersede.  It  is  also  expected  that  the  centrifugal 
pumps  wiU  require  far  less  overhaul  and  will  lessen  the  danger 
of  rupturing  feed  piping. 

Rotary  Pumps  are  being  adopted  for  fuel  oil  service.  These 
pumps  give  a  more  steady  pressure. 

CO,  Refrigerating  Machines  are  being  used  in  place  of 
dense-air  ice  machines.  Some  of  the  later  machines  are  elec- 
trically driven,  but  there  i§  no  very  special  advantage  in  the 
electric  drive.  Small  electrically  driven  refrigeratmg  ma- 
chines of  several  types  have  been  developed  for  use  on  de- 
stroyers and  small  craft,  these  being  similar  to  machines  used 
in  yachts  and  private  houses. 

Distilling  Plants  of  multiple-effect,  low-pressure  (operating 
under  a  vacuum),  non-sealing  type  are  bemg  fitted,  and  auxili- 
ary exhaust  is  being  extensively  used  for  operating  evap- 
orators. These  steps  have  resulted  in  materially  reducing  the 
fuel  consumption  in  port.  The  use  of  feed  heating  in  connec- 
tion with  distilling  plants  is  being  extended  and  consequent 
gain  in  economy  realized. 

Clutches  for  connecting  or  disconnecting  cruising  units  or 
motors  while  shafts  are  revolving,  have  been  experimented  with 
and  installed  in  a  number  of  vessels;  some  are  hydraulic  oil 
clutches,  others  magnetic.  A  thoroughly  reliable  clutch  for 
this  service  is  very  desirable,  and  from  the  different  kinds  tried 
it  is  hoped  that  several  wiU  be  developed  beyond  the  experi- 
mental state  in  the  near  future.  The  clutches  used  are  the 
Metten  clutch,  operated  by  oil  pressure,  the  Turner  mechanical 
clutch,  and  the  magnetic  clutch  manufactured  by  the  Cutler- 
Hammer  Co. 

Forced-Draft  Blowers. — Tests  and  experiments  have  been 
eaiTied  on  for  several  years  in  order  to  develop  forced-draft 
fans  for  destroyers  that  will  be  both  strong  and  durable,  and 
which  will  operate  as  noiselessly  as  possible.  This  is  an  ex- 
tremely important  matter,  as  the  noise  of  these  fans  is  one  of 
the  things  that  will  disclose  the  presence  of  a  destroyer  to  an 
enemy;  it  also  indicates  lack  of  efficiency. 

The  Gyroscope,  besides  its  entirely  successful  application  in 
the  gyroscopic  compass,  which  is  now  installed  on  all  naval 
vessels  of  fighting  value  and  which  has  made  submarine  navi- 
gation practical  and  reliable,  is  also  being  used  in  numerous 
other  fields,  such  as  a  stabilizer  for  air  craft,  submarines  and 
for  other  naval  craft. 

Radio  Apparatus. — In  the  field  of  radio  development  tre- 
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mendous  strides  are  being  made.  The  range  of  apparatus  on 
naval  vessels  has  been  doubled.  Trans-Pacific  stations  are 
being  built  to  connect  the  radio  chain  across  the  Pacific  from 
San  Diego  to  Cavite  via  Pearl  Harbor.  The  wireless  telephone 
is  also  being  developed  in  conjimction  with  the  radio  stations. 


STANDARDIZATION    OP    ENGINEERING    APPARATUS 

Another  vital  matter  involving  naval  engineering  prepared- 
ness is  the  standardization  of  engineering  methods,  tools, 
gages,  fittings,  parts,  etc.  Comparatively  little  has  been  done 
in  this  matter,  and  the  difficulty  seems  to  be  to  get  someone  or 
somebody  to  start  things.  The  American  Society  of  Mechan- 
ical Engineers  and  other  engineering  societies  have  labored  in 
this  field,  but  definite  progress  is  not  satisfactory. 

Standardization  of  mechanical  apparatus  is  essential  to  the 
maximum  eflBeiency  of  the  naval  engineer.  Whenever  stand- 
ardized commercial  articles  can  be  used  the  Department  is 
desirous  of  so  doing,  as  a  standard  commercial  article  is  (1) 
more  quickly  obtained;  (2)  allows  increased  competition;  (3) 
will  be  cheaper;  (4)  will  necessitate  carrying  a  smaller  stock 
of  material;  (5)  and  can  be  obtained  readily  when  away  from 
the  source  of  supply. 

Steps  towards  standardization  have  been  made  along  the 
following  lines :  (1)  Boiler-tube  specifications  of  the  American 
Society  for  Testing  Materials,  The  American  Society  of  Me- 
chanical Engineers,  and  Railway  Master  Mechanics'  Associa- 
tion are  recognized  by  law  in  several  of  the  states;  (2)  Spark 
plugs  for  gas  engines  are  fast  coming  to  a  standard  size  with 
a  standard  screw  thread. 

The  Navy  Department  has  always  been  in  favor  of  stand- 
ardizing mechanical  apparatus,  and  of  late  years  we  are 
trying  hard  to  fix  matters  so  that  the  best  commercial  practice 
in  any  field  will  be  suitable  for  naval  work.  Standardization 
in  many  particulars  is  essential,  and  the  manufacturers  and 
mechanical  engineers  of  the  country  should  be  making  special 
effort  to  secure  further  standardization  of  methods,  tools  and 
parts.  In  the  end  the  engineering  industry  of  the  country  will 
benefit  by  this  standardization,  and  engineering  material  and 
apparatus  can  be  more  economically  supplied. 


COOPERATION  OP  ENGINEERING  ACTIVITIES 

The  naval  engineer,  both  in  and  out  of  the  sen'ice,  has  many 
new  and  interesting  problems  before  him,  and  it  behooves  him 
to  be  looking  to  the  future  to  employ  the  best  that  science  and 
mechanical  ability  can  provide  for  fashioning  the  weapons  of 
naval  preparedness.  The  best  development  of  naval  engineer- 
ing matters  will  be  accelerated  by  the  best  possible  cooperation 
between  the  naval  and  the  industrial  engineering  talent  of  tlie 
country.  Without  this  hearty  cooperation  and  the  support  of 
the  engineering  facilities  of  the  country,  the  Navy  could  not 
be  properly  placed  or  kept  upon  a  war  footing.  In  fact, 
without  the  utilization  of  the  civilian  engineering  talent  of  the 
country  we  would  not  get  vei-y  far  with  our  material  for  the 
Navy.  The  Navy  appreciates  the  need  of  this  cooperation,  and 
desires  that  our  commercial  engineering  forces  cooperate  in 
every  possible  way  to  give  it  the  best  material  that  American 
engineering  talent  can  devise  and  that  its  mechanical  forces  can 
fabricate. 

But  not  only  should  there  be  coordination  between  the 
civilian  engineer  and  the  engineer  in  the  Navy,  but  there  must 
also  be  that  cooperation  and  standardization  of  engineering 


means  and  efforts  that  this  Society  aims  to  foster  and  in  which 
it  has  been  so  markedly  successful. 


A  new  type  of  Humphrey  pump,  built  in  small  sizes,  utilizes 
the  oscillations  of  a  heavy  weight  instead  of  a  column  of  water. 


On  the  initiative  of  tlie  Royal  Society  a  Board  of  Scientific 
Societies  has  been  established  in  England  to  promote  the  co- 
operation of  those  interested  in  pure  or  applied  science;  to 
supply  a  means  by  which  the  scientific  opinion  of  the  country 
may,  on  matters  relating  to  science,  industi-y  and  education, 
find  effective  expression;  to  take  such  action  as  may  be  neces- 
sary to  promote  the  application  of  science  to  the  nation's 
industries  and  to  its  service;  and  to  discuss  scientific  ques- 
tions in  which  international  cooperation  seems  advisable.  The 
board  at  present  consists  of  representatives  of  27  scientific, 
including  technical,  societies. 


The  term  "  yield  point  "  does  not  appear  to  have  any  fixed 
meaning,  according  to  J.  E.  Howard,  in  a  discussion  of  a 
paper  read  before  the  American  Society  for  Testing  Materials, 
and  in  his  opinion  there  seems  to  be  no  feature  in  the  be- 
havior of  steel  which  calls  for  this  term,  or  to  which  it  can 
properly  apply.  The  term  is  essentially  vague  and  uncertain, 
and  well  calculated  to  create  confusion.  It  is  an  approxima- 
tion to  the  elastic  Umit,  but  having  been  given  a  name  it 
purports  to  have  a  definite  meaning.  The  most  that  can  be 
said  about  it  is  that  a  structural  member  loaded  up  to  its 
yield  point  will  suffer  a  certain  amount  of  permanent  strain. 


In  steel  coal  hoppers,  filled  as  they  are  almost  all  the  time 
with  moist  coal,  the  corrosion  of  the  metal  is  quite  rapid.  To 
prevent  this,  according  to  the  Electrical  World  (Aug.  19, 
1916),  it  is  the  practice  of  the  Commonwealth  Edison  Com- 
pany (Chicago)  to  line  the  hoppers  with  cement,  as  follows: 
After  removing  any  rust  from  the  metal  the  steel  is  painted 
with  rust-resisting  paint  and  wire  mesh  fastened  in  place. 
Cement  is  then  applied  by  spray  or  by  a  cement  gini,  under 
an  air  pressure  between  40  and  60  lb.  per  sq.  in.,  and  is 
hydrated  before  emerging  from  the  nozzle  by  water  coming 
through  a  separate  hose.  The  lining  thus  applied  is  about 
3%  in.  in  thickness  and  offers  a  smooth  surface  not  easily 
abraded  and  which  protects  the  steel  from  the  deteriorating 
influence  of  the  moist  fuel. 


The  lifting  capacity  of  a  lifting  magnet  depends  entirely 
on  the  materials  which  it  has  to  handle,  particularly,  however, 
on  (a)  the  magnetic  quality  of  the  load;  (&)  the  temperature 
of  the  material,  which  should  not  be  above  black  heat;  (c) 
the  shape  of  the  load  and  whether  it  consists  of  one  solid 
piece  or  a  number  of  small  parts;  and  (d)  the  manner  in 
which  the  material  to  be  lifted  is  stacked.  Although  the  lifting 
capacity  cannot  be  calculated,  it  may  be  assumed  that  a  weU- 
desigiied  magnet  is  capable  of  lifting  a  solid  piece  of  steel, 
with  machined  surface,  of  not  less  diameter  than  the  magnet 
itself,  weighing  approximately  15  times  the  weight  of  small 
magnets,  8  to  12  times  the  weight  of  magnets  from  24  to 
36  in.  in  diameter,  and  5  to  6  times  the  weight  of  magnets 
from  36  to  60  in.  in  diameter. — The  Electrician,  Aug.  11,  1916. 


STEAM-FLOW  MEASUREMENT 

A  Statement  of  the  Problem  of  Steam  Metering  to   Determine  Boiler  Output  or  Prime  Mover 
Capacity,  and  a  Description  of  an  Experimentally  Developed  Meter  of  the  Orifice  Type 

By  ERVIN  G.  BAILEY,  BOSTON,  MASS. 
Member  of  the  Society 


THE  accurate  measurement  of  the  flow  of  fluids  is  one  of 
the  most  important  problems  facing  the  mechanical 
engineer  today.  The  turbine,  boiler  and  mechanical  stoker 
have  been  materially  improved  in  their  design  both  as  to  size 
and  efficiency,  but  much  still  depends  upon  the  method  of  oper- 
ating these  large  units.  The  operating  engineer  cannot  get 
results  when  working  in  the  dark;  he  particularly  needs  to 
know  the  steam  output  from  the  boilers,  the  condition  of  the 
fuel  bed,  the  air  supply  to  the  furnaces  and  the  steam  con- 
sumption of  the  turbines.  Methods  of  determining  the  kilo- 
watt output  of  the  latter  have  been  in  satisfactory  use  for  a 
number  of  years.  Electricity  is  comparatively  easy  to  meas- 
ure, and  we  find  the  switchboard  supplied  with  all  kinds  of  in- 
struments for  this  purpose.  There  is  just  as  much  need  for 
the  corresponding  measurements  of  the  flow  of  steam  and  gases. 

METHODS  OF  MEASURING  PRESSURE  DIFPEREXCE 

It  is  desirable  to  go  a  step  further  than  merely  to  measure 
these  rates  of  flow,  and  show  in  addition  the  relation  between 
two  or  more  interdependent  quantities  which  enter  into  the 
operation  of  a  steam  boiler  or  prime  mover.  Seven  years  of 
experimenting,  which  involved  the  use  of  more  than  fifty 
steam-generating  or  steam-using  units,  have  produced  many 
interesting  results  along  this  line,  but  the  present  paper  will 
be  confined  to  the  measurement  of  steam  flow,  as  this- is  really 
the  crux  of  the  whole  question.  Few  problems  have  been  more 
baffling  to  the  mechanical  engineer  than  the  accurate  metering 
of  steam  in  large  quantities.  It  is  necessai-y  to  use  the  "  flow  " 
principle;  that  is,  to  produce  a  pressure  difference  which  varies 
in  a  definite  and  known  relation  to  the  rate  of  flow,  and  then 
to  measure  accurately  this  pressure  difference  in  terms  of 
weight  of  steam. 

There  are  only  two  fundamental  principles  that  have  been 
used  to  obtain  the  pressure  difference,  viz.,  "  impact "  and 
"  change  in  velocity."  The  "  impact "  principle  is  used  in  the 
pitot  tube  with  its  various  modifications,  and  the  Vortex'  and 
Metering  Bend°  also  belong  to  this  class.  The  "  change  in 
velocity  "  type  covers  the  venturi  tube  and  the  orifice. 

We  do  not  usually  think  of  the  orifice  as  being  of  the  same 
basic  principle  as  the  venturi  tube,  but  the  two  are  practically 
identical  when  the  orifice  is  used  in  a  pipe  and  the  pressure 
connections  are  made  at  the  proper  place.  The  pressure  dif- 
ference produced  in  both  cases  is  caused  by  the  increased 
velocity  and  the  corresponding  change  in  the  static  pressure 
between  two  different  positions  along  the  pipe  where  the  flow- 
ing stream  has  different  areas.  The  exact  area  and  location  of 
the  smallest  section  of  the  stream  on  the  downstream  side  of 
an  orifice  may  not  be  quite  as  tangible  a  thing  to  see  and  meas- 
ure as  is  the  throat  of  a  venturi  tube,  to  which  it  corresponds ; 


but  experiments  have  proven  that  it  is  none  the  less  a  jier- 
fectly  dependable  function  of  the  opening  in  the  orifice  plate. 
With  high  initial  velocities  the  pressure  difference  is  largely 
restored  in  static  pressure  withm  four  pipe  diameters  beyond 
the  orifice,  so  that  the  net  loss  in  head  caused  by  the  orifice 
may  not  be  more  than  25  per  cent  of  the  head  available.  This 
compares  very  favorably  with  the  best  design  of  venturi  tube, 
where  the  net  loss  is  about  15  per  cent  of  the  total  venturi 
head. 

Pitot-tube   and  multi-hole  nozzles  of  various   designs  and 


'  A  Rate  Flow  Meter,  H.  C.  Hayes,  Trans.  Am.Soc.M.E.,  vol.  30,  1914. 
=  A  Flow  Metering  Apparatus,  A.  M.  Levin,  Trans.  Am.Soc.M.E.,  vol. 
36,  1914. 

Presented   at  a   meeting  of   the   Boston   Section   of   The   American 
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Fig.  1     Initial  Design  of  Orifice  Plate 

modifications  were  used  exclusively  during  the  first  two  years 
of  experiment,  but  were  entirely  abandoned  for  reasons  ex- 
plained later.  The  venturi  tube  was  at  first  considered  to  be 
the  only  available  substitute,  but  the  expense  of  changing  large 
steam  pipes,  in  addition  to  the  cost  of  the  tube  itself,  made 
this  prohibitive  for  very  general  use.  The  orifice  was  taken  up 
and  the  following  important  points  were  considered  in  working 
out  a  suitable  design  : 

1  The  orifice  plate  must  go  in  between  a  pair  of  existing  pipe 

flanges. 

2  It  should  not  thicken  the  joint  so  as  to  throw  the  flanges 

out  of  parallel. 

3  The  metal  used  should  perfectly  withstand  all  corrosion  and 

abrasion. 

4  It  should  be  capable  of  easy  installation. 

TYPE  OF  ORIFICE  ADOPTED 

The  initial  design  shown  in  Fig.  1  consisted  of  a  y3.-in. 
Monel  metal  plate  having  corrugations  on  its  outer  edge  to 
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make  its  own  packing  the  same  as  a  corrugated  copper  gasket, 
and  having  a  round  concentric  hole  smaller  than  the  pipe 
diameter.  But  what  eoeflficient  to  allow  in  calculating  the  size 
of  the  orifice  for  a  given  pipe  diameter,  steam  density  and  rate 
of  flow,  was  the  big  unknown.  The  importance  of  testing  the 
oritice  to  see  if  it  would  maintain  a  constant  factor  over  long 
23eriods  of  time  was  of  more  importance  than  to  know  the  ex- 
act factors  under  all  conditions,  consequently  some  guesses  as 
to  the  coefficient  were  made  and  several  orifices  were  put  into 
experimental  use  in  places  where  the  service  was  continuous 
and  severe. 

It  may  seem  that  the  early  experimenting  could  have  been 
done  with  most  anything  and  a  satisfactory  design  worked  out 
later,  but  too  often  some  practical  consideration  necessitates 
a  decided  change  in  design  which  ujjsets  all  the  previous  re- 
sults. It  is  much  better  to  get  a  good  working  design  and  learn 
whether  the  device  will  keep  on  working  and  maintain  its  ac- 
curacy, before  any  extensive  scientific  tests  are  made  to  learn 
definitely  what  physical  laws  are  involved  in  its  use. 

One  of  the  first  orifices  of  this  type  was  put  into  a  lo-in.  pipe 
supplying  steam  at  200  lb.  pressure  and  1.50  deg.  superheat 
to  a  15,000-kw.  turbine  in  the  L  St.  Station  of  the  Edison 
Electric  Illuminating  Company  of  Boston,  where  the  rate  of 
flow  averages  more  than  l.'50,000  lb.  of  steam  per  hour.     The 
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Comparison  op  Steam  Meter  Readings  and  Actual 
Weights  of  Steam 

Abscissas   give   percentage   differences   in 
meter     readings     from     actual     weights 


only  flange  available  was  at  the  inlet  to  the  turbine  strainer, 
about  6  ft.  (or  five  pipe  diametei-s)  beyond  a  90-deg.  bend 
of  6  ft.  radius.  The  Testing  Department  of  the  Edison  Com- 
pany have  made  weighed  water-rate  tests  of  this  turbine  each 
month  since  this  orifice  was  installed  in  December,  1913,  and 
results  from  this  orifice  have  been  obtained  at  the  same  time. 


data  of  tests  on  experimental  orifice  meter 

The  substance  of  these  tests  is  given  in  Table  1,  and  the  per- 
centage differences  between  the  weights  and  orifice-meter  re- 
sults are  plotted  in  Fig.  2.  It  is  noted  that  there  are  28  tests 
extending  over  more  than  two  years,  and  that  approximately 
1,000,000  tons  of  steam  have  passed  through  the  orifice  in  this 
period.  It  is  also  noted  that  the  greatest  difference  is  2.51  per 
cent,  and  that  the  majority  of  them  are  within  1  per  cent.  The 
device  for  measuring  this  pressure  difference  was  not  of  the 
latest  and  best  design. 

It  is  shown  conclusively  that  there  is  no  appreciable  change 
in  the  orifice  factor  over  this  period.  This  is  also  borne  out  by 
the  measurement  and  appearance  of  orifice  plates  replaced  by 
others  of  larger  capacity  after  a  year  or  more  of  service,  none 
of  which  shows  any  corrosion  or  wear  whatever. 


The  main  object  of  the  Edison  tests  is  to  determine  the 
water  rate  of  the  turbine,  the  orifice  data  being  secondary,  and 
it  is  customary  to  make  all  tests  at  approximately  the  same 
load,  but  this  does  not  detract  from  the  value  of  these  results 
in  proving  the  continued  accuracy  of  the  orifice  over  long 
periods  of  time. 

Other  orifices  were  jnit  in  from  time  to  time  under  various 
conditions  where  weighed-water  calibration  data  could  be  ob- 
tained at  capacities  most  frequently  met  in  practice.  The  co- 
efficient of  discharge  did  not  appear  to  be  as  constant  for  dif- 


TABLE  1 


.STEAM   MEASUREMENT.S  WITH  AN  ORIFICE-TYPE  FLOW 
METER 


Results  from  a  meter  mcasuriog  st«am  to  a  15000-lcw.  turbine  in  the  L  Street 
Station  of  the  Edison  Electric  Illuminating  Company  of  Boston.  This  meter 
has  a  maximum  capacity  of  oyer  200.000  lb.  per  hour,  and  is  provided  with  a 
Monel  metal  orifice  placed  in  the  inlet  flange  of  the  turbine  strainer  about 
6  ft.  be.vond  a  90  deg.  bend  in  a  15-in.  pipe.  Meter  readings  were  taken  in 
conjunction  with  the  regular  monthly  turbine  water-rate  tests  by  the  com- 
pany's testing  department. 


Condensed 

Steam 

DifFerenc 

Steam 

Superheat. 

steam  per 

per  hour 

between 

Date 

Duration 

pressure 

deg. 

hour  as 

by  orifice 

meter  and 

of  test 

bj-  gage. 

fahr. 

weighed. 

meter. 

weight, 

lb. 

lb. 

lb. 

per  cenet 

1/  8,14 

Ihr. 

196.5 

129.6 

133.417 

134,372 

-1-0.72 

21  6/14 

Ihr. 

191.3 

152.2 

137,739 

138,756 

4-0.74 

3/28/14 

o5  min. 

200.1 

128.4 

136,763 

138,163 

-0.44 

4/23/14 

Ihr. 

190.7 

135.4 

136,332 

136,366 

-1-0.02 

5/14/14 

Ihr. 

193.1 

149.0 

132.610 

134,299 

-1-1.27 

6/12/14 

35  min. 

196  5 

134.1 

135,421 

138,495 

-(-2.27 

7/  9  14 

1  hr. 

191.3 

128.8 

138,740 

141,300 

-1-1.85 

8,  15  14 

1  hr. 

194.2 

130.8 

142,065 

143,235 

-1-0.84 

9,10/14 

1  hr. 

197.0 

129.3 

136,846 

138,606 

-1-1.29 

10/20/14 

Ihr. 

197.5 

138.2 

137,003 

139,723 

+1.99 

11/21/14 

1  hr. 

193.9 

140.8 

132,552 

135,631 

-1-2.32 

12/19/14 

Ihr. 

196.0 

■i 

146.2 

129,759 

130,454 

-1-0.54 

1/22/15 

1  hr. 

198.0 

152.1 

131,134 

127,845 

-2.51 

2/19/1.5 

1  hr. 

195  2 

163.7 

129,165 

127,641 

-1.18 

3/18/lS 

•      1  hr. 

193.0 

168.3 

128,917 

126,317 

-2.02 

4/24/15 

40  min. 

195.0 

158.5 

132,017 

129,856 

-1.56 

5/20/15 

1  hr. 

197.4 

158.6 

132,107 

134,120 

-1-1.52 

U/22/15 

1  hr. 

193.  S 

145.8 

140,582 

138,340 

-1.59 

7/20/15 

1  hr. 

192.8 

141.2 

138,457 

137,110 

-0.97 

8/19/15 

1  hr. 

192.6 

141.5 

139,200 

138,975 

-0.16 

9/23,15 

1  hr. 

196,8 

143.0 

139,385 

137,399 

-1.42 

10/27/15 

1  hr. 

195.0 

142.3 

137,504 

135,472 

-1.48 

11, 19  15 

1  hr. 

193.8 

152.1 

137,397 

134,528 

-2.09 

12     7  15 

1  hr. 

196.1 

154.2 

131,466 

129,205 

-1.72 

1/18  le 

1  hr. 

196.0 

152.2 

130,526 

130,610 

-1-0.06 

2/11/16 

1  hr. 

194.1 

141.3 

131,812 

132,001 

+0.14 

3/14/16 

1  hr. 

195.2 

171.4 

129,030 

130,391 

+  1.05 

4/13/16 

80  min. 

189.4 

144.2 

137,472 

136,945 

-0.38 

ferent  ratios  of  orifice  to  pipe  diameter  as  it  had  been  hoped 
that  it  would.  The  indications  were  that  the  orifice  was  fun- 
damentally correct,  and  the  discrepancies  encountered  were 
only  through  lack  of  sufficient  knowledge  relating  to  details. 
The  general  trend  of  the  data  up  to  this  point  was  that  the 
coethcient  of  discharge  increased  with  an  increase  in  the  ratio 
of  orifice  diameter  to  pipe  diameter,  with  no  obvious  reason 
why  it  should.  In  cases  where  the  area  of  the  orifice  is  large 
compared  with  the  area  of  the  pipe,  the  velocity  of  approach 
is  an  important  factor,  but  even  taking  this  into  consideration, 
the  net  coefficient  of  discharge  increased  with  the  orifice  area. 
This  same  fact  has  since  been  brought  out  by  Hickstein,'  who 
practically   followed   the   results   obtained   in   Charlottenburg" 


1  The  Flow  of  .\ir  Tlu-miah  ThiuI'late  ()ritire.>i.  Trans.  .\m.Soc.M.E., 
vol.  Si,  p.  70.j. 
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some  years  ago.  These  two  exiieriiiients  dealt  with  natural 
gas  and  air  only,  and  unfortunately  the  pressure  connections 
were  located  at  such  great  distances  from  the  orifice  plate  that 
they  could  not  possibly  be  duplicated  in  but  verj-  few  steam 
pipes,  where  there  were  long  straight  runs. 


LOCATION  OF  PRESSURE  CONNECTIONS 

The  question  which  came  up  in  this  problem,  that  had  never 
been  thoroughly  investigated  to  our  knowledge,  was  the  loca- 
tion of  the  pressure  connections  on  the  ujistream  and  down- 
stream sides  of  the  orifice.  It  was  felt  that  this  was  a  point 
which  should  be  thorough'  investigated,  consequently,  at  the 


Osifanc?  f^3r^  Or:  -'t^ 


Sfeif  Disfjnc^  frjn  Or,  ':,:.' 

Fig.  'i     Effect  of  Locmox  or  Pressure  Connections 

writer's  suggestion.  Professor  Judd  of  Ohio  State  University 
started  some  experimental  work  along  this  line  and  some  of 
his  results  were  presented  in  a  paper  at  the  New  Orleans 
Meeting  of  this  year  under  the  title  of  Experiments  on  Water 
Flow  Through  Pipe  Orifices. 

The  important  points  brought  out  by  Mr.  Judd's  data  are: 

1  The  coefficients  of  the  orifices  tested  are  substantially  con- 

stant at  all  rates  of  flow  for  any  one  set  of  pressure  con- 
nections, regardless  of  their  location  with  respect  to  the 
orifice  plate. 

2  The  location  of  the  pressure  connections  is  of  vital  impor- 

tance with  the  higher  ratios  of  orifice  to  pipe  diameter 
with  round  concentric  orifices,  due  to  the  restoration  of 
static  pressure. 


3  The  use  of  specially  designed  orifices  of  other  shapes  than 
round  and  concentric  permits  the  downstream  connection 
to  be  far  enough  away  to  clear  any  flange,  and  also  allows 
more  latitude  in  the  location  of  this  connection  without 
endangering  the  accuracy. 

The  last  two  points  are  clearly  illustrated  in  Fig.  3,  which 
shows  a  diagrammatic  arrangement  of  the  experiment  and  the 
plotted  curve  reji resenting  the  pressure  difference  as  meas- 
ured between  the  upstream  connections  and  the  several  down- 
stream connections  located  at  y2-in.  intervals  from  the  orifice 
plate.     It  is  evident  from  the  round  concentric  orifice  of  rela- 


FiG.  4    Experimental  Multi-Hole  Nozzle  with  Side 
Outlets 


Y\v,.  5    SiNOLK-HoLE  Nozzle 


lively  large  diameter  in  the  ujiper  view  of  Fig.  3  that  the 
action  of  the  fluid  on  the  downstream  side  of  the  orifice  is  prac- 
tically identical  with  that  in  the  venturi  tube.  The  point  of 
highest  velocity  is  at  the  "  vena  contracta  "  just  beyond  the  ori- 
fice plate,  and  the  static  pressure  is  the  least  and  the  pressure 
difference  the  greatest  at  this  point  which  corresponds  to  the 
throat  of  the  venturi  tube.  The  active  stream  expands  beyond 
this  point,  and  as  its  velocity  is  thereby  reduced  the  static 
pressure  is  partially  restored  and  the  pressure  difference  coiTe- 
spondingly  diminished.  As  high  as  77  per  cent  of  the  pres- 
sure difference  is  restored  in  some  eases. 

It  seems  that  the  orifice  acts  merely  as  a  forming  tool  to 
direct  the  active  stream  into  a  natural  venturi  shape,  and  at 
the  same  time  gives  just  as  dependable  results.  In  fact,  it 
appears  to  give  more  dependable  readings  than  a  venturi  tube 
when  placed  close  beyond  or  in  front  of  bends  or  other  dis- 
turbances.    Similar  orifices  put    in   under  llie  conditions  given 
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below  gave  the  same  coefficient  within  1  per  cent  when  cali- 
brated by  actual  weight  tests. 

CONDITIONS     OF     ORIFICE     INSTALLATIONS     GIVING     SAME 
COEFFICIENT   WITHIN   1    PER   CENT 
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UNSUITABILITT    OP   PITOT    TUBES    AND    NqzzLES    FOR    MEASURING 
THE  FLOW  OF  SWIRLING  FLUID 

The  writer  believes  that  a  helical  or  corkscrew  motion  of 
the  fluid  following  a  bend  or  similar  disturbance  is  very  com- 
mon and  prevents  any  satisfactory  results  being  obtained  from 


'z'/.!^' Union  Angle 


Fig.  6  Segmental  Orifice  and  Radiator  in  Horizontal  Pipe 

the  use  of  pitot  tubes,  multi-hole  nozzles,  or  venturi  tubes, 
while  the  orifice  seems  to  give  the  same  coefficient  as  if  in  a 
long  straight  run  of  pipe.  To  illustrate  this  the  following  in- 
teresting experience  is  given: 

It  was  desired  to  measure  the  steam  output  from  some  250- 
h.p.  boilers  having  8-in.  steam  outlets  which  gave  a  very  low- 
steam  velocity.  The  boilers  were  standard  two-drum  Babcock 
and  Wilcox  with  the  8-in.  pipe  rising  from  the  manifold  with 
a  90-deg.  bend  and  then  about  3  ft.  of  straight  horizontal 
run  into  a  gate  valve  adjacent  to  the  header.  At  first  a  multi- 
hole  nozzle  similar  to  that  shown  in  Tig.  4  was  located  about 
1  ft.  in  front  of  the  gate  valve,  and  upon  calibration  it  was 
found  that  the  reading  was  about  15  per  cent  lower  than 
would  be  expected.  At  first  it  was  assumed  that  the  highest 
velocity  was  not  in  the  center  of  the  pipe,  but  was  shooting 
above  the  nozzle  as  a  result  of  the  90-deg.  bend.  Traverse 
work  in  steam  pipes  from  boilers  was  not  attempted,  owing  to 
the  fluctuating  rate  of  steam  flow  and  the  difficulty  of  handling 
adjustable  tubes  in  high-pressure  steam  lines.  A  single-hole 
nozzle  like  that  shown  in  Fig.  5  was  then  tried,  and  a  rather  un- 
expected set  of  results  obtained;  for  during  the  night  time, 
when  the  load  on  the  boiler  was  very  light,  it  was  found  that 
this  nozzle  gave  very  nearly  the  same  factor  as  applies  to  a 
long  straight  run  of  pipe,  but  as  soon  as  the  load  came  on 
in  the  morning,  instead  of  the  steam-flow  pen  starting  up,  it 
would  drop.     If  the  load  was  sufficiently  increased  it  would 


come  back  to  the  same  reading  given  on  the  night  load,  or  a 
little  higher,  but  never  did  it  go  anywhere  near  as  high  as  it 
should.  Some  calibration  work  under  the  heavy-load  condi- 
tions showed  that  this  single-hole  nozzle  gave  results  as  much 
as  85  per  cent  low. 

In  seeking  an  explanation  all  available  literature  on  the  sub- 
ject was  examined,  and  it  was  found  that  the  paper  of  Gregory 
and  Schoder'  gave  practically  the  only  data  pertaining  to 
traverses  of  pipe  lines  in  and  near  a  bend.  Some  very  peculiar 
flow  curves  were  shown  in  this  paper  with  practically  no  com- 
ment, but  by  plotting  these  flow  curves  on  pieces  of  paper  and 
pasting  them  at  right  angles  to  each  other  as  the  traverses 
were  made  and  stringing  them  on  a  bent  wire,  it  was  very 


Fig.  /     Bailey  Fluid  Meter 

evident  that  a  swirling  motion  was  taking  place,  which  re- 
sulted in  a  higher  velocity  near  the  circumference  of  the  pipe 
than  existed  in  the  center.  This  coincided  with  our  experi- 
ence, because  the  single-hole  nozzle  showed  the  velocity  in  the 
center  of  the  pipe  to  be  normal  at  low  velocities,  but  very  much 
below  normal  at  velocities  which  might  be  expected  to  pro- 
duce the  helical  motion. 

To  prove  this  beyond  doubt,  the  next  step  was  to  put  in 
a  single-hole  nozzle,  or  the  equivalent  to  a  pitot  tube,  with  the 
openings  near  the  circumference  of  the  pipe.  This  was  done, 
and  it  was  found  that  a  very  high  velocity  existed  within  V^ 


■  Some  Pitot  Tube  Studies.     Trans.  .\m.Soc.M,E.,  vol.  30,  IPOS. 
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in.   of  the   circumference   of  the  pipe  when   the  boiler  was 
steaming  at  50  pei'  cent  or  more  of  its  rated  capacity. 

This  experience  killed  all  faith  in  the  pitot  tube  and  any 
other  type  of  nozzle  for  use  in  steam  pipes  where  there  was 
any  possibility  of  helical  or  swirling  motion.  Orifices  were 
installed  in  these  boiler  connections  at  the  inlet  to  the  gate 
valves  with  very  accurate  and  satisfactory  results. 

The  gi-adual  contraction  at  the  inlet  to  a  venturi  tube  would 
have  no  tendency  to  destroy  the  helical  motion,  and  its  angular 
velocity  would  be  greatly  accelerated  in  the  throat,  thereby 
producing  a  centrifugal  force  against  the  piezometer  holes 
and  giving  an  erroneous  pressure  difference.  The  more  sudden 
contraction  in  the  orifice  and  its  downstream  pressure  connec- 
tion being  entirely  away  from  the  active  stream,  are  un- 
doubtedly responsible  for  the  satisfactory  results  from  its  use. 

In  addition  to  the  fact  that  the  multi-hole  nozzle  did  not 
give  a  true  average  in  the  instance  referred  to  with  the  helical 
motion  of  steam,  it  also  failed  to  maintain  a  constant  factor 
even  in  long  runs  of  straight  pipe.  The  type  of  nozzle  used 
in  these  experiments  is  shown  in  Fig.  4.  This  was  made  by 
driving  two  pieces  of  ''/^,-m.  phosphor-bronze  tubing  into  a 
plug  having  a  %-in.  pipe  thread  to  be  screwed  into  the  side 
of  the  steam  pipe.  Regardless  of  the  size  of  pipe,  the  up- 
stream tube  was  drilled  with  eight  '/jj-in.  holes,  equally  spaced 
across  the  diameter  of  the  pipe.  The  downstream  tube  was 
drilled  in  the  same  manner,  so  that  it  got  the  reverse  effect  in- 
stead of  being  a  true  static.  The  side  outlet  holes  shown  were 
used  only  for  high  velocities.  The  theory  of  this  multi-hole 
nozzle  is  not  based  upon  very  sound  premises,  for  in  the  case 
of  a  normal  flow  in  a  long  run  of  straight  pipe  with  the  higher 
velocity  in  the  center,  it  is  obvious  that  the  dynamic  force 
against  the  holes  near  the  center  of  the  pipe  will  be  greater 
than  that  against  the  holes  near  the  side,  therefore  steam  will 
enter  the  center  holes,  divide,  and  run  in  both  directions 
through  the  Vw-in-  tube  and  be  forced  out  against  the  flowing 
stream  through  the  holes  near  the  side  of  the  pipe.  The  net 
result,  insofar  as  pressure  or  pressure  difference  is  concerned, 
will  therefore  be  a  function  of  the  relative  area  of  these  holes 
as  compared  with  the  area  and  length  of  the  tube  in  which  they 
are  drilled,  together  with  the  spacing  of  the  holes  along  the 
tube  with  respect  to  the  diameter  of  the  pipe.  Considerable  ex- 
perimenting was  done  with  this  type  of  nozzle  in  various  sizes 
of  pipes,  and  its  ooefificient  was  found  to  vary  between  1.19 
and  1.21. 

Early  in  our  experience  some  very  high  velocities  were  en- 
countered in  the  case  of  500-h.p.  boilers  provided  with  5-in. 
steam  pipes,  as  the  boilers  were  frequently  operated  at  220 
per  cent  or  more  of  their  rated  capacity.  The  velocity  head 
that  would  be  produced  by  the  multi-hole  nozzle  as  shown  in 
Fig.  4  with  only  the  upstream  and  downstream  holes  would 
have  exceeded  7  in.  of  mercury,  which  was  beyond  the  capacity 
of  the  recording  device  being  used,  and  it  was  therefore  neces- 
sary to  minimize  this  pressure  difference  in  some  way.  It  was 
first  decided  to  drill  by-pass  holes  between  the  upstream  and 
downstream  tubes  of  the  nozzle,  but  this  was  never  tried  be- 
cause the  tubes  were  not  always  exactly  the  same  distance 
apart,  and  in  drilling  through  the  spacer  and  brazing  material 
which  filled  the  space  between  the  tubes,  it  would  give  the 
equivalent  of  a  long  tube  of  small  diameter  with  variable  and 
undetermined  length.  Therefore  the  holes  were  drilled  in  the 
sides  of  both  the  upstream  and  downstream  tubes,  which  would 
be  top  and  bottom  in  a  horizontal  pipe.  Such  a  tube  is  shown 
in  Fig.  4.  The  size  of  these  outlet  holes  was  varied  according 
to  the  velocity  to  be  contended  with  and  the  pressure  difference 
desired. 


A  large  number  of  calibrations  was  made  with  such  multi- 
hole  nozzles  in  5-in.,  6-in.  and  8-in.  pipes,  with  outlet  holes 
varying  from  a  No.  GO  drill  up  to  a  No.  47  drill,  in  which  case 
the  coefficient  was  brought  down  as  low  as  0.68,  as  against 
1.20  with  no  side  outlet  holes. 

Continued  experiments  with  these  multi-hole  nozzles  showed 
their  vital  weakness  to  be  in  a  change  in  eoetlitient  resulting 
from  the  accumulation  of  sediment  around  the  edges  of  some 
of  the  holes,  thus  reducing  their  area.  In  many  cases  some 
of  the  holes  were  entirely  plugged.  In  some  steam  pipes  this 
sediment  accumulated  very  rapidly,  so  that  no  dependable  re- 
sults could  be  obtained  over  any  reasonable  length  of  time. 
Even  the  simpler  types  of  nozzle,  where  there  were  no  outlet 
holes,  and  only  those  pointing  directly  up  and  down  stream, 
produced  the  same  trouble,  for  sediment  would  accumulate 
around  the  holes  at  the  radiator  end  of  these  tubes  and  a 
higher  pressure  difference  was  produced  due  to  the  relatively 
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Fig.  8     Principle  of  Ledoux  Liquid-Sealed  Bell 

greater  effect  of  the  holes  near  the  center  of  the  pipe.  In  time 
the  center  holes  would  become  partially  or  completely  plugged, 
in  which  case  the  coefficient  would  again  approach  normal,  and 
then  it  would  decrease  when  only  the  holes  in  the  low-veloeity 
zone  at  the  farther  side  of  the  pipe  were  left  open.  In  the 
latter  case  the  meter  would  read  low.  Larger  holes  minimized 
or  delayed  the  change  in  the  factor,  but  they  did  not  prevent  it. 

MAINTENANCE   OP   EQUAL   WATER  LEVELS   IN   CONNECTING   PIPES 

In  measuring  the  comparatively  small  velocity  heads  or  pres- 
sure differences  available,  it  is  necessary  that  the  recording 
instrument  casing  and  the  connecting  pipes  be  completely 
filled  with  water  and  its  level  be  maintained  equal  in  both 
pipes,  otherwise  a  false  differential  due  to  the  unequal  water 
head  will  result.  At  first  it  was  thought  best  to  provide  large 
reservoirs  in  each  connection  and  on  a  level  with  the  point 
where  the  steam  line  is  tapped,  so  that  any  displacement  caused 
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by  a  jiiovement  of  the  mercury  in  the  U-tube  or  recorder 
mechanism,  due  to  a  change  in  the  rate  of  flow,  would  not 
materially  lower  tlie  water  le\el  in  one  reservoir.  The  equal 
volume  of  water  that  was  forced  into  the  other  reservoir 
from  the  recorder  drained  back  into  the  steam  pipe.  This  ar- 
rangement required  excessively  large  reservoirs  to  prevent 
serious  lag  with  a  variable  rate  of  flow.  It  was  realized  that, 
regardless  of  the  size  of  the  reservoir,  accuracy  in  following 
a  variable  rate  of  flow  was  dependent  upon  the  rapidity  with 
which  steam  could  be  condensed  in  the  resenoir  to  replace 
that  which  had  been  drawn  out.  By  providing  sufficient  radi- 
ating surface  the  size  of  the  reservoir  was  of  seeondai-y  im- 
portance, so  the  type  of  radiator  shown  in  Fig.  6  was  tried  and 
foimd  to  be  very  satisfactory.    The  radiator  consists  of  a  piece 
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Fig.  9    Differential  Pressure  Recorder,  Ledoux  Bell 
Ttpe 


of  %-in.  extra-heavy  copper  pipe,  plugged  on  the  end  which 
is  screwed  into  the  steam  pipe,  with  a  %-in.  hole  drilled  in  the 
top  half  of  the  plug.  A  number  of  specially  designed  washers 
or  fins,  4  in.  in  diameter  and  V,,  in.  thick,  are  pressed  onto  the 
y2-in.  pipe  and  give  ample  radiating  surface  to  maintain  sub- 
stantially equal  water  levels  in  the  connecting  pipes,  regardless 
of  fluctuations  in  the  rate  of  flow.  Fig.  7  shows  a  pair  of 
these  radiators  in  place  on  opposite  sides  of  a  flange. 

The  relation  between  rate  of  flow  and  pressure  difference 
substantially  follows  the  F"  =  '2gh  law  for  the  orifice  as  well 
as  the  pitot  and  veuturi  tubes.  This  means  that  for  a  rate  of 
flow  that  is  10  per  cent  of  the  maximum  allowable  capacity,  the 
pressure  difterence  available  to  operate  any  U-tube  indicator 
or  other  device  is  only  1  per  cent  of  the  maximum. 


THE    LEDOUX     LIQI'ID-SEALED    BELL    FOR     MEASURING    SMALL 
PRESSURE    DIFFERENCES 

Of  the  three  principal  methods  usually  employed  to  measure 
small  pressure  differences,  viz.,  U-tube,  diaphragm,  and  liquid- 
sealed  bell,  the  latter  has  been  found  to  be  the  most  satisfac- 
tory. It  is  on  the  same  basic  jsrinciple  as  a  piston  which 
gives  a  force  proportional  to  the  area  times  the  difference  in 
pressure  applied  to  its  opposite  sides,  but  by  sealing  the  walls 
of  the  bell  in  a  liquid,  instead  of  confining  the  piston  to  a 
cylinder,  it  is  made  substantially  frietionless  in  its  operation. 
Furthermore,  by  varying  the  relative  cross-sectional  area  of  the 
bell  and  its  walls,  any  complex  relation  between  pressure  dif- 
ference and  bell  motion  may  be  readily  obtained. 

A  very  ingenious  and  thoroughly  practicable  design  for 
flow-meter  work  has  been  described  by  J.  W.  Ledoux,'  mem- 
ber of  this  Society.  This  can  be  briefly  explained  by  referring 
to  Fig.  8,  which  shows  a  typical  flow  curve  and  a  liquid-sealed 
bell  of  this  type  in  five  different  positions  corresponding  to  as 
many  rates  of  flow  equally  spaced  between  zero  and  100  per 
cent,  inclusive.  In  the  zero  position  the  bell  is  held  almost 
completely  submerged  so  that  the  large  effective  area  and  the 
thin  wall  are  at  the  surface  of  the  mercury.  The  increment  of 
pressure  difference  corresponding  to  the  first  appreciable  rate 
of  flow  is  very  small,  but  this  is  effective  over  the  entire  area 
of  the  bell,  forcing  it  upward,  and  as  the  bell  rises  its  walls 
emerge  from  the  mercury,  changing  the  buoyant  force,  thereby 
exactly  counteracting  the  upward  force  due  to  the  pressure 
difference.  A  rate  of  flow  of  25  per  cent  corresponds  to  a  head 
of  only  6  per  cent,  so  that  the  relation  between  bell  area  and 
wall  gives  a  very  powerful  and  magnified  motion  which  is 
directly  proportional  to  the  rate  of  flow,  and  therefore  amounts 
to  25  per  cent  of  the  total  bell  motion  allowed  for  in  the  de- 
sign. And  so  on,  each  step  may  be  followed,  showing  that 
the  motion  of  the  bell  is  directly  proportional  to  the  rate  of 
flow,  and  that  the  device  is  not  only  one  easy  to  read  and 
which  permits  integrating  mechanism  to  be  used  with  a  simple 
design,  but  one  which  also  has  greater  power  at  the  lower 
rates  of  flow  and  produces  a  very  satisfactory  degi'ee  of  ac- 
curacy. An  interesting  feature  of  this  bell  is  that  the  volume 
of  mercury  displaced  on  its  interior  side  by  the  difference  in 
level  of  mercury,  exactly  equals  the  volume  of  the  walls  in  the 
bell  which  are  forced  out  from  the  mercury,  so  that  the  mer- 
cury level  in  the  containing  reservoir  is  substantially  constant. 
The  higher  and  lower  pressure  connections  terminating  within 
and  above  the  bell  respectively  are  so  positioned  that  a  soft 
[lacking  filler  jjiece  will  engage  and  seal  either  of  these  when 
an  extreme  position  is  taken.  This  effectively  seals  either  out- 
let, and  as  the  entire  mechanism  is  enclosed  in  a  steam-pressure- 
tight  casing  and  completely  filled  with  water,  no  mercury  can 
be  blown  out  or  the  accuracy  of  the  mechanism  impaired 
through  excessive  ]n'essure  differences  caused  either  by  abnor- 
mal rates  of  flow,  faulty  manipulation  of  the  valves,  or  even 
the  breaking  of  one  of  the  two  pressure  connecting  pipes.  Fig. 
9  shows  one  application  of  the  Ledoux  bell  to  a  recorder. 


JIEASUREMENT  OF  PULSATING  PLOW 

The  question  of  measuring  steam  to  reciprocating  engines, 
pumps,  etc.,  has  been  somewhat  misunderstood.  Many  engi- 
neers have  the  impression  that  the  pulsations  cause  an  unduly 
fluctuating  motion  of  the  recording  or  integrating  mechanism, 
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s(j  that  accurate  results  canuot  be  secured.  But  such  is  uot 
Ihe  ease  except  in  very-slow-speed  pumps.  It  is  also  wrong 
lo  say  that  a  flow  meter  is  inaccurate  for  measuring-  pulsating 
flow,  for  the  present  flow  meters  will  produce  accurate  results 
when  more  knowledge  is  gained  along  this  line.  Steam  flowing 
to  a  reciprocating  engine  follows  some  such  variations  as  are 
shown  in  Fig.  10,  the  exact  nature  of  the  curve  depending 
ujion  the  cut-off,  capacity  of  the  steam  line  between  the  orifice 
and  the  engine,  and  some  other  factors.  At  any  rate  of  flow 
there  are  very  great  and  frequent  variations  in  the  rate  of  flow 
which  occur  periodically  and  yet  so  rapidly  that  no  recording- 
meter  could  possibly  follow  them  individually.  In  fact,  the 
inertia  of 'the  water  columns  in  the  connecting  pipes  to  the  re- 
corder, together  with  the  mercury  in  the  U-tube,  bell  float,  or 
other  mechanism,  is  so  great  that  no  appreciable  motion  results 
from  the  individual  pulsations,  but  rather  the  reading  is  an 
average  of  the  head  or  pressure  difference  resulting  from  such 
flow.  Regardless  of  the  use  of  cams,  special-shaped  bells,  dis- 
placing- members,  or  any  other  mechanism  whereby  a  motion 
is  produced  in  direct  proportion  to  the  rate  of  flow,  for  con- 
tinuous flow  they  cannot  possibly  produce  an  average  reading 
that  is  directly  proportional  to  the  rate  of  flow  in  the  case  of 
pulsating  flow. 

In  Fig.  10  the  parabola  shows  the  characteristic  relation 
between  rate  of  flow  and  pressure  difference  with  100  per 
cent  flow  at  300  per  cent  head.  Assuming  that  the  rate  of 
flow  varies  from  zero  to  100  per  cent,  the  nature  of  the  cycle 
being  no  flow  during  50  jier  cent  of  the  time  and  100  per  cent 
flow  during  the  other  50  per  cent  of  time,  then  the  average 
flow  would  be  50  per  cent.  At  the  same  time  the  pressure 
difference  varies  in  like  manner  from  0  to  50  in.  water  head, 
with  an  average  of  25  in.  The  inertia  of  the  meter  mechanism 
produces  a  reading  corres]ionding  to  this  average  pressure 
difference  of  25  in.  instead  of  an  average  reading  of  50  per 
cent  on  the  quantity  scale.  The  reading  on  the  quantity  scale 
corresponding  to  the  average  head  of  25  in.  is  70.7  per  cent. 
This  70.7  per  cent  divided  by  50  per  cent,  which  is  the  true 
average  flow,  gives  1.42,  or  a  reading  42  per  cent  higher  than 
would  be  the  case  if  the  same  amount  of  steam  were  flowing 
at  a  continuous  rate.  This  ratio  has  been  termed  the  "  pul- 
sating factor,"  and  while  it  might  be  calculated  on  a  theoretical 
basis  from  the  nature  of  the  flow  curve,  if  it  were  known,  yet 
it  is  better  to  determine  it  by  actual  calibration;  and  if  so 
determined  the  steam-flow  meter  can  operate  as  satisfactorily 
on  a  reciprocating  engine  as  on  a  continuous  flow  to  turbines, 
heating  systems,  etc.  It  should  be  remembered  that  the  pul- 
sating factor  may  not  be  the  same  at  all  different  loads  of  the 
engine.  It  is,  however,  a  function  of  the  load  for  any  one 
engine  so  long  as  the  valve  adjustment,  etc.  remain  reason- 
ably uniform. 

The  problems  in  connection  with  pulsating  flow  that  are 
most  difficult  are  those  in  which  there  is  a  mixture  of  pul- 
sating and  continuous  flow,  with  no  definite  ratio  or  relation 
existing-  between  the  two.  An  example  of  this  would  be  a 
steam  line  supplying  both  an  engine  and  a  turbine.  Another 
case  where  the  pulsating  effect  has  been  encountered  was  in  a 
steam  line  leading  from  a  main  header  to  a  heating  system 
where  a  recipmcating  engine  also  drew  steam  from  the  same 
header.  Even  though  the  orifice  of  the  flow  meter  was  in  the 
branch  line  leading  to  the  heating  system  alone,  yet  the  in- 
termittent flow  of  steam  to  the  engine  caused  a  fluctuation  in 
the  steam  pressure  in  the  header.  This  fluctuation  in  static 
pressure  caused  a  fluctuation  in  the  rate  of  flow  of  steam  to 
the  heating  system  from  this  header,  with  the  result  that  an 
erroneous  reading  might  have  been  obtained  if  the  meter  had 


not  been  calibrated  under  such  operating  conditions.  The  pul- 
sating- factor  may  sometimes  be  eliminated  by  throttUng  be- 
tween the  orifice  and  the  source  of  pulsation. 


CALIBRATION   OF   STEAM-FLOW   METERS 

It  is  desirable  to  have  a  ready  means  for  calibrating  steam- 
flow  meters  in  place,  as  it  is  for  wattmeters,  pressure  gages, 
thermometers,  etc.  It  has  heretofore  been  considered  neces- 
sary that  steam-flow  meters  be  calibrated  by  passing  all  the 
steam  through  a  turbine  to  a  surface  condenser  that  is  known 
to  be  tight  and  free  from  leaks.  This  latter  point  can  be  well 
taken  care  of  where  sea  water  is  used  for  circulating,  but  is 
often  difficult  where  fresh  water  is  used.  The  other  method  is 
in  weighing  water  to  a  boiler  from  which  all  the  steam  passes 
through  the  meter  being  calibrated.     In  tliis  case  it  is  neces- 
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Fig.  10    Effect  of  Pulsating  Flow 


Fic.  11    '•  ( 'O,  Method  "  of  Steam  Measurement 

sary  to  guard  against  leaks  from  the  feed  line,  blow-off,  or 
branch  steam  lines.  An  additional  difficulty  arises  in  the  boiler 
method,  which  is  in  having  the  same  amount  of  water  in  the 
boiler  at  the  end  as  at  the  beginning  of  the  test.  The  fact  that 
the  water  level  is  brought  to  the  same  mark  on  the  gage  glass 
is  not  positive  evidence  that  the  water  in  both  drums  or  even 
different  parts  of  the  same  drum  is  at  the  same  level.  But  a 
still  gi'eater  source  of  error  along  this  line  lies  in  the  volume 
of  steam  beneath  the  water  level,  which  is  greatly  affected  by 
the  rate  of  steaming.  Some  tests  on  a  500-h.p.  Babcoek  and 
Wilcox  boiler  have  shown  that  the  volume  of  steam  beneath  the 
water  level  varies  as  much  as  50  cu.  ft.  with  a  change  in  the 
rate  of  steaming  of  14,000  lb.  per  hour.  That  is,  the  boiler 
was  steaming  at  the  rate  of  24,000  lb.  per  hour  at  the  begin- 
ning of  the  hour,  and  at  10,000  lb.  per  hour  at  the  end  of  the 
hour;   there  were  11,500  lb.  of  steam  generated  during  the 


782 


STEAM-FLOW  MEASUREMENT.  E.  G.  BAILEY 


The  Journal 
Am.Soc.M.E. 


hour,  but  it  was  necessary  to  feed  14,750  lb.  of  water  to  the 
boiler  during  this  period  to  maintain  the  water  level  at  the 
same  point  in  the  gage  glass.  This  means  that  3250  lb.  of 
water,  or  over  50  cu.  ft.,  were  required  to  fill  the  additional 
space  occupied  by  steam  below  the  water  level  at  the  higher 
rate  of  steaming  as  compared  with  the  lower  rate.  This  is  a 
source  of  error  that  cannot  be  overcome  or  corrected  except 
by  continuing  a  test  over  a  long  period  of  time  and  ending 
the  test  with  the  same  rate  of  steaming  as  at  the  beginning. 


CO,  METHOD   OF   STEAM-METER   CALIBRATION 

In  case  of  weighing  water  either  to  a  boiler  or  frnin  a  surface 
condenser,  it  is  necessary  to  put  in  large  weighing  tanks  and 
scales  and  often  make  very  costly  changes  in  the  feed  line  or 
steam  piping,  so  that  a  diligent  study  of  this  problem  was 
made  to  find  a  better  method  of  steam-meter  calibration.  The 
method  worked  out  by  the  writer  consists  in  introducing  CO^ 
gas  from  a  high-pressure  drum  into  the  steam  line  at  a  known 
and  continuous  rate,  permitting  it  to  mix  vsdth  the  steam,  then 
drawing  out  a  sample,  condensing  the  steam  and  determining 
the  ratio  of  condensed  steam  to  CO,  gas. 

TABLE  2    SUMMARY    OF    DATA    COMPARING    STEAM     MEASURE- 
MENT BY  CO:  METHOD  WITH  ACTUAL  WEIGHT  AND  STEAM- 
FLOW  METER,  ORIFICE  TYPE 
Made  in  connection  with  evaporation  testa  on  a  512-h.p.  B.  &  W.  boiler. 


Difference 

Water  fed 

between  CO2 

Duration 

to  boiler 

CO2  fed 

Ratio 

Steam 

Steam 
b.v 

method  and 

of  test, 

bv  actual 

per  hr.. 

water 

by 

hours 

weight, 
lb. 

lb. 

toC02 

COi,  lb. 

meter,  lb. 

Actual 
weight, 
per  cent 

Steam 
meter, 
per  cent 

4 

8.64 

2548 

90,500 

91,620 

-1.22 

2.5 

78,515 

8.53 

3645 

77,650 

78,040 

-  1.10 

-0.50 

6 

133,474 

8.68 

2506 

130,500 

129,190 

-2.26 

-H.Ol 

3 

54,505 

14.63 

1276 

56,000 

55,830 

4-2.78 

-fO.29 

91 

187,979 

186,500 

185,020 

-0.78 

-1-0.80 

5 

132,667 

8.85 

2992 

132,130 

133,650 

-0  40 

-  1.14 

1  This  Hue  gives  the  sums  of  the  two  runs  directly  above. 

In  the  first  experimental  work  along  this  line  the  attempt 
was  made  to  determine  this  ratio  by  considering  the  CO,  as 
carbonic  acid  in  solution  and  titrating  for  the  amount  of  it 
contained  in  the  condensed  steam  by  the  use  of  chemical 
means.  Some  rather  erratic  and  unexpected  results  were  at 
first  obtained  from  this  titration  method,  and  in  an  effort  to 
check  up  this  method  another  more  valuable  feature  was 
worked  out  whereby  the  gas  was  thoroughly  separated  con- 
tinuously from  the  condensed  steam  and  the  two  measured 
separately.  The  general  diagrammatic  arrangement  of  the 
apparatus  used  in  this  method  is  shown  in  Fig.  11. 

This  method  is  based  upon  the  addition  of  CO^  gas  from  a 
high-pressure  tank  or  drum  to  the  steam  line  at  a  continuous 
and  known  rate.  The  gas  becomes  thoroughly  mixed  with  the 
steam  as  it  passes  along,  and  a  sample  consisting  of  a  mixture 
of  steam  and  CO,  gas  is  drawn  off  continuously  from  a  point 
further  down  the  line.  The  steam  in  the  sample  is  then  con- 
densed, the  gas  and  water  are  thoroughly  separated  and  each 
measured  so  as  to  determine  the  ratio  of  water  to  gas.  This 
ratio  multiplied  by  the  rate  at  which  the  gas  was  added  will 
give  the  rate  of  flow  of  steam. 

The  drum  containing  CO,  gas  under  high  pressure  is  sup- 
ported on  a  scale  beam  so  that  its  weight  can  be  determined 


at  any  time,  from  which  the  rate  of  adding  the  gas  is  accu- 
rately determined.  The  gas  is  continuously  discharged 
through  a  flexible  copper  tube  and  a  governor  valve  into  the 
steam  line  through  a  %-in.  spray  tube.  A  sample  of  the 
mixed  steam  and  gas  is  taken  from  the  steam  pipe  at  a  point 
further  down  the  line.  The  sample  is  then  passed  through 
a  condensing  and  separating  apparatus  and  the  condensed 
steam  and  gas  are  measured  separately  in  a  graduate  and 
Hempel  burette,  respectively.  The  entire  operation  is  con- 
tinuous, except  that  these  two  measurements  are  taken  simul- 
taneously at  regular  intervals  of  four  to  five  minutes. 

An  accuracy  of  1  per  cent  to  1%  per  cent  can  be  secured 
when  using  only  1  lb.  of  gas  to  2000  lb.  of  steam.  Hence  it 
is  possible  to  use  this  method  on  large  capacities  up  to  several 
himdred  thousand  pounds  of  steam  per  hour.  Some  data  are 
given  in  Table  2. 

This  method  has  also  been  tested  out  for  measuring  the 
flow  of  water,  the  gas  being  injected  into  the  feed  line,  and 
with  the  small  ratio  of  gas  required  the  CO^  is  completely  ab- 
sorbed by  the  water  so  that  a  representative  sample  is  readily 
obtained.  The  gas  is  then  completely  separated  from  the 
water  and  the  ratio  determined  by  the  measurement  of  each. 

It  will  be  noted  that  this  method  is  entirely  independent 
of  steam  pressure,  superheat  or  percentage  of  moisture,  and 
it  resolves  bat-k  to  an  actual  weight  basis.  It  requires  no 
change  in  piping  except  to  drUl  and  tap  for  %-in.  pipe  at 
two  places.  It  is  partieulai'ly  adapted  for  test  work  in  cali- 
brating meters,  determining  steam  consumption  of  turbines, 
engines,  pumps,  auxiliaries,  etc.,  but  does  not  take  the  place 
of  a  permanently  installed  recording  or  integrating  meter. 

DISCUSSION 

In  the  discussion  which  followed  the  paper,  Walter  S.  Burke, 
Mem. Am.Soc.M.E.,  Superintendent  of  Buildings  and  Grounds 
at  Harvard  University,  described  the  meters  used  by  the  Uni- 
versity to  measure  steam  flow  and  condensation  in  the  pur- 
chase of  steam  from  the  Boston  Elevated  Company,  amount- 
ing to  some  $40,000  per  year.  The  net  B.t.u.  are  computed 
and  paid  for  on  the  basis  of  heat  supply. 

Mr.  Burke  considered  the  COj  method  of  calibrating  steam 
meters  very  valuable,  affording  a  convenient  and  close  method 
of  determining  just  what  results  the  meter  is  giving.  He  re- 
garded Mr.  Bailey's  method  of  showing  steam  flow,  air  flow 
and  condition  of  fuel  bed  on  one  chart  for  use  of  the  firemen 
in  handling  the  fire  very  important.  In  his  experience  with 
the  Bailey  meter,  results  within  a  small  fraction  of  1  per  cent 
had  been  effected  by  using  steam  meters  to  show  the  require- 
ments of  the  various  departments. 

A.  G.  Duncan,  Mem.Am.Soc.M.E.,  stated  that  in  the  mills 
with  which  he  was  connected  he  believed  a  saving  of  25  per 
cent  has  been  effected  by  using  steam  meters  to  show  the 
requirements  of  the  various  departments. 

Edward  A.  Uehling,  Mem.Am.Soc.M.E.,  considered  the 
Bailey  meter  would  serve  a  useful  piu'pose,  and,  inasmuch 
as  the  majority  of  practical  engineers  prefer  physical  and 
mechanical  means  to  chemical  means  for  the  control  of  com- 
bustion, no  doubt  many  would  prefer  his  apparatus  to  the  COj 
recorder. 

John  A.  Stevens,  Mem.Am.Soc.M.E.,  gave  his  experiences 
in  regard  to  measuring  steam  from  several  sources  with  a 
single  meter,  with  suitable  valves  to  cut  off  the  sources  as 
required. 
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IN  a  consideration  of  the  oil  engine,  the  questions  at  once 
arise :  What  kind  of  oil  is  suitable?  Are  supplies  of  fuel 
available  in  sufficient  quantities  in  various  parts  of  the  coun- 
try? Will  the  probable  production  of  oil  in  years  to  come  be 
equal  to  the  demand? 

To  answer  the  first  question  requires  a  word  of  explanation 
as  to  the  types  of  oil  engines.  Broadly  there  are  two :  the 
low-compression  engine,  wherein  ignition  is  effected  by  the  in- 
jection of  the  oil  spray  against  a  heated  surface,  or  even  by  an 
electric  igniter,  as  in  gas  engines;  and  the  hi^i-compression, 
or  Diesel  type,  with  ignition  from  the  heat  of  compression 
of  the  air  charge.  The  low-compression  engines  are  the  simpler 
and  cheaper,  but  on  the  other  hand  suitable  fuels  for  use  in 
them  are  fewer  and  higher-priced,  and  the  thermal  efficiency 
is  less.  These  limitations  tend  to  restrict  the  use  of  low-com- 
pression engines  to  smaller  installations.  Suitable  oils  are 
kerosene,  the  lighter  distillates  and  light  crude  oils. 

The  high-compression  or  Diesel-type  engines  can  in  general 
utilize  any  liquid  fuel.  It  is  to  be  remembered  that  there  is  no 
strict  line  of  demarcation  between  the  types,  but  that  they 
tend  to  merge  one  into  the  other.  The  grades  of  suitable  oils 
vary  inversely  as  the  giade  of  the  engine, — the  cheaper  and 
simpler  the  engine,  the  higher  the  grade  of  oil  required;  the 
more  elaborate  and  specialized  the  engine,  the  lower  the  grade 
of  oil  which  may  be  successfully  used. 


.IVAILABILITT  OF  FUEL  IN  THE  UNITED  STATES 

The  date  of  the  beginning  of  the  production  of  petroleum 
or  mineral  oil  in  this  country  is  recorded  in  government  pub- 
lications as  1859,  the  production  of  that  year  being  2,000  bbl. 
of  42  gal.  each.  The  United  States  production  marketed  in 
1914,  the  last  year  for  which  statistics  are  available,  was  265,- 
762,5.35  barrels. 

There  are  six  major  oil  fields  of  the  United  States:  the 
Appalachian,  the  Lima  Indiana,  the  Mid-Continent,  the  Il- 
linois, the  Gulf  and  the  California. 

The  quality  of  the  oil  produced  in  the  Appalachian  field  is 
the  best.  It  is  light,  yielding  a  large  percentage  of  gasoline 
and  kerosene,  and  paraffin  is  obtained  from  the  residuum;  the 
Lima  Indiana  oil  is  also  light,  but  contains  sulphur;  the  Il- 
linois oil  contains  less  sulphur  than  Lima  Indiana  oil,  but  con- 
tains some  asphalt  as  well  as  paraffin;  oils  of  the  Mid-Con- 
tinent field  contain  paraffin  and  asphalt  and  show  considerable 
variation;  those  from  the  Gulf  field  contain  considerable  sul- 
phur, while  the  California  oils  in  general  contain  much  asphalt 
and  considerable  sulphur.  Some  of  the  California  oils  are 
valueless  to  the  refiner  and  find  their  market  as  fuel  oil  or  as 
road  oil. 

In  addition  to  the  oil  produced  in  the  United  States,  there 
is  an  enormous  potential  production  in  Mexico.  This  oil  is 
asphaltic  and  contains  often  as  much  as  3%  per  cent  sulphur. 


It  finds  a  ready  market  as  fuel  oil  and  can  be  sold  in  the  ports 
of  New  England  at  a  price  that  allows  of  its  being  used  as 
fuel  under  boilers  in  competition  with  coal.  In  Florida, 
Mexican  crude  is  used  extensively. 

A  general  survey  of  the  statistics  shows  that  the  total  pro- 
duction of  oil  in  the  United  States  is  increasing.     This  in- 
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crease  is  in  the  lowej-grade  oils,  as  the  production  of  the  Ap- 
palachian field  is  decreasing,  even  though  the  price  has  re- 
cently been  maintained  at  a  fairly  high  level. 

New  fields  are  being  discovered  and  the  limits  of  old  fields 
are  being  extended.  It  is  probable  that  for  many  years  the 
total  production  will  increase.  In  fact,  it  is  the  opinion  of 
experts  that  the  petroleum  resources  of  the  world  are  relatively 
undeveloped.  Some  fields  are  enormously  productive,  as  for 
instance  the  Gushing  pool,  which  a  year  ago  was  producing 
at  the  rate  of  about  30,000  bbl.  per  day ;  the  production  of  this 
field  has  decreased  so  that  now  it  is  about  12,000  bbl.  daily. 
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Consumption  of  petroleum  products  is  constantly  on  the 
increase.  This  applies  particularly  to  gasoline.  It  is  esti- 
mated that  the  automobiles  of  this  country  are  consuming 
over  1,000,000,000  gal.  annually.  In  addition  to  this  amount 
the  yearly  consumption  of  gasoline  for  other  purposes  is  about 
500,000,000  gallons. 

It  is  in  this  enormous  demand  for  gasoline  that  there  is  an 
assurance  of  a  reasonable  supply  of  oil  suitable  for  use  in 
engines.  Part  of  this  supply  is  the  residue  from  refining 
operations,  and  a  great  portion  is  in  the  lower  gTades  of  crude 
oil  discovered  in  the  search  for  new  supplies.  Fig.  1  shows 
the  annual  production  of  petroleum  in  the  United  States  from 
1859  to  1914.  Fig.  2  shows  the  total  production  of  the  world 
for  1914,  and  the  percentages  produced  in  the  different 
countries. 

A  first  impression  would  be  that  any  decided  increase  in  the 
number  of  oil  engines  in  use  would  create  such  a  demand  for 
fuel  oil  that  prices  would  advance  to  a  figure  which  would 
make  the  oil  engine  unprofitable.  But  this  does  not  take  into 
consideration  the  fact  that  in  many  cases  the  oil  engine  sup- 
plants an  oil-fired  boiler,  and  that  but  1/5  to  1/10  of  the 
oil  burned  under  the  boiler  is  required  for  the  oil  engine,  the 
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Fig.  3    Fuel  Consumption,  4-cyole  "  Snow  "  Oil  Engine, 
From  Actual  Brake  Tests 

remainder  being  available  for  other  purposes.  It  must  also 
be  remembered  that  the  price  of  fuel  oils  is  largely  determined 
by  the  price  of  other  fuels.  Heat  units  in  oU  must  not  be 
much  higher  priced  than  heat  units  in  other  fuels,  or  there  is 
no  market  for  the  oil.  For  many  years  the  price  of  low-grade 
oils  will  be  determined  by  the  demand  for  other  purposes  than 
use  in  oil  engines. 

oil  engines,  DIESEL  AND  SEMI-DIESEL 

This  paper  will  consider  Diesel-type  engines  particularly. 
The  Diesel  engine  is  the  most  economical  prime  mover  yet  de- 
signed. It  is  now  twenty-two  years  since  the  engine  was 
patented  in  Germany.  The  engine  was  developed  by  the 
Augsburg-Niimberg  Co.  The  first  commercial  engine  was  put 
in  sei-vice  in  1897,  and,  according  to  the  Augsburg-Niimberg 
Company,  was  still  in  service  and  running  satisfactorily  in 
1911.  "■ 

The  Diesel  engine  is  unique,  in  that  it  was  designed  to  fit  a 
theory.  Some  of  the  paragraphs  in  Diesel's  patent  show  clear- 
ly that  his  calculations  were  not  entirely  correct;  for  instance, 
his  statement  that  there  is  "  no  increase  in  the  temperature  pro- 
duced on  the  introduction  of  the  fuel,  or  at  most  only  a  very 
slight  one,  and  the  highest  or  extreme  temperature  is  produced 
by  the  compression  of  the  air.     It  is,  therefore,  under  control 


and  will  be  kept  within  moderate  limits,  and  moreover,  in  view 
of  the  cooling  of  the  products  of  combustion  by  the  subsequent 
expansion,  no  artificial  cooling  is  required  for  the  cylinder,  the 
mean  temperature  of  the  gases  being  such  that  the  parts  of  the 
engine  can  be  kept  tight  and  lubricated ;"  also  that  "  the  ex- 
haust may  be  cooled  by  expansion  below  the  temperature  of 
the  atmosphere  and  utilized  for  refrigerating  purposes."  Ex- 
periment has  proven  these  statements  incorrect,  but  in  its 
essential  features  his  theory  was  soimd.  The  first  claim  in  his 
patent  covers  the  engine  so  completely  that,  so  far  as  I  am 
aware,  no  infringement  was  ever  attempted.  This  is  the  claim : 
"  The  herein-described  process  of  converting  the  heat  energy 
of  fuel  into  work,  consisting  of  first  compressing  air,  or  a 
mixture  of  air  and  neutral  gas  or  vapor,  to  a  degree  producing 
a  temperature  above  the  igniting  point  of  the  fvel  to  be  con- 
sumed, then  gradually  introducing  the  fuel  for  combustion  into 
the  compressed  air,  expanding  against  a  resistance  sufficiently 
to  prevent  an  essential  increase  of  temperature  and  pressure, 
then  discontinuing  the  supply  of  fuel  and.  further  expanding 
without  transfer  of  heat." 

The  fii'st  Diesel  engine  was  a  vertical  machine,  and  this 
design  was  followed  in  subsequent  engines  until  it  became  so 
standardized  in  Europe  that  the  opinion  prevails  to  a  gi'eat 
extent  that  there  must  be  some  vital  reason  for  the  adoption 
of  the  vertical  type.  The  first  commercial  engine  was  a  twin- 
cylinder  vertical  engine  of  60  b.h.p.  Both  horizontal  and 
vertical  Diesel  engines  are  now  being  built  in  the  United 
States,  and  the  expiration  of  Diesel's  patent  in  July,  1912, 
was  the  occasion  of  many  buildei-s  entering  the  field. 

In  addition  to  Diesel  engines,  the  De  La  Vergne  type  FH 
engine  should  be  mentioned.  It  is  classed  as  semi-Diesel  but 
its  equipment  includes  all  of  the  essentials  of  a  Diesel  engine, 
and  the  compression  needs  only  to  be  raised  from  about  350 
to  500  lb.  in  order  to  bring  it  into  the  Diesel  class.  The 
economy  of  this  engine  is  practically  the  same  as  that  of  the 
true  Diesel  type. 

ECONOMY  OF  THE  DIESEL  ENGINE 

As  stated,  the  main  feature  of  the  Diesel  engine  is  its 
economy.  The  measure  of  efficiency  of  a  prime  mover  is  the 
percentage  of  potential  power  actually  obtamed  for  useful 
work.  In  the  transformation  of  heat  energy  into  useful  power 
various  losses  occur.  If  steam  be  the  medium,  there  will  be 
a  loss  of  heat  in  the  boiler,  due  to  radiation,  to  the  escape  of 
heat  into  the  stack  with  the  gases  formed  by  combustion  of 
the  fuel,  and  to  imperfect  combustion  of  the  fuel.  Heat  in 
the  steam  is  lost  by  radiation,  and  a  very  considerable  amount 
is  rejected  in  the  exhaust.  Friction  accounts  for  a  further 
loss,  and  so,  with  steam  as  a  prime  mover,  the  percentage  of 
actual  heat  in  the  fuel  that  is  transformed  into  work  ranges 
from  6  per  cent  to  16  per  cent.  For  intermittent  operation, 
where  a  considerable  portion  of  the  fuel  burned  is  for  stand-by 
service,  the  percentage  may  be  even  lower.  In  the  internal- 
combustion  engine  the  heat  losses  are  due  to  radiation,  to  heat 
carried  off  in  the  jacket  water  and  in  the  exhaust,  and  to  fric- 
tion. The  principal  saving  is  in  the  reduction  of  the  amount 
of  heat  lost  in  the  exhaust. 

The  effective  thermal  efficiencies  of  various  prime  movers 
are  about  as  follows : 

Non-condensing  steam  engine.  .  .  .8.4  to  6.6  per  cent 
Condensing  steam  engine  and  tur- 
bine.using  superheated  steam.  15    to    10     "       " 

Suction  gas  engine 23    to    18     "       " 

Four-cycle  Diesel  eneine 34    to    32     "       " 
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The  significance  of  this  Diesel-engiue  economy  can  best  be 
appreciated  by  a  familiar  comparison  :  Assume  tliat  a  touring 
ear  can  be  run  twelve  miles  on  a  gallon  of  gasoline  which 
costs  23  cents  per  gallon  and  weighs  about  6  lb.  Assume  that 
the  engine  has  a  thermal  efficiency  of  18  per  cent,  and  that  the 
effective  heating  value  of  the  gasoline  is  114,000  B.t.u.  per 
gallon. 

Fuel  oil  weighing  about  7.5  lb.  per  gallon  would  have  an 
effective  heating  value  of  about  135,000  B.t.u.  per  gallon.  On 
this  basis  of  relative  heat  values  and  efficiencies  a  Diesel-type 
engine  would  drive  a  ear  26  miles  on  a  gallon  of  oil,  as  com- 
pared with  12  miles  with  gasoline.  But  7.66  gal.  of  oil  can 
be  purchased  for  the  price  of  one  gallon  of  gasoline,  so  that 
the  distance  covered  for  23  cents  worth  of  fuel  would  be  200 
miles  with  oil  and  12  miles  with  gasoline,  or  16.6  times. 


VERTICiL   vs.   HORIZONTAL   DIESEL  ENGINES 

One  of  the  outstanding  features  of  Diesel-engine  manufac- 
ture in  the  United  States  is  that,  in  general,  those  manufac- 
turers who  have  done  their  own  designing  have  brought  out 
horizontal  engines,  while  those  who  are  building  vertical  en- 
gines have  purchased  the  designs  abroad. 

The  advantages  of  the  horizontal  engine,  as  enumerated  by 
a  concern  with  an  established  reputation  as  builders  of  vertical 
engines  are:  lower  price;  easy  survey  and  convenient  attend- 
ance; better  distribution  of  stresses  on  the  crankshaft  and 
main  bearings;  better  lubrication  of  bearings;  better  lubrica- 
tion of  piston ;  easier  cleaning  and  repair  work,  especially  to 
pistons,  which  can  be  taken  out  without  removing  the  cylinder 
head  and  the  valve  gear;  reduced  height  of  engine  room,  as 
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Fig.  5    Pistox-Effort  Di.agrams  for  Horizontal 
Engine,  Working  Stroke 
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Fig.  4    Piston-Effort  Diagrams  for  Horizontal  Oil 
Engine,  Compression  Stroke 
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Fig.  3  shows  the  fuel-consumption  curve  of  a  single-cylinder 
four-cycle  engine.  At  loads  from  80  per  cent  to  full  load  the 
consumption  is  practically  constant,  and  at  the  rate  of  0.42 
lb.  per  b.h.p-hr.  At  this  rate  one  gallon  of  oil  will  furnish 
about  18  b.h.p-hr.,  and  the  cost  for  fuel  per  b.h.p-hr.  with  oil 
at  3  cents  per  gal.  is  one  and  two-thirds  mills.  To  supjily  100 
h.p.  for  ten  hours  would  require  551/2  gal.  of  oil,  costing  $1.67. 

The  opponents  of  internal-combustion  engines,  both  gas  and 
oil,  always  state  that  these  engines  are  economical  only  when 
operating  near  maximum  load,  and  that  the  economy  falls  off 
raj) idly  as  the  loads  decrease.  Observe  on  (his  curve  that  the 
load  is  approximately  42  per  cent  where  the  consumption  curve 
crosses  tne  0.5  lb.  line,  and  that  the  consumption  at  half  load 
is  0.47  lb.  The  fuel  consumption  for  a  ten-hour  day,  run- 
ning a  100-h.p.  engine  at  half  load,  would  be  about  31 V2  gal, 
costing,  at  3  cents  per  gal.,  95  cents.  It  is  evident  that  the 
fuel  expense  for  keeping  an  engine  ruiming  on  friction  load 
is  very  slight.  By  actual  test  on  a  65-h.p.  engine,  full  s|ieed 
without  load  was  maintained  on  1.1  aal.  iier  hour. 


all  pipes  are  hiid  in  trenches  under  the  floor  and  do  not  ob- 
struct the  room. 

In  a  comparison  of  vertical  and  horizontal  Diesel  engines 
the  detail  most  discussed  is  the  piston.  Vertical  builders  call 
attention  to  the  weight  of  the  piston,  and  the  side  jiressure 
thereby  produced  on  the  cylinder  bore,  in  the  case  of  the 
horizontal  engine.  The  fact  that  the  first  Diesel  engines  were 
built  vertical,  and  that  excessive  height  was  undesirable,  prob- 
ably led  to  the  use  of  trunk  pistons.  For  the  same  reason  a 
connecting  rod  of  a  length  but  slightly  more  than  five  cranks 
has  been  used  in  vertical  engines.  An  analysis  of  the  forces 
prevailing  throughout  the  cycle  of  operations  shows  that  the 
side  pressure  on  the  cylinder  walls,  due  to  the  angidarity  of 
the  connecting  rod,  is  far  greater  than  the  pressure  due  to  the 
weight  of  a  piston,  even  though  the  piston  Ues  horizontally. 
Any  increase  in  connecting-rod  length  means  a  proportional 
decrease  in  the  side  thrust.  Ordinarily  an  increase  in  the 
length  of  the  connecting  rod  of  one  crank  length  decreases 
the  side  thrust  an  amount  equal  to  the  weight  of  a  piston  and 
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wrist  i>in.  or.  in  other  words,  a  vertical  trunk-piston  engine 
with  a  conueeliiig  ro<3  five  cranks  long  is  subjected  to  about 
the  same  side  pressure  on  the  cylinder  wall  as  a  horizontal 
trunk-piston  engine  with  a  connecting  rod  six  cranks  long. 

The  magnitude  of  the  forces  involved  in  the  engine  is  not 
generally  realized.  Weight  is  obvious,  but  loads  due  to  fluid 
pressure  inside  of  cylinders  and  the  reactions  resulting  there- 
from are  not  so  readily  appreciated.  For  example,  with  a 
connecting  rod  five  cranks  long,  and  the  engine  crank  45  deg. 
from  «lead  center  on  the  working  stroke,  the  side  thrust  on  the 
piston,  not  considering  the  modifying  effect  of  inertia  of  the 
reciprocating  parts,  is  about  41  lb.  per  sq.  in.  of  piston  area. 
For  a  19-in.  diameter  piston,  this  is  284  X  41  =  11640  lb. 
The  weight  of  a  19-in.  piston  with  wrist  pin  and  one-half  of 
the  connecting  rod  is  approximately  1600  lb.  The  side  thrust 
due  to  angidarity  of  the  connecting  rod  for  this  condition  is 
about  7.3  times  the  weight  of  piston.  In  actual  running,  the 
force  transmitted  to  the  crank  pin  through  the  connecting  rod 
is  reduced  by  inertia  effects,  so  that  the  side  thrust  due  to 
angularity  is  from  five  to  six  times  the  piston  weight  instead 
of  7..3  times. 

In  order  to  present  this  feature  more  clearly,  diagrams  are 
given  showing  the  pressures  acting  on  the  piston  during  the 
compression  and  working  strokes;  the  inertia;  the  combined 
inertia  and  pressures,  which  is  the  measure  of  the  effort  trans- 
mitted to  the  crank  pin;  the  turning  effort  on  the  crank  pin, 
and  the  resulting  thrusts  due  to  the  angularity  of  the  connect- 
ing rod.  The  figures  on  the  diagrams  are  in  pounds  per 
square  inch  of  piston  area. 

In  these  piston-effort  diagrams,  the  forces  which  tend  to 
drive  the  crank  in  clockwise  direction  are  shown  above  the 
horizontal  base  line,  and  those  forces  that  would  tend  to  drive 
the  crank  in  the  reverse  direction  are  shown  below  the  base 
line. 

Beginning  with  the  comj^ression  stroke.  Fig.  4a,  note  that 
the  crank  is  driving  the  piston  against  a  constantly  increasing 
pressure,  which  reaches  500  lb.  per  sq.  in.  at  the  end  of  the 
compression  stroke.  Fig.  4b.  At  the  beginning  of  the  com- 
pression stroke,  when  the  inertia  of  the  reciprocating  weights 
must  be  overcome,  the  pressure  in  the  cylinder  is  low.  At 
the  end  of  the  compression  stroke  the  inertia  effect  is  tending 
to  revolve  the  crank  in  clockwise  direction,  as  shown  in  Fig.  4c. 
Note,  in  Fig.  id,  how  closely  the  line  approaches  the  base.  An 
increase  in  the  weight  of  the  reciprocating  parts  or  an  increase 
in  the  rotative  speed  of  the  engine  would  cause  the  line  to 
cross  the  base  line,  or,  in  other  words,  would  result  in  the 
piston  actually  pulling  the  crank  during  a  short  portion  of  the 
compression  stroke;  such  a  condition  tends  to  cause  a  knock. 
From  this  piston-effort  curve  the  negative  turning  effort  on 
the  crank  is  obtained.  Fig.  Ae,  and  the  reaction  on  the  cross- 
head  due  to  the  angularity  of  the  connecting  rod,  Fig.  4/.  On 
the  compression  stroke,  the  tendency  is  to  lift  the  crosshead 
throughout  the  stroke.  The  upward  thrust  is  maximum  near 
the  end  of  the  compression  stroke,  and  equals  14.5  lb.  per  sq.  in. 
of  piston  area.  The  weight  is  about  5.2  lb.  per  sq.  in.,  so  that 
the  net  upward  thrust  is  9.3  lb.  per  sq.  in.  of  piston  area,  or 
about  2610  lb.  for  a  19-in.  piston.  This  upward  thrust  is 
resisted  by  adjustable  gibs  bearing  on  the  sides  of  the  cross- 
head  shoe,  and  no  trouble  is  experienced  in  making  these  ad- 
justments so  that  the  engine  runs  quietly. 

At  the  end  of  the  compression  stroke,  fuel  is  injected  and 
the  working  stroke  follows,  Fig.  5a.  The  pressures  in  the 
cylinder  through  out  the  stroke  are  indicated  in  Fig.  5b.  The 
inertia  diagram*  for  this  stroke  is  shown  in  Fig.  5c.  Note 
particularly,  in  Figs.  4rf  and  5d,  the  beneficial  effect  of  inertia 


in  reducing  the  high  pressures  at  the  end  of  the  compression 
stroke  and  the  beginning  of  the  working  stroke,  and  in  sup- 
plementing the  low  pressures  in  the  cylinder  at  the  end  of  the 
working  stroke  so  that  the  effort  is  more  evenly  distributed. 
During  this  stroke  the  thrust  due  to  the  angularity  of  the  con- 
necting rod  is  all  downward,  Fig.  5/,  and  reaches  a  maximum 
of  32.6  lb.  per  sq.  in.  of  piston  area.  Adding  the  weight  to 
this,  the  maximum  downward  pressure  is  37.8  lb.  per  sq.  in. 
of  piston  area,  or  10,700  lb.  For  a  19-in.  diam.  piston,  note 
particularly  that  if  the  cylinder  were  vertical  there  would  still 
be  a  maximum  side  thrust  of  9250  lb. 

From  the  foregoing  it  will  be  very  apparent  that  it  makes 
but  little  difference  whether  an  engine  is  built  vertical  or  hori- 
zontal in  so  far  as  side  pressures  are  concerned.  In  the  case 
above  analyzed,  weight  adds  but  16  per  cent  if  the  maximum 
pressure  is  considered.  The  advantage  of  the  horizontal  en- 
gine in  general,  and  the  crosshead  type  in  particular,  is  in 
its  superior  accessibility.  In  the  case  of  a  vertical  trunk-pis- 
ton engine  it  is  necessary  to  practically  dismantle  the  engine 
in  order  to  get  at  the  piston,  piston  rings,  or  wrist-pin  bear- 
ings. In  most  cases  the  valve  gear  and  the  cylinder  heads 
must  be  removed,  the  connecting  rod  must  be  disconnected  at 
the  crank  pin,  and  the  piston  and  piston  rod  then  lifted  out 
through  the  cylinder. 

Compare  this  procedure  with  that  necessary  in  the  hori- 
zontal engine:  The  sheet-steel  crank  splasher  is  removed; 
then  the  connecting  rod  is  disconnected,  at  the  crank  pin  in 
the  case  of  a  trunk-piston  type,  or  more  simply  at  the  wrist 
pin  if  the  engine  has  a  crosshead,  and  the  piston  is  then  re- 
moved from  the  open  end  of  the  cylinder.  The  actual  time 
required  to  remove  a  piston  and  cross  head  of  a  19-in.  by  33- 
in.  engine  was  twenty  minutes.  The  piston  was  wiped  clean 
and  replaced  in  thirty  minutes,  making  the  total  shut-down 
fifty  minutes,  as  compared  with  about  one  day  of  ten  hours 
to  accomplish  the  same  thing  in  the  case  of  a  vertical  engine. 


TYPE  or  DIESEL  ENGINE  AND  LUBRICATION 

The  matter  of  cylinder  lubrication  is  another  feature  of 
superiority  in  horizontal  engines.  In  the  vertical  type  it  is 
absolutely  essential,  in  order  to  secure  a  distribution  of  the 
lubricant  around  the  cylinder  bore,  to  supply  the  oil  through 
a  number  of  feeds,  as  many  as  four  per  cylinder  on  the  small- 
est sizes  and  more  on  larger  diameters.  A  horizontal  cylinder, 
on  the  other  hand,  even  of  the  largest  size  that  is  practicable 
to  build,  can  be  effectively  lubricated  over  its  whole  surface 
from  a  single  feed  on  the  upper  side.  Gravity  helps  to  dis- 
tribute the  oil. 

In  any  mternal-combustion  engine  some  of  the  lubricating 
oil  is  carbonized.  In  a  vertical  engine  this  carbon  tends  to 
work  down  past  the  piston,  fouling  the  rings  and  dropping 
into  the  crank  pit,  where  it  becomes  mixed  with  the  bearing 
oil.  In  the  horizontal  type,  much  of  this  carbon  is  pushed 
into  the  counterbore,  whence  it  can  be  removed  through  a  blow- 
off  valve  in  the  bottom  of  the  cylinder.  Such  portion  as  works 
by  the  piston  can  be  caught  in  the  frame  and  prevented  from 
mixing  with  the  bearing  lubricating  oil.  Even  the  main  bear- 
ings in  a  horizontal  engine  are  more  effectually  lubricated. 
During  the  working  stroke,  when  the  pressures  are  highest,  the 
main  shaft  is  partly  lifted  from  the  bottom  shell,  allowing 
the  lubricant  to  fill  the  space.  Then  on  the  two  idle  strokes, 
the  exhaust  and  inlet,  inertia  effects  tend  to  bring  the  shaft 
first  against  one  side  of  the  bearing,  then  against  the  other, 
thus  effecting  a  very  thorough  distribution  of  the  oil. 
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SUCCESS  IN  DIESEL-ENGINE  OPERATION 

On  the  showing  of  economy  of  the  Diesel  engine,  one  might 
ask  why  the  engines  are  not  in  more  general  use,  since  the 
United  States  is  the  gi-eat  producer  of  oil  and  power  is  so 
universally  used.  One  answer  is  that  those  who  are  in  a  posi- 
tion to  reap  the  most  benefit  are  not  aware  of  the  possibilities. 
Perhaps  they  have  heard  of  an  oil-engine  installation  that  has 
not  come  up  to  expectations.  Without  investigation,  they  im- 
mediately condemn  oil  engines  in  general.  Or  it  may  be  that 
even  when  an  engine  of  a  suitable  type  has  been  installed, 
satisfactory  operation  is  not  obtained  on  account  of  the  failure 
of  the  men  in  charge  to  properly  care  for  the  engine. 

It  is  evident  that  in  a  machine  that  requires  uniformly  high 
pressure  to  j^roperly  ignite  the  fuel  charge,  any  appreciable 
leakage  of  valves  or  piston  rings  results  in  faulty  ignition. 
This  applies  to  the  compressor  which  furnishes  the  spraying 
air  as  well  as  to  the  power  cylinder.  On  the  other  hand,  a 
little  intelligent  care  will  prevent  trouble  of  this  kind.  I  know 
of  no  case  where  the  proverb,  "  a  stitch  in  time  saves  nine," 
is  more  applicable. 

Another  cause  of  trouble  that  is  avoidable  is  overloading. 
A  moment's,  consideration  will  make  plain  the  ill  effects  of 
overloading.  In  any  internal-combustion  engine  the  amount 
of  fuel  burned  is  limited  by  the  oxygen  in  the  charge  of  air 
at  the  end  of  the  compression  stroke.  In  the  case  of  a  Diesel- 
type  engine  the  time  available  for  burning  the  fuel  charge  at 
full  load  will  not  exceed  35  deg.  of  crank  travel.  In  the  case 
of  an  engine  running  200  r.p.m.  this  is  equivalent  to  ^ /.^  of  a 
second.  During  this  time  the  oil  must  enter  the  cylinder,  come 
in  contact  with  the  necessary  oxygen,  and  be  consumed.  There 
must  of  necessity  be  some  excess  oxygen  in  order  to  effect 
complete  combustion  of  the  fuel.  The  effect  of  overloading 
is  to  increase  the  fuel  charge  so  that  the  amount  is  greater 
than  can  be  burned  clean  with  the  air  that  is  available.  The 
result  is  that  combustion  continues  after  expansion  has  begun, 
and  if  the  overload  is  great  it  may  even  be  that  the  charge  will 
be  still  burning  when  the  exhaust  valve  is  opened.  The  tem- 
perature of  the  exhaust  gases  is  then  so  far  above  normal  that 
the  valve  becomes  distorted  with  the  heat,  causing  leaks  which 
still  further  aggravate  the  trouble.  If  an  engine  be  allowed  to 
run  with  a  leaking  valve  it  is  only  a  question  of  a  few  hours 
until  both  valve  and  seat  will  be  cut  out  by  hot  gases  blowing 
through  at  high  velocities.  The  secret  of  success  in  operating 
a  Diesel  engine  is  in  taking  care  of  just  such  relatively  small 
items.  When  you  find  an  owner  who  condemns  this  type  of 
engine,  you  will  generally  find  that  he  is  careless,  and  allows 
his  engine  to  get  out  of  order  in  some  small  particular,  and 
then  complains  about  unreliability,  high  cost  of  repairs,  etc. 


FIELD  OF  THE  DIESEL  ENGINE 

The  Diesel  engine  has  a  fairly  well  defined  field  in  which 
it  will  have  no  competitor  when  its  merits  are  known  and  ap- 
preciated. This  is  the  relatively  small  plant  which,  when  steam 
operated,  is  usually  inefficient.  In  generating  electric  current 
for  a  small  town,  savings  are  effected  that  would  justify  the 
installation  of  the  Diesel  engine  if  the  cost  were  two  or  three 
times  what  it  actually  is.  For  instance,  a  300-h.p.  engine  is 
effecting  a  saving  of  $1000.00  per  month  in  fuel.  In  another 
case  a  60-h.p.  is  saving  $2500.00  a  year.  In  ice  making  the 
cost  of  fuel  per  ton  of  ice  with  oil  at  3  cents  per  gal.  is  around 
18  to  20  cents  per  ton  of  ice  produced.  This  includes  driving 
all  the  auxiliaries,  lighting  the  plant,  etc.  For  pumping,  the 
combination  of  an  oil  engine  with  a  geared  power  pump  makes 


a  pumping  unit  that  has  a  higher  thermal  efficiency  than  the 
best  erank-and-flywheel  pumping  engine  ever  built,  and  this 
efficiency  can  be  obtained  when  the  oil  engine  is  only  65  b.p.^ 
compared  with  hundreds  of  horsepower  in  the  steam-driven* 
pump.  This  means  that  in  parts  of  the  country  where  oilr 
is  used  under  boilers,  oil-engine-driven  pumps  in  small  units. 
are  pumping  water  cheaper  than  is  done  by  the  largest  steajn.- 
driven  pumps.  Of  course,  where  heat  units  in  coal  can  be  pur- 
chased cheaper  than  heat  units  in  oil,  this  advantage  of  the 
higher  efficiency  of  the  oil  engine  is  offset,  but  it  is  probable 
that  there  is  no  place  in  the  United  States  where  the  power 
requirements  for  pumping  are  around  50  to  60  h.p.  that  an 
oil-engine-driven  pump  would  not  be  the  most  economical,  all 
things  considered. 

The  ability  to  generate  electric  power  cheaply  by  means  of 
Diesel  engines  has  led  to  the  installation  of  engines  of  this 
type  in  the  phosphate-mining  industry  in  Florida.  The  load 
conditions  are  almost  ideal  for  the  realization  of  high  economy. 
The  plants  are  operated  continuously  except  for  a  Sunday 
shutdown.  It  has  been  found  that  multi-stage  centrifugal 
pumps  motor-driven  will  deliver  water  at  the  high  pressure 
required  for  hydraulic  mining  at  an  expense  that  compares 
most  favorably  with  compound-condensing  pumping  engines. 
The  advantage  of  this  combination  lies  in  the  ability  to  shift 
the  pump  and  motor  with  but  little  trouble  as  the  mining^ 
progresses,  thereby  saving  the  expense  and  losses  due  to  ex- 
tending pipe  Lines  from  a  permanently  located  pumping  unit. 

The  pipe-line  companies  have  come  to  appreciate  the  merits 
of  the  oil  engine  for  driving  pumps.  A  large  number  of  units 
have  been  installed,  mostly  of  relatively  small  sizes,  the  100- 
h.p.  De  La  Vergne  engine  having  been  very  popular.  But 
now  that  horizontal  Diesel  type  engines  are  to  be  had,  larger 
units  are  being  used.  The  economies  effected  are  such  that  it 
is  only  a  question  of  time  when  steam  engines  for  this  service 
wUl  be  abandoned. 


DISCUSSION 

The  discussion  of  the  paper  was  active  and  interesting. 
The  principal  points  discussed  were  the  opportunities  for  the 
Diesel  type  of  oil  engine  and  the  matter  of  lubrication.  It 
was  believed  that  the  Diesel  engine  would  find  more  extensive 
use  as  it  became  better  known.  Its  possibilities  are  not  fully 
appreciated  at  the  present  time  and  it  offers  a  gi'eat  field  for 
economical  power  units.  If  more  scientific  consideration  be 
given  fhe  lubrication  of  the  oil-engine  units  it  was  believed 
that  more  economical  operation  and  better  service  would  result. 
Several  instances  of  exceptional  oil-engine  performances  were 
mentioned.  In  one  case  an  oil  engine  operating  a  refrigerating 
plant  in  the  South  ran  for  over  11  months  without  a  shutdown. 
The  experience  of  those  using  oil,  having  an  asphaltum  base, 
showed  that  the  difficulties  expected  were  greatly  overestimated 
and  that  it  could  be  used  very  satisfactorily.  Among  those 
discussing  the  paper  were  A.  W.  Moseley,  Mem.Am.Soc.M.E., 
H.  S.  Philbrick,  Mem.Am.Soc.M.E.,  0.  J.  May,  Mem.Am.Soc. 
M.E.,  L.  F.  Burger,  0.  B.  Zimmerman,  Mem.Am.Soc.M.E.,  W. 
A.  Hartley,  Mem.Am.Soc.M.E.,  and  F.  G.  Hobart,  Mem.Am. 
Soc.M.E.  

The  exchange  of  heat  between  superlieated  steam  and  pipe 
walls  or  condensers  has  been  investigated  by  R.  Poensgen 
(Zeji.  Yer.  deutsch.  Ing.,  Jan.  8  and  15,  1916).  His  experi- 
ments were  carried  out  with  a  seamless  tube  3.5  m.  long  and 
95.7  and  39.4  mm.  in  internal  diameter  in  a  gas-fired  super- 
heater, an  auxiliary  electric  superheater  being  also  provided. 
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THE  object  of  this  paper  is  to  outline  the  development 
of  the  motor  truck  and  to  tell  something  of  its  economic 
possibilities  under  the  conditions  in  Southern  California. 
No  attempt  will  be  made  to  go  into  the  many  differences  in 
the  details  of  design  for  the  great  variety  of  trucks.  The 
broader  differences  in  construction  will  !)e  Ijrought  out  and  the 
advantages  or  objections  which 
they  embody  will  be  mentioned.       i  - 

Commercial  motor  vehicles 
were  at  first  simple  pleasure 
cars  with  improvised  truck 
bodies.  The  first  ones  were 
steam-  or  electric-driven,  but 
were  not  successful,  chiefly  be- 
cause of  the  inadequate  capacity 
of  the  boilers  and  batteries.  The 
steam-driven  truck  or  lorry  was 
developed  successfully  in  Eng- 
land, but  on  the  poorer  roads 
of  this  country  it  was  a  failure. 
On  the  other  hand,  the  electric 
truck  has  been  continually  im- 
proved from  the  first,  and  has 
reached  its  highest  development 
here  in  this  country. 

The  first  recorded  sale  of  a 
truck  was  in  1896,  and  in  1904 
a  truck  made  an  endurance  run 
from    New    York    to     Chicago 

which  attracted  wide  attention.  The  manufacture  of  trucks 
was  at  first  only  a  side-issue  with  pleasure-car  makers,  and 
there  were  few  users  prior  to  1910;  since  then  the  sale  of 
trucks  in  the  United  States  has  just  about  equaled  the  sale 
of  ])lerisure  cars  for  the  period  six  to  seven  years  before.  Last 
year's  sales  totaled  72,000.  an  increase  of  4.3  per  cent  over  the 
previous  year.  Europe  took  about  22.000  trucks,  but  sales  in 
this  country  increased  also. 


MOTOR-TRUCK    CHA.SSIS 

The  design  of  the  truck  at  first  was  patterned  veiy  closely 
after  the  pleasure  car.  This  was  a  natural  sequence  for  a 
business  gTowdng  up  as  a  branch  of  pleasure-car  manufactur- 
ing. The  same  type  of  engine  was  used  for  both  and  the  same 
drive  through  a  differential  on  a  live  rear  axle,  such  as  still 
in  use  for  trucks  of  the  light  delivery  type.  For  the  heavier 
trucks  the  frame  of  the  ear  was  lengthened  out,  and  the  dif- 
ferential and  rear  axle  gave  way  to  a  differential  and  jackshaft 
attached  to  the  frame.  The  jackshaft  carried  sprockets,  and 
the  final  drive  was  made  by  chain  to  the  rear  wheels,  which 
were  carried  on  a  dead  axle.     This  arrangement   had  three 


Motor-truck  service  on  American  roads  is  the 
severest  kind  of  service,  and  in  discussing  the 
economic  possibilities  of  motor  trucks  many 
factors  must  be  taken  into  account. 

This  paper  first  reviews  the  development  of 
American  motor  trucks,  describing  types  of 
chassis,  engine,  transmission  system,  final  drive, 
and  other  elements. 

It  then  discusses  the  economics  of  truck 
operation  and  costs  of  gasoline  trucks  in  South- 
ern California — an  ideal  field  for  motor-truck 
service  on  account  of  j)prfect  operating  condi- 
tions throughout  the  year. 

The  author  concludes  with  a  discussion  of  the 
methods  of  reducing  trucking  costs  and  a  com- 
parison of  operating  costs  of  horse-drawn  and 
motor  trucks  for  general  application. 


Paper  presented  at   a   meeting  of   tlie  Los  Angeles   Section   of  The 
iMERicAi;;  Society  oe  Mechanical  Exc.ineers.  March  28,  1916. 


obvious  advantages:  first,  it  kept  the  engine  drive  as  small 
and  light  as  possible,  since  the  final  reduction  in  rotations  was 
made  right  at  the  rear  wheels;  second,  it  was  accessible,  and 
the  gear  i-atio  could  be  changed  at  will  by  putting  a  different- 
size  sprocket  on  the  jackshaft :  lastly,  it  segregated  the  jiower 
plant  so  that  the  truck  from  the  design  viewpoint  might  be 

considered  as  made  up  of  two 
:  separate  units.  The  first  of 
these  units,  the  wheels,  axles 
and  steering  gear,  was  expected 
to  take  all  of  the  jar  and  dis- 
tortion of  running,  while  the 
other  unit,  the  truck  frame  and 
power  jjlant,  floated  above  the 
tirst  one  on  the  springs,  the 
chain  furnishing  the  power  con- 
nection between  the  two  units. 
Automobile  engineers  state  that 
each  pound  of  unsprung  weight 
is  as  hard  on  the  tires,  and 
therefore  on  the  truck,  as  four 
pounds  would  be  if  placed  above 
the  springs,  where  the  effects 
of  the  weight  are  cushioned.  The 
chain  drive  kept  the  weight  of 
the  ]iarts  a  minimum,  and  also 
kept  it  above  the  springs. 

It  was  soon  discovered  that 
it  was  not  possible  to  absorb 
all  of  the  vil)ration  and  twisting  which  hard  service  gives  to 
a  truck  without  transmitting  a  considerable  part  of  it  to  the 
frame  and  power  plant.  To  the  jar  from  the  road  was  also 
added  the  twistings  set  up  in  the  frame  because  of  eccentric 
loading,  and  these  effects  were  all  transmitted  to  the  power 
plant,  to  the  radiator  and  to  all  parts  which  were  attached 
rigidly  to  the  frame.  There  were  two  possible  ways  of  deal- 
ing with  this  diffleulty :  first,  a  more  rigid  frame  and  a  better 
cushioning  through  the  tires  and  springs;  or,  second,  a  flexible 
frame  to  which  the  various  power-plant  units  would  be  flexi- 
bly mounted,  so  that  each  unit,  while  in  itself  a  compact,  rigid, 
perfectly  aligned  machine,  would  not  suffer  distortion  by 
Iwisting  set  up  in  the  frame.  These  units  would  be  connected 
by  shafts  having  universal  joints  or  some  other  flexible  con- 
nection. The  modern  truck  has  been  developed  along  both 
of  these  lines.  For  the  lighter  and  faster-running  delivery 
truck  the  pneumatic  tire  is  largely  used,  and  its  use  is  being 
extended  to  heavier  trucks.  Double  pneumatic  tires  for  the 
rear  wheels  are  being  used  somewhat,  and  single  pneumatics 
are  being  made  up  to  12  in.  tread  diameter.  Both  pneumatic 
and  solid  tires  have  been  made  as  elastic  as  possible  without 
sacrificing  too  much  the  other  desirable  qualities.  Truck 
springs  have  been  greatly  improved  also.  The  older  types  of 
truck  springs  were  made  up  of  rather  thick  leaves.  They  were 
short  and  narrow  and  had  considerable  camber.    With  the  ad- 
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vent  of  modern  heat-treated  steel  there  has  been  developed  a 
mucii  better  design  of  spring',  with  thinner  leaves,  and  wiiicli  is 
longer  and  flatter  and  much  better  suited  to  the  needs  of  the 
truck.  They  aye  made  of  high-grade  carbon  or  alloy  steel, 
with  the  leaves  self-lubricated  and  the  spring  eyes  provided 
with  phosphor-bronze  bushings.  The  pins  are  nickel  steel  and 
the  clips  of  chrome-nickel  or  vanadium  steel.  The  old-fash- 
ioned full  elliptical  type  has  given  place  to  the  semi-elliptical 
as  the  preferred  type.  This  improvement  in  the  design  and 
quality  of  springs  and  tires  has  gone  far  to  reduce  the  strains 
set  up  in  the  frame. 

But  truck  service  on  American  roads  is  the  severest  sort  of 
service :  the  uneven  roads,  which  alternately  elevate  or  depress 
diagonally  opposite  wheels;  the  chuckholes,  into  which  a 
driver  will  plunge  the  truck  at  full  speed;  and  the  load  on  the 
vehicle,  which  is  frequently  thrown  on  without  any  regard 
to  the  way  it  strains  the  frame— all  these  tend  to  twist  the 
frame  members,  and  through  them  the  power-jilant  units  them- 
selves. It  is  not  possible  to  absorb  all  of  these  jars  and  dis- 
tortions below  the  frame  members  as  is  done  in  the  lighter 
and  more  resilient  pleasure  car.  The  method  of  mounting  the 
power-plant  units  in  gasoline  trucks  so  that  they  shall  not  be 
distorted  and  jarred  is  a  very  important  part  of  truck  design. 
In  the  smaller  trucks,  up  to  about  two  tons  capacity,  it  is  pos- 
sible to  combine  the  engine,  the  flywheel  and  its  clutch,  and  the 
transmission  all  in  one  rigid  assembly.  This  gives  perfect 
alignment.  Tliis  unit  power  plant  is  then  flexibly  mounted 
within  the  main  frame,  usually  with  three  points  of  support, 
two  rigidly  attached  to  the  main  frame  and  the  third  swiveled 
from  a  bearing  on  a  main-frame  cross-member.  Another 
method  is  to  mount  the  power  plant  rigidly  to  a  sub-frame, 
which,  in  turn,  is  flexibly  mounted  within  the  main  frame. 
This  moimting  may  be  a  three-point  support  or  one  of  four 
points,  with  spring  buffers  to  absorb  the  jar  and  twist.  Where 
the  transmission  is  separate  from  the  engine  it  is  also  flexibly 
mounted  to  the  frame.  The  differential  and  jackshaft  unit  is 
treated  the  same  waj'. 


HOTOR-TRUCK   ENGINES 

Motor-truck  engines  do  not  differ  gTcatly  from  those  on 
pleasure  cars.  Motor-truck  service  is  more  severe  and  the 
engines  are  kejit  at  capacity  for  longer  times.  For  this  reason 
the  engines  are  run  at  slower  speeds,  from  800  to  1200  r.p.m. 
for  trucks  of  one  ton  capacity  or  heavier,  and  the  engines  are 
therefore  larger  for  the  same  horsepower.  In  general,  truck 
engines  are  usually  buUt  stockier,  with  heavier  crankshafts 
and  connecting  rods  and  larger  bearings  throughout.  The 
water-jacket  space  is  somewhat  larger  and  the  cylinder  walls 
thicker,  which  permits  more  reboring.  The  radiator  is  larger 
than  for  the  same  size  of  pleasure-car  engine.  The  valves, 
carburetor  and  intake  manifold  are  often  made  smaller  than 
on  a  pleasure  car.  This  is  possible  with  the  slower  speed, 
and  has  the  ad\antage  of  preventing  the  driver  from  over- 
speeding  the  engine  when  it  is  not  under  governor  control. 
Governors  are  now  coming  into  general  use,  however,  on 
trucks  of  one  ton  capacity  or  heavier.  The  governor  throttles 
the  gas  mixture  between  the  carburetor  and  the  intake  mani- 
fold. It  may  be  driven  from  any  exposed  rotating  part  of  the 
engine,  or  from  the  transmission,  or  from  the  wheel  of  the 
truck  itself.  The  use  of  the  governor  does  not  prevent  the 
driver  from  throwing  out  the  clutch  and  racing  the  truck 
downhill.  The  four-cylinder,  four-stroke-cycle  engine  is  now 
standard  for  truck  construction.     There  are  a  few  makes  of 


two-cylinder  engines  with  the  cylinders  opposed  to  each  other. 
One  of  this  type  has  been  very  successful  here  in  California. 
Also  one  or  two  builders  have  recently  brought  out  six-cylinder 
engines,  but  their  use  for  most  work  would  not  seem  to  be 
warranted  at  the  present  price  of  motor  fuel.  Four-cylinder 
construction  is  being  used  on  more  than  95  per  cent  of  aU 
trucks;  and  this  condition  will  probably  continue.  The  four- 
stroke  cycle  is  made  necessary  by  the  varying  load  which  every 
truck  engine  must  handle. 

Cylinders  are  cast  separate,  in  pairs  or  en  bloc.  The  prefer- 
ence seems  to  be  for  cylinders  in  pairs  with  either  three  or  five 
crankshaft  bearings  for  trucks  of  moderate  to  large  size, 
and  cylinders  en  bloc  with  three  bearings  for  the  smaller  sizes. 
Individual  cylinders  are  used  on  many  of  the  larger  trucks. 
As  to  the  placing  of  valves  in  the  cylinder,  the  same  types 
obtain  as  on  pleasure  cars.  There  is  a  preference  for  the  L- 
head  type  for  the  smaller  engines  up  to  about  four  inches  in 
diameter,  as  ample  valves  may  be  used  and  still  provide  for 
the  necessary  water-cooling  space  around  them.  Nearly  80  per 
cent  of  all  engines  are  of  this  type.  With  increase  of  cylinder 
diameter  cooling  is  more  difficult,  and  many  makers  prefer 
the  T-head  construction  with  valves  on  opposite  sides  of  the 
cylinder.  There  are  a  few  motors  with  the  valves  in  the  head, 
and  some  with  one  set  of  valves  in  the  head  and  the  other  in 
the  side.  The  advantages  of  these  types,  however,  would  be 
such  as  would  recommend  them  for  fast-running  pleasure  cars 
or  racing  automobiles  rather  than  for  motor-truck  service. 
Owing  to  better  design  and  balancing,  the  stroke  on  motor 
engines  has  been  gradually  increased,  while  the  bore  has  been 
reduced.  The  bore-stroke  ratio  varies  from  1  :  1.1  up  to 
1  :  1.5.  Average  sizes  vary  from  3V2  by  4%  in.  for  a 
1-ton  truck  up  to  5  by  6  in.  for  a  7y2-ton  machine. 

The  clutch  is  usually  housed  with  the  flywheel.  The  cone 
clutch  with  leather  against  metal  and  the  cone  a  part  of  the 
flywheel  itself  has  been  the  favorite  until  very  recently.  The 
more  complex  multiple-disk  clutches  with  steel  against  steel  or 
against  bronze  plates  running  in  an  oil  bdth,  or  steel  against 
a  built-up  fabric  of  brass  wire  and  asbestos  running  either 
in  oil  or  running  dry  are  also  largely  used.  The  dry  type  has 
been  gaining  in  favor.  In  design  it  is  accessible,  frequently 
separately  housed  and  removable  from  the  engine  train,  and 
there  is  abundant  surface  to  take  care  of  the  friction  of  start- 
ing. 


TRANSMISSION    SYSTEM 

The  transmission  system  on  trucks  was  pattenie-l  after  that 
on  iileasure  cars.  There  are  a  few  friction-type  or  planetary- 
type  transmissions  on  some  of  the  lighter  trucks,  but  the  se- 
lective type  with  sliding  gears,  three  speeds  forward  and  a 
reverse,  is  the  one  which  has  been  quite  generally  used.  It 
lias  not  been  entirely  successful  for  heavy  truck  duty.  The 
operation  of  a  transmission  requires  a  certain  amount  of 
skill  and  reject  for  machinery  not  always  found  in  an  un- 
skilled employee.  There  has  been  a  marked  tendency  to  adopt 
some  form  of  individual  clutch  system  for  the  heavier  trucks. 
Also  a  fourth  speed  forward  on  these  trucks  is  coming  into 
use  to  meet  the  requirements  of  tractor  duty  and  of  starting 
under  heavy  load. 

No  matter  what  part  of  the  truck  is  studied,  one  is  im- 
pressed with  the  fact  that  for  each  part  there  are  two  or  more 
radically  different  types  of  design  competing  for  favor. 
Many  of  these  parts  have  been  brought  out  by  manufacturers 
who  make  a  specialty  of  one  particular  product.     It  is  said 
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that  85  per  cent  of  all  trucks  sold  are  almost  entirely  assem- 
bled products.  Thus  a  manufacturer  can  assemble  whatever 
parts  he  thinks  are  best  suited  to  his  particular  truck.  Whether 
some  of  these  parts  are  better  or  not  nearly  so  good  and  only 
cheaper  is  a  thing  which  time  alone  will  determine.  For  ex- 
ample, there  are  two  methods  of  water  cooling  used  on  light 
truck  engines,  one  the  thermo  syphon,  for  which  the  claim 
is  made  that  it  is  simpler  and  just  as  effective,  while  opposed 
to  the  cheaper  and  simpler  method  is  that  of  pump  circula- 
tion, which  tends  to  keep  the  engine  cylinder  more  nearly 
uniform  in  temperature  under  all  running  conditions.  Other 
examples  of  different  design  for  truck  parts  are  the  frame 
members,  which  may  be  built-up  shapes  of  channels  or  I's, 
very  rigid  and  formerly  exclusively  used;  or  pressed-steel 
frames,  which  are  lighter  and  more  flexible,  made  of  a  higher 
grade  of  heat-treated  steel,  more  expensive,  but  coming  into 
increased  favor  with  truck  manufacturers.  Again,  the  truck 
wheels  may  be  of  the  wooden  artillery  type,  of  cast  steel,  or 
of  built-up  pressed-steel  construction.  For  bearings  flexible 
rollers  and  balls  compete  with  the  truncated  cone  roller. 
Brakes  are  either  shoe  or  band,  each  of  which  may  be  either 
internally  expanding  or  externally  contracting.  They  may  be 
placed  both  on  the  rear  wheels,  or  one  set,  usually  the  service 
brakes,  on  the  jackshaft  on  chain-drive  machines  or  on  the 
main  shaft  back  of  the  transmission  on  the  other  types  of 
drives.  Again,  there  are  four  types  of  radiator  construction, 
twenty  standard  types  of  carburetor,  and  nearly  as  many 
ignition  systems.  Lubrication  may  be  by  splash,  by  forced 
feed  or  a  combination  of  both,  and  so  with  nearly  every  fea- 
ture of  truck  construction. 

But  the  development  which  is  creating  the  widest  interest 
and  no  end  of  argument  among  truck  manufacturers  is  the 
final  drive.  For  light-ninning  trucks  the  pleasure-car  type  of 
drive  with  the  differential  on  the  rear  axle  is  customary.  Its 
use  is  restricted  to  cars  of  1500  lb.  capacity  or  less,  as  a 
greater  gear  reduction  than  about  five  to  one  gives  such  a  big 
differential  assembly  that  there  is  not  enough  road  clearance. 
An  additional  speed  reduction  of  some  kind  must  be  made  for 
the  heavier  trucks.  The  many  advantages  of  the  chain  drive 
have  not  been  suflScient  to  overcome  the  objectionable  features 
of  exposed  grit-collecting  parts  and  broken  chains.  Thi-ee 
separate  types  have  been  developed  to  meet  these  objections. 
All  are  alike  objectionable  because  they  place  an  increased 
weight  below  the  springs  and  because  they  are  heavier  than 
the  chain-drive  parts. 


TYPES    OF    PINAL    DRIVE 

The  first  of  these  types,  the  double-reduction  axle,  uses  one 
pair  of  bevel  gears  and  one  pair  of  spur  gears  trained  to- 
gether and  housed  with  the  differential  on  the  rear  axle.  There 
is  the  advantage  of  enclosure  of  all  working  parts,  quiet  opera- 
tion and  no  thrust  loads  on  the  differential.  The  assembly  is 
heavy  and  there  are  a  good  many  parts.  Its  use  is  now  re- 
stricted to  a  few  makes  of  light  trucks  of  1%  tons  capacity  or 
less.  This  drive  has  been  very  successful  in  standing  up  under 
long  service. 

The  internal-gear  drive  is  also  a  double-reduction  drive,  as 
two  sets  of  gears  are  used.  It  is  also  like  the  chain  drive,  in 
that  a  dead  axle  carries  the  load  while  the  differential  is  ou  a 
jackshaft,  but  in  this  drive  the  jackshaft  is  carried  alongside 
of  and  parallel  to  the  rear  axle,  while  the  chain  connection 
gives  way  to  a  spur  pinion  running  inside  an  annular  gear 
on  the  rear  wheel.    It  is  quiet  in  operation  and  the  parts  are 


all  enclosed.  It  has  the  advantage  of  a  dead  axle  to  carry 
the  load,  an  argument  that  appeals  to  many  customers;  also 
the  differential,  is  smaller  than  that  on  the  double-reduction 
drive,  as  it  runs  faster.  There  is,  however,  a  thrust  on  the 
differential  from  the  driving  shaft.  The  weight-carrying  axle 
is  usually  of  I-beam  construction,  and  the  jackshaft  may  lie 
either  in  front  of  or  back  of  this  axle.  This  drive  was  first 
developed  on  the  continent  of  Europe,  and  has  been  used 
increasingly  in  this  country  principally  for  trucks  of  from 
iy2  to  3  tons  capacity. 

The  worm-gear  drive,  while  it  has  met  with  much  opposi- 
tion, seems  to  be  winning  its  way  as  the  simplest  and  very 
possibly  the  most  satisfactoi-y  of  the  three  types.  It  has 
fewer  parts,  since  the  differential  is  carried  within  the  worm 
wheel  and  the  entire  reduction  is  made  in  one  step.  There  is 
a  Uve  rear  axle  which  transmits  the  power  to  the  rear  wheels. 
This  is  usually  of  the  full  floating  type,  with  the  truck  weight 
carried  on  the  outside  of  the  axle  casing.  The  live  axle  must 
be  of  goodly  size,  as  must  also  be  the  differential,  since  there 
is  no  reduction  in  rotations  at  the  wheel.  There  is  a  heavy 
pressure  between  the  worm  and  wheel,  as  the  wheel  is  of 
small  diameter.  It  is  necessary  to  maintain  the  most  exact 
alianment  between  the  worm  and  wheel,  which  necessitates  a 
very  heavy  built-up  housing  to  carry  the  assembly.  This 
housing  is  of  cast  construction,  and  all  of  this  weight  comes 
on  the  tires  with  no  spring  intervening.  In  spite  of  these  ob- 
jections, the  worm  drive,  which  was  first  successfully  devel- 
oped in  England,  has  been  increasing  in  favor  very  rapidly 
in  this  country,  especially  in  the  last  year,  and  it  is  now 
being  used  on  all  sizes  of  trucks  from  I/2  up  to  6  tons  capacity. 
The  success  of  the  worm  drive  depends  upon  exact  propor- 
tions, perfect  alignment  at  all  times,  and,  most  important 
of  all,  the  maintenance  of  an  oil  film  which  will  not  be  squeezed 
out  by  the  thrust  of  the  worm  shaft.  It  is  now  known  that 
the  eflSciency  of  the  worm  depends  entirely  upon  the  condi- 
tion of  the  oil  film,  and  that  this  eflSciency  will  remain  prac- 
tically constant  imder  all  conditions  of  running  so  long  as  the 
oil  film  is  intact.  Under  test  the  pressures  have  been  increased 
to  a  force  per  unit  area  comparable  with  the  elastic  limit  of 
the  bronze  of  the  wheel,  and  the  oil  film  has  still  held.  This 
pressure  is  many  times  higher  than  is  considered  possible  for 
any  other  pair  of  sliding  surfaces  at  high  speed,  yet  the  co- 
efficient of  friction  is  only  0.02.  Some  of  the  interesting 
results  of  these  tests  are  that  the  efficiency  varies  widely 
for  different  lubricants;  that  in  general  mineral  oils  are  infe- 
rior to  vegetable  and  animal  oils;  and  that  the  best  film  is 
maintained  at  a  moderately  high  rate  of  speed  and  with  the 
gear  box  not  too  full  of  lubricant. 

The  methods  of  drive  outlined  are  not  necessarily  limited 
in  their  application  to  the  rear  wheels  of  the  truck.  There  are 
a  variety  of  four-wheel  drives  on  the  market  in  which  various 
combinations  of  internal  gears  or  live  axles  are  used  to  propel 
the  truck  through  all  four  wheels.  As  the  front  wheels  must 
swivel,  and  in  some  cases  the  rear  wheels  also  are  used  in  steer- 
ing, it  is  necessary  to  pro\'ide  for  this  in  the  drive  either  by 
knuckle  joints  or  through  a  bevel-gear  train  with  one  gear 
mounted  on  the  swiveling  axis.  These  trucks  are  much  used 
where  the  road  conditions  are  severe,  as  for  ore-hauling  work 
in  mountainous  country  or  out  on  the  desert,  and  for  army 
transport  work. 

What  has  been  said  of  the  methods  of  driving  gasoline 
trucks  applies  also  to  battery-driven  electric  trucks.  These 
trucks,  because  of  their  simplicity  and  durability,  and  because 
of  a  high  starting  torque  compared  with  the  gasoline  truck, 
are  much  used  for  work  within  their  special  fields.     For  de- 
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livery  service  in  congested  districts  and  where  the  number 
of  stops  per  mile  is  large,  and  for  special  service  such  as 
street-work  hauhng  with  heavy  loads  and  many  stops,  drawing 
in  conduit  wires,  raising  telephone  poles  and  wholesale  de- 
livery, they  are  especially  suited.  Their  use  within  these  fields 
would  be  increased  if  the  first  cost  were  not  so  high.  It  is  con- 
siderably more  for  the  lighter  types  of  truck.  Electric  trucks 
are  handicapped  by  a  slower  speed,  about  60  per  cent  of  that 
of  a  gasoline  truck,  and  the  mileage  is  limited  to  between  35 
and  43  miles  per  day  as  compared  with  75  miles  or  more  for  the 
latter.  Also,  the  electric  must  be  brought  to  some  point  where 
direct  current  is  available  for  charging  the  batteries.  This 
charging  is  usually  done  at  night,  though  the  batteries  may  be 
given  a  slight  boost  during  the  noon  hour  or  other  convenient 
interval.  For  work  for  which  they  are  suited  the  electric 
trucks  will  usually  show  a  lower  daily  cost  than  gasoline 
trucks,  where  the  latter  are  held  down  to  the  same  number 
of  miles  a  day.  It  frequently  happens  that  it  is  not  possible 
to  get  a  greater  mileage  with  the  gasoline  truck  because  of 
frequent  stops  and  congested  streets.  The  electric  truck,  with 
fewer  parts,  and  none  of  these  reciprocating,  gives  a  lower 
maintenance  cost  outside  of  batteries,  and  the  depreciation 
has  been  less  than  on  the  older  types  of  gasoline  trucks.  There 
are  many  examples  of  electric  trucks  which  have  been  in 
service  for  ten  years  or  more  and  are  still  giving  good  service. 

There  is  another  type  of  truck  which  combines  both  the 
gasoline-engine  and  the  electric-motor  drive.  The  engine  runs 
at  a  constant  speed  at  aU  times,  and  is  direct-connected  to  a 
generator  which  drives  motors  placed  within  the  four  built-up 
steel  wheels  of  the  truck.  Each  motor  is  carried  by  a  steer- 
ing knuckle,  and  the  armature  has  a  pinion  at  one  end  which 
engages  with  a  ring  gear  on  one  side  of  the  wheel,  while  a  pin- 
ion on  the  opposite  end  of  the  armatiu'e  engages  with  another 
gear  on  the  opposite  face  of  the  wheel.  This  arrangement, 
while  undoubtedly  less  eflScient  than  the  direct-connected 
drive,  has  all  of  the  simplicity  of  the  electric  truck,  for  it  does 
away  with  all  chains,  sprockets,  clutches,  sliding  gears  and 
differential.  The  mileage  is  unlimited,  and  it  promises  to  meet 
the  requirements  of  heavy  duty  and  long-drawn-out  service. 

For  every  truck  it  is  necessary  to  provide  some  means  of 
resisting  the  rear-axle  torque,  which  reacts  on  the  driving  gear 
and  axle  casing.  The  reduction  gear  on  the  rear  axle  tends  to 
rotate  instead  of  turning  the  wheel,  and  carries  the  axle  easing 
with  it.  This  turning  must  be  prevented  by  some  member 
connecting  the  casing  with  the  main  frame  of  the  truck. 
Again,  the  thrust  of  the  wheels  against  the  roadbed  must  be 
made  to  react  on  the  frame  of  the  truck  instead  of  upon  the 
axle  bearings  alone,  for  the  frame  is  suspended  on  the  springs 
above  the  axles.  There  are  several  ways  of  taking  care  of 
these  two  forces.  The  torque  may  be  taken  through  the  rear 
springs  or  through  separate  torque  rods  swiveled  from  the 
rear-axle  housing  to  the  frame.  The  thrust  may  be  trans- 
mitted through  the  rear  springs,  or  through  radius  rods,  and 
these  rods  may  take  both  thrust  and  torque,  or  there  may  be 
separate  rods  for  each  duty.  Where  the  springs  take  the 
thi-ust  they  are  shackled  at  the  rear  end  only,  and  the  front 
end  is  pin-connected  direct  to  the  frame.  A  combined  torque 
and  radius  rod  is  frequently  used  for  the  internal-gear  drive 
axle,  and  for  many  of  the  smaller  worm-drive  trucks.  The 
larger  worm-drive  trucks  use  separate  torque  and  thrust  rods. 

ECONOMICS  OP  TRUCK  OPERATION 

Many  things  contribute  to  make  Southern  California  an 
ideal  field  for  the  motor  truck:  perfect  operating  conditions 


throughout  the  year,  many  miles  of  good  roads — city  streets 
out  into  the  country,  a  [lopulation  which  has  scattered  out 
instead  of  congesting,  cheaper  fuel  than  can  be  had  in  any 
other  truck  country,  and  a  labor  market  where  intelligent, 
careful  drivers  may  be  had  for  a  moderate  wage.  For  many 
kinds  of  haulage,  covering  a  wide  range  of  operation,  the 
motor  truck  is  distinctlj'  superior  to  any  other  method  of 
transportation.  Given  an  active  service  at  full  load,  with  a 
terminal  not  definitely  fixed  and  a  radius  of  operation  up  to 
thirty  miles,  it  is  an  exceptional  condition  which  will  justify 
any  other  method  of  goods  haulage. 

Some  of  the  especially  active  fields  for  the  truck  in  South- 
ern California  are  goods  hauling  to  and  from  Los  Angeles 
harbor,  interurban  delivery  service,  road  building  and  whole- 
salers' delivery.  There  are,  however,  special  considerations 
which  may  have  considerable  bearing  upon  the  employment  of 
a  truck.  A  committee  of  the  Boston  Chamber  of  Commerce, 
in  a  detailed  report  on  street  traffic  in  Boston,  covering 
eighteen  months  of  study,  reported  that  "  development  of 
motor  trucks  will  tend  to  relieve  congestion  by  moving  all 
merchandise  in  larger  units  and  more  rapidly,"  and  that  "  the 
average  speed   of  motor  \-ehieles   in   getting  into   and  away 
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from  railway  terminals  is  from  two  to  three  times  that  of 
the  horse."  This  is  especially  applicable  to  Los  Angeles, 
which  has  nearly  two  miles  of  as  congested  streets  as  are  to 
be  found  in  nearly  any  city. 

Another  great  advantage  of  the  motor  truck  to  the  retailer 
is  that  he  cannot  only  supply  his  customers  more  quickly,  but 
also  because  of  the  greater  mileage  range  his  territory  is 
increased  to  about  eight  times  what  he  could  serve  with  a 
liorse. 


COSTS  OF  gasoline  trucks 

Fig.  1  gives  curves  of  cost,  weight  and  horsepower  (average 
values)  for  all  classes  of  gasoline  trucks  as  listed  by  publishers 
of  motor-truck  publications.  The  noticeable  feature  of  these 
curves  is  the  sudden  break  of  each  for  the  lighter  trucks  of  less 
than  1  ton  capacity.  These  show  that  the  demand  for  a  light 
truck  has  been  met  by  making  a  vehicle  which  is  much 
lighter  for  the  rated  load  than  the  heavier  trucks.  This  is 
possible  because  of  the  higher  engine  speed,  a  more  simple 
final  drive,  torque  and  thrust  taken  through  the  vehicle  springs, 
and  by  the  generous  use  of  special  alloys  and  heat-treated 
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steels.  The  curves  suggest  that  these  trucks  are  too  light  for 
the  load  that  they  are  rated  to  carry.  That  this  is  true  is 
abundantly  inoved  by  the  records  of  many  light  trucks,  which 
show  that  the  average  life  of  a  light  delivery  truck  is  about 
35,000  miles,  whereas  the  heavier  trucks  when  properly  driven 
and  cared  for  can  be  depended  upon  to  give  80,000  to  100,000 
miles,  or  even  more  for  the  better  grade  of  trucks,  if  they  are 
carefully  driven  and  ordinary  maintenance  is  kept  up.  It 
would  seem  that  there  is  a  real  field  for  a  more  serviceable 
light  truck  which  will  at  a  little  greater  cost  give  enough 
lower  depreciation  and  maintenance  to  be  a  profitable  invest- 
ment. 

That  there  is  a  real  field  for  such  a  truck  not  only  for  city 
service  but  also  for  use  throughout  the  country  is  shown  by 
the  report  of  the  U.  S.  Government,  which  states  that  only  15 


ities  may  be  largely  credited  to  good  roads  and  an  equable 
climate.  In  making  this  table  three  conditions  of  operation 
are  assumed :  the  costs  for  each  size  of  truck  are  computed 
for  a  daily  run  of  25,  50  and  75  miles,  and  for  each  condition 
the  Ufe  of  the  truck  is  estimated,  and  depreciation  is  based  on 
this  life.  Costs  are  given  in  dollars  for  the  entire  life  of  the 
truck.  First  costs  are  average  chassis  costs  in  Los  Angeles. 
In  California  distillate  is  being  used  to  quite  an  extent  as 
a  substitute  for  gasoline.  The  cost  per  gallon  is  about  half 
that  of  gasoline  at  the  present  time,  and  the  B.t.u.  content 
somewhat  greater.  A  local  truck  manufacturer  has  been  very 
successful  in  equijiping  trucks  with  gasifiers  by  which  the  heat 
of  the  exhaust  gases  from  the  engine  is  used  to  heat  the  inlet 
air  as  it  goes  to  the  carburetor,  and  also  to  heat  the  mixture 
as  it  goes  from  the  carburetor  to  the  cylinder.     A  sup]ily  of 


TABLE    1     TOTAL  COST  OF  OPERATING  GASOLINE  MOTOR  TRUCKS  AT  \'ARIOUS  DAILY  MILEAGES 
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per  cent  of  the  entire  traffic  of  the  country  is  moved  by  rail- 
roads and  steamships  combined,  the  remainder  of  85  per  cent 
being  carried  for  the  most  part  in  wagons  and  the  greater  jiart 
of  it  in  lots  of  1000  lb.  or  less.  This  field  has  only  been 
touched  by  the  motor  truck  as  yet,  and  to  fully  occupy  it 
would  require  not  less  than  two  million  light  trucks.  This  esti- 
mate makes  no  provision  for  hauling  done  on  the  farm. 

Table  1  is  an  itemized  cost  statement  for  various  sizes  of 
gasoline  trucks  under  average  service  conditions  on  the  roads 
of  Southern  California.  These  costs  are  conservative.  It  is 
possible  to  find  plenty  of  examples  of  lower  costs  and  also  of 
costs  that  are  much  higher,  but  these  costs  are  easily  realizable 
for  ordinary  truck  work  in  this  locality.  With  proper  man- 
agement an  even  lower  cost  per  day  should  be  realized.  That 
these  costs  are  somewhat  lower  than  averages  for  other  local- 


gasoLLne  is  carried  and  used  in  starting.  The  consumption 
of  distillate  is  about  the  same  as  that  of  gasoline.  The  suc- 
cess which  has  attended  this  innovation  would  seem  to  justify 
the  claims  of  the  manufacturer  that  the  use  of  distillate  does 
not  increase  carbon  trouble.  The  question  of  a  lessened  vol- 
umetric efficiency  is  a  negligible  consideration. 

Tires  will  outwear  the  manufacturers'  guarantee  at  least 
twenty-five  per  cent  when  used  on  the  good  roads  of  South- 
ern California.  Smooth  roads,  dry  surfaces  and  an  equable 
climate  all  contribute  to  this  result.  Overloading  and  over- 
speeding  are  the  things  that  shorten  tire  life.  However,  the 
important  consideration  is  not  tire  economy,  but  economy  of 
truck  operation  per  ton  of  material  carried;  therefore,  dura- 
l)ility  is  only  one  factor  tliat  must  be  taken  into  account.  Re- 
silience, which  prevents  the  wasting  of  truck  power;  cushion- 


October 
1910 


MOTOR  TRUCKS  IN  SOUTHERN  CALIFORNIA,  W.  HOWARD  CLAPP 


793 


ing  eti'ecl.  which  keeps  the  maintenance  charges  low  on  the 
whole  trutlj;  a  good  tractive  gi'ip,  and  a  reasonable  cost  are 
all  properties  which  are  required  in  a  truck  tire. 


OPERATING    COSTS 

Fig.  2  gi\es  a  graphical  view  of  percentage  costs  for  a 
light-,  a  medium-  and  a  heavy-weight  truck,  each  averaging 
50  miles  a  day.  The  higher  proportion  which  the  light  truck 
has  in  tlie  items  of  labor,  depreciation  and  maintenance  is 
noticeable.  Against  this  increase  is  the  lower  percentage  of 
tlie  entire  cost  charged  to  fuel  and  tires. 

In  discussing  motor-truck  costs  it  is  not  possible  to  neglect 
the  human  factor,  which  here  more  than  m  most  eases  of 
machinery  handling  is  one  of  the  principal  items.  It  is 
hardly  too  much  to  say  that  maintenance  costs  are  chiefly 
driver.  An  expensive  and  intricate  machine  is  put  in  charge 
of  a  low-paid  employee  who  is  not  the  owner  and  who  or- 
dinarily has  but  a  limited  knowledge  of  machinery.  This  is 
one  reason  why  the  life  of  a  light  truck  is  usually  about  two 
or  three  years. 

Many  of  the  larger  department  stores  will  not  allow  their 
drivers  to  make  any  repairs  or  even  to  carry  a  wrench  or  a 
pair  of  pliers.  A  repair  force  looks  after  each  truck  and 
keeps  it  cleaned,  oiled  and  set  up.    Ownership  of  eight  or  ten 
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Fig.  2    Division  of  Tkuck  Costs 

trucks  will  justify  an  owner  iu  employing  a  mechanic  who, 
with  a  small  outfit  of  tools  and  a  helper,  can  keep  the  trucks 
clean  and  in  adjustment  and  make  many  of  the  smaller  re- 
pairs. Reliable  service  garages  are  now  to  be  found  which 
will  do  the  same  work  for  a  reasonable  charge,  and  this  is 
more  satisfactory  than  to  leave  it  to  the  driver. 

It  is  impossible  for  the  manufacturer  to  devise  a  shop  test 
that  will  equal  the  brutality  of  actual  service.  The  modern 
motor  truck  has  had  to  meet  the  demand  for  a  vehicle  that 
will  stand  abuse.  The  careless  or  indifferent  driver  is  quick 
to  find  this  out.  Operating  costs  for  the  same  make  and  ca- 
pacity of  truck  engaged  in  exactly  the  same  kind  of  work 
for  one  firm  will  frequently  show  a  variation  of  40  per  cent 
in  the  items  of  gasoline,  oil,  tires,  and  maintenance.  It  is 
easy  to  see  how  a  poor  driver  will  shorten  the  life  of  a  truck. 

Manufacturers  have  tried  to  meet  this  condition  by  making 
truck  parts  as  few  and  simple  as  possible;  by  standardization 
of  parts;  bj'  making  wrong  assemblies  impossible;  by  printing 


detailed  information  about  oiling  and  caring  for  the  truck; 
and  by  instituting  a  follow-up  service  to  get  the  truck  owner 
started  right.  The  truck  governor  has  helped  to  solve  the 
speeding  problem.  Another  aid  is  a  recording  speedometer, 
which  gives  a  graphical  log  of  each  day's  run — velocity 
plotted  against  time:  thus  every  minute  of  the  day  is  ac- 
counted for;  the  number  of  stops  and  time  of  each,  maximum 
speed,  etc.  The  chart  will  show,  for  example,  whether  it  will 
pay  to  put  on  a  second  man  to  hasten  deliveries  or  whether 
a  rerouting  of  existing  lines  will  give  a  better  all-around  serv- 
ice. A  driver's  record  sheet,  if  it  is  brief  and  informing  and 
filled  out  each  day,  is  frequently  helpful.  It  must  be  drawn 
off  at  the  office  and  kept  up  to  date.  Records  are  of  little 
use  unless  changed  conditions  can  be  recognized  at  once. 

Lubrication  is  probably  the  most  important  item  in  truck 
maintenance.  Manufacturers  have  tried  to  make  oiling  simple 
and  easy  to  do  by  making  oiling  places  few  and  accessible,  and 
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Fig.  3     Cost  of  Operating  Gasoline  Motor  Trucks 

by  providing  charts  and  printe<l  instructions  for  this  work: 
some  parts  eveiy  day.  some  parts  twice  a  week,  etc.  Still, 
there  are  about  seventy  places  in  the  average  truck  that  must 
be  lubricated,  and  if  there  is  no  intelligent  head  to  look  after 
this  work,  local  wear  soon  starts  and  then  things  go  fast. 
Motor  oil  should  be  changed  frequently,  at  least  once  for  every 
1000  to  1500  miles'  rim.  It  is  not  enough  to  build  up  the  sup- 
ply, as  the  oil  is  fast  charged  with  carbon  and  with  grit  from 
the  intake  air  and  soon  loses  its  lubricating  qualities. 

Fig.  3  gives  curves,  for  gasoline  trucks  plotted  from  the  data 
of  Table  1.  These  curves,  if  continued  out  to  the  line  of  zero 
miles  per  day,  show  the  daily  fixed  charges  for  each  truck. 
The  cost  per  day  increases  quite  uniformly  with  the  increase 
in  size  of  the  truck,  whether  the  daily  run  be  a  large  or  a  small 
one.  The  cost  per  ton-mile  is  less  for  the  larger  trucks,  and 
decreases  quite  ra)  idly  as  the  daily  mileage  increases  up  to 
thirty  or  forty  miles  per  day.  The  cost  per  ton-mile  is  based 
on  a  full  load  each  way.  This  chart  shows  that  under  such 
favorable  conditions  of  haulage  a  heavy  truck  may  reach 
a  ton-mile  cost  of  as  low  as  five  cents,  provided  that  the  nature 
of  the  work  is  such  that  the  truck  can  run  daily  at  the  rate  of 
50  or  60  miles  a  day.  This  is  a  heavy  mileage  for  a  big  truck, 
and  such  an  ideal  service  as  would  be  represented  by  a  full 
haul  each  way  on  level  roads,  with  loading  and  unloading  time 
minimized  so  that  the  truck  could  be  under  way  for  six  or 
seven  hours  each  day  and  with  no  extra  helper  required,  is 
not  often  found. 

In  deciding  uiDon  a  truck,  one  of  the  most  important  ques- 
tions to  settle  is  that  of  size.  On  the  good  roads  of  this  sec- 
tion it  is  more  disastrous  to  buy  a  truck  too  large  for  the 
work  than  to  buy  one  that  is  too  small.     A  5-ton  truck  costs 
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some  25  per  cent  more  to  operate  than  a  3-ton  machine,  nor 
is  this  cost  reduced  very  much  by  taking  a  lighter  load  on  the 
heavier  truck.  Interest,  depreciation,  maintenance,  taxes, 
insurance  and  fuel— all  are  higher.  Until  very  recently  the 
tendency  has  been  for  owners  to  buy  trucks  too  large  for 
their  needs.  Now  the  buyers  have  commenced  to  realize  that 
it  costs  too  much  to  "  deliver  the  vehicle." 

Another  point  that  must  not  be  overlooked  is  that  the  ca- 
pacity of  a  truck  is  figured  for  average  conditions,  and  that 
the  average  road  condition  throughout  the  country  is  very 
much  harder  on  the  truck  than  it  is  here.  A  half  load  on 
a  truck  carried  over  a  road  full  of  ruts  and  chuckholes  is 
much  worse  for  the  truck  than  a  20  per  cent  overload  on  a 
good  concrete  or  asphalt  road.  A  6y2-ton  truck  recently 
carried  an  11-ton  casting  up  the  Mount  Wilson  toU  road, 
a  distance  of  9  miles.  This  is  a  tremendous  overload,  but 
it  can  not  be  said  that  the  truck  was  injured  by  it.  In  fact, 
it  is  probable  that  the  truck  parts  were  not  weakened  in  any 
way  by  this  test,  for  the  road,  while  steep,  is  firm  and  smooth. 


Miles  Run  per  Day 

Fig.  4    Comparison  op  Single  Horse  and  Wagon  and  Light 
,  Delivery  Truck  Costs 


The  writer  does  not  wish  to  encourage  overloading,  which 
has  been  responsible  for  many  truck  failures  and  against 
which  much  has  been  written,  but  he  does  wish  to  point 
out  that  an  occasional  overload  of  25  per  cent  or  even  50 
per  cent  when  handled  carefully  on  a  good  road  is  not  a 
serious  matter,  while  to  haul  a  heavy  truck  day  after  day, 
loaded  at  half  capacity,  is  a  verj'  serious  matter  if  one  would 
haul  cheaply. 

It  is  possible  to  buy  a  truck  that  is  suited  for  work  on 
good  roads  or  one  that  is  especially  designed  for  rough  roads, 
mud,  steep  hiUs  and  severe  service  generally.  The  problem 
is  to  know  what  is  suited  and  to  weigh  properly  the  argu- 
ments of  the  salesman  who  offers  a  2-ton  truck  with  a  15-h.p. 
motor  and  a  25-h.p.  rear  axle,  and  the  counter  arguments  of 
his  rival  whose  truck  has  a  25-h.p.  motor  and  a  20-h.p.  rear 
axle.  This  is  one  of  the  surprising  results  of  the  modern 
method  of  building  up  assembled  parts  into  a  truck,  and 
while  there  may  be  advantages  of  such  variations  in  the  rel- 
ative strength  of  truck  parts  for  some  particular  service,  it 


is  a  fact  that  both  extremes  are  being  sold  for  exactly  the 
same  work.  The  Society  of  Automobile  Engineers  has  done 
a  wonderful  work  in  standardizing  the  parts  for  auto  trucks. 
This  will  be  carried  much  further  in  the  future,  for  the  econo- 
mies that  will  result  from  standardized  parts  and  also  from 
standardized  assemblies  have  been  strongly  emphasized  by  the 
experience  of  European  countries  with  the  use  of  trucks  in 
the  present  war. 

At  present  the  truck  owner  or  prospective  purchaser  is 
sadly  in  need  of  disinterested  advice,  and  there  is  a  good 
engineering  field  for  the  man  who  thoroughly  knows  trucks 
and   can   plan   service.      There   is   little   doubt   but   that   the 


TABLE  2     COMPARISON  OF  OPERATING  COSTS  OF  A  SINGLE-HORSE 
WAGON  AND  A  LIGHT  GASOLINE  DELIVERY  TRUCK 

Cost  of  wagon  equipment  (horae, 
Cost  of  700-lb.  capacity  gasoline 


Estimated  life,  years 

Depreciation 

Interest  at  6  per  cent 

Taxes 

Stable  or  garage  rent 

Insurance  (fire  and  theft) .... 
Driver  {J^  time  when  idle) . . 
_  ,  ("Hay,  10  lb.  and  15  lb... 
\  Oats,  10  qt.  and  15  qt . 
Gasoline,  at  16  cents  per  gal.. 
Lubricating  oil,  at  40  cents..  . 
Hostler  (1  man  to  12  horses).. 

Cleaning  and  oiling 

Shoes  and  veterinary 

Tires  and  tubes 

Repairs  to  wagon 

Maintenance 

Water,  bedding,  etc 

Total  cost  per  day 


$250;  wagon 

,  $140;  harness 

,  $40),  $430 

truck,  $600. 

Wagon  Costs 

Truck  Costs 

20  miles 

60  miles 

Idle 

per  day 

Idle 

per  day 

10 

10 

10 

2.5 

O.IOS 

0.156 

0.200 

0.760 

0.086 

0,086 

0.120 

0.120 

0  009 

0.009 

0.012 

0.012 

0.200 

0,200 

0.166 

0.166 

0.030 

0.030 

0.045 

0.045 

0.666 

2.000 

0.666 

2.000 

0.102 

0.153 

0.200 

0.300 

0.640 
0.130 

0.200 

0.300 

0.400 

0.095 

0.135 
0.090 

0.625 
1.200 

0.045 

0.045 

0.005 

$1,741 


$3,404 


$1,209 


$6,103 


average  truck  owner  could  save  20  per  cent  of  his  operating 
costs  by  properly  analyzing  his  problem. 

METHODS  OF  REDUCING  TRUCKING  COSTS 

To  get  a  low  cost  per  ton  it  is  necessary  to  keep  the  truck 
moving.  Devices  which  cut  down  the  time  of  loading  and 
unloading  are  very  important.  Among  these  are  self-dump- 
ing bodies  of  vai-ious  kinds  for  stone,  hot  asphalt  or  lumber; 
loading  chutes  on  bins  which  are  filled  by  elevator  or  con- 
veyor; there  is  also  a  movable  steel  tipple  which  can  be  run 
alongside  a  train  of  flat  cars  and  be  filled  by  shovelers  while 
the  truck  is  out  on  the  road,  so  that  the  actual  time  required 
to  fill  the  truck  is  very  little.  Another  device  is  the  use  of 
extra  truck  bodies,  which  are  loaded  while  the  truck  is  on 
the  road  and  swung  onto  the  truck  by  an  air  lift  or  other 
hoist.  A  firm  of  wholesale  grocers  in  Los  Angeles  is  using 
this  method  very  satisfactorily.  In  interurban  delivery  ser- 
vice loading  nests  or  cartridges  are  being  used.  These  are 
filled  in  the  store  and  run  out  onto  the  truck.  There  is  some 
promise  in  the  extension  of  this  device  for  relieving  the  con- 
gestion around  freight  stations  and  also  for  interurban  ser- 
vice where  a  heavy  truck  can  bring  over  all  of  the  orders  for 
an  entire  community  and  local  deliveries  be  taken  care  of  by 
light  trucks  each  with  its  especial  cartridge.  A  scheme  some- 
what similar  to  this  is  now  being  tried  out  by  the  City  of 
Los  Angeles.  The  incombustible  rubbish  is  gathered  by  a 
house-to-house  collection,  using  wagons.  The  material  is  put 
in  large  cans  which  are  carried  to  a  central  point  and  a  heavy 
truck  is  used  to  haul  all  of  the  cans  to  the  city  dump. 
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COMPARISONS    or    OPERATING    COSTS    OF    HORSE-DEAWN    AND 
MOTOR    TRUCKS 

The  use  of  an  extra  man  to  facilitate  deliveries  will  often 
save  enough  time  to  make  a  good  investment.  One  of  the 
large  department  stores  in  Los  Angeles  found  that  on  a 
certain  route  where  one  man  had  averaged  110  stops  a  day 
two  men  were  able  to  make  190  deliveries.  The  use  of  self- 
starters  on  trueks  of  this  type  is  also  becoming  common.  These 
save  a  little  time  on  each  stop  and  also  keep  the  driver  out 
of  the  dirt,  and  particular  customers  appreciate  this  feature. 
At  the  plant  of  the  Southern  California  Gas  Company  the 
night  man  unloads  the  trucks  and  stores  the  pipe  and  old 
meters  that  have  been  collected  during  the  day,  and  then 
puts  onto  the  truck  the  new  supplies  that  have  been  requisi- 
tioned for  the  coming  day. 

Fig.  4  and  Table  2  show  a  comparison  between  the  cost  of 
Tunning  a  light  gasoline  delivery  truck  such  as  is  used  for 
€lose-in  delivery  work  by  grocers,  and  the  cost  of  running  a 
one-horse  delivery  wagon.     The  costs  are  from  actual  costs 


TABLE  3     COMPARISON  OF  OPERATING  COSTS  OF  A  5-TON  GASO- 
LINE TRUCK  AND  A  HEAVY  TWO-HORSE  WAGON 

Cost  of  wagon  equipment  (2  diaft  horses,  $600;  wagon.  $300;  harness,  $100),  $1000 
Cost  of  5-ton  g.asoline  tnick.  $4S00 

Wagon  Costs 


Depreciation     

Interest .... 

Taxes 

Stable  or  garage 

Insurance  (liability) 

Driver. 

Helper 

Feed  or  gasoline 

Oil,  grease,  waste,  etc 

Shoes  and  veterinary,  or  tire.s.. 

Repairs,  maintenance  

Water,  bedding,  etc    ... 
Hostler 


Total  cost 


I  per  y 
\per  d 


ear. 
day.. 


Idle 

60 

60 

6 

120 

250 


25 


25 
100 


$736 
$2.45 


16  miles 

per  day 

120 

60 

6 

120 

26 

750 

600 

135 

5 

40 

25 

25 

100 

$2012 
$6.70 


Truck  Costs 

50  miles 


Idle 
240 
288 
30 
120 

360 


$1038 
$3.46 


per  day 
480 
288 

30 
120 
140 
1080 
600 
686 
150 
550 
600 

20 


$4744 
$15.81 


gathered  in  Los  Angeles  and  vicinity  and  averaged.  For  each 
vehicle  the  cost  is  figured  for  the  vehicle  idle  and  again  when 
running  at  a  fair  maximum  daily  average.  The  figures  show 
that  there  is  no  excuse  for  using  a  horse  for  this  kind  of  work, 
whether  the  number  of  deliveries  be  large  or  small.  Twenty 
miles  a  day  is  a  maximum  for  any  delivery  horse  if  used  300 
days  a  year.  If  more  than  20  miles  a  day  are  to  be  covered, 
it  is  necessary  to  duplicate  equipment. 

Fig.  5  and  Table  3  give  a  similar  comparison  between  the 
cost  of  operating  a  5-ton  gasoline  truck  and  heavy  teams 
used  for  such  work  as  rock  and  dirt  haulage  and  heavy  trans- 
fer work  generally.  As  in  Fig.  5,  the  costs  are  figured  from 
actual  costs  based  on  a  maximum  of  service  per  day  and  an 
assumption  as  to  what  the  costs  would  be  if  the  vehicle  did 
no  work.  The  cuitcs  show  that  the  truck  should  have  enough 
work  to  do  to  occupy  the  time  of  more  than  one  team,  if  it  is 
to  be  the  cheaper  vehicle.  The  Pacific  Electric  Railway  Com- 
pany uses  heavy  trucks  for  patching  the  paving  along  the 
line.  They  find  that  for  work  outside  the  business  district 
the  truck  will  do  the  work  of  two  to  three  teams,  depending 
upon  the  length  of  haul  and  the  size  of  the  job;  for  long- 
distance hauling  the  truck  will  do  the  work  of  four  or  five 
teams. 

In  paving  Vernon  Avenue  the  rock  and  crushed  stone  were 
delivered  by  teams,  the  average  haul  being  about  two  miles. 


Each  team  delivered  a  3-ton  load  and  averaged  SYz  trips  per 
day.  When  work  on  other  contracts  took  the  teams  away, 
the  work  was  sublet  to  another  contractor  who  took  the  job 
at  the  same  price  per  ton  as  the  teams  were  figured  to  have 
cost.  Three  5-ton  trucks  averaged  12  trips  per  day  each,  and 
carried  an  average  of  54.7  tons  per  day  apiece.  This  makes 
each  truck  equivalent  to  3.3  teams,  which  would  represent 
a  considerable  saving  by  the  use  of  trucks,  provided  they 
could  be  kept  steadily  employed. 

The  use  of  electric  trucks  for  delivery  service  is  not  so  gen- 
eral in  Los  Angeles  as  in  most  large  cities.  Two  of  the 
largest  department  stores  in  Los  Angeles  use  no  electrics,  and 
other  stores  which  do  use  them  have  usually  a  smaller  per- 
centage of  the  entire  fleet  of  this  type.  There  are  two  reasons 
for  this:  first,  a  smaller  congested  area  than  cities  like  Boston 
or  Chicago,  and  second,  a  smaller  number  of  stops  per  mile. 
For  light  delivery  service  where  the  vehicles  carry  1000  lb.  or 
less  the  higher  first  cost  of  the  electrics  is  a  serious  objec- 
tion; for  vehicles  in  the  1500-lb.  class  the  difference  in  first 
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Fig.  5    Comparison  op  Costs  for  5-Ton  Gasoline  Truck  and 
Heavy  Teams 

cost  is  not  so  great,  and  the  electric  vehicle  will  show  a  lower 
cost  per  delivery  than  the  gasoline  truck  where  the  latter  is 

TABLE  4     COMPARISON  OF  GASOLINE  AND  ELECTRIC   DELIVERY 

TRUCKS 
(Averages  for  1  month) 

Type  of  Truck                                                          GasoUne  Electric 

Miles  traveled  per  day 75  36 

Stops  per  mile 1,96  2.74 

Stops  per  day 147  104 

Cost  per  mile,  cents 12  15.3 

Cost  per  stop,  cents 6. 12  5.29 

held  down  to  the  same  number  of  miles  per  day.  Table  4 
gives  the  average  work  and  costs  for  one  month  for  both 
classes  of  vehicles  for  one  of  the  large  department  stores  in 
Los  Angeles.  From  this  it  will  be  seen  that  where  the  electric 
truck  gives  a  cheaper  delivery,  it  has  the  advantage  of  more 
stops  per  mile.  It  is  probable  that  in  spite  of  the  close-in 
traffic  conditions  the  gasoline  truck  would  cover  the  same 
route  in  less  time  or  give  a  larger  number  of  deliveries  per 
day  in  the  same  territory.  These  costs  are  based  on  the  use 
of  two  men  with  the  gasoline  truck  and  one  man  on  the  elec- 
tric. The  comparison  shows  that  the  advantage  in  favor  of 
the  electric  truck  is  a  very  small  one,  and  may  vanish  alto- 
together  under  comparative  tests.  On  the  other  hand,  there  is 
an  advantage  for  the  electric  in  its  quieter  operation  and 
gi'eater  cleanliness  that  is  worth  something  in  delivery  service. 


THE  USE  OF  POWDERED  COAL  AS  A  FUEL 

A  Description  of  the  Methods  Employed  in  the  Production,  Handhng  and  Firing  of  Powdered 
Coal,  with  a  Discussion  of  Its  Advantages  when  Used  with  Certain  Tj^es  of  Furnaces 

By   JOSEPH    HARRINGTON,  CHICAGO,   ILL. 
Member  of  the  Society 


POWDERED  coal  was  under  consideration  as  a  fuel  over 
twenty  years  ago,  and  its  apparent  advantages  have 
attracted  the  attention  of  engineers  ever  since.  The  early  ex- 
periments were  naturally  crude,  and  failed  largely  because  of 
the  lack  of  proper  machinery  for  reducing  the  coal  to  the  re- 
quired state  of  fineness.  It  was  not  fully  appreciated  that  the 
coal  had  to  burn  while  floating  in  the  air  in  the  form  of  dust. 

Sufficient  experimentation  was  carried  on,  however,  to  prove 
that  powdered  coal  would  bum  under  these  general  conditions 
and  would  develop  a  particularly  intense  flame.  In  fact,  one 
of  the  chief  difSeulties  encountered  was  the  melting  down  of 
the  furnace  due  to  the  blast-like  effect  of  the  jet  of  coal  and 
air. 

After  the  early  failures  there  was  very  little  done  for  a 
number  of  years,  but  about  five  years  ago  the  matter  was  re- 
vived, and  with  the  development  of  adequate  pulverizing  ma- 
chinery, extensive  and  practical  applications  have  been  made. 

The  first  general  field  of  usefulness  to  which  it  was  applied 
was  the  burning  or  cUnkering  of  cement.  The  coal  was  not 
requii-ed  to  be  pulverized  particularly  fine.  The  velocity  of 
the  let  of  coal  and  air  entering  the  kiln  could  be  high,  and 
little  or  no  difficulty  was  encountered  from  deposits  of  slag 
or  ash.  The  nest  general  application  of  this  fuel  was  in  the 
simpler  metallurgical  processes  in  the  heating  furnaces,  where 
excessive  temperatures  were  not  required  and  where  the  ash 
deposits  were  either  continuously  removed  witli  the  material 
to  be  heated  or  could  readily  settle  on  the  hearth  and  be  later 
withdrawn. 

In  1912  the  American  Iron  &  Steel  Manufacturing  Company 
had  carried  their  experimentations  to  a  point  where  they  were 
ready  to  publish  statements  of  the  successful  use  of  the  fuel. 
At  the  Lebanon  plant  they  have  used  it  in  puddling  and  heat- 
ing furnaces  and  small  reheating  furnaces  for  nut.  bolt,  and 
spike  bars,  and  in  larger  furnaces  for  continuous  billet  heating 
and  open-hearth  melting. 


REQUIREMENTS  OF  PULVERIZATIOX 

The  condition  in  which  this  fuel  must  be  furnished  to  pro- 
duce satisfactory  results  has  been  develoi:)ed  to  a  point  where 
it  can  be  considered  as  definitely  standardized.  Xot  only  for 
the  sake  of  combustion  efficiency  but  for  the  sake  of  more  per- 
fect pulverization  the  coal  should  be  practically  dry,  1  per 
cent  of  moisture  being  the  maximum  amount  at  which  pulver- 
izing can  properly  be  effected.  One-half  of  1  per  cent  moist- 
ure is  the  flgiire  which  is  ordinarily  required.  Under  these 
conditions  the  coal  when  pulverized  remains  quite  fluid,  and 
will  break  down  under  the  influence  of  the  crushing  rolls  with 
much  less  expenditure  of  power  than  when  damp. 

In  order  that  the  fuel  may  remain  suspended  in  the  carrying 
air  and  in  the  furnace  chamber  during  combustion,  it  is  neees- 
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sary  to  reduce  it  to  a  certain  degree  of  fineness.  After  a.  great 
deal  of  experimenting  this  standard  has  been  established  as 
follows :  85  per  cent  must  pass  through  a  200-mesh  screen  and 
95  per  cent  must  pass  through  a  100-mesh  screen.  When  these 
requirements  are  fulfilled  there  is  an  indeterminate  amount  of 
impalpable  product,  the  absolute  size  of  which  it  is  beyond 
our  ability  to  measure. 

Much  has  been  ]irinted  regarding  the  quality  of  coal  most 
suitable  for  pulverization,  but  no  arbitrary  limits  can  be  estab- 
lished as  to  the  proximate  analysis  most  suitable.  Broadly 
speaking,  the  greater  the  volatile  combustible  content  the  more 
readily  will  the  coal  ignite  and  burn,  and  the  less  dependent 
will  be  tliis  jirocess  upon  the  size  and  proportions  of  the  com- 
bustion chamber.  As  the  volatile  content  decreases,  however, 
more  dependence  must  be  placed  upon  the  proportions  and 
location  of  the  surrounding  brickwork,  in  order  to  maintain 
the  temperature  until  ignition  is  complete.  Anthracite  coal 
has  been  burned  in  a  pulverized  form,  but  it  must  be  very 
finely  ground  and  must  be  burned  in  a  rather  confined  space, 
so  that  the  ignition  may  be  prompt  and  aid  be  rendered  by 
nearby  brickwork  during  the  early  stages  of  combustion. 


PULVERIZING   MACHINERY 

Several  types  of  machinery  which  are  commercially  mar- 
keted will  satisfactorily  pulverize  coal.  They  are  divided 
broadly  into  air-separation  machmes  and  screen  machines.  In 
the  former  class  there  is  an  upward  current  of  air  produced 
by  a  fan  which  has  a  carrying  capacity  sufficient  to  take  with 
it  the  finest  particles,  but  which  will  not  lift  the  coarser  ones. 
As  soon,  therefore,  as  the  coal  is  reduced  to  the  required  de- 
gree of  fineness  this  air  current  will  lift  the  particles  and  take 
them  away  and  will  then  deposit  them  in  a  receiving  tank  by 
means  of  a  cyclone  separator,  which  is  usually  vented  in  some 
manner  to  prevent  the  loss  of  dust. 

In  the  screen  mill  the  coal  is  continually  thrown  against  a 
screen  which  permits  the  fine  particles  to  pass  through  but 
causes  the  coarser  particles  to  fall  back  imder  the  rolls.  Pul- 
verization can  be  effected  in  a  tube  mill  or  ball  mill  with  an 
expenditure  of  power  and  cost  not  greatly  different  from  that 
of  the  other  types. 


THE  BURNER 

The  pulverized  fuel  being  collected  in  a  hopper  is  conveyed 
either  by  screws  or  pneumatic  means  to  the  burner,  which  is 
situated  at  the  furnace  to  be  served.  As  to  this  particular 
appliance  there  is  great  divergence  of  opinion  and  a  greater 
Aariety  than  at  any  other  point  of  the  entire  system.  It  is 
now  generally  conceded  that  the  most  efficient  results  are  ob- 
tained when  the  coal  dust  is  carried  into  the  furnace  in  a 
stream  of  air,  the  volume  of  which  is  just  sufficient  to  supply 
the  oxygen  necessary  for  its  complete  combustion  ;  the  velocity 
"96 
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of  the  entering  jet  must  be  gTeater  than  the  rate  of  tlame 
l)ropag'ation  to  prevent  burning  back  into  the  pii>e. 

This  mixture  of  coal  and  air  must  be  made  in  fairly  close 
jiroximity  to  the  furnace.  The  reasons  therefor  are  that  when 
this  mixing  is  done  there  is  produced  an  explosive  compound, 
which  it  is  desired  should  not  be  of  any  greater  extent  than 
necessary.  The  other  reason  for  making  the  explosive  mixture 
close  to  the  furnace  is  that  there  is  a  tendency  for  the  coal  to 
separate  and  lose  its  uniformity  of  mixture,  under  which  con- 
dition it  is  obvious  that  part  of  the  jet  would  be  oversupplied 
with  coal,  and  the  other  part  oversupplied  with  air.  The  pro- 
duction of  this  uniformity  is  the  more  important  and  difficult, 
and  is  the  rock  on  which  have  been  wrecked  the  hopes  of  more 
than  one  enthusiastic  experimenter.  Various  devices  have  been 
])ro\ided  for  producing  and  maintaining  the  required  uni- 
formity of  mixture. 

In  the  existing  commercial  installations  the  fuel  is  remo^■ed 
from  the  storage  hopper  by  means  of  a  screw  of  special  de- 
sign. This  screw  is  placed  at  the  bottom  of  the  hopper  and 
is  usually  driven  by  some  form  of  variable-speed  device,  there- 
by securing  control  over  the  amount  of  coal  extracted  per 
unit  of  time.  It  is  a  well-known  fact  that  the  delivery  from 
such  a  screw  is  not  uniform,  the  coal  being  delivered  in  little 
heaps  and  producing  distinct  pulsations  in  tlie  furnace.  To 
reduce  this  effect  these  screws  have  been  made  with  a  double 
or  a  triple  helix,  in  which  ease  two  or  three  discbarges  per 
revolution  are  produced  in  place  of  one.  This  is  a  distinct  im- 
provement, of  course,  but  even  under  these  conditions  a  very 
noticeable  pulsating  effect  is  observed.  Devices  have  been  de- 
velo]ied  for  passing  this  discharged  material  over  a  screen,  or 
over  a  moving  disk  operated  at  a  considerable  speed,  the  idea 
being  to  smooth  out  the  inequalities  and  produce  a  continuous 
delivery  of  dust.  Some  of  these  devices  have  proved  their 
ability  to  secure  this  effect,  which  is  all-important  on  account 
of  its  direct  influence  on  the  character  of  the  flame  in  the  fur- 
nace. Once  established  this  uniformity  must  be  maintained, 
and  if  it  be  necessary  to  have  the  mixer  at  any  considerable 
distance  from  the  furnace,  means  must  be  provided  for  un- 
interrupted agitation  of  the  air  current  in  order  that  the  fuel 
cloud  may  remain  of  constant  density.  This  is  not  a  very 
diffiicult  matter,  but  is  one  which  must  not  be  overlooked. 


OBJECTIONS  AND  DIFFICULTIES 

As  is  the  case  with  all  new  things,  the  early  history  of  the 
use  of  powdered  coal  is  replete  with  accounts  of  failures,  ard 
this  has  left  an  impression  on  the  minds  of  the  engineerin-j 
jjublic  which  it  will  take  years  of  successful  application  to 
eradicate.  The  eai-ly  experimenters  did  not  understand  the 
necessity  of  fine  grinding,  and  it  would  seem  that  they  did  not 
appreciate  tlie  influence  of  furnace  design  upon  tlie  tempera- 
ture of  the  resulting  gases.  The  coal  was  powdered  sufficiently 
fine,  however,  to  develop  intense  temperatures,  even  thcjugh 
part  of  the  coal  was  lost  by  falling  to  the  bottom  of  the  fur- 
nace and  being  thus  removed  with  the  slag  and  ash. 

Insufficient  combustion  space  and  the  ease  with  which  this 
fuel  can  be  mixed  with  the  minimum  amount  of  air,  combined 
to  produce  abnormal  temperatures  and  &  direct  contact  of 
flame  and  briclrwork.  The  blowpipe  effect  of  the  high-velocity 
jet  acted  to  melt  out  the  brickwork  ujion  which  it  impinged. 
A  layer  of  melted  lava,  formed  by  the  fusing  of  both  ash  and 
brickwork,  accumulated  in  the  bottom  of  the  combustion  cliam- 
ber,  and  naturally  discouraged  those  who  depended  upon  this 
fuel  for  continuous  service. 

Later  on,  difficulty  was  encountered  due  to  the  minute  |)ar- 


ticles  of  liquid  slag  being  carried  on  in  suspension  and  de- 
posited upon  tlie  tube  sheet  or  water  tubes  of  the  boiler,  there- 
by closing  up  the  flame  space  anil  putting  the  boiler  out  of 
action.  These  effects  are  particularly  obsei-vable  with  certain 
grades  of  coal,  but  noticeably  absent  with  others;  and  only 
until  recently  has  research  work  been  carried  to  a  point  where 
any  knowledge  has  been  obtained  of  what  causes  this  trouble 
and  what  coals  are  most  suitable  for  firing  in  powdered  form. 


.\DVANTAGES 

Ha\'ing  staled  the  objections,  it  is  interesting  to  pay  equal 
attention  to  the  advantages  of  this  fuel.  Inasmuch  as  these 
advantageous  features  form  the  foundation  of  all  discussions 
of  this  subject,  as  well  as  the  impelling  cause  of  all  experi- 
mental work,  T  will  but  merely  restate  them,  depending  upon 
later  paragraphs  to  develop  the  subject  more  fully. 

From  the  viewpoint  of  the  theorist,  the  use  of  powdered  coal 
forms  one  of  the  best  methods  ever  proposed  for  the  promotion 
of  combustion  efficiency  and  commercial  economies.  In  all 
transformations  of  energy  there  is  unavoidable  loss,  and  we 
are  not  possessed  of  apparatus  which  will  gasify  coal  with  100 
per  cent  efficiency.  In  the  producer  there  is  a  succession  of 
losses  which  reduce  the  available  heat  in  the  gas  to  a  consid- 
erable extent,  and  in  the  mechanical  stoker  there  are  unavoid- 
able losses  due  to  various  forms  of  incomplete  combustion. 
Only  in  the  ease  of  powdered  coal  is  the  actual  solid  fuel  both 
gasified  and  completely  consumed  directly  within  the  chamber 
desired  to  be  heated.  With  perfect  pulverization  the  entire 
mass  is  burned  in  suspension,  and  in  actual  practice  but  a 
small  fraction  of  one  per  cent  is  actually  lost  in  tlie  flue  dust 
or  slag  pan. 

On  account  of  the  fuel  being  conveyed  into  the  furnace  by 
the  very  air  which  is  afterwards  to  be  used  in  its  combustion, 
and  on  account  of  the  diffusing  of  the  coal  throughout  the  air 
in  a  cloudlike  formation,  there  is  a  possibility  of  a  mixture 
which  can  be  secured  by  no  other  means.  Each  particle  of  coal 
is  surroimded  by  a  particle  of  air,  and  on  account  of  the  ex- 
treme fineness  of  the  particles  practically  instantaneous  oxida- 
tion occuis.  The  result  is  efficient  combustion,  and  we  have  to 
deal  only  with  the  effects  of  the  high  temperatui-e  tliereby  ob- 
tained. That  it  is  now  possible  to  control  this  temperature 
while  not  sacrificing  any  material  gain  due  to  it,  is  definitely 
established.  Moreover,  the  definite  control  of  the  amount  of 
air  per  unit  of  coal  permits  of  the  most  [jerfect  variation  in 
the  results  obtained.  It  would  be  impossible  herein  to  enumer- 
ate in  detail  all  of  the  means  employed  to  take  advantage  of 
the  inherent  efficiency  of  this  form  of  firing. 


POWDERED   COAL    FUEL   IN    STATIONARY   PRACTICE 

It  must  be  confessed,  I  think,  that  steam  generation  by  the 
use  of  powdered  coal  as  a  fuel  is  still  in  the  experimental  stage, 
and  here  if  anywhere  will  it  meet  severe  competition.  With 
the  exce])tion  of  the  M.  K.  &  T.  installation  at  Parsons,  Kan- 
sas, which  is  now  being  put  in  by  the  Fuller  Engineering  Com- 
pany, all  of  the  steam-making  installations  are  in  the  plants 
of  the  manufacturers  of  powdered  coal  equipment,  or  in  plants 
very  directly  connected  therewith.  That  steam  can  be  effi- 
ciently produced  in  this  way 'is  unquestioned  if  merely  com- 
bustion and  evaporation  are  considered.  Whether  it  can  be 
generated  more  economically  than  it  is  at  present  by  plants 
with  the  best  mechanical  stokers,  still  remains  to  be  commer- 
cially proved,  and  even  with  jiowdered  coal,  gas  analyses  better 
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than  16  per  cent  of  CO.  are  not  developed.    With  the  mechan- 
ical stoker  the  COj  can  be  maintained  around  14  per  cent. 

With  powdered  coal  the  loss  in  the  ash  pit  and  in  the  flue 
does  not  exceed  1  per  cent,  and  with  the  best  mechanical 
stokers  this  loss  will  not  exceed  2  per  cent  of  the  coal  fired. 
A  possible  advantage  of  2  or  3  per  cent  in  combustion  effi- 
ciency in  favor  of  powdered  coal  is  offset  by  the  cost  of  fuel 
preparation.  It  is  not  reasonably  to  be  anticipated  that  we 
can  get  better  than  96  per  cent  efficiency,  and  this  is  a  figure 
which  can  be  obtained  by  the  mechanical  stoker.  I  foresee, 
therefore,  a  hard  fight  for  powdered  coal  in  stationary  steam- 
boiler  practice. 


POWDERED  COAL  FUEL  IN  LOCOMOTIVE  PRACTICE 

On  account  of  the  very  comprehensive  and  detailed  report  on 
this  subject  which  has  today  been  presented  at  the  Railway 
Fuel  Association  meeting,  and  its  availability  in  printed  form, 

I  will  not  attempt  to  enlarge  upon  it  here.  It  is  in  cases  such 
as  the  locomotive  that  powdered  coal  shows  most  favorably. 
Here  we  have  not  only  the  single  problem  of  combustion 
efficiency,  but  a  long  list  of  related  conditions  that  are  affected 
thereby.  I  can  do  no  better  than  to  quote  the  summary  of 
the  report  of  the  standing  committee  of  the  Railway  Fuel 
Association. 

Summing  the  results  that  are  being  obtained  in  locomotive 
service  these  may  be  stated  as : 

1  Smokeless,  sparkless  and  einderless  operation. 

2  Maintenance  of  maximum  boiler  pressure  within  a  uni- 
form average  variation  of  3  lb.  without  popping. 

3  An  increase  of  from  7I/2  to  15  per  cent  in  boiler  efSeieney 
as  compared  with  burning  lump  coal  on  grates. 

4  Saving  from  15  to  30  per  cent  in  fuel  of  equivalent  heat 
value  fired. 

5  Enlarged  exhaust  nozzle  area,  resulting  in  greater  drawbar 
pull  and  smoother  working  of  the  locomotive. 

6  Elimination  of  ash-pit  delays,  facilities  and  expenses,  and 
reduction  in  time  required  for,  and  ease  in,  firing  up. 

7  Maintenance  of  a  relatively  high  degree  of  superheated 
steam. 

8  No  accumulation  of  cinders,  soot  or  ashes  in  the  super- 
heater or  in  the  boiler  flues,  smokebox,  or  on  the  super- 
heater elements. 

9  No  punishment  or  overheating  of  the  firebox,  new  or  old 
sheets,  seams,  rivets,  patches,  bolts,  stays  or  flue  beads. 

10  Elimination  of  arduous  manual  labor  for  building,  clean- 
ing and  dumping  fires,  and  for  firing.  This  feature  would 
appear  to  be  quite  advantageous,  due  to  difficulty  experi- 
enced in  holding  satisfactory  labor  on  this  class  of  work 
at  the  rates  usually  paid. 

II  Avoidance  of  expense  and  annoyance  in  providing  various 
sizes  and  kinds  of  fuels. 

12  Elimination  of  front  end  and  ashpan  inspection  and  spe- 
cial fuels,  firing  tools  and  appliances  for  building  fires 
and  for  stoking  and  cleaning  them. 

Your  committee  is  of  the  opinion  that  the  effectiveness  and 
utility  of  the  use  of  fuel  in  pulverized  form  has  been  demon- 
strated from  the  past  year's  development,  and  that  the  progress 
in  the  use  of  this  method  of  stoking  and  burning  bituminous 
and  anthracite  coals  and  lig-nites  for  generating  power,  heat 
and  light  on  railways  will  be  quite  marked  from  now  on. 

The  constantly  increasing  cost  of  railway  fuel  at  the  mine; 
the  scarcity  of  fuel  oil;  the  domestic  and  export  demand  for 
the  larger  sizes  of  coal;  the  prohibitive  cost  for  briquetting 
the  smaller  sizes  of  coal  and  of  lig-nite  for  railway  use;  the 
payment  of  labor  on  the  nin-of-mine  basis  for  mining  bitu- 
minous coals;  and  the  necessity  for  eliminating  smoke,  sparks, 
and  cinders,  will  all  tend  towards  the  inauguration  of  this 
practical  means  and  method  for  increasing  the  efficiency  of 


steam-boiler  operation,  which  today  affords  the  greatest  op- 
portunity for  improving  locomotive  and  power-plant  costs  and 
performance,  and  for  changing  public  sentiment  by  smoke 
abatement. 


ASH  PUSIBILITT 

A  phase  of  the  combustion  problem  both  in  connection  with 
powdered  coal  and  mechanical  stokers,  which  is  but  now  re- 

TABLE  1     COST  OF  COAL-PULVERIZING  PLANTS  AND  CO.ST  OF 
PULVERIZATION 

This  table  is  based  on  the  following  data: 
Labor  rates  per  hour:   Millera,  $0.20;   drier  firemen,  $0,175;  common  labor,  $0.15. 
Cost  of  drier  fuel,  $0.03  per  net  ton.     (Based  on  coal  with  7  per  cent  moisture  at 

S2.60  per  ton,  delivered,  and  6  lb.  evaporation  per  lb.  of  coal  burned.) 
Repairs,  $0.05  per  net  ton.     (This  includes  whole  pulverizing  plant,  covering  all 

machinery.) 
Power,  $0,102  per  net  ton  pulverized.     (Based  on  consumption  of  17  hp-hr.    per 

ton  pulverized  and  cost  per  h.p.  per  annum  of  $45.00.) 
Interest  and  Depreciation  based  on  10  per  cent  of  cost  of  plant  and  300  days* 

operation  per  year. 


Total  Coat  of 

Pulve 

rizing, 

Cents  per  Ton 

Cost  of 

Number 

Labor 

Daily 

Plants, 
Including 

Number 
of  Men 

fiTiH  Sij;f» 

Cost, 

Capacity, 

of  Fuller 

Cents 

Net 

Interest 

Including 

Buildings, 

Required 

Mills 

per 

Tons 

and  De- 
preciation 
not  In- 
cluded 

Interest 
and  De- 
preciation 

Dollars 

Required 

Net  Ton 

5 

70.0 

4,000  1 

1 

1— 24-in. 

45.00 

10 

48.2 

96.3 

14,500 

1 

1— 33-in. 

30.00 

20 

37.4 

61.9 

14.500 

2 

1— 33-in. 

20.00 

30 

35.8 

51.8 

14,500 

2 

1— 33-in. 

17.40 

40 

33.6 

47.0 

14,500 

2 

1— 33-in. 

15.30 

SO 

32.0 

44.1 

18,150 

3 

1^2-in. 

13.80 

60 

31.0 

41.4 

18,150 

3 

1^2-in. 

12.75 

70 

30.2 

37.8 

18,150 

4 

1^2-in. 

11.85 

SO 

29  3 

36.7 

18.150 

4 

1 — 42-in. 

11.10 

90 

28.4 

36.4 

18,150 

5 

1— 42-in. 

10.25 

100 

27.7 

36.2 

25,620 

5 

3— 33-in. 

9.50 

110 

27.0 

34.7 

25,620 

6 

3— 33-in.2 

8.80 

120 

26.4 

33.5 

25,620 

6 

3— 33-in.« 

8.30 

130 

25.8 

32.9 

25,620 

7 

3— 33-in.» 

7.69 

140 

25.4 

31.5 

26,150 

7 

2-^2-in. 

7.14 

150 

25.0 

30.6 

26,150 

7 

2 — 42-in. 

6.80 

160 

24.7 

30.0 

26,150 

7 

2— i2-in. 

6  50 

170 

24.5 

29.6 

26,150 

8 

2^2-in. 

6.20 

180 

24.3 

29.1 

26,150 

8 

2 — i2-in. 

6.00 

190 

24.0 

28.5 

40.130 

8 

3— ^2-in. 

5.92 

200 

23.9 

31.0 

40,130 

9 

3^2-in. 

5.75 

210 

23.8 

30.5 

40,130 

9 

3^2-in. 

5.47 

220 

23.7 

30.4 

40,130 

9 

3-^2-in. 

5.22 

230 

23.6 

30.2 

40,130 

9 

3 — 42-in. 

5.00 

240 

23.5 

30.1 

40,130 

10 

3— 42-in. 

5.00 

250 

23.4 

30.0 

40,130 

10 

3^2-in. 

5.00 

1  Cost  of  building  not  included. 

2  Two  42-in.'  mills  have  the  same  daily  capacity. 


ceiving  adequate  attention,  is  the  study  of  the  temperatures 
and  conditions  under  which  ash  wiU  melt.  Engineers  have 
always  recognized  the  fact  that  certain  coals  were  greater 
clinker  producers  than  others,  and  this  was  laid  at  the  door 
of  the  sulphur  content.  Recent  experimental  work,  however, 
has  shown  that  the  sulphur  is  not  the  controlling  element, 
although  the  exact  causes  are  not  yet  sufficiently  well  known 
to  be  definitely  stated. 

Coal  ash  will  melt  at  temperatures  between  2200  and  2700 
deg.  fahr.  Furnace  temperatures  in  commercial  practice  run 
between  1800  and  2800  deg.,  so  that  it  is  possible  to  secure 
coals  the  ash  from  which  wUI  pass  through  the  furnace  with- 
out fusing.    Under  these  conditions  absolutely  no  clinker  for- 
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mation  is  encountered,  and  the  coal  is  rated  as  satisfactory 
from  this  standpoint.  In  exactly  the  same  furnace  another 
coal  will  clinker  badly  and  give  trouble.  There  is  no  hard  and 
fast  rule,  therefore,  which  can  be  stated  for  the  selection  of  a 
coal. 

The  temperature  obtained  in  service,  which  is  a  function  of 
the  rate  of  combustion,  the  amount  of  excess  air,  and  the  pro- 

TABLE  2     COST  OF  PULVERIZING  COAL  AT  THE  ALLENTOWN  (PA.) 
PORTLAND  CEMENT  COMPANY  FOR  THE  YEAR  1914 

(Gross  tons  ground  in  year,  37,523) 

Cost  per 

Cost  per  Gross 

Annum  Ton 

_           .      /Labor ^ S3786.72  $0.1008 

^P^'^'^n  Material 161.04  0.0042 

_.            ,  r,,       ,       (Repair  Labor 584.24  0.0155 

Dners  and  Elevators|  j^^^^^.^, 5j2.40  0.0136 

„,      ..      .,.,,„       .     /Labor 84.84  0.0022 

Pulvenzmg  Mill  Repairs  I  j^^^^^^, ^28.88  0.0114 

Electricity:  Labor  and  Material 37.16  0.0009 

Belts:  Labor  and  Material 79.73  0.0021 

Power 4096.73  0. 1091 

Total  Cost $9771.74  $0.2598 

(Cost  per  net  ton,  $0.2324) 

portions  of  the  furnace  chamber,  must  be  determined,  and 
analyses  of  the  fuel  made  to  determine  whether  or  not  it  will 
be  suitable  under  the  given  conditions.  Like  many  other  sci- 
entific investigations,  the  value  of  a  few  dollars  spent  in  this 
manner  is  not  always  appreciated,  and  the  user  will  tolerate 
the  formation  of  clinkers  for  months  before  he  turns  to  an- 
other source  of  coal  supply.  When  he  does  so,  he  may  or  may 
not  solve  his  problem,  and  it  becomes  necessary  to  purchase 
and  consume  a  variety  of  coals  before  one  is  found  which  is 
suitable  to  his  needs. 

In  powdered-coal  work,  with  the  more  precise  and  scientific 
manner  of  the  combustion  process,  the  necessity  for  proper 
knowledge  of  the  pomt  of  ash  fusibility  is  greatly  increased. 
The  day  is  rapidly  approaching  when  the  bummg  of  coal  will 
be  considered  a  precise  scientific  chemical  reaction,  in  which 
the  elements  are  supplied  with  exactness  and  understanding, 
and  the  result  obtained,  corresponding  in  definiteness  to  the 
precision  of  the  mixing  process,  will  be  made  to  conform  ex- 
actly to  the  requirements  of  the  service. 


The  Commercial  Testing  &  Engineering  Company  has  de- 
termined that  washing  a  dirty  coal  has  no  effect  on  the  fusing 
point  of  the  ash,  so  that  mere  ash  content  is  not  the  deter- 
mining factor  of  desirability  when  considering  a  coal  for  pul- 
verization. The  importance  of  this  preliminary  investigation 
can  scarcely  be  overstated.  Assuming  a  malleableizing  oven, 
wherein  the  temperature  does  not  exceed  1800  deg.,  it  is  quite 
obvious  that  this  is  below  the  melting  point  of  ordinary  ash, 
and  aside  from  the  objection  to  a  large  volume  of  ash,  any 
coal  can  be  used. 

Considering  a  furnace  of  higher  temperature  requirements, 
such  as  a  billet-heating  furnace  where,  say,  a  temperature  of 
2300  deg.  is  desired,  it  is  obvious  that  a  coal  fusing  at  2500 
deg.  would  be  entirely  satisfactory,  whereas  one  fusing  at  less 
than  2300  deg.  miglit  cause  clinker  formation.  In  the  case  of 
still  higher  temperature  work  only  those  coals  which  have  the 
highest  fusing  point  could  be  used,  unless  ample  provision 
were  made  for  the  accumulation  of  fluid  ash. 


CONCLUSION 

My  general  conclusion  as  to  the  future  of  powdered  coal  as 
a  fuel  is  briefly  this :  Powdered  coal  is  radically  different  in 
its  physical  structure  and  method  of  handling  from  any  other 
form  of  coal  heretofore  commercially  used.  Having  marked 
characteristics  it  will  fit  into  certain  cases  with  extreme  ac- 
ceptability, and  will  probably  jji-ove  just  as  undesirable  in  cer- 
tain other  cases.  Probably  the  most  important  difference  is 
the  burning  of  the  actual  solid  fuel  directly  within  the  cham- 
ber and  in  direct  physical  contact  with  the  metal  to  be  heated. 
There  is,  of  course,  an  appreciable  amount  of  incandescent  car- 
bon in  the  furnace  at  all  times,  and  this  solid  fuel  is  emitting 
radiant  heat  in  close  proximity  to  the  furnace  contents.  A 
large  amount  of  the  radiant  energy  is  therefore  directly 
utilized,  which  is  not  the  case  when  coal  is  gasified  in  a  de- 
tached chamber.  I  cannot  but  conclude,  therefore,  that  the 
success  of  powdered  coal  lies  in  its  adaptability  to  the  special 
furnaces  of  the  metallurgical  field,  and  in  those  eases  similar 
to  the  locomotives,  where  there  are  other  and  weighty  con- 
siderations in  addition  to  the  actual  relative  increase  in  com- 
bustion efficiency. 


PULVERIZED-FUEL  INSTALLATION  SERVING  TEN  250-H.P. 

O'BRIEN  BOILERS 

By   H.    G.    BARNHURST,   ALLENTOWN,   PA. 

Member  of  the  Society 


AT  the  Parsons  (Kan.)  shops  of  the  Missouri,  Kansas  and 
Texas  Railway  Company  an  installation  for  preparing 
and  burning  pulverized  low-gxade  coals,  including  lignite, 
under  boilers  is  now  being  completed,  which  is  the  fii'st  and 
largest  commercial  installation  of  its  kind  in  existence. 

The  boilers  in  the  plant  (O'Brien,  250-h.p.)  are  arranged  in 
one  continuous  row  of  three  and  one  batteries,  respectively, 
there  being  a  space  between  the  settings  of  each  pair  of  two 
boilers  of  4  ft.  8  in.,  and  a  space  between  the  two  batteries  of 
28  ft.  4  in.  for  feed  pumps,  auxiliaries,  etc.    At  the  far  end  of 


Written  discussion  of  paper  entitled  "  The  Use  of  Powdered  Coal  as 
a  Fuel,"  presented  at  a  meeting  of  the  Chicago  Section  of  The  Ameri- 
can Society  of  Mechanical  Engineers,  May  15,  1916. 


the  battery  of  two  boilers  space  is  allowed  for  four  more 
boilers,  which  will  then  make  twelve  in  all.  Eight  boilers  are 
now  installed,  and  equipment  is  supplied  for  ten. 

The  boilers  are  to  carry  150  lb.  steam  pressure,  the  feed 
water  being  delivered  to  the  boilers  at  208  deg.  fahr.  Based 
on  a  boiler  efficiency  of  70  per  cent,  operating  full  capacity  for 
10  hours  and  half  capacity  for  14  hours,  about  158.000  Ih. 
of  coal  wiU  be  consumed  in  24  hours,  or  79  net  tons  for  the 
ten  boilers.  When  the  two  additional  boilers  are  added,  a  total 
of  94  tons  per  day  of  24  hours  will  be  required.  Two  42-in. 
Fuller  mills  operating  12  hours  per  day  will  readily  produce 
96  to  100  tons  of  pulverized  coal,  which  will  be  more  than 
ample  for  this  plant. 
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THE  PULVERIZING  PLANT 

The  coal  which  is  used  in  this  plant  is  dumped  directly  from 
the  ears  into  a  concrete  and  steel  hopper  beneath  the  track 
which  runs  parallel  and  adjacent  to  the  power  house  and  coal 
plant.  As  a  large  percentage  of  it  will  be  mine  run,  a  20  by 
24-in.  spike-toothed  roll  crusher  is  placed  directly  beneath  the 
hopper  discharge  to  l)reak  down  the  large  lumi)s  it  contains. 
This  crusher  is  driven  by  a  belt-connected  motor,  15  in.  cen- 
ters, placed  in  the  inclined  tunnel  leading  from  the  track 
hopper  to  the  coal  plant,  a  building  43  by  54  ft. 

A  20-in.  belt  conveyer,  witli  its  receiving  end  directly  beneath 
the  discharge  from  the  toothed  roll  crusher,  conveys  the  coal 
through  an  inclmed  tunnel  to  the  coal  plant,  the  near  wall  of 
which  is  25  ft.  from  the  center  of  the  track  hopper,  this  dis- 
tance being  determined  by  tiie  ditference  in  height  of  the  re- 
ceiving and  delivery  ends  of  the  belt  conveyor.  At  the  de- 
livery end  of  the  belt  conveyor  a  24  by  22-in.  magnetic  sepa- 
rator pulley  is  placed  to  hold  and  remove  any  tramp  iron  that 
will  be  brought  along  with  the  coal,  and  the  coal  is  then  dis- 
charged into  a  jjair  of  24  by  18-in.  corrugated  rolls  driven 
along  with  the  belt  conveyor  by  a  motor  of  the  belted 
type. 

From  the  corrugated  rolls  the  crushed  coal  is  carried  up  in 
an  elevator,  discharged  into  a  screw  conveyor  and  carried 
along  to  a  bin  over  the  back  end  of  the  drier.  This  bin  has  a 
capacity  of  40  tons,  which  allows  a  storage  ahead  of  the  di'ier 
and  mills  of  five  hours.  The  elevator  and  screw  conveyor  are 
both  run  by  one  motor. 

THE   CONVETING    MACHINERY 

From  the  bottom  of  the  bin  a  screw  conveyor  feeds  the  coal 
to  the  back  end  of  a  4I/2  by  30-ft.  indirect-fired  rotai-y  drier, 
both  being  run  by  one  motor. 

The  coal  passes  through  the  drier  and  is  discharged  to  an 
elevator  at  the  front  end.  A  screw  conveyor  located  in  the 
floor  also  carries  the  tailings  from  the  settling  chamber  be- 
neath the  drier  stack  to  the  elevator.  The  dried  coal  and  tail- 
ings are  elevated,  discharged  into  a  screw  conveyor,  and  carried 
to  the  bin  over  the  pulverizer.  Tliis  bin  is  placed  in  front  of 
and  high  enough  above  the  mills  to  enable  all  the  coal  to  be 
fed  to  them  by  gTavity.  and  has  a  caj^acity  of  45  tons.  The 
elevators  and  conveyors  over  the  bins  are  operated  by  one 
motor.     There  are  two  pulverizers. 

The  pulverized  coal  is  delivered  bj'  spouts  from  the  pul- 
verizer mills  directly  to  an  elevator  and  raised  to  a  screw  con- 
veyor which  carries  the  coal  to  the  boiler  house.  The  conveyor 
and  elevator  are  both  operated  by  one  motor.  This  conveyor 
is  carried  over  a  bridge  30  ft.  long  between  the  coal  plant  and 
boiler  house,  and  continues  on  through  the  entire  length  of  the 
power  house  over  the  bins  in  front  of  the  boilers,  thus  making 
a  single  straight-delivery  unit  from  coal  plant  to  liins  about 
216  ft.  in  length. 

One  bin  is  placed  in  front  of  each  pair  of  boilers.  These 
bins  are  rectangular  in  shape  but  have  divided  hopper  bottoms, 
thus  enabling  tlie  coal  to  be  fed  by  separate  feeders  to  each 
boiler.  Each  half  of  the  bin  with  its  hopper  bottom  will  hold 
10  tons  of  pulverized  coal,  which  will  provide  storage  in  front 
of  eacli  boiler  for  a  run  of  20  hours  at  full  capacity.  This 
allows  ample  capacity,  so  that  any  delay  in  the  coal  mill  proper 
will  not  interfere  with  the  continuous  operation  of  the  boilers 
for  a  period  of  over  24  hours  if  the  boilers  are  run  under  ordi- 
nary operating  conditions.     Each  bm  is  filled  through  three 


separate  gates  with  spouts  in  the  bottom  of  the  conveyor,  so 
that  the  supply  to  any  bin  can  be  controlled  as  desired. 

AIR  BLAST  FOR  FEEDING  THE  COAL 

Underneath  and  between  the  sides  of  the  inverted  "  V " 
formed  by  the  two  hoppers  of  the  bin  is  placed  a  direct-con- 
nected motor-driven  fan  with  a  down-blast  discharge  which 
is  divided  into  two  7-ui.  blast  pipes.  These  two  pipes  diverg- 
ing at  an  angle  of  60  deg.  with  each  other  coming  down  in 
a  plane  parallel  to  the  front  of  the  boilers,  about  8  ft.  from 
the  front  wall  of  the  firebox  or  combustion  chamber,  make  an 
easy  sweeping  bend  and  discharge  into  the  burner  nozzle 
located  in  front  of  each  boiler  3  ft.  from  the  floor.  The  fan 
supplies  the  air  needed  in  feeding  the  coal  (4200  eu.  ft.  per 
min.)  at  3  oz.  static  pressure  to  a  burner  nozzle  in  front  of 
each  boiler. 

At  the  bottom  of  each  of  the  two  hoppers  of  each  bin  is  a 
4-in.  screw  feeder  enclosed  in  a  circular  cast-iron  casing. 
Above  each  feeder,  between  the  hopper  and  the  screw  proper, 
is  a  slide,  so  that  if  for  any  reason  the  feeder  should  become 
jammed  or  broken  it  could  be  readily  removed  without  first 
drawing  the  coal  from  the  bin.  Each  feeder  is  chaiu-and- 
sjirocket-driven  by  a  2-h.p.  variable-speed  back-geared  motor, 
the  controlling  rheostat  of  which  is  located  in  a  convenient 
position  in  front  of  the  boilers. 

THE  BURNERS 

Each  feeder  discharges  into  a  3-in.  pipe,  8  ft.  long,  which 
drops  the  coal  straight  down  and  into  a  funnel-shaped  open- 
ing in  the  top  of  the  burner  nozzle.  This  burner  is  ideal  for 
tlie  purpose,  as  it  is  both  simple  and  highly  efficient.  It  con- 
sists of  an  outside  14-in.  cylindrical  pipe,  one  end  of  which 
projects  into  the  furnace;  into  the  other  end  the  7-in.  blast 
pipe  is  inserted  and  extends  inwardly  from  12  to  18  in.  A 
metal  cone  is  fitted  over  the  blast  pipe  so  that  it  can  be  moved 
back  and  forth  any  desired  distance,  thus  forming  a  valve  to 
regulate  the  amount  of  air  that  is  induced  in  the  burner  or 
to  close  the  opening  entirely  if  desired.  Directly  over  the  in- 
serted end  of  the  blast  pipe  a  small  funnel-shaped  cone  is 
placed  in  the  outside  iiipe,  into  which  the  coal  is  fed  and  drawn 
in  by  the  suction  formed  by  the  blast.  The  funnel  opening 
into  which  the  coal  is  fed  is  directly  over  the  discharge  end 
or  nozzle  of  the  blast  pipe,  so  that  the  coal  will  be  drawn  in 
and  thoroughly  mixed  with  the  blast  and  induced  air  before 
reaching  the  combustion  chamber  of  the  furnace. 

A  large  quantity  of  air  can  be  induced  in  this  burner,  which, 
together  with  that  blown  in  by  the  fan,  will  supply  all  the 
air  required  for  combustion.  The  blast  pipe  is  jjrovided  with 
a  2-in.  screw-capped  opening  just  back  of  the  sliding  cone,  so 
that  the  pressure  and  velocity  of  the  air  can  be  determined 
when  desired.  The  outside  burner  pipe  is  also  provided  with 
two  similar  openings,  one  between  the  coal  opening  and 
the  open  end,  and  the  other  about  1  ft.  from  the  furnace 
wall. 

At  normal  rating  on  a  basis  of  70  per  cent  efficiency  and 
with  feed  water  at  208  deg.  fahr.,  these  boilers  will  each  con- 
sume 958  lb.  of  coal  per  hour  or  16  lb.  per  min.,  and  will 
therefore  require  about  3200  cu.  ft.  of  air  per  min.  for  com- 
bustion. Half  of  the  capacity  of  the  fan  (or  2100  cu.  ft.)  will 
he  supplied  through  the  7-in.  blast  pipe  to  each  boiler,  the 
remainder  being  induced  by  the  action  of  the  blast  in  the  in- 
take end  of  the  burner. 
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THE  FURNACES  OR  COMBUSTION  CHAMBERS 

The  furnace  or  combustion  chamber  of  these  boilers  is  well 
adapted  for  firing  with  pulverized  coal,  in  that  it  has  583  cu.  ft. 
of  volume  or,  at  normal  rating,  36.4  cu.  ft.  per  lb.  of  coal 
fired  per  min.  The  bridge  wall  is  located  7  ft.  from  the  front 
wall  of  the  setting  and  from  the  end  of  the  burner.  The  baffle 
wall,  wiiich  in  the  standard  O'Brien  boiler  is  carried  on  the  bot- 
tom row  of  tubes,  has  in  this  ease  been  replaced  over  the  com- 
bustion chamber  with  bricks,  with  a  U-shaped  opening  in  one 
side  to  fit  the  tube  so  that  when  inserted  the  two  together  will 
completely  surround  the  bottom  of  any  tube,  and  thus  serve 
to  protect  the  tubes  from  the  direct  action  of  the  flame  and 
likewise  offer  a  combustion  chamber  whose  top,  bottom  and 
sides  present  to  the  entering  coal  dust  a  surface  entirely  lined 
with  highly  refractory  firebrick,  the  top  or  roof  being  pro- 
tected by  the  tubes.  From  the  base  of  the  arch  wall,  on  a  level 
with  the  floor  of  tlie  boiler  room,  the  bottom  of  the  combustion 
chamber  slopes  downward  toward  the  front  at  an  angle  of  45 
deg.  till  it  reaches  a  point  directly  under  the  front  setting, 
where  a  shelf  2  ft.  wide  projects  straight  out  to  a  door  in  the 
ash  tunnel  through  which  steel  cars  are  operated  and  into 
which  the  ash  and  slag  which  is  precipitated  on  this  shelf  is 
raked.  The  bottoms  of  these  ash  doors  are  located  7  ft.  below 
the  floor  of  the  boiler  room,  and  the  tops  of  the  cars  just 
come  to  within  3  in.  of  this  level,  so  that  all  that  is  necessary 
is  to  move  the  car  in  front  of  the  ash  door.  The  sides  of  this 
sub-combustion  chamber  extend  vertically  downward  from  the 
floor  level  for  a  distance  of  3  ft.  6  in.  and  then  converge  toward 
the  center  at  an  angle  of  53  deg.  with  the  vertical  until  they 
meet  the  above-mentioned  bottom  shelf  2  ft.  apart,  so  that  the 
bottom  of  the  furnace  or  comlnistion  chamber  forms  a  firebrick- 
lined  hopper  with  a  bottom  2  ft.  square.  The  remaining  front 
wall  of  the  furnace  is,  of  course,  extended  straight  down  to 
3  ft.  6  in.  below  the  floor  level  and  cut  under  in  a  sloping  arch 
parallel  to  tiie  rear  side  so  that  it  will  form  a  slojaing  roof 
to  the  top  of  the  ash  door. 

The  area  between  the  top  of  the  bridge  wall  and  the  bottom 
row  of  brick-protected  tubes  is  19  sq,  ft.,  and  with  a  temper- 
ature in  the  furnace  of  2800  deg.  the  velocity  of  the  gases 
over  the  bridge  wall  at  normal  rating  will  be  about  16  ft.  per 
sec.  With  such  a  low  velocity  it  can  be  readily  seen  that  the 
greater  part  of  the  process  of  combustion  should  be  completed 
before  the  gases  pass  over  the  wall,  and  also  that  a  large  per- 
centage of  the  ash  or  slag  will  be  deposited  in  the  hopper  bot- 
tom. There  is  also  a  settling  chamber  back  of  the  bridge  wall, 
and  any  ash  that  settles  in  this  chamber  can  be  raked  out  of 
a  door  at  the  side. 


APPENDIX 

Since  this  discussion  was  submitted,  the  plant  has  been  put 
into  successful  operation,  and  developments  have  made  it  ad- 
visable to  alter  the  furnace  design  somewhat. 

With  Kansas  coal  containing  ap})roxiniately  22  per  cent  ash, 
tlie  horizontal  battles  allowed  too  much  ash  accumulation,  so  a 
Dutch  oven  approximating  a  6-ft.  cube  was  built  in  front  of 
each  of  two  boilers  and  vertical  baffles  were  inserted,  reidac- 
ing  the  former  horizontal  ones.  With  these  changes  highly 
gratifying  results  are  being  obtained.  No  slag  is  formed,  and 
the  ash  is  readily  blown  off  the  floor  of  the  rear  chamber  with 
an  air  hose  once  a  week. 

No  part  of  the  refractory  lining  is  subjected  to  an  excessive 
temperature  even  at  considerable  overload. 


The  Missouri,  Kansas  and  Texas  R.  H.  ollicials  are  very 
enthusiastic  concerning  the  operation  and  economies  being- 
obtained  both  with  the  aforementioned  22  per  cent  ash  coal 
and  also  witii  lignite,  and  the  Dutch  ovens  and  vertical  baffles 
are  being  installed  as  promptly  as  possible  for  the  other 
boilers. 

The  operation  is  quite  flexible  and  by  the  most  simple  ad- 
justments almost  any  fui'nace  conditions  can  be  realized,  the 
capacity  being  varied  at  will. 


The  density  of  liiiuid  hydrogen,  according  to  the  most  recent 
determination — that  of  Dr.  H.  Augustin  (Annal.  Physik.,  vol. 
46,  p.  415),  is  0.07105  at— 252.83  deg.  cent,  and  745.52  mm. 
pressure. 


At  a  recent  meeting  of  the  American  Drop  Forgings  Associ- 
ation the  Holbeck  system  of  burning  pulverized  coal  in  forging 
furnaces  was  described.  It  was  stated  that  10  lb.  of  pulver- 
ized coal  are  equivalent  to  1  gal.  of  fuel  oil,  and  with  the 
former  at  $3  per  ton  the  equivalent  in  fuel  oil  would  mean 
oil  at  11/2  cents  per  gal.  Also,  that  75  lb.  of  coal  dust  are 
equivalent  to  1000  cu.  ft.  of  natural  gas,  or  that  -$3  coal  is  on 
a  i)arity  with  12-cent  gas. 


The  best  composition  for  condenser  tubes  operating  with 
fresh,  unpolluted  water  is  believed  to  be  70  per  cent  copper 
and  30  per  cent  zinc,  as  it  has  the  maximum  ductility  of  all 
brass  compositions,  gives  a  greater  promise  of  adequate  cold 
working  and  annealing,  and,  having  but  one  metallagraphic 
constit\ient,  the  possibility  of  electrolytic  action  is  precluded. 
The  heat  treatment  of  condenser  tubes  should  consist  in  an- 
nealing each  tube  between  each  pair  or  set  of  cold  drawings,  at 
a  temperature  high  enough  to  remove  the  grain  distortion 
caused  by  the  cold  drawing,  but  not  at  such  a  temperature  as 
will  permit  crystalline  growth  to  take  place  that  will  result 
in  coarse  crystallization.  After  the  final  drawing  each  tube 
should  be  annealed  just  enough  to  break  down  the  distorted 
structure  produced  by  that  drawing. — A.  E.  White,  in  a  paper 
read  before  the  American  Society  for  Testing  Materials,  June 
30,  1916. 


An  air-lift  well-pumping  installation  of  the  Talbot  type  at 
the  Camden  (N.  J.)  Waterworks  has,  it  is  stated  in  the  Engi- 
neering Record  of  June  3,  1916,  developed  on  test  an  overall 
efficiency  of  59  per  cent,  measured  between  the  steam  end  of 
the  compressor  and  the  point  of  delivery  of  the  water.  The  well 
was  120  ft.  deep  and  8  in.  in  diameter,  the  water  reduction  |)ipe 
5  in.  in  diameter  and  fitted  with  an  umbrella  deflector  at  the 
toji,  and  the  air  pipe  1^4  i'l-  in  diameter.  The  depth  to  the 
foot  piece  was  106  ft.,  and  from  the  umbrella  to  the  foot  piece 
115.5  ft.    Certain  of  the  test  results  are  as  follows: 

Gallons  pumped  per  minute 300      322      392 

Cubic  feet  of  free  air  per  minute. . .      50        60      100 
Efficiency,  per  cent 59.6     54.2     40.2 

These  show  a  steady  falling  off  in  efficiency  as  the  air  supply 
is  increased  and  more  water  is  innnped,  which  is  to  be  expected 
(1)  because  of  the  lower  submergence  when  pumping  the 
larger  volume  and  (2)  because  of  the  greatly  increased  friction 
of  water  and  consequent  slippage  of  air  at  the  higher  velocities 
of  discharge.  This  friction  and  slippage,  it  is  held,  may  be 
considered  as  the  chief  causes  of  inefficiency  in  most  air-lifts. 
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STRENGTH    OF   BOILER   FURNACES 

To  THE  Editor  : 

The  conventional  engineer's  theory  on  the  strength  of  a  lap 
joint  assumes  the  stress  uniformly  distributed  over  the  cross- 
section,  either  in  the  solid  plate  or  between  rivets,  and  ignores 
eccentricity  of  loaduig  due  to  plates  being  out  of  line.  Prob- 
ably none  will  dispute  the  fact  that  a  lap  joint  is  considerably 
weaker  than  it  is  supposed  to  be,  due  to  this  neglected  eccen- 
tricity of  loading,  but  just  how  much  weaker  is  considered 
debatable. 

A  comparison,  by  means  of  a  concrete  case,  of  the  A.S.M.E. 
Boiler  Code  formula  for  the  strength  of  boiler  furnaces  with 
other  foimulae  shows  that  the  foi'mer  gives  working  pressures 
far  too  high. 

Consider  a  ilue  of  29  in.  external  diameter  made  of  %-in. 


Fig.  1    Form  of  Lap  Joint  to  Maintain  True  Circularity 

steel  plate  with  a  single-riveted  longitudinal  lap  joint;  the 
length  is  94  in. 

In  the  following  the  permissible  working  pressure  for  this 
flue  is  computed  by  various  formulae  and  arranged  in  order 
of  decreasing  magnitude.  If  a  particular  formula  does  not 
apply  to  jointed  flues,  then  the  value  obtained  as  working 
pressure  is  multiplied  by  the  efficiency  of  a  single-riveted  lap 
joint  for  purposes  of  comparison  with  the  A.S.M.E.  formula. 
If  the  formula  permits  a  double-riveted  lap  joint,  say,  then 
the  working  pressure  obtained  is  reduced  in  the  proportion  of 
the  efficiency  of  a  double-riveted  lap  joint  to  that  of  a  single- 
riveted  lap  joint.  These  efficiencies  are  taken  as  77.6  per  cent 
and  63.3  per  cent,  respectively.'  These  figures  represent  the 
maximum  possible  efficiency,  considering  a  perfect  joint  and 
accepting  the  A.S.M.E.  Boiler  Code  values  for  unit  stresses. 
This  causes  the  Boiler  Code  formula  to  show  up  as  favorably 
as  possible. 

A.S.M.E.  Boiler  Code  Rule.  This  permits  any  kind  of  joint, 
hence  the  weakest  possibility,  viz. :  a  single-riveted  lap  joint  is 
taken  in  the  other  cases  for  purpose  of  comparison.  The 
efficiency  of  the  joint  is,  liowever,  always  taken  as  the  maxi- 
mum possible,  as  stated  above. 

In  the  case  considered,  as  the  length  exceeds  120  times  the 


thickness,  the  second  formula  given  in  the  Boiler  Code  must 
be  used,  viz. : 

4,250  r 

LB 


P  = 


wliere  P  =  maximum  allowable  working  pressure,  lb.  per  sq.  in. 

D  =  outside  diameter  of  furnace  in  in. 

L  =  length  of  furnace  in  in. 

T  =  thickness  of  furnace  wall  in  sixteenths  of  an  inch. 
whence 

4,250  X  8' 

^=^rx29-=^^-«^''-p"-^'^-- 

Fairhairn's  Rule.  This  formula  does  not  allow  for  joint. 
Fairbaim's  rule,  although  the  parent  formula,  is  recognized  as 
giving  working  pressures  far  too  high  if  the  piesent-day  factor 
of  safety  of  5  be  employed. 

806,.300X''" 


P  = 


LB 


where   t  =  thickness  of  tube  in  ii: . 

L  =  length  of  tube  in  ft. 

B  =  external  diameter  in  in. 

p  =  collapsing  pressure  in  lb.  per  sq.  in. 
whence 

806,300X0.5'" 

—  X29 
12 

Allowing  a  factor  of  safety  of  5  (see  Progress  Report  of 
Boiler  Code  Committee,  A.S.M.E.)  gives  155.4  lb.  per  sq.  in. 

Taking  63.3  per  cent  of  this  to  allow  for  a  single-riveted  lap 
joint  makes  the  value  of  working  pressure  for  purpose  of  com- 
parison with  tlie  A.S.M.E.  result  to  be  98.5  lb.  per  sq.  in.,  or 
l)ractically  the  same  as  the  value  given  by  the  A.S.M.E. 
formula. 

Modified  Fairbairn  Rule.  The  working  pressuie  of  a  tube 
subjected  to  external  pressure  will  obviously  not  be  inverselj' 
proportional  to  the  length  indefinitely,  as  Fairbairn's  rule 
would  indicate.  This  has  been  partially  coimteracted  by  using 
a  variable  factor  of  safety,  V(300  -^L),  where  L  is  length  in 
feet. 

For  the  concrete  case  under  discussion  this  gives  a  working 
pressure  equal  to 

777 

per  sq. 


V 


300  X  12 
94 


=  125.8  lb. 


JSIaking  allowance  for  the  lap  joint  gives 

125.8  X  0.633  =  79.8  lb.  per  sq.  in.,  or  80.0  per  cent  of 
the  value  given  by  the  A.S.M.E.  formula. 

Bureau  Veritas  Ride.  Tliis  formula  makes  a  distinction  be- 
tween the  case  where  the  flue  is  truly  circular  (i.e.,  butt  joints 
or  lapped  and  bevelled),  and  where  the  flue  is  not  circidar. 

Cf 

P=     ^ 

BL 


^  For    derivation,    see    Jour. 
729  et  eg. 
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D  =  outside  diameter  in  in. 

P  =  working  pressure  in  lb.  per  sq.  in.  above  atmos]3here 
L  =  length  of  furnace  in  ft.,  or  length  between  rings 
C  =  70,000  when  furnace  is  truly  circular  and  the  longi- 
tudinal seams  are  welded,  butted,  or  lapped  and 
bevelled,  and  double-riveted  in  last-named  case 
C  =  60,000  when  the  furnace  is  not  truly  circular,  or 
when  the  longitudinal  seams  are  simply  lapped 
The  above  constants  are  for  iron  of  fair  quality.    Multiply 
constants  by  1.2  for  mild  steel. 
For  the  concrete  case  under  discussion  this  gives 


P^ 


60,000  X 1-2  X  0.5" 
29  X  94 
12 


:  79.3  lb.  per  sq.  in., 


or  79.47  per  cent  of  the  value  given  by  the  A.S.M.E.  formula. 

The  above  formula  gives  a  much  stronger  design  for  the 
tru\y  circular  case  than  it  does  for  the  not  truly  circular  case. 

Rutton's  Rule.    This  does  not  allow  for  a  joint. 


P 


ce 

dL 


where  L  =  length  in  in. 

d  =  outside  diameter  in  in. 
t  =  thickness  in  thirty-seconds  of  an  inch 
C  =  660  for  steel 

p  =  collapsing  pressure  in  lb.  per  sq.  in. 
For  the  concrete  case  under  discussion  this  gives 


P 


660  X  16' 


=  602  lb.  per  sq.  in. 


29X94 

Allowing  a  factor  of  safety  of  5  and  reducing  to  allow  for 
single-riveted  lap  joint  gives 

0.633  X  602 

i =  76.1  lb.  per  sq.  in.,  or  76.4  per  cent  of 

o 

the  value  given  by  the  A.S.M.E.  formula. 

German   Government   Rule.     Thickness  =  Ky^Py^Ly^D 
-f  0.2  cm. 

where  P  =  working  pressure  m  kg.  per  sq.  cm. 
L  =  length  between  stiffeners  in  cm. 
D  =  external  diameter  of  furnace  in  em. 
K  =  0.0035  when  the  longitudinal  joints  are  lapped  only. 
For  the  concrete  case  under  discussion  this  gives 

PX  0.4536 
2.54  X  0.5  =  0.0035  — ^        -   X  94  X  2.54  X  29  X  2.54+0.2 

(1.27  -  0.2)"  1 

P  —  1 L  V 

0.0035'  0.4536  X  94  X  29 

=  75.6  lb.  per  sq.  in.,  or  75.7  per  cent  of  the  value 
given  by  the  A.S.M.E.  formula. 
Lloyd's  Rule.    This  does  not  allow  for  joint. 

89,600*" 

where  P  =  working  pressure  in  lb.  per  sq.  in. 
t  =  thickness  of  plate  in  in. 
L  =  length  of  furnace  in  ft. 
D  =  outside  diameter  of  furnace  in  in. 
For  the  concrete  case  under  discussion  this  gives 
89,600  X  0.5' 


P  = 


94 
12 


=  98.7  lb.  per  sq.  in. 


X29 


Reducing  this  to  the  corresponding  value  for  single-riveted 


lap  joint  gives  98.7  X  0.633  =  62.4  lb.  per  sq.  in.,  or  62.5  per 
cent  of  the  value  given  by  the  A.S.M.E.  formula. 

U.  S.  Statute  Rule.    This  is  the  same  as  the  Lloyd's  rule. 

Michael  Longridge's  Rule.  Michael  Longridge  takes  C  in 
Button's  formula  as  540  instead  of  660 ;  this  gives  540/660  of 
the  value  obtained  by  Hutton's  formula,  or  540/660  X  76.2  = 
62.4  lb.  per  sq.  in.,  or  62.5  per  cent  of  the  value  given  by  the 
A.S.M.E.  formula. 

British  Board  of  Trade  Rule.  This  permits  a  double-riveted 
lap  joint. 

75,000i" 
^=  (L  +  1)Z) 

where  p  =  working  pressure  in  lb.  per  sq.  in. 
t  =  thickness  in  in. 
L  =  length  in  ft. 
D  =  external  diameter  in  in. 
For  the  concrete  case  under  discussion  this  gives 

75,000  X  0.5'       ^„  ,, 
n  =  — — =  73  lb.  per  sq.  in. 

(l2+T' 

Reducing  this  to  the  corresponding  value  for  a  single-riveted 

lap  joint  gives 

0.633 

73  X  t; K  =  59.6  lb.  per  sq.  in. 

0.1  (o 

or  59.7  per  cent  of  the  value  given  by  the  A.S.M.E.  formula. 

The  previous  results  are  collected  below  to  facilitate  com- 
parison : 

Per- 
Working  Pressure        centage 

A.S.M.E.  Boiler  Code 99.8  lb.  per  sq.  in.  100.0 

Fairbairn   98.5  lb.  per  sq.  in.  98.7 

Fairbairn    (modified) 79.8  lb.  per  sq.  in.  80.0 

Bureau   Veritas 79.3  lb.  per  sq.  in.  79.4 

Button    76.1  lb.  per  sq.  in.  76.4 

German   Government 75.6  lb.  per  sq.  in.  75.7 

Lloyd's   62.41b.  persq.  in.  62.5 

U.  S.  Statute 62.4  lb.  per  sq.  in.  62.5 

Michael   Longridge 62.4  lb.  per  sq.  in.  62.5 

British  Board  of  Trade 59.6  lb.  per  sq.  in.  59.7 

Besides  showing  that  the  A.S.M.E.  Boiler  Code  formula 
gives  working  pressures  far  too  high,  these  results  reveal  the 
danger  of  the  A.S.M.E.  rule  by  no  means  fully  because  cus- 
tomary eflScieneies  have  been  taken  for  lap  joints,  and  it  can 
be  shown  that  these  are  far  too  high  due  to  neglected  eccen- 
tricity. In  the  light  of  a  new  analysis  which  the  author  has 
made '  of  the  weakening  factor  of  a  longitudinal  lap  joint  in  a 
cylinder  subjected  to  external  pressure,  these  results  are  modi- 
fied as  below : 

Per- 

Working  Pressure  centage 

A.S.M.E.  Boiler  Code 99.8  lb.  persq.  in.  100.0 

Fairbairn   42.8  lb.  per  sq.  in.  42.9 

Fairbairn    (modified) 34.7  lb.  per  sq.  in.  34.8 

Bureau  Veritas 79.3  lb.  per  sq.  in.  79.5 

Button    33.1  lb.  per  sq.  in.  33.2 

German  Government 75.6  lb.  per  sq.  in.  75.8 

Lloyd's    27.2  lb.  per  sq.  in.  27.3 

U.  S.  Statute 27.2  lb.  per  sq.  in.  27.3 

Michael   Longridge 27.2  lb.  per  sq.  in.  27.3 

British  Board  of  Trade 61.6  lb.  per  sq.  in.  61.7 

^  strength  of  Boiler  Furnaces,  Jour.  .\iii.  Soc.  Xav.  Kngrs.,  .\uguyt, 
1916,  p.  729. 
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These  results,  though  arranged  iii  tlie  same  sequence  as  be- 
fore, are  no  longer  in  the  order  of  descending  magnitude.  The 
reason  is  simply  that  tliose  rules  which  permitted  lap  joints 
suffered  no  reduction,  but  those  rules  which  did  not  permit  a 
lap  joint  had  to  have  their  results  diminished  according  to  the 
new  lower  efficiency  of  a  lap  joint. 

The  Avriter  is  of  the  opinion  that  all  existing  rules  permit- 
ting the  use  of  lap  joints  do  not  make  the  necessai-y  allowance 
for  its  weakness  in  comparison  with  solid  plate  or  butt  joints. 

If  the  joint  be  formed  as  in  Fig.  1,  then  it  is  possible  to 
maintam  true  circularity,  which  eliminates  all  eccentricity  of 
action.  The  strength  will  now  be  determined  by  the  effi- 
ciency of  the  joint  proper. 

The  value  of  the  joint  efficiency  is  a  much  more  complex 
problem — in  fact,  a  rigorous  solution  is  not  possible;  it  would, 
however,  be  much  higher  than  the  efficiency  of  the  jilate  is 
under  eccentric  loading. 

The  most  significant  feature  in  the  use  of  longitudinal  lap 
joints  for  cylmders  subjected  to  external  pressure,  is  that, 
should  the  stress  reach  the  elastic  limit  and  deformation  ensue, 
the  eccentricity  of  action  is  increased  and  collapse  is  inevitable. 
In  cylinders  subjected  to  internal  j)ressure,  on  the  other  hand, 
deformation  decreases  eccentricity  and  restores  satisfactory 
conditions. 

Considering  tliat  the  use  of  longitudinal  lap  joints  is  rapidly 
diminishing  in  good  practice  for  internal  pressure,  is  it  not 
desirable  to  prohibit  absolutely  their  use  for  external  ])ressure; 
or,  what  would  serve  ef|ually  well,  cut  down  the  acknowledged 
efficiency  to  its  true  value?  If  this  were  done,  the  use  of  a 
lap  joint  would  entail  such  an  abnormally  thick  plate  to  with- 
stand a  given  pressure  that  considerations  of  economy  woiild 
)irobably  prohibit  it. 

JOHX    AlRET. 

Ann  Arbor,  Mich. 


RELATION    OF    ENGINEERING    SOCIETIES 
TO  LEGISLATION  AND  PUBLIC  AFFAIRS 

To  THE  Editor  : 

In  the  August  issne  of  The  Journal,  page  G4'2,  I\Tr.  Henry 
Hess  stated  in  a  very  convincing  mamier  his  views  regarding 
the  proper  attitude  of  engineers  and  their  societies  with  refer- 
ence to  enactment  of  laws  upon  subjects  concerning  which 
engineers  are  practically  the  onlj'  well-informed  persons.  He 
stated  that  "  in  so  restricting  themselves  they  have  actually 
broadened  and  deepened  their  influence  on  actual  legislation. 
They  have  not  sought  nor  do  they  seek  to  influence  legislation, 
and  in  so  refraining  they  have  actually  gained  a  deep  and  bene- 
ficial influence  in  and  for  the  community." 

This  is  a  ^'ery  imi)ortant  conclusion,  and  one  to  which  engi- 
neers should  give  careful  thought — the  more  so  as  it  has  a 
curiously  familiar  sound  to  those  who  have  been  listening  to 
the  arguments  for  and  against  universal  suffrage.  It  is  urged 
that  certain  classes  of  peojile  will  have  a  broader  and  deeper 
influence  if  they  are  not  iierniitted  to  exercise  suffrage.  A  sim- 
ilar argument  appears  to  be  advanced  in  the  assertion  that 
the  national  engineering  societies,  and  presumably  other  engi- 
neerii\g  bodies,  should  not  participate  in  public  affairs. 

Further  on  Mr.  Hess  stated  that  in  one  particular  case  many 
engineers  "  are  now  agreed  that  what  they  hoped  for  in  tlie 
interest  of  the  public  and  community  actually  carae  about 
much  sooner  and  more  readily  as  a  result  of  their  confining 
llicinselves  to  their  special  domain."  The  question  thus  arises 
as  to  "  irhose  is  the  domain?"     To  whom  belong  I  he  ri;:ht  ami 


duty  to  draft  new  laws  and  to  see  that  these  are  enacted?  It 
is  apparently  assumed  that  the  engineering  organizations  are 
not  tlie  jjroper  persons  to  enter  into  legislative  acti^•ity ;  but 
obviously  some  one  nmst  do  this,  and,  however  distasteful  the 
duty  to  the  highly  trained  scientific  and  professional  man, 
he  cannot  safely  neglect  this  duty,  nor  properh'  delegate  it  to 
some  other  class  of  citizens. 

Possibly  the  answer  may  be  that  the  duties  of  citizenship, 
.«o  far  as  they  pertain  to  drafting  and  enacting  suitable  laws, 
should  be  left  to  the  lawyers.  This  is  too  often  done,  as  shown 
by  a  study  of  law-making  bodies — the  great  body  is  composed 
of  lawyers,  while  engineers  are  notable  by  their  absence.  Is 
this  the  best  condition,  and  are  engineers  to  be  commended 
because  they  and  their  organizations  have  abstained  from 
Ijublic  affairs?  The  training  of  a  lawyer,  while  excellent  in 
construing  laws  as  they  now  exist,  is  not  always  conducive 
to  a  constructive  attitude  of  mind.  The  lawyer  is  more  im- 
lircssed  with  the  importance  of  existing  precedents  than  of 
existing  needs.  However  this  may  be,  engineers  should  con- 
sider carefully  whether  they  even  tacitly  admit  that  as  a  body 
Ihey  should  refrain  from  the  duties  of  citizenship  and  delegate 
to  others  the  direct  interest  in  making  proiier  laws  on  subjects 
in  which  they  are  best  informed. 

As  a  matter  of  fact,  those  who  have  had  much  experience 
in  state  and  national  legislation  appreciate  that  a  good  law, 
no  matter  how  well  drawn  or  greatly  needed,  has  little  hope 
of  passage  unless  somewhere  behind  it  is  an  effective  man  or 
body  of  men  working  intelligently  in  season  and  out  of  sea- 
son for  it.  This  activity  may  not  be  appai'ent  from  the  sur- 
face, but  it  can  always  l)e  found.  Moreover,  a  matter  which 
affects  the  entire  community  will  rarely  be  enacted  in  a  law 
suitable  for  the  entire  community  unless  there  is  a  well-worked- 
out  effort  of  this  kind.  The  fact  that  the  laws  referi'ed  to  have 
been  enacted  is  undoubtedly  due  to  conditions  which  may  not 
be  obvious  and  to  the  fruition  of  plans  not  made  evident  lo  the 
public. 

The  question  is  whether  the  engineer,  and  especially  his  or- 
ganization, shall  come  out  definitely  and  clearly  for  certain 
laws  regarded  as  important,  or  whether  he  shall  assume  a  more 
dignified  attitude  of  agreeing  upon  certain  principles  and  then 
decline  to  participate  in  the  enactment  of  these  principles  into 
law.  Shall  his  organization  be  indiflVrent  to  the  means  by 
which  the  desired  end  is  to  be  accomplished,  refraining  from 
an  outward  or  definite  interest  in  the  matter,  knowing  full 
well  that  some  other  class  of  citizens  must  exert  themselves 
actively  and  continuously  in  order  to  secure  the  passage  of 
these  laws? 

Or,  to  put  it  in  another  way,  is  tliere  not  really  an  attitude 
of  complacent  self-deception  in  the  assuni])tion  that  the  engi- 
neering societies,  by  restricting  their  activities,  are  actually 
broadening  and  deepening  their  influence?  Can  any  class  of 
citizens  in  this  country  properly  abstain  from  legislative  activ- 
ities ,and  retain  the  respect  of  the  community?  These  are 
points  on  which,  as  stated  by  Mr.  Hess,  representative  opinions 
should  be  obtained  for  the  guidance  of  engineering  organiza- 
tions in  any  future  question  concerning  legislative  and  public 
aff.aiK.  My  own  feeling  is  that  any  association  of  inde- 
pendent citizens,  especially  those  educated  largely  at  public 
expense,  as  are  most  engineers,  will  inevitably  be  ignored,  or 
even  treated  with  contempt,  by  the  great  body  of  the  ))ublic 
if  it  takes  the  position  of  refraining  from  actively  perform- 
ing its  duties  in  legislation,  pai'ticularly  in  those  matters  in 
which  its  members  are  best  informed. 

F.  H.  Newell. 
frbann.  111. 
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Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membersliip 

SE(  RETARY'S  CHAT  AYITH  THE  MEMBERS 


THIS  month  opens  the  season  of  Society  activities  under 
conditions  which  liave  never  before  been  paralleled  in  our 
history.  Events  which  will  make  the  year  1916  a  memorable 
one  to  engineers,  thereby  jilaee  each  individual  member  of  the 
Society  under  obligations,  and  make  it  encumbent  upon  him  to 
help  maintain  the  new  position  wliich  the  engineer,  in  distinc- 
tion from  other  citizens,  now  occupies. 

On  a  letter  ballot  from  praetically  half  its  entire  member- 
ship, the  American  Society  of  Civil  Engineers  has  voted  seven 
to  one  to  make  their  headc|uarters  in  the  Engineering-  Societies 
Building,  and  join  the  Founder  Societies  in  the  ownership 
and  adminisii'ation  of  the  property  of  the  United  Engineering' 
Society  and  the  joint  administration  of  the  Library.  This  as- 
sociation, long  hoped-for  by  all  who  have  the  interests  of  the 
engineering  profession  at  heart,  will  be  of  gi'eat  advantage  to 
the  profession  in  general,  will  widen  greatly  its  influence  and 
enhance  its  standing.  At  the  same  time,  and  reciprocally,  this 
association  of  the  principal  national  engineering  societies  sets 
the  example  for  similar  cooperation  of  their  seftions  and  in- 
dividual members,  and  puts  upon  the  latter  the  obligation  of 
contributing  their  share  to  the  team  work  being  done  by  the 
ofhcei's  of  the  national  societies.  Each  individual  member  of 
our  Society  should  do  his  best  tliis  winter  to  foster  and  actively 
develop  the  broad-minded  spirit  behind  the  relations  of  the 
Society  with  all  the  national  engineering  societies,  so  that  the 
cooperation  for  which  we  have  all  been  st living  will  reach  its 
highest  degree. 

National  recognition  was  accorded  the  engineering  profes- 
sion and  tiie  chemists  in  the  invitation  extended  to  them  by  the 
President  of  the  United  States  to  conduct  the  industrial  census. 
The  census  was  made  with  the  cooperation  of  tlie  industries, 
to  the  extent  that  from  75  to  80  i^er  cent  of  firms  doing  busi- 
ness annually  in  excess  of  one  hundred  thousand  dollars  have 
responded  to  the  census  request  of  the  engineers'  representa- 
tives, and  the  worjv  will  be  completed  this  month.  In  their 
dealings  with  manufacturers,  engineers  must  in  future  I'ecog- 
nize  tliis  spirit  of  cooperation. 

In  the  jiassage  by  Congress  of  two  bills  directly  and  perma- 
nently establishing  the  enguieering  profession  as  an  arm  of  the 
Government,  public  recognition  of  the  engineer  is  an  accom- 
plished fact.  The  features  concerning  engineers  in  these  bills 
were  initiated  by  engineers  in  their  capacity  as  citizens  confi- 
dent of  ability  to  render  greater  service.  We  asked  for  recog- 
nition and  we  received  it;  it  remains  for  us  to  show  that  this 
recognition  was  justified.  The  two  movements  represented  in 
these  bills  are : 

Tlirough  the  initiative  of  a  joint  committee,  of  which  in  our 
Society  Major  W.  H.  Wiley,  Treasurer  Am.Soc.M.E.,  is  chair- 
man, in  cooperation  with  similar  committees  of  the  Civil,  Min- 
ing, Electrical  and  Consulting  Engineei-s,  a  Keserve  Corps  of. 
Civilian  Engineers,  comparable  to  the  reserve  cori:)s  of  ]ihysi- 
cians  and  surgeons,  has  been  established,  and  General  Order 
No.  32,  providing  for  the  enrolment  of  all  civilian  engineers 


of  the  United  States  in  an  auxiliary  corps  to  the  Army  in  case 
of  war,  has  just  been  issued  by  the  Chief  of  Engineers  of  the 
Army.  This  action  opens  up  to  engineers  another  opportunity 
for  service  on  an  honor  roll  subject  to  the  call  of  the  President 
of  the  United  States,  and  the  theory  is  that  in  time  of  stress 
each  engineer  will  be  assigned  to  that  duty  which  he  can  best 
lierform,  su]iposedly  a  continuation  of  the  work  he  performs 
in  civil  life. 

The  second  accom)ilishment  of  the  year  is  the  estal)lishment 
of  the  National  Council  of  Safety.  This  is  to  consist  of  five 
Cabinet  officers,  with  an  advisory  council  of  seven  civilians, 
the  latter  to  be  chosen,  one  each,  to  represent  labor,  industry, 
finance,  transportation,  physics  and  chemistry,  and  commerce. 
It  behooves  our  members  to  see  that  engineers  are  represented 
on  this  important  council.  The  qualifications  of  those  who  are 
to  compose  the  advisory  council  are  stated  as  "  special  knowl- 
edge of  some  industry,  jjublic  utility  or  the  development  of 
some  natural  lesource.  The  membei'S  of  the  advisory  com- 
mission shall  serve  without  compensation,  but  shall  be  allowed 
actual  expenses  of  travel  and  subsistence." 

It  is  proposed  that  the  existing  associate  members  of  the 
Naval  Consulting  Boai-d,  now  our  directors  of  state  canvasses 
of  the  industrial  census,  together  with  the  examiners  chosen 
from  our  nominees  appointed  by  the  War  Department  for  the 
Engineers'  Resei've  Corps,  will  form  the  nucleus  of  the  perma- 
nent State  Councils  of  Safety. 

Speaking  of  the  recognition  of  the  engineer  by  the  Govern- 
ment, it  might  be  mentioned  that  the  Secretary  recently  had 
the  honor  of  a  call  from  the  Secretary  of  the  Navy.  This  is 
apparently  the  first  time  in  the  history  of  the  engineering 
societies  that  an  executive  officer  of  the  Government  has  vis- 
ited us.  In  wishing  Mr.  Daniels  good-by,  the  Secretary  ex- 
pressed the  hope  that  we  might  have  a  call  from  the  President 
of  the  United  States,  in  the  same  manner  as  in  France,  to  dis- 
cuss important  public  engineering  works. 

A  meeting  of  the  .Joint  Conference  Committee  of  the  Na- 
tional Academy  of  Sciences  and  the  National  Engineering 
Societies  took  place  on  Sejjtember  19,  and  organized  with 
Mr.  J.  J.  Carty,  Past  President  of  the  A.  I.  E.  E.,  as  perma- 
nent chairman  and  Calvin  W.  Rice  as  permanent  secretary. 
The  discussion  was  along  broad  lines  to  develop  ways  in  which 
the  Academy  and  the  engineering  societies  may  develop  closer 
relations.  The  Academy  has  already  created  a  division  of 
engineering,  and  this  year  will  commence  the  election  of  en- 
gineers to  its  membership. 

A  Nitrate  (^ommittee  of  the  National  Academy  is  just  now 
reporting  on  a  Government  Nitrate  Plant,  for  which  Congress 
has  appropriated  $20,000,000,  and  in  this  work  the  engineers 
are  cooperating. 

The  National  Research  Council,  api)ointed  at  the  recpu'st  of  the 
President  of  the  United  States  by  Dr.  W.  11.  Welch,  president 
(if  the  National  Academy,  is  composed  of  members  of  the  Na- 
tional .Vcadcmy  and  ol'  the  iiatiouMl  cnyincering  societies.  Their 
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immediate  function  is  to  coordinate  the  research  facilities  of 
the  Government,  the  educational  institutions  and  commercial 
anil  private  laboratories. 

At  the  meeting,  on  September  14,  of  the  Engineering 
Foundation,  Dr.  F.  R.  Hutton,  the  acting  secretary,  resigned, 
and  Dr.  Gary  T.  Hutchinson  was  chosen  secretary.  One  of 
the  pieces  of  work  to  be  done  by  the  Foundation  is  that  of 
the  Research  Council. 

The  above  instances  are  signs  of  the  gi'owing  appreciation 
of  the  strength  of  cooperation,  to  the  spirit  of  which,  we 


reiterate  in  closing,  it  is  part  of  the  duty  of  every  member 
of  the  Society  to  contribute. 

During  the  present  month  either  the  President  or  the  Sec- 
retai-V"  expects  to  be  with  tlie  members  at  their  mectinijs  in 
Meriden,  Conn.;  Buffalo,  Erie,  Indianapolis,  and  other  places, 
bringing  the  greetings  of  our  Council  and  receiving  the  \iews 
of  the  members  as  to  the  ways  in  which  the  Society  may 
advance. 

Calvin  W.  Rice, 

Secretary. 


PLAN  OF  ACTIVITIES  FOR  THE  SEASON  1916-17 


AN  important  function  of  The  Journal  is  to  inform  mem- 
bei-s  of  the  Society  regularly  what  its  Officers  and  Com- 
mittees, its  Sections  and  Student  Branches,  are  engaged  in  and 
planning  to  do,  and  what  relations  the  Society  is  maintaining 
with  other  organizations  and  with  the  mechanical  engineering 
profession  generally.  The  aim  is  to  maintain  the  personal  in- 
terest of  each  member  in  the  Society's  government  and  actions. 

The  Council  is  about  to  resume  activities,  and  its  next  regu- 
lar meeting  will  be  held  on  October  13.  At  this  meeting  im- 
portant matters  will  be  brought  up  for  consideration,  includ- 
ing the  budget  for  the  fiscal  year  upon  which  we  enter  on  the 
tirst  of  this  month. 

Annual  Reports  have  been  requested  from  all  Standing  and 
Special  Committees,  and  are  now  coming  in.  These  will  be 
presented  to  the  Council  and  embodied  in  its  Annual  Report 
to  be  made  at  the  Annual  Meeting  in  December.  The  reports 
of  the  Standing  Committees  will  be  published  in  The  Journal 
in  due  course,  and  will  indicate  what  work  has  been  aecum- 
plished  by  the  committees  this  year,  as  well  as  what  work  is 
contemplated. 

An  outline  of  the  proposed  activities  for  the  season  of  the 
several  Sections  and  Student  Branches  as  reported  by  their 
ofiicers  is  given  below. 

ATLANTA    SECTION 

Mr.  Earl  F.  Scott,  Chairman,  reports  that  the  Affiliated  Techni- 
cal Societies  of  Atlanta  will  hold  four  meetings  during  the  year. 
Each  of  the  national  societies  represented  in  this  affiliation,  in- 
cluding our  Society,  will  be  allotted  one  meeting.  At  each  meeting 
the  particular  organization  in  charge  will  contribute  the  paper  of 
the  evening,  and  tlie  other  societies  will  participate  as  guests. 
Our  Section  will  have  charge  of  the  meeting  in  July,  1917. 

If  the  Section  is  fortunate  in  securing  a  visit  from  any  prom- 
inent member  of  the  Society,  it  will  call  a  special  meeting  to 
entertain  him   and   will  invite  other  engineers  to   participate. 

BIRMINGHAM    SECTION 

The  Birmingham  Section  expects  to  have  no  less  than  ten 
meetings  during  this,  its  second  season.  At  least  seven  of  these 
meetings  will  be  devoted  to  papers  or  illustrated  lectures.  The 
other  meetings  will  be  Inspection  trips  and  possibl.v  one  joint 
meeting  with  engineers  from  the  membership  of  the  other  national 
engineering  societies. 

The  chairman,  R.  E.  Brakcman,  has  taken  the  initial  steps 
towards  interesting  the  engineering  faculties  of  the  state  colleges, 
and  expects  to  have  very  interesting  and  valuable  cooperation  from 
them.  He  has  in  fact  already  received  assurances  of  their  willing- 
ness to  cooperate. 

The  Section  held  a  meeting  on  September  16,  which  consisted 
of  an  inspection  trip  through  the  plants  of  The  Continental  Gin 
Company,  The  Payne  and  Joubert  Company  and  the  Hardis-Tynes 
Manufacturing  Company. 

BUFFALO    SECTION 

The  Buffalo  Section  cooperates  with  the  Engineering  Society  of 
Buffalo.     John  Younger,  Chairman  of  the  Section  and  president  of 


thy  local  society,  furnishes  the  following  program  of  meetings  of 
the   society  : 

October  IS,  1916.  Dr.  D.  S.  Jacobus,  President  of  the  Society,  on 
Relationships  of  the  National  Societies  to  the  Local  Societies. 

^'oveinher  1.  1916.  Frank  B.  Gilbreth.  Mem.  Am.  Soc.  M.  E.,  on 
Motion  Study. 

Novemher  15,  1916.  Mr.  RusseU,  of  the  Burgess  Aeroplane  Com- 
pany, on  an  aeroplane  topic. 

November  29,  1916.  C.  H.  Bierbaum,  Mem.Am.Soc.  M.E.,  on 
Recent  Research  Work  on  Graphite. 

December  13.  1918.    An  automobile  topic. 

January  S,  1911.     Socal  meeting. 

January  17,  1917.  Professor  Spofford,  of  the  Massachusetts  In- 
stitute of  Technology,  on   Highway  Bridge   Floors. 

January  31,  1917.     W.  M.  Corse,  on  Non-Ferrous  Alloys. 

February  IJj,  1917.     An  electrical  engineering  subject. 

February  2S,  1917.  C.  F.  Kettering,  Mem.  Am.  Soc.  M.  E.,  on 
Pure   Science  Applied  to  Engineering. 

March  14,  1917.    Jlr.  Zimmerschied,  on  Standardization. 

April,  1917.  Meeting  will  be  devoted  to  discussion  of  Educa- 
tional Systems  and  Apprenticeship  Systems. 

Hay  1,  1917.     Business  meeting. 

CHICAGO    SECTION 

The  Chicago  Section  has  made  plans  for  four  meetings,  with 
papers  tentatively  as  below.  The  Section  is  making  it  its  endeavor 
to  secure  the  very  highest  class  of  speakers.  It  has  the  possibility 
of  bringing  out  three  or  four  hundred  engineers  of  standing,  and 
according  to  Joseph  Harrington,  chairman,  the  Section  is  fully  alive 
to  this  fact. 

November  17,  1916.  Paper  on  either  Industrial  or  Naval  Pre- 
paredness. President  Jacobus  has  been  invited  to  attend  this 
meeting. 

January  19.  1917.    Garbage  Disposal  in  the  City  of  Chicago. 

March  16,  1917.     Internal  Combustion  Engines  under  50  H.  P. 

May  18,  1917.  The  Proper  Preparation  of  the  Young  Engineer 
for  Engineering  Work. 

CINCINNATI    SECTION 

The  fact  that  the  Spring  Meeting,  1917,  is  to  be  held  in  Cincin- 
nati is  influencing  the  Section's  activities  there.  The  following 
recent  communication  from  Prof.  John  T.  Faig,  Secretary  of  the 
Section  demonstrates  this : 

"  Dominating  all  of  the  activities  of  this  Section  for  the  sea- 
son of  1916-1917  is  the  fact  that  the  Spring  Meeting  for  1917 
will  be  held  in  Cincinnati  next  May.  Already  tentative  plans 
have  been  made  regarding  the  visits  to  some  of  the  most  interest- 
ing plants  and  factories  in  this  vicinity. 

"  Naturall.v  there  are  to  be  found  in  this  vicinity  a  number 
of  large  plants  for  the  building  of  power  machinery,  which  are 
the  successors  of  those  established  b.v  the  river  traffic.  Strangely 
enough,  however,  the  greatest  expansion  in  the  building  of  ma- 
chinery has  been  along  an  entirely  different  lin«.  that  of  machine 
tools.  This  is  a  comparatively  recent  development,  extending 
over  the  last  thirty-five  years,  and  is  the  result  of  the  foresight, 
perseverance  and  business  ahUity  of  a  group  of  men  who  are 
still  living.  During  that  short  space  of  time  they  have  built  up 
factories  whose  products  are  known  all  over  the  world.  Fifteen 
thousand  men  are  emplo.ved  in  this  field,  and  the  annual  output  of 
the  factories  in  which  they  work  runs  into  many  millions  of 
dollars. 
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"  It  will  be  a  great  pleasure  to  members  of  this  Section  to  show 
to  fellow-members  from  elsewhere  the  results  of  Cincinnati's  ef- 
fort to  do  her  share  in  the  general  industrial  progress  of  the 
country. 

"  The  tentative  schedule  of  papers  for  the  coming  year  in- 
cludes several  on  steam  and  gas  power,  several  on  machine  tool 
development  and  design  and  several  on  administration.  It  is  hoped 
that  the  high  standard  set  during  the  past  .year  will  be  maintained. 
As  stated  before,  however,  the  main  business  of  this  Section  for 
the  coming  season  is  the  organization  of  a  record-breaking  Spring 
Meeting  for  next  May." 

LOS   ANGELES    SECTION 

Four  technical  sessions  will  be  held  in  October,  January,  March 
and  June  respectively.  The  exact  dates  of  these  meetings  are 
not  yet  determined. 

The  weekly  luncheon  meeting  will  be  held  every  Thursday  as 
last  year.  The  members  have  responded  ahl.v  and  willingly  at 
these  luncheon  meetings  and  the  sub.iects  discussed  have  been  prin- 
cipally in  the  lines  of  local  work  in  which  the  members  are 
engaged. 

This  year  the  Section  hopes  to  see  further  progress  in  its  work 
in  connection  with  bringing  together  into  closer  relationship  the 
several  engineering  grganizations  of  the  city. 

MINNESOTA    SECTION 

Professor  Martcnis.  Chairman,  writes  that  the  Section  has  made 
elaborate  plans  for  the  forthcoming  winter.  Here,  too,  the  ac- 
tivities proposed  are  best  expressed  in  the  Professor's  own 
words : 

"  The  Minnesota  Section  of  the  Am.Soc.M.E.  will  inaugurate 
a  season  of  great  activity  at  its  first  meeting  to  be  held  at  the 
Main  Engineering  Building  of  the  University  of  Minnesota  on 
Thursday  evening,  September  14. 

"  Past  experience  seems  to  demonstrate  the  advisability  of  re- 
stricting the  presentation  of  more  than  one  good  technical  paper 
at  each  meeting.  When  more  than  one  paper  is  presented,  there 
is  very  little  time  left  for  discussion,  and  it  is  this  part  of  the 
work  that  should  be  encouraged, 

"  It  is  proposed  to  widen  the  scope  of  papers  to  be  presented, 
so  that  we  may  arouse  a  greater  interest  from  those  who  are 
engaged  in  lines  not  heretofore  discussed.  For  instance,  we  will 
have  a  paper  on  modern  locomotive  practice  to  attract  our  mem- 
bers and  also  prospective  members  who  are  interested  and  en- 
gaged in  this  line  of  work  and  who  would  not  otherwise  attend. 
We  hope  to  develop  the  '  come  to  meetings  '    habit. 

"  A  live  social  affair  will  come  in  January  or  February,  and 
possibly   a  spring  excursion  in  May. 

"  Realizing  the  importance  of  building  up  our  membership,  a 
large  committee  has  been  appointed  to  Interest  the  many  en- 
gineers in  Minnesota  who  are  qualified  to  join  the  Society  and 
who  would  add  materially  to  the  effectiveness  of  the  work  of 
the   Section. 

"  A  plan  must  he  worked  out  which  will  bring  the  members 
scattered  about  the  State  into  closer  working  contact  with  the 
Section. 

"  The  Minnesota  Section  will  continue  to  cooperate  with  other 
engineers   in   holding  occasional   joint   meetings. 

"  The  existence  and  activities  of  the  Section  will  become  bet- 
ter known  through  the  medium  of  the  press,  and  it  is  proposed 
to   appoint   a   committee   for   this   purpose. 

"  The  opportunities  available  for  employment  through  the  col- 
umns of  The  Journal  of  the  Society  will  receive  more  consid- 
eration. 

"  The  coming  year  is  a  most  promising  one,  and  we  wish  to 
make   the   greatest  use  of  it  for  our   Society   and  its  members." 

NEW    ORLEANS    SECTION 

This  newly  organized  Section  has  plans  for  the  coming  year 
which,  it  is  hoped,  will  prove  of  interest  and  benefit  to  the  local 
membership. 

The  dates  for  the  meetings,  with  the  topics  for  discussion,  have 
been  decided  as  follows  : 

Octoier  2,  1916.  Discussion  of  paper  on  The  Design  and  Test 
of  a  Large  Reclamation  Pumping  Plant,  published  in  The  Journal. 

January  15,  1911.     Oil  Burning. 

April  2,  1917.     Preparedness. 

July  2,  1917.     The  A.S.M.E.  Boiler  Code. 

The  meetings  will  be  held  in  the  rooms  of  the  Louisiana  En- 
gineering Society.  The  first  meeting  will  be  a  joint  meeting  with 
the  Louisiana  Association  of  Members  of  the  American  Society 
of  Civil  Engineers.  The  paper  to  be  discussed  is  of  much  in- 
terest to  both  mechanical  and  civil  engineers  in  this  section  of 
the  country. 


It  is  hoped  that  the  I'residcnt  or  Secretary  of  the  Society 
will  be  able  to  attend  one  of  the  meetings  during  the  year. 

NEW    YORK    SECTION 

The  active  season  will  be  opened  with  an  informal  smoker  on 
September  29,  at  which  time  tentative  plans  for  the  coming  year, 
also  for  the  Annual  Meeting  of  the  Society  in  December,  will  be 
discussed. 

The  October  meeting  of  the  Section  will  be  held  on  the  10th. 
Dr.  Charles  L.  Reese,  of  the  E,  I.  du  Pont  de  Nemours  Powder 
Company,  will  speak  on  Explosives,  giving  special  attention  to  the 
use  of  explosives  for  industrial  purposes. 

Monthly  meetings  are  planned,  as  last  year.  These  will  again 
be  preceded  by  the  "  get-together  "  informal  dinners. 

With  the  exception  of  the  President's  reception,  all  excursions 
and  entertainment  features  of  the  Annual  Meeting  are  placed  in 
charge  of  the  New  York  Section  Committee. 

The  Section  has  decided  to  provide  a  mid-day  luncheon  in  the 
Engineering  Societies  Building  on  Wednesday  and  Thursday  of 
the  week  of  the  Annual  Meeting;  the  charge  will  be  nominal.  De- 
tails of  the  excursions  and  entertainments  are  now  being  worked 
out  by  committees. 

PHILADELPHIA    SECTION 

The  Philadelphia  Section  is  particularly  fortunate  in  its  af- 
filiation with  the  Engineer's  Club  of  Philadelphia,  which  is  fur- 
nishing the  Section  with  headquarters  and  keeping  it  in  touch 
with  all  the  engineering  activities  in  the  district.  The  Engineer's 
Club  has  been  exceptionally  liberal  in  its  treatment  of  the  affiliated 
societies,  and  has  developed  a  feeling  of  good  fellowship  among 
the  members  of  those  societies. 

It  is  proposed  to  hold  eight  meetings  of  the  Section  during  the 
season.    The  dates  as  yet  determined  are  : 

October  2Ji,  1916.  The  Development  of  Our  Fleet  and  Naval 
Stations,  by  Prof.  WiUiam  L.  Cathcart. 

November  28,  1916.  Aeroplane  Engines,  by  Mr.  Huntington  of 
the   Aero   Club. 

January  23,  1917.  Coke  Ovens  and  their  By-Products,  by  Mr. 
Ramsberg,   Vice-President  of  the  Koppers  Company. 

February  27,  1917.     A  meeting  on  the  textile  industry. 

March  27,  1917.  District  Heating,  by  Walter  J.  Kline,  of  the 
American  District  Steam  Company. 

April  24,  1917.  Entertainment  for  the  President  of  the 
Am.Soc.M.E.  by  the  Philadelphia  Section. 

May  22,  1917.     Engineering  of  Men,  by  WiUard  Behan. 

Three  of  the  meetings  will  be  in  charge  of  Emmett  B.  Carter, 
Chairman  of  the  Section,  one  in  charge  of  J.  A.  Steinmetz,  one 
in  charge  of  C.  L.  Bruff  and  one  in  charge  of  Prof.  R.  H.  Fernald. 

PROVIDENCE    ENGINEERING    SOCIETY 

The  Providence  Engineering  Society,  affiliated  with  our  So- 
ciety, has  this  year  leased  the  second  floor  of  one  of  the  Rhode 
Island  School  of  Design  buildings,  and  Henry  D.  Sharpe, 
Mem. Am.Soc.M.E.,  has  made  a  generous  gift  to  the  society  of  $1,500 
for  furniture.     A  "  house  warming  "  will  be  held  on  October  11. 

The  Society  plans  one  general  engineering  meeting  a  month 
and  perhaps  three   Section  meetings  a  month. 

This  summer  the  Society  has  increased  its  membership  by  300. 

ST.    LOUIS    SECTION 

The  St.  Louis  Section  will  endeavor  to  cultivate  more  than 
ever  the  spirit  of  sociability,  as  well  as  to  awaken  a  more  pro- 
nounced feeling  of  solidarity.  The  Section  considers  the  latter 
particularly  desirable  today  in  view  of  the  important  changes 
which  are  taking  place  in  the  structure  of  our  social  and  indus- 
trial  institutions. 

H.  R.  Setz,  Chairman,  reports  that  the  tentative  program  for 
the  season's  activities  has  been  drawn  up  and  is  now  being  con- 
firmed. 

WORCESTER   SECTION 

The  Worcester  Section  enters  upon  its  second  year  with  the 
assurance  of  a  successful  season.  Paul  B.  Morgan,  Chairman, 
announces   that   the    Section   will   this   year   take   full   advantage 
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of   the    ciivmnstance    that    it    is   located    in    the   cpnter   of    :iii    in- 
ventive  field.      Mr.   Jlorgan    writes: 

That  portion  of  Central  Massachusetts,  known  as  Worcester 
I'oiinty.  has  in  the  past  lieen  famous  for  men  who  have  made 
inventions  which  have  fairly  revolutionized  methods  in  the 
branches  of  industry  affected.  At  the  present  time  there  is  no 
cessation  of  the  exercise  of  this  same  inventive  faculty  here. 
It  has  been  jjlanned  hy  tlie  Local  Section  Committee  to  center 
its  activities   for   the   present   season   about  this   fact. 

■'  The  first  meeting  will  be  held  about  the  middle  of  Novem- 
ber, when  it  is  hoped  that  as  one  feature  a  paper  will  be  pre- 
sented outlining  what  has  been  accomplished  here  in  the  past. 
This  meeting  will  lie  followed  by  two  others,  one  in  February 
and  another  in  April,  at  which  will  be  considered  important  me- 
chanical developments  of  the  present  da.v  Vfhich  are  being  worked 
out  here  by  men.  most  of  whom  are  members  of  our  Society. 
Many  of  us  have  but  a  fragmentary  conception  of  the  magnitude 
of  these  developments  and  it  is  hoped  that  we  shall  be  able  to 
bring  this  matter  before  our  Section  members.  An  exposition 
of  this  sort  will  doubtless  stimulate  all  and  particularly  our 
younger  members,  and  increase  the  interest  in  the  Society  among 
outsiders. 

"  We  look  forward  confidently  to  a  considerable  increase  in 
mendiership  duriug  the  coming  season." 

At  the  time  of  going  to  press,  the  final  programmes  of 
activities  of  the  Sections  at  Boston,  Detroit,  San  Francisco  and 
New  Haven  had  not  been  received.  It  is  planned  to  publish 
these  next  month,  however. 


STUDENT    BRANCHES 

The  Kansas  Stalf  Aurkiiltiiral  CoUcffe  Sttnhiit  liianch  will 
hold  a  weekly  meeting  throughout  the  college  year  in  order  to 
enable  the  mechanical  engineering  students  to  become  familiar 
with  the  various  phases  of  the  profession  and  with  tlie  ideals  and 
ethics  of  master  engineers.  Two  of  the  meetings  each  month 
will  be  devoted  to  the  discussion  of  papers  appearing  in  The 
.Tournal  and  to  the  presentations  of  new  papers  by  student  mem- 
bers of  the  Society,  The  other  two  meetings  will  be  devoted  to 
talks  by  members  of  the  engineering  faculty  and  outside  en- 
gineers. 

At  the  fiyracuse  University  ^ittitlcnt  Branch,  the  following 
will  be  undertaken:  (1)  Presentation  of  technical  papers  by 
members  of  the  branch  and  discussion:  (2)  lectures  by  en- 
gineers, possibly  men  sent  by  the  Society;  (3)  discussion  of  the 
broader  engineering  subjects  dealing  with  the  engineer  and  the 
public;  (4)  cooperation  with  either  the  college  or  city  Y,  M,  C,  A. 
in  educational  work  among  the  foreign  industrial  class,  with  a 
siiirit    of   friendly   interest   in   the   men. 

Tliroiiii  CoUeric  of  Tvchnologn  Student  Branch  will  hold 
monthly  meetings,  some  of  them  joint  meetings  with  the  student 
branch  of  the  A.  I,  E,  E,  In  addition  excursions  will  be  madi' 
to  manufacturing  plants  in   the  vicinity  of  the  college. 

The  general  plan  at  the  Vniversiti/  of  Kansas  Student  Branch 
this  year  will  be  to  have  meetings  every  Thursday  evening.  Three 
meetings  each  month  will  be  in  charge  of  the  students  and  be 
given  up  to  discussions  of  particular  subjects  ;  at  the  fourth  meet- 
ing the  discussions  will  be  more  general.  The  branch  expects  to 
hold  an  annual  meeting  in  February  or  March,  and  needs  a  speaker 
with  a  message  to  the  students  to  complete  the  program. 

Stevens  Institute  of  Technology  Student  Branch  is  going  to 
devote  all  its  energies  to  arranging  for  an  interesting  series  of 
inspection  trips  and,  if  possible,  a  few  lectures  on  engineering 
topics.  It  has  also  determined  to  interest  more  of  the  seniors 
in  membership  in  the  Society. 

University  of  California  Student  Branch.  It  is  proposed  that 
at  each  of  four  meetings  during  the  semester  two  students  shall 
present  papers  upon  such  topics  as  they  themselves  shall  select, 
there  shall  be  a  short  talk  or  lecture  by  some  member  of  the 
faculty,  and  discussion  of  the  papers  presented.  For  each  of 
the  other  three  meetings  of  the  half  year,  it  is  proposed  to  invite- 
some  prominent  membei-  of  the  profession  to  deliver  a  lecture 
upon  a  practical  subject  of  general  interest,  with  the  oppor- 
tunity  for   discussion   or  questions. 

The  Student  Branch  at  the  University  of  Nebraska  is  looking 
forward  to  the  coming  year  with  pleasure.  Even  at  this  early 
date  a  spirit  of  fellowship  exists,  which  promises  to  bring  suc- 
cess to  all  society  activities.  Meetings  will  be  held  the  first 
Tuesday  of  each  month,  at  which  time  talks  will  be  given  by 
men  with  practical  engineering  experience.  It  is  the  aim  of  the 
branch  to  get  every  mechanical  engineer,  including  freshmen,  into 


the  spirit  of  the  work  and  t..  have  them  attend  the  niieiings 
regularly.  The  first  meeting,  to  be  held  on  September  I'.t.  will 
be  a  get-together  meeting  and  short  talks  will  be  given  by  the 
members  concerning  their  summer's  work  :  later  the  faculty  will 
be  introduced  and  short  talks  from  them  will  be  in  order.  It  is 
intended  to  hold  a  smoker  the  second  week  of  school  and  get 
every  M,  E.  student  interested  in  the  Society  and  its  affairs. 

Although  the  schedule  of  the  University  of  Cincinnati  Student 
Branch  has  not  yet  been  completed,  it  is  planned  to  start  work 
on  September  25  with  a  membership  campaign.  Duriug  the  year, 
papers  on  motor  car  engines,  production  work,  the  development 
of  the  machine  tool  industry  in  Cincinnati,  and  various  other 
topics  will  be  read  before  the  branch.  The  discussion  of  the  sub- 
jects wUl  be  general  enough  to  interest  all  the  members,  A 
series  o£  trips  to  new  factories  is  being  arranged.  The  Spring 
Meeting  of  the  Am.Soc.M.E,  will  be  held  in  Cincinnati  in 
May  and  the  local  student  members  are  planning  to  attend  many 
of  the  sessions ;  invitations  will  be  extended  to  the  student 
branches  in  the  vicinity  to  fraternize  with  the  Society's  branch 
duriug  the  meeting,  and  a  smoker  in  honor  of  visiting  members 
will  be  held  at  the  University. 

Leland  Stanford  Junior  Student  Branch  will  hold  meetings  of 
a  professioual  or  technical  character  every  two  weeks.  At  one- 
half  of  these  meetings  the  students  will  assume  full  responsi- 
bility for  the  material  to  be  presented,  together  with  the  discus- 
sion of  it.  For  the  remaining  one-half  it  is  expected  that  the 
material  presented  will  be  in  the  form  of  addresses  or  papers  by 
engineers  of   San   Francisco   and   vicinity. 

There  are  at  Stanford  Universit.v  five  engineering  societies  com- 
posed of  students  specializing  respectivel.v  in  civil,  mining,  me- 
chanical, electrical  and  chemical  engineering ;  and  it  is  the  pur- 
pose during  the  year  to  foster  and  stimulate  cooperative  action 
among  these  societies  with  a  view  to  holding  a  number  of  engi- 
neering assemblies.  At  least  one  joint  social  meeting  with  A.  I. 
E.  E.  Student  Branch  is  contemplated. 

Virginia  Polytechnic  Institute  Student  Branch  proposes  to  ha\e 
a  number  of  addresses  by  prominent  men  and  to  continue  the  prac- 
tice of  having  papers  by  students  themselves,  which  has  been 
found  very  valuable.  The  administration  of  the  institute  has 
shown  its  appreciation  of  the  work  of  the  branch  by  offering  a 
prize  of  a  subscription  to  The  .Toiu'ual  to  the  three  best  men  in 
the  year. 

A  meeting  or  excursion  every  two  weeks  is  planned  by  the 
Massachusetts  Institute  of  Technology  Student  Branch.  The  plan 
of  having  the  students  conduct  the  entire  programme  themselves,  so 
successful  last  year,  will  be  continued.  Prominent  engineers  %vill 
be  invited  to  address  the  meetings,  and  the  excursions  will  be 
made  to  power  houses  or  manufacturing  establishments  near 
Boston. 

The  University  of  Illinois  Student  Branch  began  the  year  with 
a  business  meeting  on  September  2S.  when  iilans  for  the  coming 
season  were  discussed. 

Seven  or  eight  meetings  are  to  be  held  during  the  first  semester, 
and  approximately  the  same  number  in  the  second.  It  is  hoped  at 
every  one  of  these  meetings  to  have  presented,  in  the  main  by  the 
student  members  themselves,  at  least  one  paper  on  a  subject  of 
an  engineering  nature. 

The  Ohio  State  Unirersity  Studint  Branch  will  duplicate  the 
practice  of  last  .vear  b.v  having  meetings  every  two  or  four  weeks. 
At  these  meetings  student  members  W'ill  either  describe  their 
observations  or  experiences  in  engineering  work,  read  a  paper 
giving  the  result  of  their  inquiry  and  reading  in  the  library,  or 
read  the  text  of  a  lecture  furnished  by  the  society,  or  addresses 
will  be  made  to  the  branch  by  local  or  visiting  engineers. 

Copies  of  The  Journal  and  other  periodicals  will  be  kept  on 
file  in  the  laboratory  so  that  students  may  be  encouraged  to  study 
their  contents. 

The  above  gives  the  plans  of  thirteen  out  of  the  forty- 
Student  Branches.  The  remaining  branches  are  expecting  to 
resume  work  during  the  present  month,  and  we  hope  to  be 
able  to  give  reports  of  their  prospects  in  the  next  issue  of 
The  Journal,  

J,  Sellers  Bancroft  and  Henry  Hess  were  guests  of  the  Tenth 
i\iinual  Convention  of  the  Illuminating  Engineering  Society, 
held  in  Philadelphia,  Seiit ember  18  to  20. 
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MEMBERS  will  soon  be  makiiii;'  their  iilans  to  attend  the 
Annnal  Meeting,  and  to  help  them  we  i;ive  a  few  of 
the  features  of  the  meeting,  in  the  hope  that  all  will  be  jier- 
suaded  that  the  convention  will  be  well  worth  while. 

To  i)rovide  the  mental  stimulus,  the  Committee  on  Meet- 
ings, with  its  ten  sub-eommittees,  has  been  working  for 
several  months,  and  a  glance  at  the  papers  they  have  secured 
will  convince  anyone  that  considerable  benefit  will  he  'erived 
from  attendance  at  the  meeting. 

Parallel  with  the  professional  sessions,  the  Entertainment 
Committee  has  been  working  assiduously  to  provide  an  ideal 
social  programme,  and  will  assure  that  all  visitors  will  be  made 
at  home  and  have  a  good  time. 

A  synopsis  of  the  programme  of  the  meeting  is  given  below. 
In  this  synopsis  titles  and  days  on  which  events  are  to  occur 
are  given,  for  the  benefit  of  members  who  may  have  to  make 
special  arrangements. 

OPENING    FEATURES 

On  Tuesday,  December  .5,  headquarters  will  o|ien  a(  the 
Engineering  Societies  Building,  and  registration  will  be  com- 
menced. There  will  be  a  Council  Meeting  and  a  Conference 
of  Sections. 

In  the  evening  the  President  of  the  Society,  Dr.  D.  S. 
Jacobus,  will  deliver  his  presidential  address  on  the  subject 
of  the  Relation  of  Education  to  Engineering.  Following  the 
address  there  will  be  a  reception  by  the  Society  to  the  Presi- 
dent, President-Elect,  ladies,  members  and  gue.sts. 

On  the  morning  of  Wednesday,  December  6,  a  business 
meeting  will  be  held.  At  this  the  reports  of  the  Council  and 
Committees  for  the  year  will  be  presented,  new  officers  elected, 
etc.  Following  the  business  meeting  there  will  be  a  brief 
memorial  meeting  as  a  mark  of  respect  to  the  memory  of  the 
late  Dr.  .John  Edson  Sweet,  Past-President  and  Honorary 
Member  of  the  Society. 

PROFESSIONAL    FEATURES 

An  all-day  Valuation  Session  will  be  held  on  Thursday, 
December  7.  The  Committee  on  Meetings  has  taken  special 
jjains  to  secure  authoritative  papers  for  this  session,  and  a 
number  of  representative  engineers  will  contribute  valuable 
discussion.  The  titles  of  papers  to  be  presented  include  Ac- 
curate Appraisals  by  Short  Methods;  Industrial  Valuation 
Differs  from  Public  Utility  Valuation ;  Perpetual  Inventory 
Value  vs.  Appraisal  Value;  Engineering  pjconomics  of  Partial 
Construction;  Amortization  and  Depreciation;  Production 
Capacity  as  a  Measure  of  Value  of  Industrial  Property. 

A  Gas  Power  Session  will  be  held  on  Thursday  afternoon. 
The  Sub-Committee  on  Gas  Power  has  worked  diligently  to 
secure  the  success  of  this  session  and  deserves  special  credit 
for  its  accomplishments.  The  titles  of  papers  expected  in- 
clude Tar  Forming  Temperatures  of  Coals;  Marme  Diesel 
Engines;  Results  with  Heavy  Oil  Engines;  Experiences  with 
the  Hum|)hrey  Pump;  Theory  of  Ignition  in  Internal  Com- 
bustion Engines;  Gas  Tractors;  Commercial  Methods  of  Sam- 
pling and  Analyzing  Producer  Gas,  etc. 

Two  Machine  Shop  Sessions  will  be  held,  one  on  Wednes- 
day nfternoon   and  one  on   Thursday  afternoon.     The   Sub- 


Committee  on  Machine  Shoii  Practice  has  been  fortunate  in 
securing'  two  leading  authorities  to  present  the  subject  of 
Standardization  of  Machine  Tools;  the  chairman  himself  will 
discuss  the  Classification  of  Machine  Shop  Practice,  and  there 
will  be  miscellaneous  ]iapers. 

A  Textile  Session  will  be  held  on  Wednesday  afternoon. 
This  session  is  in  charge  of  the  Sub-Committee  on  Textiles, 
which  announces  three  papers,  including  Relations  of  Impor- 
tance between  Moisture  in  the  Air  and  Moisture  in  Materials, 
and  Experiments  to  Determine  the  Relative  Heat  Transmission 
throug?!  Various  Types  of  Sash. 

A  Railroad  Session,  the  papers  for  which  have  been  secured 
by  the  Sub-Committee  on  Railroads,  will  be  held  on  Friday 
morning.  The  topics  of  papers  include  Pulverized  Fuel  for 
Locomotives.  Clasp  Brakes,  and   Electric  Locomotives. 

Papers  not  contributed  by  Sub-Committees,  including  this 
year  a  number  of  titles  of  sutificient  diversity  to  insure  inter- 
est for  every  one,  and  yet  each  one  constituting  an  authorita- 
tive opinion  on  its  special  subject,  will  be  presented  at  three 
Miscellaneous  Sessions,  planned  for  Wednesday  morning, 
Wednesday  afternoon  and  Friday  morning.  It  is  always  a 
matter  of  ditticulty  to  grouji  such  papers  into  sessions,  but 
unfortunately  the  limitations  imposed  upon  the  Committee  by 
the  large  number  of  papers  offered,  and  the  impossibility  of 
devoting  an  entire  session  to  the  discussion  of  one  paper  only, 
render  it  necessary  to  group  the  papers  as  may  seem  best. 
Titles  of  these  papers  include  The  Proportioning  of  Surface 
Condensers;  Small  Steam  Turbines;  Graphic  Methods  of 
Power  Plant  Design ;  Ratio  of  Specific  Heats  and  Coefficient 
of  Viscosity  of  Natural  Gas;  Intei-nal  Combustion  Engines, 
and  The  Impact  Tube. 

A  session  in  charge  of  the  Sub-Committee  on  Protection  of 
Industrial  Workers  will  be  held  on  Wednesday  morning. 

On  Friday  morning  there  will  be  a  session  for  the  presenta- 
tion of  papers  relating  to  steam  boiler  subjects;  tliis  session 
will  be  in  charge  of  the  Boiler  Code  Committee.  On  Friday 
afternoon  there  will  he  a  public  hearing  on  the  revision  of 
the  Boiler  Code. 

Manuscripts  of  papers  are  being  sent  to  the  prmter  as  soon 
as  released  by  the  Committee  on  Meetings,  and  it  is  antici- 
pated that  all  the  papers  will  be  available  in  pamphlet  form 
in  advance  of  the  meeting  for  distribution  to  members  desir- 
ing to  contribute  discussion.  P^uither,  comprehensive  ab- 
stracts will  be  published  in  The  .lournal  before  the  meeting. 

ENTERTAINMENT    FEATURES 

The  rece|ition  on  Tuesday  evening  will  be  followed  by 
dancing  and  a  collation.  On  account  of  the  difficulty  of 
handling  this  affair  in  the  Society's  rooms,  due  to  the  con- 
gestion from  the  increasingly  greater  number  attending,  the 
reception  and  dance  will  this  year  be  held  on  the  fifth  floor 
of  the  Engineering  Societies  Building,  as  will  also  the  Wednes- 
day and  Thursday  evenhig  functions.  Luncheons  are  also  to  be 
served  on  the  fifth  lloor  between  the  forenoon  and  afternoon 
professional  sessions  on  Wednesday  and  Thursday. 

The  success  of  last  year's  smoker  has  decided  the  repeating 
of  this  form  of  entertainment  for  Wednesday  evening.  A  fea- 
l\ire  of  the  program  will  l)e  a  short  talk  by  Frank  B.  Gil- 
bretlu  Mem.Am.Soc.M.E..  who  will  rccoinit  his  experiences  in 
Germany  during  the  Kurojiean   W'ai'. 
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On  Thursday  evening  there  will  be  an  illustrated  lecture 
by  Dr.  John  A.  Brashear  on  "  The  Science  of  the  Beautiful  in 
the  Familiar  Things  of  Everyday  Life."  Those  who  have 
listened  to  "  Uncle  John  "  before  will  look  forward  with  the 
keenest  anticipation  to  this  address,  in  which  it  will  be  the 
Doctor's  purpose  to  show  by  experimental  physical  demon- 
strations how  much  we  miss  in  the  path  of  everyday  life  in 
that  which  is  beautiful  all  around  us,  and  to  induce,  if  pos- 
sible, every  engineer  to  have  a  hobby  outside  of  his  everyday 
calling. 

Following  this  lecture,  which  will  be  given  in  the  Auditorium 
of  the  Engineering  Societies  Building,  there  will  be  a  reunion 
and  informal  dance,  with  light  refreshments,  on  the  fifth  floor. 

Other  entertainment  features  include  the  usual  conducted 
excursions  to  points  of  interest,  the  college  reunions,  which,  by 
the  way,  are  increasing  in  number  each  year,  and  a  smoker 
as  last  year. 

ELECTION    OF    OFFICERS 

Before  the  end  of  this  month,  a  ballot  stating  the  names  of 
candidates  for  the  several  oflSces  falling  vacant  will  be  sent  to 
each  member  entitled  to  vote.  This  ballot  wiU  be  prepared 
from  the  report  of  the  Nominating  Committee,  charged  by 
President  Jacobus  with  the  duty  of  nominating  candidates  for 
the  vacancies. 

It  will  be  recalled  that  the  Nominating  Committee  was  this 
year  appointed  by  the  President,  and  its  members  were  chosen 
by  the  five  groups  of  the  different  geogi'aphic  sections  of  the 
Society,  with  the  object  of  securing  the  greatest  possible  de- 
mocracy. The  committee  consisted  of  Walter  B.  Snow,  Chair- 
man, representing  the  Boston,  New  Haven  and  Worcester 
Sections;  H.  M.  Montgomery,  representing  the  Chicago,  Mil- 
waukee and  Minnesota  Sections;  E.  H.  Ohle,  representing  the 
Atlanta,  Birmingham,  St.  Louis  and  Cincinnati  Sections;  J.  T. 
Whittlesey,  representing  the  San  Francisco  and  Los  Angeles 
Sections,  and  D.  Robert  Yarnall,  representing  the  New  York, 
Philadelphia  and  Buffalo  Sections.  The  report  from  the  Chair- 
man follows: 

To  THE  Secretary: 

Dear  Sir:  Acting  for  the  Nominating  Committee,  which 
you  advised  upon  February  24,  1916,  of  their  appointment  by 
the  President,  I  have  the  honor  to  submit  the  following  report. 

As  the  result  of  several  meetings  at  New  Orleans  in  April, 
and  subsequent  personal  interviews  on  the  part  of  individual 
members,  the  following  names  of  nominees  for  the  various 
elective  ofBces  next  falling  vacant  under  the  Constitution,  to- 
gether with  the  written  consent  of  each  nominee,  are  herewith 
presented : 

For  President,  for  one  year: 

Ira  N.  Hollis,  Worcester,  Mass. 

For  Vice-Presidents,  for  two  years: 

Charles  H.  Benjamin,  Lafayette,  Ind. 
Arthur  M.  Greene,  Jr.,  Troy,  N.  Y. 
Charles  T.  Plunkett,  Adams,  Mass. 

For  managers,  for  three  years : 

Robert  H.  Fernald,  Philadelphia,  Pa. 
William  B.  Gregoet,  New  Orleans,  La. 
C.  R.  Weymouth,  Berkeley,  Cal. 


For  Treasurer: 

William  H.  Wiley,  New  York,  N.  Y. 

Respectfully  submitted. 

For  the  Committee, 
(Signed)     Walter  B.  Snov?,  Chairman. 

A  brief  account  of  the  professional  careers  of  each  of  the 
nominees  is  given  below.  Members  are  asked  to  read  these 
accounts  carefully,  especially  of  candidates  not  known  to  them 
personally,  so  that  when  they  receive  their  ballots  they  may 
vote  intelligently. 

lEA    NELSON    HOLLIS 

Ira  Nelson  HolHs,  president  of  Worcester  Polytechnic  In- 
stitute, was  bom  in  Mooresville,  Md.,  in  1856.  He  received  his 
early  education  in  the  public  schools  of  LouisviUe,  Ky..  and 
in  1874  was  appointed  cadet  engineer  at  the  U.  S.  Naval  Acad- 
emy, from  which  he  was  graduated  in  1878.  Two  years  later 
he  was  commissioned  assistant  engineer  in  the  United  States 
Navy,  and  in  1888  passed  assistant  engineer.  He  resigned 
from  the  navy  in  1893  to  accept  an  appointment  as  professor 
of  engineering  at  Harvard  University,  and  in  1913  was  called 
to  his  present  position. 

During  the  fifteen  years  after  graduation  from  the  Naval 
Academy,  he  served  in  various  positions  connected  with  the 
design,  inspection  and  operation  of  marine  machinery,  and  was 
chief  engineer  of  two  ships. 

Dr.  Hollis  received  the  honorary  degree  of  Master  of  Arts 
from  Harvard  University  in  1899,  the  degi-ee  of  L.H.D.  from 
Union  College  in  the  same  year,  and  the  degree  of  Doctor  of 
Science  from  the  University  of  Pittsburgh  in  1912. 

He  was  elected  to  membership  in  The  American  Society  of 
Mechanical  Engineers  in  1884,  and  was  Vice-President  of  the 
Society  from  1911  to  1913.  He  is  at  present  serving  on  the 
Committee  on  Constitution  and  By-Laws. 

He  is  a  Fellow  of  the  American  Academy  of  Arts  and 
Sciences,  and  a  member  of  the  Society  of  United  States  Naval 
Engineers,  the  American  Society  of  Naval  Architects  and 
Marine  Engineers,  the  Boston  Society  of  Civil  Engineere,  and 
the  Society  for  the  Promotion  of  Engineering  Education. 

Dr.  Hollis  is  the  author  of  History  of  the  Frigate  Constitu- 
tion (1900),  and  War  College  Lectures  on  Naval  Ships  (1912), 
as  well  as  of  a  paper  read  before  the  Society  in  1909,  entitled 
Cast-iron  Fittings  for  Superheated  Steam,  and  others  dealing 
with  naval,  educational  and  engineering  subjects. 

CHARLES  HENRY  BENJAMIN 

Charles  Henry  Benjamin,  dean  of  the  schools  of  engineering 
and  director  of  engineering  laboratories,  Purdue  University, 
was  born  at  Patten,  Me.,  in  1856.  After  serving  an  appren- 
ticeship of  three  years  with  Benjamin  &  Allen,  of  Oakland, 
Cal.,  he  matriculated  at  the  University  of  Maine,  from  which 
he  was  graduated  in  1881  with  the  degree  of  Mechanical  Engi- 
neer. He  was  retained  by  this  institution  in  the  successive 
capacities  of  instructor  and  professor  of  mechanical  engineer- 
ing until  1886,  when  he  resigned  to  become  mechanical  engineer 
for  the  McKay  Machine  Co.,  of  Boston,  Mass. 

In  1889  Dr.  Benjamin  was  appointed  professor  of  mechan- 
ical engineering  at  Case  School  of  Applied  Science,  where  he 
remained  until  1907,  the  year  in  which  he  became  connected 
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with  Pnrdue.  The  deg:ree  of  Doctor  of  Engineering  was  con- 
ferred on  him  by  Case  School  of  Applied  Science. 

He  was  elected  to  membership  in  The  American  Society  of 
Mechanical  Engineers  in  1892.  He  is  also  a  member  of  the 
Engineers'  Society  of  Cle%'eland,  the  Western  Railway  Club, 
the  Master  Car  Builders'  Association,  and  the  Master  Me- 
chanics' Association. 

He  is  the  author  of  Modern  American  Machine  Tools 
(1906),  Machine  Design  (1906),  The  Steam  Engine  (1909), 
and  of  the  following  papers  read  before  the  Society :  Elec- 
tricity vs.  Shafting  in  the  Machine  Shop  (1897) ;  Friction 
Horsepower  in  Factories  (1897) ;  Experiments  on  Cast  Iron 
Cylinders  (1898)  ;  Bursting  of  Small  Cast  Iron  Flywheels 
(1899);  Friction  of  Steam  Packings  (1900);  Some  Experi- 
ments on  Ball  Step-Bearings  (1901) ;  The  Bursting  of  Small 
Cast  Iron  Flywheels  (1902) ;  Experiments  on  Spiral  Springs 
(1902) ;  The  Bursting  of  Emery  Wheels  (1903)  ;  Smoke  and 
Its  Abatement  (1905). 

He  has  been  a  frequent  contributor  to  technical  journals, 
and  his  researches  have  dealt  with  lubrication,  locomotive 
headlights,  and  other  topics  not  indicated  in  the  foregoing  list 
of  publications. 

ARTHUR    MAURICE    GREENE,    JR. 

Arthur  Maurice  Greene,  -Jr.,  professor  of  mechanical  engi- 
neering at  Rensselaer  Polytechnic  Institute,  was  born  in  Phila- 
delphia, Pa.,  in  1872.  He  was  educated  at  the  University  of 
Pennsylvania,  receiving  the  degree  of  Bachelor  of  Science  in 
1893,  and  that  of  Mechanical  Engineer  a  year  later.  He  was 
instructor  in  mechanical  drawing  for  one  year  at  Drexel  Insti- 
tute, and  then  instructor  in  mechanical  engineering  at  the 
University  of  Pennsylvania  until  1902.  From  1902  to  1907  he 
was  professor  of  mechanical  engineering  at  the  University  of 
Missouri  (junior  dean,  1906-1907),  resigning  therefrom  in  the 
latter  year  to  assume  his  present  position.  He  was  assistant 
engineer  of  the  PMladelphia  Traction  Company  at  different 
periods  between  1893  and  1909,  and  mechanical  engineer  and 
chairman  of  a  group  jury  of  the  National  Export  Exposition 
in  1899. 

Professor  Greene  entered  the  Society  as  a  junior  in  189.5, 
and  was  elected  to  full  membership  in  1903.  He  has  been  a 
Manager  since  1913,  and  is  at  present  serving  on  the  Research 
and  Boiler  Code  Committees,  as  well  as  Society  Representative 
on  the  Constitutional  Convention  and  on  the  Joint  Conference 
Committee  of  the  Society  and  the  American  Society  for  Test- 
ing Materials. 

He  is  a  Fellow  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  a  member  of  the  Society  for  the 
Promotion  of  Engineering  Education,  and  of  The  Franklin 
Institute. 

He  is  the  author  of  Pumping  Machinery  (1911),  Elements 
of  Heating  and  Ventilation  (1912),  and  Heat  Engineering 
(1915) ;  also,  at  an  earlier  date,  in  collaboration  with  H.  W. 
Spangler,  of  Elements  of  Steam  Engineering.  In  1907,  he 
presented  a  paper  before  the  Society  entitled  Entropy  Lines 
of  Superheated  Steam. 

CHARLES    T.    PLUNKETT 

Charles  T.  Plunkett,  cotton  manufacturer,  was  born  in 
Adams,  Mass.,  in  1855,  and  was  educated  in  the  high  school 
of  that  city.  He  has  been  identified  with  cotton  manufactur- 
ing in  Adams  since  1877,  and  has  given  much  study  to  the 
mechanical  and  hydraulic  problems  of  mill  work,  resulting  in 


improved  mill  construction  and  in  new  designs  of  water-wheel 
casings  and  draft  tubes. 

Mr.  Plunkett  was  elected  to  membership  in  the  Society  in 
1909.  He  was  made  a  member  of  the  Sub-Committee  on  Tex- 
tiles in  1912,  of  which  committee  he  has  been  chairman  since 
1913.  He  was  president  of  the  National  Association  of  Cotton 
Manufacturers  in  1908  and  1909,  and  is  a  member  of  engi- 
neers' clubs  in  New  York  and  Boston. 

He  is  president  of  the  Berkshire  Cotton  Manufacturing 
Company,  of  Adams,  and  of  the  Industrial  Mutual  Insurance 
Company,  of  Boston ;  also  a  director  of  the  Greylock  National 
Bank,  the  Cotton-Woolen  Mutual  Fire  Insurance  Company, 
and  the  Rubber  Mutual  Fire  Insurance  Company. 

ROBERT    HEYWOOD    FERNALD 

Robert  Heywood  Fernald,  professor  of  dynamical  engineer- 
ing at  the  University  of  Pennsylvania  and  consulting  engineer 
of  the  U.  S.  Bureau  of  Mines,  was  born  in  Orono,  Me.,  in  1871. 
After  being  graduated  from  the  University  of  Maine  in  1892, 
he  spent  one  year  as  graduate  student  at  the  Massachusetts 
Institute  of  Technology,  and  then  accepted  appointment  as 
instructor  in  mathematics  and  mechanical  engineering  at  Case 
School  of  Applied  Science.  In  1896  he  became  assistant  pro- 
fessor of  mechanical  engineering,  leaving  that  institution  in 
1900  to  take  up  graduate  study  at  Columbia  University.  From 
1902  to  1908  he  was  professor  of  mechanical  engineering  at 
Washington  University,  when  he  was  appointed  to  the  same 
chair  at  Case  School  of  Applied  Science.  In  1912  he  accepted 
the  position  he  now  holds.  From  1902  to  1909  he  was  also 
engineer  in  charge  of  the  teclmologic  branch  of  the  U.  S. 
Geological  Survey,  and  since  1912  he  has  been  consulting  en- 
gineer of  the  first  division  of  the  U.  S.  Bureau  of  Mines.  In 
1898  he  received  the  degree  of  Mechanical  Engineer  from  Case 
School  of  Applied  Science,  and  in  1901  and  1902  the  degi-ees 
of  Master  of  Arts  and  Doctor  of  Philosophy,  respectively, 
from  Columbia  University. 

Doctor  Femald  became  a  junior  member  of  the  Society  in 
1900,  and  was  elected  to  full  membership  in  1903.  He  has 
served  on  many  committees  in  the  past,  and  at  present  is  a 
member  of  the  Committee  on  Meetings  and  the  Special  Com- 
mittees on  Am.Soc.M.E.  Jimior  and  Student  Prizes.  He  is 
also  chairman  of  the  Philadelphia  Section  of  the  Society. 

He  is  a  Fellow  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  a  member  of  the  Society  for  the 
Promotion  of  Engineering  Education,  the  American  Society 
for  Testing  Materials,  The  Franklin  Institute,  the  Engineers' 
Club  of  Philadelphia,  and  the  Philadelphia  Chamber  of  Com- 
merce. In  1912  he  was  president  of  the  Cleveland  Engineer- 
ing Society. 

He  has  been  engaged  almost  continuously  for  fifteen  years 
in  research  work  in  connection  with  the  Bureau  of  Mines,  and 
is  the  author  of  numerous  monographs  on  fuels,  producer  gas 
for  power  purposes,  gas-engine  investigations,  etc.,  in  addi- 
tion to  the  following  papers  presented  before  the  Society: 
Method  of  Determining  the  Temperature  of  Exhaust  Gases 
(1902) ;  Working  Details  of  a  Gas  Engine  Test  (1902) ;  Re- 
sults of  the  Preliminary  Producer  Gas  Tests  of  the  United 
States  Geological  Survey  Coal  Testing  Plant  at  St.  Louis 
(1906). 

WILLIAM     BENJAMIN    GREGORY 

William  Benjamin  Gregory,  professor  of  experimental  engi- 
neering at  Tulane  University,  was  born  at  Penn  Yan,  N.  Y., 
in  1871.     His  education  was  received  at  Cornell  University, 
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from  which  lie  was  graduated  in  18!U  with  the  deg:i-ee  of  Me- 
chanical Engineer  (M.M.E.,  1908).  From  1894  to  1897  he  was 
instructor  in  drawing  at  Tulane  University,  from  1897  to  1902 
assistant  professor  of  experimental  engineering,  from  1902  to 
1905  associate  professor,  and  since  that  date  full  professor. 
His  vacations  have  been  largely  spent  in  erecting  sugar  ma- 
chinery and  power  plants  and  in  drainage  investigations.  In 
addition  to  his  educational  activities  he  has  sen-ed  as  consult- 
ing engineer  for  the  Mississippi  River  Commission  on  tests  of 
hydraulic  dredges  and  accessory  machinery. 

Professor  Gregory  was  elected  to  junior  membership  in  the 
Society  in  1895,  and  to  full  memberehip  in  1903.  He  was  a 
member  of  the  Nominating  Committee,  and  chairman  of  the 
Special  Committee  for  the  Sprmg  Meeting  of  1916. 

He  is  a  member  of  the  American  Society  of  Civil  Engineers, 
the  American  Society  for  Testing  Materials,  the  Louisiana 
Engineering  Society  (president,  1910),  and  the  New  Orleans 
Academy  of  Sciences  (president.  1914). 

His  investigations  have  been  largely  along  hydraulic  lines, 
dealing  with  drainage,  rice  irrigation,  the  raising  of  large 
volumes  of  water  through  small  lifts,  and  with  the  allied  sub- 
jects dealt  with  in  the  following  papers  which  he  has  pre- 
sented before  the  Society :  Tests  of  a  Centrifugal  Pump 
(1901) ;  Pitot  Tube  (1904) ;  Test  of  a  Rotary  Pump  (1907) ; 
Some  Pitot  Tube  Studies  (1908)  ;  The  Evolution  of  Low  Lift 
Pumping  Plants  in  the  Gulf  Coast  Country  (1916). 


CLARENCE    RAYMOND    WEYMOUTH 

Clarence  Raymond  Weymouth,  mechanical  engineer,  was 
born  at  Oakland,  Cal,  in  1876.  In  1898  he  was  graduated 
from  the  University  of  California.  recei\-ing  the  degree  of 
Bachelor  of  Science.  For  the  eight  years  prior  to  graduation 
he  served  apprenticeship  periods  in  various  shops  during  vaca- 
tions. In  1899  he  began  work  as  draftsman  for  the  firm  of 
Chas.  C.  Moore  &  Company,  of  San  Francisco,  Cal. ;  in  1902 
he  became  chief  draftsman,  and  a  little  later  inspector  of  work 
under  construction  and  in  charge  of  installation.  In  1909  he 
was  made  chief  engineer  of  the  firm,  which  position  lie  now 
holds. 

Mr.  Weymouth  entered  the  Society  as  a  junior  in  1904,  and 
was  elected  to  full  membership  in  1907.  In  1913-14  he  sen-ed 
as  a  member  of  the  Committee  on  International  Engineering 
Congress,  1915,  and  also  as  member  of  the  committee  in  charge 
of  the  San  Francisco  Section  of  the  Society.  He  has  given 
much  attention  during  the  course  of  his  practice  to  the  use 
of  oil  fuel,  as  the  following  jiapers  presented  by  him  before 
the  Society  attest :  Fuel  Economy  Tests  at  a  Large  Oil  Burn- 
ing Electric  Power  Plant  Having  Steam  Engine  Prime  Movers 
(1908)  ;  Unnecessary  Losses  of  Firing  Fuel  Oil  and  an  Auto- 
matic System  for  Their  Elimination  (1908) ;  Dimensions  of 
Boiler  Chimneys  for  Crude  Oil  (1912). 


WILLIAM    H.    WILEY 

^MUiam  II.  Wiley  was  born  July  10,  1842,  in  New  York 
City,  and  received  his  A.B.  degree  from  the  College  of  the 
City  of  New  York  in  1861,  and  the  degi'ee  of  C.  E.  from 
Rensselaer  Polytechnic  Institute  in  1866.  He  also  studied  as 
a  special  student  at  the  Columbia  School  of  Mines  in  1868. 

At  the  outbreak  of  the  Civil  War  he  joined  the  Seventh 
Regiment  of  New  York  Volunteers,  and  in  1862  was  made  first 
lieutenant.  When  the  regiment  was  mustered  out  in  1864  he 
was  gi\en  the  title  of  !Major  U.  S.  V. 


Since  1876  Major  Wiley  has  been  a  publisher  of  scientific 
works.  He  served  as  a  member  of  the  58th,  59th  and  61st  Con- 
gresses from  New  Jersey.  In  1897  he  was  president  of  the 
International  -Juiy  of  the  Brussels  Exposition,  and  was  a  mem- 
ber of  the  Superior  Jury,  Brussels.  He  was  a  commissioner 
from  New  Jersey  at  the  St.  Louis  Exposition  in  1904. 

Major  Wiley  is  the  author  of  a  book  on  Yosemite,  Alaska, 
and  Yellowstone,  published  in  1888,  and  has  acted  as  New  York 
Correspondent  for  London  Engineering.  He  is  a  member  of 
the  American  Society  of  Civil  Engineers,  the  American  Insti- 
tute of  Electrical  Engineers,  the  American  Institute  of  Mining 
Engineers,  the  American  Association  for  the  Advancement  of 
Science,  the  National  Geographic  Society,  the  Order  of  Leo- 
pold, Belgium,  and  the  Loyal  Legion. 

Major  Wiley  has  been  a  member  of  the  Society  since  its 
organization.  He  was  appointed  on  the  Finance  Committee 
in  1882.  While  sening  as  Chairman  of  this  Committee  he  was 
elected  Treasurer  of  the  Society,  in  1884,  and  has  been  regu- 
larly nominated  and  elected  for  the  period  of  thirty-two  yeai>i 
which  has  since  elapsed. 

KOLL  OF   HONOR 

rllE  Society  is  desirous  of  publishing  lists  of  all  mem- 
bers enlisted  or  eontemplating  enlistment  in  the 
National  Guard,  the  Eegular  Army,  the  Naval  Militia,  the 
Xavy,  or  in  any  other  capacity  in  the  services  of  the  country. 
Every  member  who  is,  or  who  knows  of  any  other  member 
who  is  engaged  in  the  service  of  the  country  is  requested  to 
notify  the  Secretary. 

The  first  Boll  of  Honor  ivas  published  in  the  August  issue 
of  The  Journal,  the  second  in  the  September  issue,  and  the 
third,  comprising  further  names  received  to  date,  appears 
below. 

ADAMS,  CARROLL  E.,  Private,  Battery  A,  Rbode  Island  National 
Guard 

ALLISON,  JOHN  F.,  First  Lieutenant,  3(1  Regiment,  Penn  Machine 
Gun  Company,  Fort  Bliss,  Tex. 

ALLYN,  ROBERT  S..  Major,  9th  Coast  Defense  Command,  C.  A.  C, 
National  Guard,  New  York 

BERGER,  J.  G.,  Aide,  Naval  Consulting  Board,  Mercer  Co.,  N.  J. 

BRENNAN,  JAMES,  Captain  and  A.D.C.,  7th  Iiivision,  U.  S.  A. 

BROOM,  BENJ.  A.,  Field  Aide,  Naval  Consulting  Board,  Woodbury 
Co.,  la. 

BUCKLER,  ALBERT,  Assistant  Superintendent,  U.  S.  Lighthouse  Serv- 
ice 

BURROUGHS,  JOS.  H.,  JR.,  First  Class  Private,  Company  B.  Enginei-r 
Battalion,  National  Guard,  Pennsylvania 

BUSH,  HAROLD  M.,  Major,  Ohio  Battalion  of  Artillery,  National 
Guard 

CLUETT,  SANFORD  L.,  R.  L.  Signal  Corps,  National  Guard.  New 
York 

COMSTOCK,  CHARLES  W.,  Second  Lieutenant,  Field  Artillery.  Na- 
tional Guard,  Colorado 

CRUIKSHANK,  BARTON,  Captain,  R.  L.,  First  Cavalry.  National 
Guard,   New  York 

D.WIS,  FRANCIS  P.,  Second  Lieutenant,  Coast  .\rtillery  Corps,  New 
York  National  Guard.     Assigned  to  33d  Co.,  8th  C.D.C. 

DeWOLF,  ROGER  D.,  Lieutenant,  7th  Division,  .'.d  Battalion.  Naval 
Militia.  New  York 

DOYLE,  M.  A.,   Second  Lieutenant,  Engineers.  U.   S.  Coast  Guard 

DURAND,  W.  F.,  Member,  National  Advisory  Committee  on  .\eronau- 
tics 

E.\GER,  WILLL\M  G.,  Sub-Chairman,  Industrial  Census,  Naval  Con- 
sulting Board,  South  Georgia.     Member,  American  Legion 

EHRMANN,  JOHN  P.,  Ordnance  Department,  Watervliet  .\rsenal 

ITTZGER.VLD,  EDW.\RD  T.,  Captain,  2d  Battalion.  Naval  Militia. 
New  Y'ork 

FRY,  ALFRED  BROOKS,  Captain,  Naval  Militia  and  Engini'crs'  Re- 
serve List,  U.  S.  N. 

FULLER,  RAY  W.,  Captain,  Company  A,  Engineers,  U.  S.  and  Penna. 

GUNBY,  FR.\NK  M.,  Captain,  Artillery  Engineer.  C.  A.  C,  Massachu- 
setts National   Guard 

HALL,  HARRIS  F.,  Captain,  Company  M,  (ith  lufanlry,  Illinois  Na- 
tional Guard 

HUBBELL,  LYM.\N  P.,  Captain.  Quartermaster  Corps,  74th  New  York 
Infantry,  National  Guard.     On  duty  at  Pharr,  Texas 

HUTCHISON.  MILLER  REESE,  Member  and  .Assistant  to  Chairman. 
Naval  Consulting  Board  of  the  United  States 
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INGHAM,  IlOWAltLi  M..  Corporal,  1st  Motorcycle  Battery  of  Engle- 
\voO(i,  N.  J. 

JOIINSTOXK,  EinVAKU  J.,  Lieutenaut.  Junior  Grade.  Naval  Militia 

KESSLER,  AISMIN  GEORGE,  Lieutenant,  Senior  Grade,  Naval  Militia, 
Erie,  Pa. 

KILPATRICK,  JOHN  IX,  Major,  Quartermaster  Corps,  N.  J. 

KING,  CHARLES  G.  Y.,  Lieutenant  Commander,  Illiuois  Naval  Reserve 

KRAUSE,  ARTHUR  E.,  Field  Aide,  Naval  Consulting  Board,  Hudson 
Co..  N.  J. 

LAWRENCE,  SAMUEL  E.,  Junior  Mechanical  Engineer,  U.  S.  Engi- 
neer Department 

LOEWENSTEIN,  LOUIS  C,  Plattsburg  Military  Training  Camp, 
August   litKJ,   preparatory  to  Reserve  Officers'  Corps 

McMUNN,  WILLl.VM  N.,  Commander,  Illinois  Naval  Reserve 

MAAS,  E.  F.,  Chief  Draftsman,  Machinery  Division,  Navy  Vanl,  I'ugct 
Sound,  Wash. 

MANSFIELD,  JULIAN  B.,  Captain,  Infantry  and  Artillery,   Reserve 

MARTIN,  KINGSLEY  G.,  Private,  Class  B,  Depot  Battalion,  22d 
Regiment  of  Engineers 

MOON.  HARTLEY  A.,  Major,  Infantry,  4th  Battalion,  3d  Regiment 

NAEGELEY,  JOHN  C,  Engineer  and  Architect,  Member  Navy  League, 
U.   S. 

NOKRIS,  ALEX.  MURDOCH,  Ensign,  Engineer  Duties,  Maryland 
Naval  Militia 

OATLEY,  HENRY  B.,  Naval  Militia 

PELLY,  JOHN  F.,  Corporal,  Battery  A,  1st  F.  A.  Pa. 

PIGOTT.  It.  J.  S.,  Chairman  Local  Committee,  Naval  Consulting  Board, 
Bridgeport,  Conn. 

RICHARDSON,  EDWARD  BRIDGE,  Captain,  Battery  A,  Massachu- 
setts Field  .Vrtillery 

ROBINSON,  C.  SNELLING,  Associate  Member,  Naval  Consulting 
Board,   Director  for  State  of  Ohio 

SCHLANK,  ELI.VS,  Private,  Sanitary  Division,  7th  N.  Y.  Infantry, 
National  Guard. 

SCOTT,  ROSSITER  STOCKTON,  Corijoral,  Battery  A,  Maryland 
National  Guard 

SIMPSON,  COLIN  C,  JR.,  Private,  Depot  Battalion,  7th  New  York 
Infantry 

T.\YLOR.  DONALD  F.,  Private,  Squadron  A,  Machine  Gun  Battery, 
New   York   Division 

TURNER,   ROBERT  T.,  JR..  Gunner,  N.  Y.  Training  Battery 

VIETS,  HARRY'  A.,  Sergeant,  13th  Coast  Defense  Command,  National 
Guard,  New  York 

WHITNEY.  HERBERT  A.,  Assistant  Battery  Commander,  Coast  Ar- 
tillery,  National   Guard 

WILSON,  ALFRED  BARBER,  Acting  Corporal,  Company  B,  8th 
Training    Regiment,    Plattsburg,   N.   Y. 

WILSON,  HENRY  C,  Major,  8th  Coast  Defense  Command,  National 
Guard.  New  York 

WOODRUFF,  CLARENCE  A.,  Second  Lieutenant,  Connecticut  Coast 
Artillery  Corps 

YORK,  HERBERT  W.,  Lieutenant  Commander,  Naval  Militia,  New- 
York 

ZIMMERMAN,  OLIVER  B.,  Major,  Engineers,  Engineers  Supply  Serv- 
ice 


CORRESPONDENCE 

To  THE  Secretary: 

I  liave  been  interested  to  note,  in  the  Roll  of  Honor  ]iub- 
lished  in  the  August  and  September  issues  of  The  Journal, 
that  a  large  jiart  of  our  membership  is  rendering'  most  valu- 
able service  in  the  work  now  being  undertaken  to  ])ut  the 
counti'y  in  a  state  of  preparedness  against  attack. 

This  pi'ompts  me  to  call  attention  to  those  members  of  the 
Society  I  happen  to  think  of  just  now  who  have  served  their 
country  in  the  past,  and  to  whom  credit  should  also  be  given 
for  the  work  they  did  in  their  time.  For  example,  your  past 
and  present  membership  includes  a  number  who,  to  my  laiowl- 
edge,  had  actual  war  sei-viee  in  the  War  of  the  Rebellion  or 
the  Spanish-American  War. 

To  cite  cases  familiar  to  me,  the  list  of  Past-Presidents  in- 
cludes Thurston,  Leavitt,  Loring,  and  Melville  of  the  Navy, 
and  Meier  and  Hunt  of  the  Army.  Vice-Presidents  include 
Shock,  Charles  Emery,  Kafer,  Manning  and  Morgan  of  the 
Navy,  and  Gilmore,  a  distinguished  otHcer  in  the  Army.  Your 
present  Treasurer,  Maj.  William  H.  Wiley,  was  an  otliicr  in 
the  Army,  and  there  must  be  many  I  cannot  recognize  among 
your  deceased  or  living  members  who  served  in  the  War  of 
the  Rebellion  or  the  Spanish-American  War. 


To  mention  my  own  service,  it  included  foiu-  years"  active 
duty  as  an  Engineer  in  the  Navy,  1861  to  1866,  and  1  had  also 
the  privilege  of  serving  on  the  Endicott  Fortification  Boai-il  in 
1887. 

My  late  illness  and  my  age  have  put  me  on  the  shelf,  but  1 
am  proud  of  being  one  of  the  old  timers  who  did  their  task 
when  they  were  able. 

JCSEPH   MoitiiAN. 

Jolmstown,  Pa. 

ENGINEERING    SOCIETIES    BUILDING 
UNDERGOING   ALTERATION 

Alterations  to  the  Engineering  Societies  Building  to  accom- 
modate the  Civil  Engineers  and  i)rovide  for  an  enlarged  library 
are  now  in  progress.  The  existing  framework  of  the  building 
was  not  designed  to  take  care  of  increases  in  loading,  and  so 
to  carry  the  three  stories  to  be  added  it  is  necessary  to  put  in 
four  new  columns  from  the  foundation  up  through  the  existing 
building.  The  additional  load  entailed  by  the  three  new  stories 
will  be  carried  by  an  ingenious  truss  system  from  which  the 
stories  will  be  hung. 

It  is  anticipated  that  this  preliminary  work  will  be  fuiished 
before  our  Annual  Meeting,  and  that  the  entire  woik  of  add- 
ing the  three  stories  will  be  completed  within  a  year. 

THE    ENGINEER 

Under  the  above  title,  the  New  York  Globe  published,  on 
Augiist  2.5,  an  article  by  Dr.  Frank  Crane,  which  will  be  of  in- 
terest as  illustrating  the  light  in  which  the  engineer  is  regarded 
by  a  noted  editorial  writer,  incidentally,  Dr.  Crane  (|uotes  H. 
L.  Gantt,  Mem.Am.Soc.M.E.,  Chairman  of  the  Meetings  Com- 
mittee.    The  article  follows : 

THE  ENGINEER 
Dr.  Feank  Crane 

The  man  of  the  future  will  be  the  engineer. 

He  is  the  man  who  can  Do  things ;  and  is  better  than  the  man 
who  Owns  things. 

The  Millionaire  is  a  temiiorary.  passing,  makeshift  product  of 
clvUization.  He  is  merely  holding  things  together  until  the  people 
get  sense  enough  to  do  their  own  owning. 

Some  day  little  boys  will  read  that  the  world  once  had  million- 
aires and  huge  private  wealth  units,  just  as  they  will  one  day  icad 
and  wonder  that  men  once  had  kings. 

But  the  official  who  will  forever  be  indispensable  is  the  en- 
gineer. 

The  time  will  come  when  the  President  of  the  United  States  will 
be  chosen  as  the  man  who  has  the  greatest  talent  and  skill  in 
organizing  public  works.  There  will  be  no  more  politics  in  his 
selection  than  there  is  now  iu  choosing  the  master  mechanic  of  a 
railway  or  factory. 

When  a  nation  goes  to  war  nowadays,  that  is,  when  it  becomes 
necessary  to  exert  its  supreme  collective  strength,  nobody  dreams  of 
electing  the  most  popular  politician  or  the  cleverest  speechmaker 
to  lead  the  armies.  It  is  the  man  who  can  get  the  last  ounce  of 
efficiency  out  of  men  and  metal  that  is  wanted. 

Some  day  the  nation  will  realize  that  it  is  continually  iu  a  crisis, 
and  that  in  peace  as  in  war  we  need  the  highest  order  of  efficiency 
and  organization. 

We  need  the  Kugineer  to  arrange  the  transportation  of  people 
and  goods  from  place  to  place,  without  waste,  without  competition, 
without  graft,  looking  only  to  the  public  good. 

We  need  the  Engineer  to  get  meat,  bread,  and  milk  fi'oni  farm  to 
citizen,  without  the  present  inefficient  tangle  of  trusts  and  middle- 
men working  at  cross  purposes. 

We  need  the  Engineer  to  turn  tlie  profit  of  publii-  I'Uterpiise 
toward  building  good  roads  and  bridges,  instead  of  enriching  a  few 
shrewd  manipulators. 


814 


SOCIETY  AFFAIRS 


The  Journal 
Am.Soc.M.E. 


We  need  the  Engineer  to  manage  a  city  as  economically  and 
smoothly  as  if  it  were  a  manufacturing  plant. 

We  need  the  Engineer  to  organize  the  farmers  so  that  all  can 
work  together  for  each  and  their  products  be  marked  without  being 
preyed  upon  at  every  step  of  the  way  from  farm  to  household. 

Wealth  can  be  taken  away  from  us.  But  the  power  to  Do  things 
cannot  be  taken  away. 

The  Millionaires  could  go  and  not  be  missed.  The  Engineers  we 
cannot  spare. 

"What  availeth  all  thy  wealth?"  said  the  ancient  philosopher. 
"  He  that  hath  better  iron  than  thou  will  come  and  take  away  all 
thy  gold." 

Says  H.  L.  Gantt  : 

"  The  man  who  knows  what  to  do  and  how  to  do  it  is  pre- 
eminently the  engineer.  The  new  world  which  is  being  ushered  in 
by  the  great  struggle  now  taking  place  is  one  in  which  the  engineer 
is  destined  to  be  the  supreme  power,  for  it  is  becoming  -clear  that. 
in  future,  the  man  who  OWNS  THINGS  will  not  be  as  important 
a  factor  in  the  world  as  the  man  WHO  CAN  DO  THINGS." 

NATIONAL  RESEARCH  COUNCIL 

The  National  Eeseareh  Council,  established  by  the  National 
Academy  of  Sciences  at  the  request  of  the  President  of  the 
United  States,  held  its  organizing  meeting,  on  September  20, 
at  the  Engineering  Societies  Building  in  New  York  City. 

The  purpose  of  the  council  is  to  bring  into  cooperation  ex- 
isting governmental,  educational,  industrial,  and  other  research 
organizations,  with  the  object  of  encouraging  .the  investigation 
of  natural  phenomena,  the  increased  use  of  scientific  research 
in  the  development  of  American  industries,  the  employment 
of  scientific  methods  in  strengthening  the  national  defense, 
and  such  other  applications  of  science  as  will  promote  the 
national  security  and  welfare. 

The  council  is  composed  of  leading  American  investigators 
and  engineers,  representing  the  army,  navy,  Smithsonian  In- 
stitution, and  various  scientific  bureaus  of  the  Government; 
educational  institutions  and  research  foundations,  and  the  re- 
search laboratories  of  industrial  and  manufacturing  estab- 
lishments. 

The  members  of  the  council  have  been  appointed  as  broadly 
representative  of  the  scientific  and  engineering  professions  of 
the  country,  but  without  attempting  to  represent  officially  the 
great  number  of  societies  whose  activities  are  related  to  its 
work. 

Arrangements  are  now  making  for  close  cooperation  with 
the  leading  national  societies.  The  members  of  the  council 
thus  far  appointed  are: 

Dr.  L.  H.  Baekeland;  Dr.  John  A.  Brashear.  Hon.Mem.Am. 
Soe.M.E.;  Dr.  John  J.  Carty,  Chief  Engineer,  American  Tele- 
phone and  Telegraph  Company;  Dr.  Edwin  G.  Conklin,  Pro- 
fessor of  Zoology,  Princeton  University;  Dr.  John  M.  Coulter, 
Professor  of  Botany,  University  of  Chicago ;  Brigadier-General 
William  Crozier,  Chief  of  Ordnance,  U.  S.  A.;  Mr.  Gano 
Dunn,  Mem.Am.Soc.M.E.,  President,  The  J.  G.  White  Engi- 
neering Corporation ;  Dr.  Simon  Flexner,  Dii-ector  Rockefeller 
Medical  Institute;  Brigadier-General  William  Crawford 
Gorgas,  Surgeon-General,  United  States  Army;  Dr.  W.  F.  M. 
Goss,  Mem.Am.Soc.M.E..,  Dean  of  Engineering,  University  of 
Illinois;  Dr.  George  E.  Hale,  Director,  Mt.  Wilson  Solar  Ob- 
ser\-atory ;  Mr.  Clemens  Herschel,  President  American  Society 
of  Civil  Engineers;  Dr.  William  H.  Holmes,  Curator,  United 
States  National  Museum;  Dr.  W.  W.  Keen,  President  Ameri- 
can Philosophical  Society;  Mr.  Van  H.  Manning,  Director, 
Bureau  of  Mines;  Prof.  Charles  F.  Marvin,  Chief,  United 
States  Weather  Bureau ;  Prof.  A.  A.  Michelson,  Director  Ryer- 
son  Physical  Laboratory,  University  of  Chicago ;  Dr.  Robert  A. 


Millikan,  Professor  of  Physics,  University  of  Chicago;  Dr. 
Arthur  A.  Noyes,  Director  Research  Laboratory  of  Physical 
Chemistry,  Massachusetts  Institute  of  Technology;  Prof.  E.  C. 
Pickering,  Director  Harvard  College  Observatory ;  Dr.  Michael 
I.  Pupin,  Professor  of  Electro-Mechanics,  Columbia  Uni- 
versity; Mr.  Charles  F.  Rand,  President,  United  Engineering 
Society;  Prof.  Theodore  W.  Richards,  Director  of  the  Walcott 
Gibbs  Memorial  Laboratory,  Harvard  University;  Mr.  O.  E. 
Skinner,  Director,  Research  Laboratory,  Westinghouse  Elec- 
tric &  Manufacturing  Company;  Lieutenant-Colonel  George  0. 
Squier,  U.  S.  A.,  Chief  Signal  Officer,  United  States  Army; 
Dr.  S.  W.  Stratton,  Mem.Am.Soc.M.E.,  Director,  Bureau  of 
Standards;  Mr.  Ambrose  Swasey,  Hon.  Mem.Am.Soc.M.E.; 
Chief  Constructor  David  W.  Taylor,  U.  S.  Navy;  Dr.  Elihu 
Tliomson ;  Dr.  C.  R.  Van  Hise,  President  of  the  American  As- 
sociation for  the  Advancement  of  Science;  Dr.  Victor  Clar- 
ence Vaughan,  Director  Medical  Research  Laboratory,  Uni- 
versity of  Michigan ;  Dr.  Charles  D.  Walcott,  Secretary, 
Smithsonian  Institution ;  Dr.  WiUiam  H.  Welch,  President  of 
the  National  Academy  of  Sciences;  Dr.  W.  R.  Whitney,  Di- 
rector of  the  Research  Laboratorj',  General  Electric  Company. 
The  Engineering  Foimdation  has  given  its  cooperation  and 
support,  and  is  putting  the  services  of  its  Secretary,  Dr.  Gary 
T.  Hutchinson,  at  the  disposal  of  the  Council. 

FEDERAL   NITRATE   PLANT 

The  National  Defense  Act  (H.  R.  12766)  empowers  the 
President  to  make  an  investigation  "  to  determine  the  best, 
cheapest,  and  most  available  means  for  the  production  of 
nitrates  and  other  products  for  munitions  of  war  and  useful 
in  the  manufacture  of  fertilizers  and  other  useful  products  by 
water  power  or  any  other  power  as  in  liis  judgment  is  the  best 
and  cheapest  to  use,"  and  authorizes  him  to  construct  and 
operate  such  a  plant  or  plants,  appropriating  the  sum  of 
$20,000,000  to  carry  out  the  piu-poses  of  the  act. 

At  the  request  of  the  Secretary  of  War,  the  president  of 
the  National  Academy  of  Sciences  has  appointed  a  committee 
to  act  in  cooperation  with  the  American  Chemical  Society  for 
the  purpose  of  furnishing  the  War  Department  with  "  a  re- 
port containing  such  information  as  will  aid  the  Department, 
to  the  greatest  degree  which  the  Academy  finds  practicable,  in 
reaching  a  conclusion  as  to  the  best  method  to  be  followed 
in  the  manufacture  of  nitric  acid  by  a  process  not  involving 
dependence  upon  a  foreign  source  of  supply,  the  report  to 
take  into  consideration  the  legislation  contained  in  Section  124 
of  the  National  Defense  Act,  approved  June  3,  1916.  This 
committee,  which  is  a  sub-committee  of  the  National  Research 
Council,  consists  of  the  following  members:  Dr.  Arthur  A. 
Noyes  (Chairman),  Director  Research  Laboratory  of  Phys- 
ical Chemistry,  Massachusetts  Institute  of  Teehnologj';  Dr.. 
W.  R.  Whitney,  Director  of  the  Research  Laboratory,  General 
Electric  Company ;  Dr.  L.  H.  Baekeland,  President  of  the  Gen- 
eral Bakelite  Company;  Dr.  Charles  H.  Heiiy,  President  of 
the  American  Chemical  Society;  Warren  K.  Lewis,  Professor 
of  Chemical  Engineering,  Massachusetts  Institute  of  Technol- 
ogy; Prof.  Theodore  W.  Richards,  Director  of  the  Wolcott 
Gibbs  Memorial  Laboratory,  Harvard  University;  Dr.  Elihu 
Thomson,  General  Electric  Company,  Lynn,  Mass. ;  Gano 
Dunn,  Mem.Am.Soc.M.E.;  President,  The  J.  G.  White  En- 
gineering Corporation ;  and  Dr.  M.  I.  Pupin,  Professor  of 
Electro-Mechanics,  Columbia  University. 

The  American  Electrochemical  Society,  through  its  Commit- 
tee on  Public  Relations,  constituted  of  the  president  and  past- 
presidents   of   the  society    (among  them  Lawi-ence   Addicks, 
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Mem.Am.Soc.M.E.),  lias  expressed  the  opinion  tliat  this  legis- 
lation is  unwise. 

In  a  note  addressed  to  the  President,  the  Secretary  of  the 
Navy,  and  the  Secretary  of  War,  it  is  pointed  out  that  the 
prime  necessity  of  the  hour  is  the  i:)rompt  provision  of  an  18- 
months'  supply  on  a  war  basis  of  Chilean  niti-ate,  to  be  stored 
at  various  strategic  points.  They  deprecate  the  entrance  of  the 
Government  into  an  industrial  field  that  can,  in  their  opinion, 
be  much  better  and  more  rapidly  developed  by  jirivate  inter- 
ests. 

They  further  state  that  the  processes  to  be  considered  may 
be  classified  into  those  producing  nitric  acid  by  direct  union 
of  the  nitrogen  and  oxygen  of  the  air,  such  as  the  Birkeland- 
Eyde  and  the  Pauling  processes ;  those  producing  ammonia  by 
direct  union  of  nitrogen  and  hydrogen,  such  as  the  Haber  proc- 
ess; those  which  fix  nitrogen  in  a  complex  eomiiound,  such  as 
the  cyanamid  process;  the  action  of  nitrogen-fixing  bacteria 
in  natural  fertilizers;  and  finally,  natural  sources  of  fixed 
nitrogen,  the  only  one  which  is  of  sufficient  magnitude  to  war- 
rant eonsideratiou  being  by-product  ammonia  derived  from 
the  distillation  of  coal. 

All  of  the  foregoing  processes,  except  the  are  processes,  pro- 
duce ammonia,  and,  as  this  and  not  nitric  acid  is  the  chief 
desideratum  for  fertilizer  purposes,  there  is  not  sufficient 
commercial  incentive  for  the  carrying  of  these  ammonias  of 
varying  degrees  of  purity  through  the  nitric  acid  I'equired  in 
the  manufacture  of  explosives.  The  Committee  urges  that 
instead  of  direct  action  toward  the  production  of  nitrate,  the 
research  facilities  of  the  Government  be  concentrated  (1)  on 
the  oxidation  of  ammonia,  and  (2)  on  the  modus  operandi  of 
nitrogen-fixing  bacteria,  the  former  investigation  to  be  carried 
out  by  the  U.  S.  Bureau  of  Mines,  and  the  latter  by  the  U.  S. 
Bureau  of  Soils. 


NAVAL  CONSULTING  BOARD 

The  members  of  the  Naval  Consulting  Board  met  in  Wash- 
ington on  September  19  to  take  the  oath  of  allegiance  pre- 
scribed by  the  recently  enacted  naval  ajjpropriation  law,  which 
gives  legal  status  to  the  members  of  this  body.  Those  present 
were  Thomas  A.  Edison,  Hon.  Mem.Am.Soc.M.E.;  Dr.  M.  R. 
Hutchison.  Mem.Am.Soc.M.E.;  Dr.  W.  R.  Whitney  and  Dr. 
L.  R.  Baekeland,  both  members  of  the  American  Chemical  So- 
ciety; Frank  J.  Sprague,  Mem.Am.Soc.M.E.;  R.  S.  Woodward, 
President  of  the  Carnegie  Institute,  and  Professor  Arthur  G. 
Webster,  both  members  of  the  American  Mathematical  Society; 
A.  M.  Hunt.  Mem.Am.Soc.M.E.;  Spencer  Miller,  Mem.Am. 
Soc.M.E.,  and  William  Le  Roy  Emmet,  Mem.Am.Soc.M.E., 
both  representing  the  Society ;  Matthew  B.  Sellers  and  Hudson 
Maxim,  representing  the  American  Aeronautical  Society;  Dr. 
Peter  Cooper  Hewitt  and  Thomas  Robins,  representing  the  In- 
ventors' Guild;  Howard  E.  Coffin,  Mem.Am.Soc.M.E.,  and 
Andrew  L.  Riker,  Mem.Am.Soc.M.E.,  representing  the  Society 
of  Automobile  Engineers;  Elmer  A.  Sperry,  Mem.Am.Soc. 
M.E.,  representing  the  American  Society  of  Aeronautic  Engi- 
neers; Wm.  L.  Saunders,  Mem.Am.Soc.M.E.,  representing  the 
American  Institute  of  Metals;  and  Lawrence  Addicks,  Mem. 
Am.Soc.M.E.,  representing  the  American  Electrochemical 
Society.  Four  members  of  the  Board  were  unable  to  attend 
the  meeting,  namely,  B.  G.  Lamme,  of  the  American  Institute 
of  Electrical  Engineers;  Alfred  Craven,  of  the  American  So- 
ciety of  Civil  Engineers;  Benjamin  B.  Thayer,  of  the  Ameri- 
can Institute  of  Mining  Engineers;  and  Dr.  J.  W.  Richards, 
of  the  American  Electrochemical  Society. 

The    board    elected    Mr.     Edison    as    Chairman,    Messrs. 


Saunders  and  Hewitt  as  Vice-Chairmen,  and  Mr.  Robins  as 
Secretary.  Considerable  time  was  given  to  the  discussion  of 
plans  for  the  establishment  of  the  .$1,.500,000  naval  research 
laboratory  to  be  built  by  the  Government,  and  a  special  com- 
mittee consisting  of  Messrs.  Edison,  Whitney,  Baekeland, 
Sprague,  Robins,  and  Addicks  was  appointed  to  report  to  the 
board  as  to  the  best  site  for  it.  It  is  stated  that  while  most 
of  the  members  of  the  board  favor  the  selection  of  New  York 
City,  officials  of  the  Navy  Department  prefer  Washington  as 
a  site,  in  order  to  have  the  laboratory  close  to  the  Navy 
Department,  the  naval  gun  shops,  and  the  naval  proving 
grounds. 

CORRECTION 

Prof.  E.  A.  Fessendeu  calls  attention  to  a  typographical 
error  in  the  authors'  closure  to  the  discussion  of  the  paper  by 
Professor  Hedrick  and  himself,  entitled  On  the  Transmission 
of  Heat  in  Boilers,  published  in  the  August  issue. 

On  pages  624  and  625,  in  equations  [la],  [lb],  [1]  and  [2], 
and  the  unnumbered  equation  in  the  middle  of  the  first  column 
on  page  625,  in  every  case  the  division  sign  (-f-)  should  be  a 
plus  sign  {-\-). 

BOILER   CODE    COMIVIITTEE 

The  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code 
is  requested  to  communicate  with  the  Secretary  of  the  Com- 
mittee, Mr.  C.  W.  Obert,  29  West  39th  Street,  New  York. 

There  will  be  a  public  hearing  on  the  Code,  the  first  since  the 
adoption  of  the  Code  two  j'ears  ago,  on  Friday,  December  8, 
at  2  p.  m. 

NEW  YORK  SECTION  EXCURSION 

On  Friday,  September  15,  seventy-one  members  and  guests 
of  the  New  York  Section  visited  the  plants  of  the  Ford  Motor 
Company  and  the  Loose-Wiles  Biscuit  Company  at  Long 
Island  City.  At  the  Ford  plant  the  visitors  had  an  oppor- 
tuunity  to  witness  the  complete  assembling  of  the  various 
models  of  cars,  including  the  body,  chassis,  and  motor. 

At  the  Loose-Wiles  Company  special  arrangements  were 
made  to  give  the  visitors  every  opportunity  to  inspect  the  me- 
chanical features  of  the  various  labor  saving  machines  which 
have  been  developed  in  the  baking  industry. 

This  is  the  fourth  technical  excursion  held  by  the  New  York 
Section  during  the  summer. 

It  is  the  endeavor  of  the  New  York  Committee  to  develop 
the  interest  of  the  members  in  each  other,  and  on  these  excur- 
sions the  opportunity  for  increase  of  acquaintanceship  is  of- 
fered, as  well  as  the  visit  to  places  of  engineering  interest. 

RUTGERS  COLLEGE  ANNIVERSARY 

The  celebration  of  the  150th  anniversary  of  the  founding 
of  Rutgers  College,  New  Brunswick,  N.  J.,  will  take  place  on 
October  13-15. 

The  program  of  the  celebration  includes  commemoration 
exercises,  an  historical  address  by  Dr.  W.  H.  S.  Demarest, 
])resident  of  the  college,  an  anniversary  pageant  and  an  an- 
niversarj'  dinner  to  delegates  and  guests. 

The  President  and  Secretaiv  of  the  Soeictv  will  alt<'nil. 


APPLICATIONS  FOR  MEMBERSHIP 


MEMBERS  are  requested  to  scrutinize  with  care  the  fol- 
lowing list  of  candidates  who  have  tUed  applications 
for  membership  in  the  Society.  These  are  subdivided  according 
to  the  grades  for  which  their  ages  qualify  them,  and  not  with 
regard  to  professional  qualifications,  i.e.,  the  ages  of  those 
under  the  first  heading  place  them  under  either  Member,  As- 
sociate or  Associate-Member,  those  in  the  next  class  under 
Associate-Member  or  Junior,  and  those  in  the  third  under 
Junior  grade  only.  Applications  for  change  of  grading  are 
also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 


the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  candidates  into  membership  by  advising  the  Sec- 
retary promptly  of  any  one  whose  eligibility  for  membership 
is  in  any  way  questioned.  All  correspondence  in  regard  to 
such  matters  is  strictly  confidential,  and  is  solely  for  the  good 
of  the  Society,  which  it  is  the  duty  of  every  Member  to  pro- 
mote. Unless  objection  is  made  to  any  of  the  candidates  posted 
by  November  10,  1916,  and  providing  satisfactory  replies  have 
been  received  from  the  required  number  of  references,  these 
candidates  will  be  balloted  upon  by  the  Council.  Those  elected 
to  membership  will  be  notified  about  December  15,  1916. 


NEW  APPLICATIONS 

FOR     CONSIDEEATIOX     A.S      MEMBER,     ASSOCIATE     OR     ASSOCIATE-MEMBER 

ADAMS,  Robert  B,,  Assistant  Superintendent, 

New  England  Westinghouse  Co.,  Meriden,  Conn. 

BENNETT,  Howard  D.,  Consulting,  Mecbanical  and  Dredge 

Engineer,  Baltimore,  Md. 

BUCHANAN,  R.  H.,  Mining  Engineer,  Coal  Department. 

The  Delaware  &  Hudson  Co.,  Scranton,  Pa. 


r.\rTON,  Thomas  A.,  In  Cliarge  of  Gages  and  Uage  Supevvision. 

Baldwin  Locomotive  Wks.,  Eddystone,   Pa. 


BURKE,  James,  President, 
Burke  Electric  Co., 

BURROUGHS,  Charles  F.,  President, 
Charles   Burroughs  Co., 

CL.\RK,  Earl  A.,  Consulting  Engineer, 
Clark  &  Shade, 

CL.\RK,  Ezra  E.,  Inspector  and  Engineer, 

Associated  Factory  Mutual  Fire  Insurance  Cos., 


Erie,   Pa. 

Newark,   N.   J. 

Tulsa,  Okla. 

Boston,  Mass. 

CLBMONS,  Sam  DEL  W.,  in  Mechanical  Engineering  Department, 

Draper  Co.,  Hopedale,  Mass. 

COONEY.  Robert  L., 

Automatic  Sprinkler  Co.  o(  N.  Y., 

COOPER,  George  H.,  Chief  Engineer, 
Manhattan  Electrical  Supply  Co., 

CURRY,  Frederick  H.,  Plant  Superintendent, 
Hudson  Motor  Car  Co., 

DATZ,  Louis  C.  Engineer.  Southern  Properties, 
United  Gas  &  Elec.  Engrg.  Corp., 

DOD.  Frederic  H.,  Locomotive  Superintendent, 
Manila  Railroad  Co., 


Atlanta,  Ga. 

Jersey  City,  N.  J. 

Detroit,  Mich. 

Birmingham,  .\la. 

Rizal,  P.  I. 


DORON,  William   H..  Maintenance  Engineer. 

Standard  .\niline  Products,   Inc.,  Wappingers  Falls,   N.  Y. 

DOURSON,  LODis  A.,  Designer  and  Checker, 
The  Lunkenheimer  Co., 


Cincinnati,  O. 

Ilion,   N.   Y. 

New  York.   N.  Y. 

Bridgeport,  Conn. 


DUGDALE,  Richard  M.,  Supervisor, 

Remington  Arms  &  Ammunition  Co., 

EVANS,  Victor  W.,  Sales  Engineer, 
The  Jeffrey  Mfg.  Co.. 

FERRY.  Oliver  N.,  Mechanical  Engineer, 
Ashcroft  Mfg.  Co., 

FORSYTHE,  Clayton  E.,  Consulting  Engineer, 

Morrow  Mfg.  Co.,  Elmira,  N.  Y. 

GASSMAN,  Howard  M.,  Consulting  Engineer,  Birmingham,  -Via. 

GOODMAN,  William,  Manager.  Laidlaw  Plant, 

Worthington  Pump  &  Mchy.  Co.,  Cincinnati,  0. 

HAY,  Paul  L.,  Contracting  Engineer, 

Samuel  W.  Hay's  Sons,  Pittsburgh,  Pa. 

HENDERSON.  JOHN  M..  Mechanical  Engineer  and  Master  Mechanic. 

Rome  Brass  &  Copper  Co.,  Rome,  N.  Y. 

HUGHES,   Henry  E.,  Mechanical  Engineer, 

E.  I.  Du  Pont  de  Nemours  &  Co., 


Wilmington,  Del. 
New  York,  N.  T. 


HULSE.  George  E.,  Chief  Engineer. 

Safety  Car  Heating  &  Lighting  Co., 
HUNT,  Harry  B.,  Engineer.  Sales  Department, 

American  Locomotive  Co.,  New  York,  N.  X. 

ILLGES,  George  M.,  Manager  and  Engineer,  Chicago  Office, 

Harrisburg  Fdry.  &  Mch.  Co., 

Heine  Safety  Boiler  Co.,  Chicago,  111. 

JOHNSON.  J.   Adolph,  Mechanical   Superintendent, 

The  M.  B.  Schenck  Co.,  Meriden,  Conn. 

JOHNSON,  J.  Edward.  Superintendent,  Mechanical  Department. 

Connecticut  Tel.  &  Elec.  Co.,  Inc.,  Meriden,  Conn. 

KAISER,  William,  Genl.  Supt.  of  Operation  and  Construction, 

The  Barrett  Co.,  Birmingham,  Ala. 


KESSLER,  Claude  H.,  Senior  Mechanical  Engineer, 
Interstate  Commerce  Commission,  San 


MERRIAM,  I.  B.,  Jr.,  President, 

Chattanooga  Boiler  &  Tank  Co., 
MOHLER,  Valentine  J., 

NEILD,  Robert  R.,  Manager, 

Victoria  Machinery  Depot  Co.,  Ltd., 


Francisco.   Cal. 


Chattanooga,  Tenn. 
Woodcli£E-on-Hudson,  N.  1'. 

Victoria,  B.  C. 


PAULI,  Carl  F.  G.,  .\dvisory  Engineer, 
Lincrusta  Wks., 

PERSIANI,  Charles  C,  Treasurer, 
Clark  Bros.  Bolt  Co., 

P0LL.4K,  Julian  A.,  Secretary, 
The  Pollak  Steel  Co., 


Pallas,  N.  Y. 

MUldale,  Conn. 

Cincinnati,  O. 


POWER.  George  S.,  Dept.  Mgr.,  Supt.  and  Meeh.  Engr., 

Wickes  Bros.,  Saginaw,  Mich. 

RICE,  George  B.,  Consulting  Chief  Engineer, 
Schoelkopf  Aniline  &  Chemical  Wks.,  Inc., 


Buffalo,  N.  Y. 

Springfield,  Mass. 

Lead,  S.  D. 

Toledo,  O. 

SWEENY',   Robert  O.,  Chief  Draftsman,  Car  Department, 

Chicago,  St.  Paul,  Minneapolis  &  Omaha  Ry.,  Hudson,  Wis. 

TITUS,  Forrest  M.,  Foreign  Representative, 
.\merican  Locomotive  Co., 

WOOD,  Clark  O.,  Special  Agent  in  Ohio, 
The  Home  Ins.  Co.  of  New  i"ork. 


SCRIBNER,  Charles  F.,  Industrial  Engineer, 
New  England  Westinghouse  Co., 

STAPLE,  Sydney  J.,  Draftsman  and  Designer, 
Homestake  Mining  Co., 

STEW-\RT.  Andrew  M.,  Factory  Manager, 
The  National  Supply  Co., 


New  York,  N.  1'. 


Columbus,   O. 


for   consideration   as   associate-member   or  junior 

BAUGHMAN,  Isaac  N.,  Agrl.  Engr.  and  Mgr.,  Marseilles,  111. 

BONNET.  Frank  H.,  Assistant  Mechanical  Engineer, 

The   Buckeye  Steel   Castings  Co.,  Columbus,  O. 

CAMP,  Eugene  V.,  Vice-President  and  Chief  Engineer, 

H.  S.  Jaudon  Engrg.  Co.,  .Savannai,  Ga. 

CH.\SE,  Henry  A.,  Superintendent, 
Cummings  Mch.  Works, 


DENSE,  John  C,  Chief  Draftsman, 
Morrow  Mfg.  Co., 

GILL,  Murray  F.,  Electrical  Engineer, 
Texas  Power  &  Light  Co., 

n.\RKNESS,  V.  F.,  Engineering  Assistant, 
Public  Service  Elec.  Co., 


Boston,  Mass. 

Elmira,  N.  Y. 

Dallas,  Tex. 

Newark,  N.  J. 

Bridgeport,  Conn. 

Cincinnati,  O. 

Newark,   N.  J. 


HELLYAR,  Charles  H.,  Mechanical  Engineer, 

Remington  .\rms  Co., 
IIILMER.  Ono  E..  Consulting  Engineer, 

With  Walter  G.  Franz, 
J.\GER,  George  W.,  Mechanical  Draftsman, 

National   Lock   Washer  Co., 
KELLER,  Kaufman  T.,  Master  Mechanic, 

Cole  Motor  Car  Co.,  Indianapolis,   Ind. 

KOTZ.  E.mil  F..  Designer  in  Engineering  Department, 

Semet-Solvay  Co.,  Syracuse,    N.   Y. 

McGRATH,  F.  P.,  Engineer  of  Tests, 

Carnegie  Steel  Co.,  Duquesne,  Pa. 

McLE.\N,  John,  Efficiency  Engineer, 

H.  E.   Harris  Engrg.   Co.,  Bridgeport,   Conn. 

McMILL.\N,  William  L.,  Chief  Insp.  and  Cons., 

tirdnance  Engr.,  American  Can  Co.,  New  Y'ork,  N.  Y. 

MA.\K,   Charles,  .\ssistant  Chief  Engineer, 

Metals  Production  Equipment  Co.,  Springfield,  Mass. 

MACY,  R.  G.,  Superintendent, 

East  Norwalk  Municipal  Elec.  Wks.,  East  Norwalk,  Conn. 

P.\DRON,  Agustin,  Engineer, 

M.  Galdo  &  Co.,  Cardenas,  Cuba 

PE.\SLEE,   Willetts.   Production  Engineer, 

The  Cincinnati  Milling  Mch.  Co.,  Cincinnati,  O. 

RANTZ,  Charles  F.,  Consulting  and  Contracting 

P.efrigerating  Engineer,  New  Orleans,  La. 

ROONEY,  H.  Lloyd,  Cons.  Power  Plant  Engineer,  Newport,  R.  I. 

ROY-\L.  James  M.,  Designer,  Diesel  Engine  Department, 

Seattle  Astoria  Iron  Works,  .Seattle.  Wash. 

SAGENDORPH,  George  A.,  Treasurer, 

Penn  Metal  Co.,  Boston.  Mass. 
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SALMON,   Daniel  E.,   Superintendent, 
H.  E.  Harris  Engrg.  Co., 

SliOCUM.  Miles  S..  Associate  Engineer, 
Slocum,  Avram  &  Slocum,  Inc., 

SMITH,  Jdle  C,  Field  Engineer, 

SNODGRASS,  Lahned  I.,  President, 
Snodgrass,  Hewetsou  Co., 

VOCKELL,  William  H.,  In  charge  of  Tool  Designiu; 
Cincinnati  Milling  Mch.  Co., 

WESTON.   Samuel  C,  Safety  Engineer, 

The  Remington  Arms-U.  M.  C.  Co.,  Inc., 

WOODS,  Georce  R.,  Assistant  to  President, 
Allied  Machinery  Co.  of  America, 


Bridgeport,  Conn. 

New  York,  N.  Y. 

Seattle,  Wash. 

Cincinnati,  O. 

g  Dept.. 

Cincinnati,  O. 

Bridgeport,  Conn. 

New  YorlJ,   N.   Y. 


SHAFFER,  Lavivin  S.,  Assislant  Chief  Engineer. 

Ohio  Locomotive  Crane  Co.,  Bucyrus,  O. 

TAUGEMAN.  Walter  W.,  Sales  Engineer, 

Cincinnati  Milling  Mch.  Co.,  Cincinnati,  O. 

V-VLDES,  .Tesus  M.,  Engineer, 

With  John  A.  Stevens,  Lowell,  Mass. 

VARIAN,  Howard  M,,  Chief  Draftsman, 

Great  Lakes  Engrg.  Wks.,  Detroit,  Mlcb. 

WILLETT.  Francis  M.,  Mechanical  Engineer, 

H.  &  B.  American  Machine  Co.,  I'awtucket,  R.  I. 

IROMOTIO.X    B'ROM    ASSOCIATE 

VIETS,  Harry  A.,  Chief  Draftsman,  Shell  Department, 

E.  W.  Bliss  Co.,  Brooklyn,  N.  Y. 


for  consideration  as  junior 


BENSON.  Robert  F.  A. 
Westinghouse  Elec. 


Graduate  Student  Course, 
Mfg.  Co., 


BUELL,  Maurice  L., 

Robert  W.  Hunt  &  Co., 

FREDERICK,  Alvah  B.,  In  Service  Office, 
Burroughs  Adding  Mch.  Co., 

GIFFELS,  John  E.  W., 

With  John  A.  Stevens, 
KAEMMERLING,  Gdstav  H.,  Designer, 

Lehigh  Car,  Wheel  &  Axle  Works, 
KREISER,  Walter  W.,  Mechanical  Engineer, 

Western  Union  Telegraph  Co., 
LEWIS,  George  C,  Sales  Engineer, 

Hersh  &  Brother, 
LEWIS.   Haert   I.,  Mechanical  Engineer, 

Dolphin  Jute  Mills, 
LOGAN.  Lloyd,  Mechanical  Draftsman, 

Semet-Solvay  Co., 
McKISSICK,  Ellison  S.,  Engineer, 

Grendel  Mills, 
MANN,  Carl  P.,  Engineer, 

With  MacMuUen,   Riley  &  Durley, 
NENNINGER.  Lester  F..  Chief  Draftsman, 

Cincinnati  Milling  Mch.   Co., 
NUTTER,  Asa  P.,  Draftsman, 

S.  M.  Green  Co., 
REID,  Geoffrey  L.,  Cost  Clerk, 

General  Elec.  Co., 
SCHWANHAUSSER,  Edwin  J.,  Engineer,  Cond 

Worthington  Pump  &  Mchy.  Corp., 


Pittsburgh,  Pa. 

New  York,  N.  Y. 

Detroit,  Mich. 

Lowell,  Mass. 

Catasauqua,  Pa. 

New  York,   N.   Y. 

AUentown,  Pa. 

Paterson,  N.  J. 

Syracuse,  N.  Y. 

Greenwood,  S.  C. 

Toronto,  Ont.,  Can. 

Cincinnati,  O. 

Springfield,  Mass. 

Lynn,  Mass. 
enscr  Department. 

Harrison,  N.  J. 


promotion  from  junior 


Stas.  1  and  2. 


BAILEY,  Alex  D..  Asst.  Ch.  Engr.,  . 

Commonwealth  Edison  Co.,  Chicago,  111. 

FABER,  John  P.,  Chief  Engineer, 

Ransome  Concrete  Machinery  Co.,  DuncUen,  N.  J. 

NORTHRUP,  Francis  B.,  In  charge  of  Drawing  Room, 

The  Charles  Burroughs  Co.,  Newark,   N.  J. 

RIGDON,  Carl,  Superintendent,  Light  and  Power  Department, 

Chattanooga  Railway  &  Light  Co.,  Chattanooga,  Tenn. 

KIPSCH,  Charles  W.,  Secretary, 

The  Sheffield  Machine  &  Tool  Co.,  Dayton,  O. 

ROBINSON,  Parker  M.,  Industrial  Engineer,  representative  for 

H.  L.  Gantt,  The  Celluloid  Co.,  Newark,  N.  J. 

ROWLEY,  RiDGWAY  L.,  Assistant  Engineer, 

Board  of  Fire  Underwriters.  San  Francisco,  Cal. 

ST.XPLES,  Horace  A.,  Superintendent,  Raw  Materials  Dept., 

Bridgeport  Brass  Co.,  Bridgeport,  Conn. 

STUNTZ,  John  E.,  Superintendent  and  Chief  Engineer, 

The  Cape  Cruz  Co.,  Ensenada  de  Mora,  Cuba 

V.VUGHAN,  Aubrey  W.,  Industrial  Engineer, 

Saco-Lowell  Shops,  Lowell,  Mass. 

WILCOX,  Joseph,  Jr.,  Machine  Designer, 

Norton  Grinding  Co.,  Worcester,  Mass. 

SUMMARY 

New   Applications 106 

.\ppllcatlons  for  change  of  grading  : 

Promotion  from  .\ssociate 1 

Promotion    from    Junior 11 

Total    118 


GEOGRAPllir.Uj   LIST 
{Apitllcatlons  for  promotion  from  any  grade  will  be  indicated  by  the    initials  of  that  grade) 


Alabama 

Birmingham — Datz,  L.  C. 

Gassman,  H.  M. 
Kaiser,  W. 
California 

San  Francisco — Kessler,  C.  H. 

Rowley,  R.  L.   (J) 
Canada 

Toronto — Mann,  C.  P. 
Victoria,  B.  C. — Neild,  R.  R. 
Connecticut 

Bridgeport — Perry.  O.   H. 
Hellyar,  C.  H. 
McLean,  .T. 
Salmon,  D.  B. 
Staples,  H.  A.   (J) 
Weston,  S.  C. 
East  Vorwalh — Macy,  R.  G. 
Meriden — Adams,  R.  B. 
Johnson,  J.  A. 
Johnson,  J.  E. 
Milldale — Persiani,  C.  C. 

Delaware 

Wilmington — Hughes,  H.  E. 

Georgia 

Atlanta — Cooney,  R.  L. 
Savannah — Camp,  E.  V. 

Illinois 

Chicago — Bailey,  A.   D.    (J) 

Illges,  G.  M. 
Marseilles — Baughman,  I.  N. 

Indiana 

Indianapolis — Keller,  K.  T. 


Louisiana 

A^ew  Orleans- 


■Rantz,   C.  F. 


Mar.ylanf1 

Baltimore — Bennett,  H.  D. 

Massachuset  ts 

Boston — Chase,   H.  A. 

Clark,  E.  E. 

Sagendorph,  G.  A. 
Hopedale — Clemens,  S.  W. 
Lowell — Glffels,  J.  E.  W. 

Valdes,  J.  M. 

Vaughan,   A.  W.    (J) 


Lynn — Reid,  G.  L. 
Springfield — Maak,  C. 

Nutter,  A.   P. 

Scribner,  C.  F. 
Worcester — Wilcox,  J.  Jr.   (J) 

Michigan 

Detroit — Curry,  F.  II. 

Frederick,  A.  B. 

Varian,  H.  M. 
Saginaw — Power,  G.  S. 

New  Jersey 

,  Dunellen — Faber,  J.  P.  (J) 
Harrison — Schwa  nhausser,  E.  J. 
Jersey  City — Cooper,  G.  H. 
Newark — Burroughs,  C.  F. 

Harkness,   V.   F. 

Jager,  G.  W. 

Northrup,  F.  B.   (J) 

Robinson,  P.  M.   (J) 
Paterson — Lewis,  H.  1. 

New  York 

Brooklyn — Vlels,  11.  A.  (A) 
Buffalo — Rice,  G.  B. 
Elmira — Dense,  J.  C. 

Porsythe,  C.  E. 
Ilion — Dugdale,  R.  M. 
New  York — Buell,  M.  L. 

Evans,   V.  W. 

Hulse,   G.   E. 

Hunt,  H.  B. 

Kreiser,  W.  W. 

McMillan,  W.  L. 

Slocum.   M.   S. 

Titus,  F.  M. 

Woods,  G.  R. 
Pallas — Pauli,  C.  F.  G. 
Rome — Henderson,  J.  M. 
Syracuse — Kotz,  E.  F. 

Logan,  L. 
Wappingers  Falls — Dornu,  W.  II. 
.  Woodeliffon-Hudson — Mohler,  V.  J. 


Bucyrus — Shaffer,  L.  S. 
Cincinnati — Dourson,   L.    A. 
Goodman.  W. 


Hilmer,    O.   E. 

Nenninger,  L.  F. 

Peaslee,   W. 

Pollak,  J.  A. 

Snodgrass.  L.    I. 

Taugeman,  W.  W. 

Vockell,  W.  H. 
Columhus — Bonnet,  P.  H. 

Wood,  C.  O. 
Dayton — Ripsch,  C.  W.   (J) 
Toledo — Stewart,  A.  M. 
Oklahoma 

Tulsa — Clark,  E.  A. 
Pennsylvania 

AUentown — Lewis,  G.  C. 
Catasauqua — Kaemmerling,  G.   H. 
Duquesne — McGrath,  F.  P. 
Eddystone — Fatten,  T.  A. 
Erie — Burke,  J. 
Philadelphia — Akimoff,  N.  W. 
Pittsburgh — Benson,  R.  F.  A. 

Hay,  P.  L. 
Scranton — Buchanan,  R.  H. 
Rhode  Island 

Newport- — Rooney,  H.  L. 
Paiotucket — Willett,  F.  M. 

South  Carolina 

Greenwood — McKlssick,  E.  S. 

South  Dakota 

Lead — Staple,  S.  J. 

Tennessee 

Chattanooga — Merriam,   I.  B.,  Jr. 
Rlgdon,   C.    (J) 

Dallas— CM,  M.  F. 

Washington 

Seattle — Royal,  J.  M. 
Smith,  J.  C. 

Wisconsin 

Hudson — Sweeny,  R.  0. 

Cuba 

Cardenas — Padron,  A. 

Ensenada  de  Mora — Stuntz.  J.  E.  (J) 

I'hilippine  Islands 

/.•/;(i; — Dod.  F.  n. 


PERSONALS 


/iV  these  columns  are  inserted  items  concerning  members  of 
the  Society  and  their  professional  activities.  Members 
are  ahvays  interested  in  the  doings  of  their  fellow-members, 
and  the  Society  welcomes  notes  from  members  and  concerning 
members  for  insertion  in  this  section.  All  communications  of 
personal  notes  should  be  addressed  to  the  Secretary  and  items 
shordd  be  received  by  the  18th  of  the  month  in  order  to  appear 
in  the  succeeding  issue  of  The  Journal. 

CHANGES  OF  POSITION 

Walter  C.  Beckjord,  formerly  with  tlie  Madison  Gas  and  Electric 
Company,  has  accepted  a  position  with  the  American  Light  and  Trac- 
tion Company,  New  York. 

John  A.  Malone,  recently  connected  with  the  E.  W.  Bliss  Company 
of  Brooklyn,  N.  T.,  has  accepted  a  position  with  the  Allied  Machinery 
Company  of  America,  New  York,  N.  Y. 

JOHx  B.  Price,  formerly  identified  with  the  Price  Electric  and  Ma- 
chinery Company.  Richmond,  Va..  has  become  associated  with  the  Peer- 
less Electric  Company  of  Warren,  O. 

John  R.  Gbay  has  severed  his  connection  with  the  Louisiana  State 
Eice  Mill  Company  at  New  Orleans,  and  has  taken  charge  of  the  Iota, 
La.,  plant  of  the  Iota  Rice  Milling  Company,  Inc. 

Henry  R.  Cobleigh,  formerly  mechanical  editor  of  The  Iron  Age 
and  more  recently  managing  editor  of  Power,  has  become  a  partner  in 
the  Power  Plant  Management  Company.  New  York. 

Howard  S.  Riddle,  consulting  engineer  of  the  Ohio  Board  of  Ad- 
ministration, Columbus,  O..  resigned  October  1  to  accept  a  position 
with  the  Jeffrey  Manufacturing  Company,  also  of  Columbus. 

Oscar  H.  Wiese,  formerly  employed  by  the  Mackintosh  and  Sey- 
mour Company,  Auburn,  N.  Y.,  has  been  engaged  by  the  Baltimore  Oil 
Engine  Company,  Baltimore,  Md.,  as  designer. 

Perry  S.  Tonet  has  entered  the  employ  of  Neiler  Rich  and  Com- 
pany, Chicago,  111.,  as  mechanical  engineej:.  He  was  until  recently 
clerk  with  the  Automatic  Electric  Company  of  the  same  city. 

Cyrds  W.  Bassett,  until  recently  engineer  with  the  Elevator  Supply 
and  Repair  Company.  Chicago,  111.,  has  become  affiliated  with  the 
Budd  Manufacturing  Company  of  Philadelphia.  Pa. 

Frank  L.  Eidmann.  formerly  efficiency  engineer  with  the  American 
La  France  Fire  Engine  Company,  Elmira,  N.  Y'.,  has  resigned  to  accept 
a  position  with  the  Heald  Machine  Company,  Worcester,  Mass. 

W.  Howard  Zabriskie,  until  recently  foreman  of  the  Standard  Oil 
Company  of  New  York,  Long  Island  City,  N.  Y.,  has  become  affiliated 
with  the  Standard  Oil  Company  of  California,  Richmond,  Cal. 

David  R.  Swinton  has  accepted  a  position  in  the  engineering  de- 
partment of  The  Perfection  Spring  Company,  Cleveland,  O.  He  was 
formerly  in  the  employ  of  the  Tuthill  Spring  Company.  Chicago,  111. 

Carroll  D.  Billmter.  formerly  draftsman  of  the  Norfolk  and  West- 
ern Railway,  Roanoke.  Va.,  has  accepted  the  position  of  instructor  of 
mechanical  engineering  at  Throop  College  of  Technology,  Pasadena,  Cal. 

Harry  Kaplan,  formerly  efficiency  engineer  with  the  Lewiston 
Bleachery  and  Dye  Works.  Lewiston,  Me.,  has  accepted  a  similar  posi- 
tion with  the  Winchester  Repeating  Arms  Company,  New  Haven,  Conn. 

Barton  Crhikshank  has  assumed  the  position  of  New  York  mana- 
ger of  The  C.  G.  Garrigus  Machine  Company.  He  was  until  recently 
associated  with  the  .\shcroft  Manufacturing  Company  of  Bridgeport, 
Conn. 


.\lfred  L.  Kenyon,  formerly  manager  of  the  Anniston  and  Attala 
operations  of  the  .Vlabama  Power  Company,  Anniston,  Ala.,  is  now  con- 
nected with  the  Columbia  Railway,  Gas  and  Electric  Company,  Colum- 
bia. S.  C. 

WiLBCE  C.  Prior  has  assumed  the  duties  of  chief  draftsman  of 
The  Merrow  Machine  Company,  Hartford,  Conn.  He  was  formerly 
identified  with  the  Aetna  Life  Insurance  Company  of  the  same  city  as 
inspector. 

E.  R.  Kenner.  formerly  sales  engineer  for  the  AlUs-Chalmers  Manu- 
facturing Company  in  their  Cleveland  district,  has  resigned  and  entered 
the  engineering  department  of  the  Firestone  Tire  and  Rubber  Com- 
pany, Akron,  O. 

Albert  C.  Thosias,  formerly  resident  chief  engineer  of  the  Alpha 
Portland  Cement  Company.  Cementon,  N.  Y*..  has  assumed  the  duties 
of  mechanical  superintendent  of  the  Canadian  Salt  Company,  Windsor, 
Ont.,  Canada. 

Frank  E.  W.\tkins  has  resigned  his  position  as  works  manager  of 
the  East  Jersey  Pipe  Corporation  at  Paterson,  N.  J.,  to  accept  a  simi- 
lar position  with  the  Canadian  Fairbanks-Morse  Company,  Ltd.,  To- 
ronto, Ont.,  Canada. 

Horace  R.  Wentzell,  until  recently  production  engineer  with  the 
Curtiss  Motor  Company  of  Buffalo,  N.  Y'.,  has  become  connected  with 
the  Buick  Motor  Car  Company,  Flint.  Mich.,  in  the  capacity  of  assist- 
ant master  mechanic. 

Elmer  E.  Gibson  has  assumed  the  duties  of  superintendent  of  The 
-Vshcroft  Manufacturing  Company,  Bridgeport,  Conn.  Hci  was  formerly 
associated  with  The  Jones  Speedometer  Company  of  New  Rochelle, 
N.  Y.,  in  a  similar  capacity. 

T.  E.  Bdck  has  accepted  a  position  with  the  Donora  Steel  Com- 
pany, Donora,  Pa.,  as  draftsman.  He  was  formerly  connected  in  a 
similar  capacity  with  the  Westinghouse  Electric  and  Manufacturing 
Company,  East  Pittsburgh,  Pa. 

Frank  E,  Bardrof  has  severed  his  connection  with  the  Rensselaer 
Polytechnic  Institute,  Troy,  N.  Y'.,  and  has  assumed  the  duties  of 
draftsman  in  the  mechanical  engineers'  office  of  the  Pennsylvania  Rail- 
road, .\ltoona,  Pa. 

Thomas  M.  Lynch  has  accepted  a  position  with  the  Babcock  and 
Wilcox  Company.  Bayonne.  N.  J.  He  was  until  recently  connected 
with  the  Buena  Vista  E.Ntract  Company,  Buena  Vista,  Va.,  in  the  capac- 
ity of  assistant  manager. 

Merritt  Van  Valkenburgh,  formerly  in  the  employ  of  the  De  La 
Vergne  Machine  Company,  New  York,  as  draftsman  in  the  power  in- 
stallation department,  is  now  associated  with  Westinghouse,  Church, 
Kerr  and  Company  of  New  York. 

Samuel  P.  Blakeman,  until  recently  associated  with  The  Terry 
Steam  Turbine  Company,  Hartford,  Conn.,  in  the  capacity  of  draftsman 
and  designer,  has  joined  the  staff  of  the  S.  K.  F.  Ball  Bearing  Com- 
pany, Hartford,  Conn.,  as  mechanical  engineer. 

Hugh  H.  Hargrate  has  become  affiliated  with  the  piping  depart- 
ment of  the  Newport  News  Shipbuilding  and  Dry  Dock  Company,  New- 
port News,  Va.  He  was  formerly  connected  with  W.  J.  Ralney  of 
Dniontown,  Pa.,  in  the  capacity  of  designer. 

James  H.  M.\rks,  formerly  superintendent  of  the  buildings  and 
grounds  department  of  the  University  of  Michigan,  Ann  Arbor,  Mich., 
is  now  superintendent  of  maintenance  and  construction  of  the  Packard 
Motor  Car  Company,  Detroit,  Mich. 

William  E.  Mosher  has  entered  the  employ  of  the  Fruit  Dispatch 
Company.  New  York.  He  was  until  recently  associated  with  the  horti- 
cultural and  pomological  investigations  of  the  V.  S.  Department  of 
Agriculture.  Washington.  D.  C. 


David  \.  Chapman,  formerly  mechanical  engineer  with  Wm.  Filene's 
Sons  Company,  Boston,  Mass.,  has  become  associated  with  The  Tou- 
raine  Company  of  Boston,  Mass.,  and  the  Dangel  Company,  Everett, 
Mass. 


Edwin  A.  Fessenden  has  severed  his  conneictlon  with  the  Univer- 
sity of  Missouri,  Columbia,  Mo.,  as  associate  professor  of  mechanical 
engineering  to  become  professor  of  mechanical  engineering  at  Pennsyl- 
vania State  College,  State  College,  Pa. 
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TjEE  E.  Wai.keu  has  accepted  the  position  of  foreman  with  the 
Baldwin  Aluuition  Company  at  Eddjstone,  Pa.  He  was  until  recently 
in  the  employ  of  The  Good  Roads  Machinciry  Company,  Inc.,  Philadel- 
phia, Pa.,  in  the  capacity  of  district  manager. 

Charles  H.  PHiLLirs  has  severed  his  connections  as  tool  designer 
with  the  Fierce-Arrow  Motor  Car  Company,  Buffalo,  N.  Y..  and  is  now 
associated  with  the  Curtiss  Aeroplane  and  Motor  Corporation,  Buffalo, 
N.  Y.,  in  the  capacity  of  superintendent  of  tools. 

JiLES  W.  Haney  has  accepted  a  position  in  the  mechanical  engineer- 
ing department  of  Pennsylvania  State  College,  States  College,  Pa.  He 
was  until  recently  connected  with  the  Commerce  Power  Company,  Kan- 
sas City,  Mo.  in  the  capacity  of  chief  engineer. 

Geo.  H.  Cunningham  has  resigned  his  position  as  superintendent 
of  construction  with  the  Anaconda  Copper  Mining  Company  and 
accepted  the  position  of  chief  engineer  tor  the  Electrolytic  Zinc  Com- 
pany of  Australia,  with  headquarters  at  Hohart,  Tasmania. 

Howard  M.  Chandler,  formerly  superintendent  of  coustruction  of 
the  Board  of  Home  Missions  of  Presbyterian  Church  of  New  Y'ork  at 
San  German,  P.  R.,  has  hecome  affiliated  with  the  Honolulu  Iron  Works 
Company,  New  York,  in  the  capacity  of  mechanical  engineer. 

William  H.  Tabor  has  entered  the  employ  of  the  Winchester  Re- 
peating Arms  Company,  New  Haven,  Conn.,  in  the  capacity  of  assistant 
industrial  engineer  of  the  tool  department.  He  was  until  recently  in- 
structor of  industrial  engineering  at  Pennsylvania  State  College,  State 
College,  Pa. 

M.  William  Ehrlich,  formerly  editor  of  Electrical  Age,  associate 
editor  of  Metal  Worker  and  who  has  had  seven  years  practice  with 
consulting  engineers,  has  joined  the  Lefax  editorial  staff,  Philadelphia, 
Pa.  HC'  will  assist  in  standardizing  the  magazine  and  will  carry  out 
the  plan  for  issuing  a  new  Lefax  cost  data  class  which  will  consist  of 
four  additional  sheets  a  month. 

Walter  G.  Holmes,  formerly  associated  with  the  Wilmot  Castle 
Company,  Rochester,  N.  Y.,  as  mechanical  engineer,  has  become  identi- 
fied with  the  Standard  Medical  Supply  Company  of  Minneapolis,  Minn., 
manufacturers  and  jobbers  of  physicians',  dentists',  hospital  and  vet- 
erinaries'  supplies  and  manufacturers  of  X-ray  apparatus  and  pharma- 
ceutical preparations.  Mr.  Holmes,  patentee  of  the  Holmes  sterilizer, 
has  spent  many  years  in  the  manufacture  of  medical  appliances  and  is 
now  superintending  the  manufacture  of  the  sterilizer,  the  Campbell 
electric  cabinet  and  W'hite  enamel  furniture  and  also  the  X-ray  ma- 
chines. 


H.  Schreck  has  been  appointed  chief  engineer  of  the  Diesel  engine 
department  of  the  Fulton  Iron  Works  of  St.  Louis.  Ills  former  position 
with  this  company  has  been  assistant  chief  engineer.  Mr.  Schreck  has 
had  a  wide  experience  with  one  of  the  most  prominent  concerns  in 
Europe  in  whose  shops  he  superintended  for  years  the  manufacture  of 
the  DieseJ  engine,  participating  as  a  co-worker  in  their  development, 
both  of  the  marine  and  the  stationary  type. 


ANNODNCBMBNTS 

Ladrel  E.  France  has  become  associated  with  the  Braden  Copper 
Company,  Rancagua,  Chile. 

Samlel  S.  Wyer  is  in  the  Petrolla,  Texas,  natural  gas  fields  inves- 
tigating natural  gas  conditions  there. 

William  I.  Ballentine  has  become  identified  with  The  Chain  Belt 
Company  of  Milwaukee,  Wis. 

John  J.  Matson  has  hecome  associated  with  the  General  Electric 
Company  of  Schenectady,  N.  Y. 

Charles    W.    Lummis    of    Worcester,    Mass.,    has    recently    been 
granted  a  patent  for  an  ingot  mold. 

W.  J.  Stoop  has  assumed  the  duties  of  superintendent  of  the  Wil- 
mington Steel  Company,  Wilmington,  Del. 

A.  A.  Potter  has  been  elected  a  member  of  the  Council  of  the  Soci- 
ety for  the  Promotion  of  Engineering  Education. 

■  Stephen  Thomas  has  accepted  a  position  in  the  efficiency  depart- 
ment of  the  Barney  and  Smith  Car  Company,  Dayton,  0. 

IIOLLis  Godfrey  has  been  elected  First  Vice-President  of  the  Soci- 
ety for  the  Promotion  of  Engineering  Education. 

Peter  Junkersfeld  of  Chicago  has  been  elected  president  of  the 
Association  of  Edison  Illuminating  Companies. 

W.  M.  Thornton  has  been  elected  Second  Vice-President  of  the  So- 
ciety  for  the  Promotion  of  Engineering  Education. 

H.  M.  BvLLESBT,  president  of  H.  M.  Byllesby  and  Company,  is  mak- 
ing a  tour  of  inspection  of  the  company's  properties  in  Colorado. 

A    shaft   coupling   has   been    patented    by    Julian    Kennedv,    Vice- 
President,  .Vni.Soc.M.E.     The  patent  number  is  1,194,028. 


APPOINTMENTS 

Thomas  E.  Keefe  has  been  appointed  New  Y'ork  representative  of 
the  Franklin  Oil  and  Gas  Company  of  Bedford,  0. 

Emile  J.  Batle  has  been  appointed  assistant  to  the  president,  and 
production  engineer  with  the  Pfaudler  Company,   Rochester,  N.  Y. 

G.  L.  Knight  has  recently  been  appointed  chairman  of  the  Electrical 
Apparatus  Committee  of  the  National  Electric  Light  Association. 

O.  W.  Cook,  manager  of  works  with  the  Canadian  Cartridge  Com- 
pany, Limited,  Hamilton,  Ont.,  Canada,  has  recently  been  appointed 
manager  of  that  company. 

S.  M.  MarshalIj,  manager  of  the  turbine  department  of  the  South- 
wark  Foundry  and  Machine  Company,  Philadelphia.  Pa.,  has  been  ap- 
pointed chief  engineer  of  the  company. 

Carl  Stenbol,  mechanical  engineer  of  the  steel  department  of  the 
Canada  Cement  Company.  Limited,  Montreal.  Canada,  has  been  ap- 
pointed superintendent  of  the  steel  and  forge  departments  of  the  com- 
pany. 

James  Macfarlane,  for  many  years  superintendent  of  the  dredging 
division  of  the  Panama  Canal,  Paraiso,  has  been  appointed  to  succeed 
J.  J.  Eason  as  assistant  superintendent  of  the  mechanical  division  at 
Balboa. 

William  McClellan,  consulting  engineer  of  New  Y'ork  City  and 
former  chief  engineer  for  the  New  Y'ork  Public  Service  Commission  for 
the  Second  District,  has  been  appointed  dean  of  the  Wharton  School 
of  Finance  and  Commerce  of  the  University  of  Pennsylvania,  Philadel- 
phia, Pa. 


Alfred  R.  Bench  has  become  identified  with  the  sales  department 
of  the  Taylor-Wharton  Iron  and  Steel  Company,  High  Bridge,  N.  J. 

Robert  E.  Cranston,  mining  engineer  of  San  Francisco,  Cal.,  Is  on 
an  extended  professional  trip  through  Colorado,  Montana  and  Nevada. 

Samuel  E.  Flexer  has  been  promoted  to  the  position  of  general 
superintendent  of  the  Kingsport,  Tenn.,  plant  of  the  Clinchfield  Port- 
land Cement  Corporation. 

James  L.  Myers,  formerly  with  the  Philadelphia,  Pa.,  office  of  The 
Barrett  Company,  has  been  transferred  to  the  Gray's  Ferry  Plant  in 
the  capacity  of  fuel  and  power  engineer. 

Robert  E.  Hall,  formerly  vice-president  and  sales  manager  of  The 
Goulds  Manufacturing  Company,  Seneca  Falls,  N.  1'.,  has  been  trans- 
ferred to  the  Chicago,  111.,  office  of  the  company. 

Charles  C.  Jamieson  and  George  II.  Houston  have  formed  a  part- 
nership under  the  name  of  Jamieson  and  Houston,  for  investigating, 
consulting  and  management  work,  with  offices  in  New  York. 

William  McClellan,  F.  B.  H.  Paine  and  Hobace  T.  Campion 
announce  that  they  have  formed  the  partnership  of  Paine,  McClellan 
and  Campion,  engineers,  with  offices  in  New  York  City  and  Phila- 
delphia. 

John  F.  Magee,  formerly  connected  with  the  engineering  depart- 
ment of  the  Alpha  Portland  Cement  Company.  Easton,  Pa.,  has  been 
transferred  to  the  Martins  Creek,  Pa.,  plant  in  the  capacity  of  superin- 
tendent of  Mill  No.  4. 

John  L.  Thompson,  supervising  engineer  of  The  Travelers  Insur- 
ance Company  and  the  Travelers  Indemnity  Company,  Hartford.  Conn.,, 
is  now  in  general  charge  of  the  engineering  and  Inspection  division  witbi 
the  title  of  superintendeait. 
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Chaules  E.  Beck  has  opeued  an  office  in  (be  Victor  Buildiug.  Kan- 
sas City,  Mo.,  as  district  manager  for  the  De  La  Vergne  Machine  Com- 
pany of  New  York.     The  company's  Chicago  office,  formerly  in  charge  of 
Mr.  Beelt,  will  be  discontinued. 

ALL.\N  D.  RiSTEEN,  affiliated  with  the  engineering  and  inspection 
division  of  the  Travelers  Insurance  Company  and  the  Travelers  Indem- 
nity Company,  Hartford,  Conn.,  has  assumed  the  duties  of  director  of 
technical  research  and  safety  publication  work. 

Habet  C.  Lane,  formerly  chief  draftsman  and  superintendent  of 
construction  of  the  Maryland  Steel  Company,  has  been  made  assistant 
chief  engineer  and  superintendent  of  construction,  since  the  purchase 
of  the  plant  by  the  Bethlehem  Steel  Company. 

H.  R.  Setz,  tor  the  past  four  years  in  charge  of  the  oU  engine  de- 
partment of  the  Fulton  Iron  Works,  has  resigned  this  position.  He 
will  devote  the  next  few  months  to  research  and  development  work  pre- 
paratory to  bringing  out  a  new  type  of  engine. 


William  G.  Houskeeper  presented  a  paper  on  Probability  Curves 
as  Applied  to  Photometric  Measurements,  at  the  tenth  annual  conven- 
tion of  the  Illuminating  Engineering  Society,  held  in  Philadelphia,  Pa., 
September  18  to  20. 

Robert  Thurston  Kent,  consulting  engineer,  is  the  author  of  a 
new  book  on  Power  Transmission  by  Leather  Belting.  This  is  one  of  a 
new  Wiley  engineering  series  in  which  each  book  will  be  devoted  to  a 
single  subject  of  engineering  practice. 

Oberlin  Smith  Is  the  author  of  Pressing  and  Stamping  Metals, 
which  appears  in  the  September  issue  of  The  Engineering  Magazine. 
This  is  the  first  of  a  series  of  articles  reviewing  the  more  recent  devel- 
opments and  processes  in  this  field. 

Among  the  papers  presented  at  the  September  14  to  16  convention 
of  the  National  Association  of  Cotton  Manufacturers  held  at  N^w 
London,  Conn.,  were :  Individual  Caution  the  Most  Effective  Accident 
Preventive,  M.  W.  Alexander;  Presentation  of  the  Proposed  Plan  for 
Enlarging  the  Scope  of  the  Association,  Albert  G.  Duncan  ;  The 
Moisture  Conditioning  of  Cotton  with   Relation   to  Picker  Fires,   F.  .1. 

IIOXIE. 


Geo.  G.  Schmidt,  secretary  of  The  New  York  School  of  Heating 
and  Ventilating,  announces  the  opening  of  the  fourth  annual  season  of 
the  school,  and  the  inauguration  of  a  second  year  course  comprised 
of  twelve  lectures. 

BuET  H.  Weston,  formerly  Instructor  in  mechanical  and  engineer- 
ing drawing  and  machine  design,  David  Ranken  Jr.  School  of  Mechan- 
ical Trades,  St.  Louis,  Mo.,  has  resigned  and  opened  an  office  in  Day 
ton.  O.  Mr.  Weston  will  entTCr  business  as  a  consulting  and  equipment 
engineer.  • 

Erwin  W.  Thompson,  commercial  attach^  tor  Germany,  the  Nether- 
lands and  the  Scandinavian  countries,  has  returned  to  this  country  to 
spend  several  months  on  official  duty,  and  will  be  prepared  to  confer 
with  representative  bankers,  merchants  and  manufacturers  regarding 
trade  conditions  in  his  district,  as  well  as  to  address  commercial  gath- 
erings. During  his  incumbency  of  the  post  of  commercial  attache, 
Mr.  Thompson  was  temporarily  stationed  at  The  Hague,  Netherlands. 
and  a  large  part  of  his  time  was  devoted  to  assisting  American  mer- 
chants and  manufacturers  in  connection  with  the  various  prohibitory 
trade  enactments  of  the  warring  nations.  He  has  been  instrumental 
in  obtaining  the  lifting  of  several  embargos  and  in  effecting  a  change 
in  some  of  the  methods  adopted  by  the  governments  and  by  the  Nether- 
lands Overseas  Trust  in  regard  to  the  operation  of  the  enactments 
referred  to. 


I  AUTHORS  OF  PAPERS,  ETC. 

An  article  on  Laying  Out  Skew  Bevel  Bears  by  Reginald  Traut- 
scHOLD,  appears  in  the  September  number  of  MacMnery. 

H.  L.  Gantt  has  contributed  an  article  entitled.  What  is  Prepared- 
ness, to  the  September  number  of  The  Engineering  Magazine. 

William  A.  Knight  has  contributed  an  article  on  Cutting  Speeds 
and  Feeds  to  the  September  7  issue  of  the  American  Machinist. 

Rot  a.  Seaton  is  the  author  of  a  book  entitled  Concrete  Construc- 
tion for  Rural  Communities. 

Howard  E.  Coffin  is  the  author  of  an  article  entitled  The  Council 
of  National  Defense,  published  in  the  September  issue  of  Th-e  Engineer- 
ing Magazine. 

An  article  on  Power  Equipment  for  the  Steam  Plant  by  Robeet 
L.  Steeetek,  is  published  In  the  September  Issue  of  The  Engineering 
Magazine. 

H.  J.  Macintiee  has  contributed  an  article  entitled  Factors  that 
Infiuence  the  Selection  of  a  Condenser,  to  the  September  5  issue  of 
Power. 

John  H.  Bebnhard  delivered  a  lantern  slide  talk  on  River  Craft 
and  River  Terminals  at  the  September  13  meeting  of  The  Engineers' 
Club  of  St.  Louis. 

David  B.  Rushmore  delivered  a  lecture  on  The  Nitrogen  Industry 
as  a  Power  Load,  at  the  37th  annual  convention  of  the  Association  of 
Edison  Illuminating  Companies,  held  at  Hot  Springs.  Va. 

Dabnbt  H.  Madrt  is  joint  author  with  R.  E.  Horton  of  a  brief 
article  entitled  Old  Brick  Intake  Tunnel  Shows  Low  Kutter  Factor, 
which  appears  in  the  September  7  number  of  Engineering  A'ews. 


NECROLOGY 

FRANK    BARTLETT   McSOLEY 

Frank  Bartlett  MeSoley  was  born  at  Providence,  K.  I.,  on 
December  11,  1885.  He  received  his  early  education  in  the 
fommon  schools  and  was  graduated  from  the  Providence 
Technical  High  School,  where  he  took  a  special  mechanical, 
electrical  and  steam  engineering  course.  He  was  also  grad- 
uated from  the  Rhode  Island  School  of  Design,  where  he 
specialized  in  mechanical  and  steam  design. 

In  1905  Mr.  McSoley  entered  the  service  of  the  Narragan- 
sett  Electric  Lighting  Company  of  Providence,  where  he  had 
full  charge  of  the  service  department  and  of  output  computa- 
tion of  generating  and  sub-stations,  also  the  estimating  of  con- 
struction and  extension  costs.  He  was,  in  addition,  personal 
assistant  to  the  General  Manager. 

He  was  much  interested  in  wireless  telegraphy,  and  deliv- 
ered a  number  of  lectures  on  this  subject.  He  organized  the 
Rhode  Island  Wireless  Telegraphic  Association,  of  which  he 
was  first  president.  He  was  later  made  chairman  of  the  ad- 
visory board  of  the  association. 

Mr.  McSoley  was  a  member  of  the  National  Electric  light 
Association,  the  American  Institute  of  Electrical  Engineers, 
and  The  Institute  of  Radio  Engineers.  He  became  a  member 
of  the  Society  in  1911.  He  was  also  verj'  active  in  the  Boy 
Scout  Movement.  He  died  at  his  home  in  Pro\'idenee  on 
August  15,  1916. 

WILLIAM    BAYLY    UPTON 

WiUiam  Bayly  Upton  was  bom  in  San  Francisco,  Cal.,  on 
October  30,  1856.  He  received  his  education  in  the  home 
schools  and  served  his  apprenticeship  at  the  Union  Iron 
Works  in  San  Francisco.  Up  to  1892,  he  was  assocciated  with 
cable  road  construction  in  San  Francisco  and  Kansas  City, 
when  he  was  called  to  Washington,  D.  C,  for  similar  work 
with  the  Capital  Traction  Company.  He  served  later  as  engi- 
neer in  charge  of  the  construction  of  several  of  the  important 
underground  and  overhead  electric  lines  now  under  the  con- 
trol of  the  Washington  Railway  &  Electric  Company,  and  was 
engineer  in  charge  of  the  joint  construction  by  the  two  traction 
companies  of  the  lines  approaching  the  Union  Station.  Among 
other  of  his  achievements  in  Washington  was  the  planning 
and  installation  of  the  lighting  and  wiring  system  in  the 
Municipal  Filtration  Plant.  He  recently  returned  to  San 
Francisco  to  take  charge  of  the  construction  of  the  Argentine 
Pavilion  at  the  Panama-Pacific  International  Exposition,  1915. 

Mr.  Upton  became  a  member  of  the  Society  in  1894.  He 
died  in  Alameda,  Cal.,  on  July  30,  1916. 


EMPLOYMENT  BULLETIN 

rHE  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Society 
the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with  special  oppor- 
tunities for  which  their  training  and  experience  qualify  them,  and  for  helping  anyone  desiring  engineer- 
ing services.      The  Society  acts  only  as  a  clearing   house  in  these  matters. 


engines  and  separators.  Total  number  of  men  employed  will  run 
as  high  as  120  during  some  seasons ;  this  includes  men  in  core 
room,  cleaning  room,  etc.  Prefer  a  man  with  experience  in  agri- 
cultural machinery.  Must  have  ability  to  handle  men,  and  a  record 
showing  thorough  experience  in  foundry  lines.  Salary  determined 
by   previous   experience  and   qualifications.     Location   Ohio.      511 

ASSISTANT  WORKS  MANAGER  and  FOUNDRY  SUPERIN- 
TENDENT, to  be  combined  in  one  position  provided  man  can  be 
found  with  ability  and  experience,  well  acquainted  with  machine 
shop  practice  and  up-to-date  in  foundry  management ;  or  two  posi- 
tions will  be  created,  one  of  .\ssistant  Works  Manager,  the  other 
Foundry  Superintendent.  Company  manufactures  power  specialties. 
Location  Pittsburgh.     512-513 

ENGINEER  with  experience  to  become  member  of  staff  being  or- 
ganized for  design  and  construction  of  new  metallurgical  plant. 
Location   New  Jersey.      521 

INVESTMENT  of  $20,000  to  $25,000  and  practical  working  in- 
terest in  business  near  Philadelphia,  engaged  in  operation  on  a  limited 
scale  for  making  silica  brick.  Present  owner  desires  capable  as- 
sistant in  running  well-established  business.     522 

SHOP  INSTRUCTOR  for  foundry  work  and  forging.  Would  like 
man  who  is  industrious  and  thoroughgoing,  would  get  along  well  with 
students  and  be  anxious  to  improve  his  department.  Good  equip- 
ment in  each  line  of  work,  and  ample  opportunity  for  man  to  conduct 
special    investigations.       Salary    $1200.       Location    Nebraska.      523 

CHECKER,  SQUAD-KOSS  AND  DRAFTSMAN,  experienced  in  In- 
dustrial engineering,  wanted  by  large  Eastern  smelting  company. 
State  age,  education,  experience  and  salary  desired  in  first  letter. 
Permanent  positions  to  capable  men.     524 

DRAFTSMAN,  capable  of  designing  large  machines  for  boring  and 
milling  ;  also  to  design  fixtures  and  tools  for  use  on  such  machines, 
to  hold  and  perform  work  shown  by  drawings.  Location  Providence. 
525 

YOUNG  MECHANICAL  ENGINEER  for  concern  on  Long  Island 
building  automobiles :  man  of  unusual  ability  and  broad  calibre 
desired,  who  will  develop  in  this  work.  Past  experience  in  auto- 
mobiles not  necessarily  essential.      528 

ENGINEER,  experienced  in  machine  design,  for  e.xecutive  position 
in  experimental  department  of  large  industrial  concern.  Chemical 
knowledge  helpful.  Permanent  position  with  attractive  future. 
Advise  experience  and  salary  expected.     529 

CHEMICAL  ENGINEER,  experienced  in  aniline  dye  manufacturing, 
to  become  department  engineer ;  $40  to  $G0  per  week,  depending  upon 
ability.     Name  confidential.     Location   New  York   State.     530 

YOUNG  MECHANICAL  ENGINEER  on  design  and  building  of 
pumping  stations.  Technical  graduate  preferred.  Salary  $1800  to 
$2100.     Location' Brooklyn,  N.  Y.     531 

YOUNG  COLLEGE  GRADUATE  in  electrical  or  mechanical  engineer- 
ing (preferably  electrical)  with  some  experience  in  purchasing,  esti- 
mating or  contracting,  and  some  practical  business  experience  in  con- 
nection with  steam-engine  and  hydraulic  work  or  gas  business  would 
be  most  serviceable.     Location  Boston.     534 

GENERAL  SUPERINTENDENT  for  modern  manufacturing  plant 
In  Middle  West.  Large  gas  engines,  steam  engines  and  heavy  special 
machinery  principal  products.  Successful  experience  in  shop  man- 
agement and  practical  knowledge  of  modern  foundry  and  machine 
shop  methods  required.  Town  of  12,000.  Desirable  living  conditions. 
Apply  first  by  letter.     535 

MECHANICAL  DRAFTSMAN  for  general  power  plant  work.  Salary 
$125.     538 

PLANT  ENGINEER  for  up-to-date  electrical  plant  of  5,000  em- 
ployees. Address,  giving  age,  weight,  height,  experience,  salary  ex- 
pected and  references  In  first  letter.     Location  Middle  West.  541 

YOUNG  ENGINEER,  preferably  class  of  '16,  to  start  In  testing 
department  of  machinery  concern  building  pumps,  turbines  and  con- 
densers.    Location  fifty  miles  from  New  York  City.     542 

FOUNDRY   FOREMAN.     Would  have  charge  of  about   60   molders,  MECHANICAL  ENGINEER,  with  experience  In  petroleum  refining. 

making    gray    iron    and    semi-steel    castings    for    gas    engines,    steam        Position  calls  for  work  in  Mexico.     Preference  to  applicants  who  are 
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POSITIONS  AVAILABLE 

In  forwarding  applications,  stamps  should  he  enclosed  for  transmittal 
to  advertisers ;  applications  from  non-members  should  be  accompanied 
by  a  letter  of  reference  or  introduction  from  «  member,  such  reference 
letter  to  be  filed  by  the  Society.  Copy  for  notices  should  be  in  hand 
by  the  isth  of  the  month. 

DESIGNER,  on  heavy  machine  tools  and  similar  machinery  ;  good 
opportunity  for  high-grade  man  with  chiefly  drawing-oflice  experience. 
Location  Pennsylvania.     40 

SALESMAN  with  technical  education  as  mechanical  engineer  to  be- 
come head  salesman  of  company  manufacturing  heavy-capacity  auto- 
matic scales  for  factory  and  warehouse  iises.  Man  between  30  and  40 ; 
must  be  master  salesman.  Broad  selling  experience  absolutely  essen- 
tial ;  educational  requirement  secondary.     42 

DRAFTSM.VN  experienced  in  heavy  machinery,  and,  if  possible,  on 
chemical  apparatus.      Salary  $25-$30.     Location   New  Jersey.     50 

ASSISTANT  CHIEF  ENGINEER.  Young  man  who  has  had  ex- 
perience in  or  made  special  study  of  power  plant  operation,  to  assist 
in  running  woodworking  factory  of  1000  h.p.  Knowledge  of  design 
of  exhaust  steam  heating  on  large  scale  desirable,  .\nswer,  stating  age, 
past  positions  and  salary  expected.     83 

DRAFTSMAN,  experienced  in  design  of  heavy  machinery,  rolling 
mills,  etc.     Location  Connecticut.     98 

RECENT  GR.\DU.\TES  in  mechanical  engineering  from  schools  of 
recognized  standing,  desired  for  testing  work  in  large  steam-operated 
electric  power  plants.  Applicants  with  experience  in  testing  work  will 
be  given  preference.  State  particulars  of  education,  experience  and 
salary  desired.     167 

TOOL  DESIGNER  who  is  resourceful  and  can  follow  work  through 
to  completion.  Technical  man  with  practical  shop  experience.  Salary 
$25  to  $35  per  week  according  to  ability.     Location  Connecticut.     185 

MECHANICAL  ENGINEER  to  take  charge  of  research  department 
in  development  and  manufacture  of  underfeed  mechanical  stokers. 
Experienced  in  designing,  construction  and  operation.  Good  oppor- 
tunity for  right  man.  Old  established  corporation.  State  age.  ex- 
perience, when  at  liberty,  salary  expected,  etc.  Location  Middle  West, 
Apply  by  letter.     238 

.\SSISTANT  in  mechanical  laboratories  in  eastern  technical 
school  at  least  a  year  out  of  college,  with  some  practical  experience 
in  the  care  and  handling  of  mechanical  equipment.  Give  full  details 
of  education,  practical  experience  and  references.  Wanted  for  present 
college  year.     Location  near  New  York.     366 

DRAFTSMEN  familiar  with  design  of  piping  and  layout  and  equip- 
ment for  power  plants.  State  training,  experience  and  salary  expected. 
Location  New  England.     379 

INDUSTRIAL  ENGINEER,  22  to  25  years  of  age,  with  knowledge 
of  cane  sugar  house  work  and  experience  in  drafting  department,  for 
concern  of  consulting  and  contracting  engineers,  sugar  factories  and 
equipment,    marine    work,    etc.      Location    New    York.      387 

EXPERIENCED  MAN  on  twist  drills,  one  thoroughly  familiar  with 
twist-drill-making  machines  and  able  to  help  on  the  design  for  new 
factory,  to  have  charge  of  this  department  as  soon  as  started.     413 

YOUNG  ENGINEER  who  has  had  some  shop  experience  and  has  the 
ability  to  develop  into  an  executive.     Location  New  York.     495 

SUPERINTENDENT  for  small  plant  to  take  general  charge  of  opera- 
tions of  textile-treating  industry  in  fire-  and  water-proofing  as  well  as 
dyeing  piece  goods.  Some  one  preferred  with  knowledge  of  dyeing, 
especially  with  logwood.     Location  New  York  State.     505 

DRAFTSMAN.  Opening  for  capable  draftsman,  experienced  in 
conveying  machinery.  Good  opportunity  with  splendid  chance  of 
advancement  to  proper  party.  In  reply,  state  experience,  references, 
age  and  salary  expected.  Location  Middle  West.  Communications 
treated   confidentially.      507 

YOUNG    ENGINEER    for    tractor    factory. 
tlonal   opportunity   to   energetic   man.      510 
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single  and  have  haa  training  in  European  country.  State  experience 
and  education.     543 

FOREMAN,  competent  to  run  shop  maliing  castings  and  torgings. 
Employ  upwards  of  200  men.  Man  of  some  education  and  who  knows 
how  to  handle  men  and  get  work  done.  Hours  from  7  to  5.30.  Loca- 
tion Middle  West.     545 

DESIGNING  DK.AFTSM.VN,  familiar  with  cam  motions  and  gears. 
Location  New  York  State.     546 

HIGn-GR.\DE  EXPERIENCED  MAN  to  do  rate-setting  and  time- 
study  work  and  take  general  charge  of  efficiency  work  of  machine 
shop.  Require  man  who  has  -had  actual  experience  along  these  lines 
and  who  has  made  good.  Technical  graduate  desirable,  but  not  essen- 
tial.    Prefer  man  over  30  years  of  age.     Location  Massachusetts.     547 

DESIGNERS  and  DR.iFTSMEN  with  experience  in  design  and  con- 
struction of  crude  oil  engines,  two-  and  four-cycle,  stationary  and 
marine  type.  Give  particulars  of  salary  expected,  previous  experience, 
etc.     Location  Maryland.     Apply  by  letter.     548 

GENERAL  SUPERINTENDENT  in  munitions  and  later  in  electrical 
factory.     Salary  $3000.    Location  New  Jersey.     552 

M.\CHINERT  SALESMAN  experienced  in  obtaining  work  for  a 
contract  shop.     Location  Boston.     556 

YOUNG  ENGINEER,  with  technical  education  and  special  training 
in  design  of  automatic  machinery  for  manufacture  of  small  inter- 
changeable parts.  Excellent  chance  for  advancement  to  one  who  dis- 
plays ability  and  application.     Location  Chicago.     139 

DESIGNER  for  special  machinery  and  labor-saving  devices,  capable 
of  following  work  through  shop  to  completion.  Location  New  York 
State.     248 

S.iLESMAN.  Man  having  experience  in  tool  steel  and  alloy  steels 
preferred.  Opportunity  for  advancement.  State  age,  experience  and 
salary  expected.     Location  New  York.     360 

ENGINEER  AND  DESIGNER,  with  experience  either  in  forging 
and  die  pressing  of  brass  or  die  casting  machines.  Must  be  capable  of 
making  investigations  of  materials,  methods  of  manufacture,  etc.,  and 
work  out  principles  of  design  of  necessary  equipment.  New  lines  of 
work  in  large  manufacturing  concern  in  middle  west  and  excellent  op- 
portunity for  men  who  have  originality  and  Initiative.     554 

ASSISTANT  in  mechanical  engineering.  University  of  Idaho;  me- 
chanical engineering  graduate;  send  photograph,  full  record  of  experi- 
ence and  credentials  in  first  letter.  Compensation  $800  for  nine 
months,  from  September  15  to  June  15,  1917.     555 


MEN  AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  puhlished  notices  in 
this  section.  Copy  for  notices  should  be  in  hand  by  the  18th  of  the 
month,  and  the  form  of  the  notice  should  be  such  that  the  initial  u-ords 
indicate  the  classification.  Notices  are  not  repeated  in  consecutive 
issues. 

SALESMAN,  SALES  ENGINEER.  Associate-Member,  age  35. 
American  born,  single,  technically  educated,  ntteen  years'  wide  ex- 
perience as  designing  and  structural  engineer  in  10  cities  of  U.  S.  and 
3  foreign  countries.  Now  in  Canada.  Pleasing  personality,  especially 
adapted  for  dealings  with  foreigneirs.  Must  leave  responsible  work  at 
$200  a  month  on  account  of  eye  strain.  'Will  start  for  $100  a  month 
with  large  firm  as  traveling  salesman.  Some  selling  experience  and 
many  references.     J-327 

EXECUTIVE  ENGINEERING  or  SALES.  Technical  graduate.  Famil- 
iar vrith  sale  of  oils  and  handling  by  pipe  lines,  motor  trucks  and  ships. 
Able  to  design  and  install  pipe  lines,  power-plant  equipment,  tanks, 
etc.  Capable  of  handling  accounts  and  cutting  costs.  Several  years 
experience  in  conducting  efficiency  tests  of  power-plant  equipment, 
lubricants,  air  compressors  and  shop  material.  Initial  salary  a  second- 
ary consideration.  Can  handle  men  without  friction  and  obtain  re- 
sults.    J-328 

ADMINISTRATIVE  or  EXECUTIVE  position.  Member,  with  elec- 
trical, mechanical  and  commercial  training.  Experience  includes  elec- 
tric-traction projects ;  design  and  construction  of  manufacturing 
plants ;  design  of  factory  product,  machine-tool  operations,  cost  and 
general  accounting ;  systematizing  of  shop,  office  and  drawing  room  ; 
familiarity  with  efficient  management  methods,  production  control,  etc. 
Has  just  completed  important  electrical  installation  and  desires  to  ob- 
tain permanent  and  responsible  position  with  a  manufacturing  or 
industrial  plant.      Central   New   York  preferred.      J-329 

ENGINEERING,  EXECUTIVE  or  confidential  position  by  a  man  just 
completing  a  standardization  proposition.  Experienced  theoreitically 
and  practically.  Would  consider  connecting  with  a  new  enterprise, 
development  or  installation  of  a  new  project  or  system,  or  taking 
charge  of  the  engineering  or  confidential  interests  of  an  individual  or 
corporation.  Best  of  references  as  to  ability,  standing,  etc.  Willing 
to  go  anywhere.     J-330 


MECHANICAL  SUPERINTENDENT  or  MASTER  MECHANIC. 
.-Vssociate-Member.  age  32,  technical  graduate.  Eight  years  experiC'nce 
in   construction  and   repairs.     Available  at  once.      J-331 

MANAGER,  WORKS  MANAGER  or  GENERAL  SUPERINTEND- 
ENT. Technical  education,  M.  E.  Good  executive  abilities,  thorough 
in  modern  methods  and  practices,  japanning,  wood-working,  etc.  Over 
25  years  broad  and  varied  experience  in  heavy,  medium,  small  and 
interchangeable  work  (electrical  and  metal-working).  Practical  me- 
chanic. Thoroughly  capable  in  shop  organization  and  supervision  of 
manufacturing,  qualified  in  office,  buying,  sales,  cost,  piece,  bonus  or 
premium  methods.     J-332 

ENGINEER-S.\LESMAN,  capable  of  approaching  with  confidence 
architects  and  engineers  or  owners  on  larger  construction  operations 
in  New  York  or  New  England  and  nearby  states  for  concern  desiring 
new  business  or  development  of  special  department.     J-333 

MECII.VNICAL  ENGINEER  of  large  experience  as  executive,  sales 
representative  and  designer  would  like  to  communicate  with  concerns 
appreciating  conscientious  work  for  substantial  results.  Machine  tools 
or  special  machinery  preferred.     J-334 

ENGINEER-EXECUTIVE.  Member.  Fourteen  years  experience, 
eight  years  in  charge.     Any  location  in  U.  S.     J-335 

S.VLES  MANAGER.  Member,  age  38.  Successful,  reliable  salesman 
and  practical  mechanic  with  unusual  business  training.  At  present 
connected  with  sales  force  of  prominent  eastern  jobbers.  Seven  years 
as  department  sales  managec.  Qualified  to  represent  manufacturers  of 
steel  products,  machinery,  hardware  or  kindred  lines  :  would  consider 
group  of  non-conflicting  lines.  Fully  conversant  with  Spanish  lan- 
guage and  the  Latin  people  ;  diplomatic,  forceful  and  energetic.  Wishes 
to  correspond  with  firms  desiring  to  extend  their  field  in  manufactur- 
ing lines  suited  to  South  American  trade.  Open  for  engagement  in 
South  America  or  Spain.     Nominal  initial  salary.     J-336 

CHECKER.  Experienced  man,  able  to  take  charge  of  design  on  any 
line  of  steam  goods,  particularly  valves  and  fittings.     J-337 

SUPERINTENDENT  or  CHIEF  DRAFTSMAN.  Member,  age  38. 
Mechanical  engineer,  14  years  drawing-room  and  6  years  shop  experi- 
ence on  steam  and  combustion  engines,  hydraulic  machinery,  tools,  etc. 
Expert  designer  of  molds  for  shellac  and  pyroxylin  compounds  and 
phenol  condensation  materials.  Desires  position  in  vicinity  of  Newark, 
N.  J.     Salary  $2000.     J-338 

GENERAL  MANAGER  or  CHIEF  ENGINEER.  Age  40,  technical 
training.  15  years  experience  on  hoisting  machinery,  contractors 
plant,  dredges,  locomotive  cranes,  etc.  Has  successfully  held  positions 
as  designer,  chief  draftsman,  chief  engineer  and  general  manager. 
J-339 

ASSISTANT  MANAGER  or  SUPERINTENDENT.  Associate-Mem- 
ber, age  30.  Technical  graduate  with  shop  training.  Broad  experi- 
ence in  design  and  engineering  work ;  familiar  with  costs,  produc- 
tion and  modern  business  methods.     J-340 

ASSISTANT  CHIEF  ENGINEER  or  ASSISTANT  SUPERINTEND- 
ENT of  manufacturing  plant.  Columbia  M.  E.,  age  32.  About  ten 
years  experience,  embracing  design  of  coal-  and  ore-handling  machin- 
ery, railway  electrification  and  acid  plants.  Practical  experience  in 
shops  before  entering  college.  Has  been  assistant  chief  engineer  on 
acid  plants  and  assistant  superintendent  in  charge  of  maintenance, 
repair  and  construction  of  industrial  plants.     J-341 

SALES  MAN.\GER.  Member,  with  exceptional  experience  and  record. 
Familiar  with  electrical  and  mechanical  power  equipment  from  coal 
pile  to  shipping  room.  Draws  the  line  between  system  and  red  tape 
and  gets  results.  Wants  larger  field,  responsibilities  and  compensation 
than  possible  in  present  position.     J-342 

MECHANICAL  ENGINEER.  Member,  age  33.  Specialty  :  design 
and  erection  of  shops  and  power  plants,  including  selection  and  in- 
stallation of  equipment.     J-343 

MECHANICAL  ENGINEER.  Twenty  years  experience  in  the  practical 
management  of  power-plant  equipments ;  15  years  as  an  executive. 
Has  had  broad  experience  with  steam,  electrical,  hydraulic  and  refrig- 
erating machinery.  At  present  chief  engineer  and  superintendent  of 
maintenance  of  large  Industrial  plant.  Would  like  to  connect  with 
large  concern  desiring  to  improve  their  conditions.  No  position  con- 
sidered below  $2500.     J-344 

F.iCTORY'  MANAGER.  Technical  graduate,  M.  E.,  age  30.  Ten 
years  experience  in  costs,  efficiency  engineering  and  factory  manage- 
ment. Can  refer  to  several  successful  concerns  as  to  ability  and  results 
secured  in  increased  output  and  decreased  costs.  Desires  position  as 
manager  of  plant  where  compensation  will  be  in  proportion  to  results 
obtained.      J-345 

.\SSISTANT  SUPERINTENDENT.  Technical  graduate.  Four  years 
manufacturing  experience.  Thoroughly  familiar  with  modern  methods 
of  cost  accounting,  production  and  management.  References  furnished. 
Location,  Middle  West  preferred.     Salary  $125.     J-346 
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MECHANICAL  ENGINEER.  Cohinihia  graduate.  Eigliteeu  months 
experience  as  machinist,  draftsman,  inspector,  also  head  inspector  in 
power-plant-testing  work.  Desires  position  In  or  near  New  Yorli  City 
with  manufacturing  or  engineering  concern.     J-347 

SALES  ENGINEER  or  ASSISTANT  TO  EXECUTIVE.  Member. 
Eighteen  .years  engineering  eixperieuce  in  design,  shop,  sales  and  execu- 
tive work,  railroad  equipment,  special  machinery,  structural-steeil  and 
power  plants.  At  present  employed  as  sales  wigineer  but  desires 
change  to  concern  offering  gre^ater  opportunities.  Can  report  any- 
where on  short  notice.     Good  working  knowledge  of  Spanish.     J-348 

MECHANICAL  ENGINEER,  age  42.  Twelve  years  experience  in 
design,  testing  and  operation  of  boilers  and  mechanical  stokers.  Now 
employed  in  executive  capacity.  Desires  position  with  boiler  or  stoker 
manufacturer,  or  with  large  plant  as  power  efficiency  engine&r,  or  as 
sales  engineer  with  boiler  or  stoker  manufacturer.     J-349 

DRAFTSMAN.  1914  M.  E.  graduate  from  University  of  Illinois 
desires  position  as  power-plant  draftsman.  Location  preferably  Chi- 
cago.    J-350 

MECHANICAL  ENGINEER.  Technical  graduate.  Two  years  ex- 
perience in  handling  labor  and  in  scientific  management  work.  Desires 
change  in  location  and  a  permanent  position.     J-351 

MECHANICAL  ENGINEER.  Cornell  graduate.  Extended  experi- 
ence in  designing,  constructing  and  installing  large,  small  and  special 
machine  tools.  Has  held  positions  as  chief  engineer  and  manager 
while  engaged  in  the  sale,  design  and  manufacture  of  high-duty  pump- 
ing engines,  condensers,  large  air  and  gas  compressors  and  special 
machine  tools.     Willing  to  take  stock  for  part  salary  if  desired.     J-352 

TECHNICAL  GRADUATE.  Four  years  apprenticeship  in  railroad 
shops,  seven  years  drafting-room  experience,  twenty-one  months  in 
charge  of  construction  work.  Desires  position  where  shop  and  execu- 
tive experience  will  be  of  value  to  employer.     J-353 

CHIEF  DRAFTSMAN,  CHIEF  ENGINEER  or  MASTER  ME- 
CHANIC. Fifteen  years  experience  in  quantity  manufacture,  automatic 
machinery,  factory  maintenance,  experimenting,  etc.  Available  Octo- 
ber 1.     Salary  .$2600.     J-354 

DIRECTOR  OR  INSTRUCTOR.  Member.  Technical  education  and 
over  twenty  years  practical  experience.     At  present  superintendent  of 


industrial  school.     Desires  position  in   vocational  or  industrial   school. 
Eastern  part  of  United  States  preferred.     Salary  S;1S00.     J-305 

SUPERINTENDENT  or  ASSISTANT  MANAGER.  Twenty  years' 
experience  on  large  variety  of  machine  work.  At  present  supc-rintend- 
ent  in  a  large  plant.  Desires  position  with  machinery  manufacturing 
concern.     New  England  preferred.     J-356 

MECHANICAL  or  CHIEF  ENGINEER.  Graduate  M.  E.,  age  35, 
experience  as  superintendent  of  erection  and  operating  engineer  of 
power  plants.  Master  mechanic  of  large  factory.  Last  six  years 
chief  engineer  in  charge  design,  construction  and  maintenance  of  engi- 
neering work,  including  city  light  and  water  departments.  Good  ex- 
ecutive ability.  Capable  of  assuming  responsibility  and  handling  men. 
J-357. 

MEMBER.  Graduate  of  U.  S.  Naval  Academy,  age  33.  married. 
Tactful  and  able  organizer  and  manager  of  manufacturing  propositions. 
Large  experience  in  executive  positions,  particularly  in  public-service 
corporations  and  munitions  work.     J-35S 

JUNIOR  MEMBER.  Age  27,  experienced  in  building  construction. 
Has  been  associated  with  big  New  York  builder  for  six  years,  for  whom 
he  is  now  acting  as  purchasing  agent  and  in  executive  capacity.  Can 
design  heating  and  electrical  systems,  write  specifications,  award  sub- 
contracts and  supervise  construction.  Desires  connection  with  indus- 
trial concern  doing  its  own  building  or  with  general  contractor.     J-359 

MEMBER  of  the  A.S.M.E.  and  A.I.E.E.  College  and  technical 
graduate.  18  years  broad  experience  in  design,  construction  and  opera- 
tion of  power  plants,  substations,  motor  applications  and  high-lension 
transmission.  Has  proven  executive  ability,  good  correspondent, 
adaptable,  systematic  and  reliable.  Desires  position,  subordinate  or 
otherwise,  preferably  In  or  near  New  York.     J-3U0 

MANUFACTURERS'  REPRESENTATIVE.  Mechanical  engineer. 
Excellent  business  training  and  experience  particularly  in  prime  mov- 
ers, boilers  and  power  plant  equipment.  Desires  to  represent  manu- 
facturers in  New  York  City,  preferably  on  commission  basis.  English, 
German  and  French  correspondent.     J-361 

MECHANICAL  ENGINEER  in  New  York  City  holding  very  re.spon- 
sible  position,  desires  an  additional  position  on  half  time  in  same 
city  or  vicinity.  M.E.  graduate.  Five  years  experience  in  economic 
plant  engineering.      Possesses  initiative  and   thoroughness.     J-362 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the  Society 
and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


ADDITIONS   BY   THE    SOCIETY 

American  Society  of  Mechanical  Engineers.  Power  Te.sit  Code. 
Rules  for  conducting  performance  tests  of  power  plant  apparatus. 
1915.     Gift  of  Society. 

Report  of  the  Committee  to  Formulate  Standard  Specifications 

for  the  Construction  of  Steam  Boilers  and  other  pressure  vessels 
and  for  their  care  in  service,  known  as  The  Boiler  Code  Com- 
mittee.    1914.     Gift  of  Society. 

Efficiency  and  Life.  E.  E.  Purinton,  with  introduction  by  Melvil 
Dewey.     New  York.  1016.     Gift  of  A.  S.  M.  E. 

The  Flow  of  Air  Thru  Nozzles  and  Orifice.s.  A  Thesis  presented 
to  the  Department  of  Mechanical  Engineering,  Leland  Stanford 
Jr.  University  by  J.  L.  Reynolds  and  Homer  J.  Ling.  Gift  of 
Homer  J.  Ling. 

Normal  Losses  Occurring  in  Every  Industry,  Frederic  Schreibman. 
Gift  of  author. 

St.  Louis  Piblic  Library.  Annual  Report,  1915-16.  f<t.  Louis,  1916. 
Gift  of  Public  Library. 

Smoke  Prevention  Association  (Chicago).  Proceedings,  10th  An- 
nual Convention.  Chicago,  1915.  Gift  of  Smoke  Prevention  Asso- 
ciation. 

EXCHANGES 

U.  S.  P.iTENT  Office.  Annual  Report  of  the  Commissioner  of  Patents, 
1915.     Washington,  1916. 


TRADE    CATALOGUES 

Bridgeport  Engineering  Co.     Bridgeport,  Conn.     Woodworking  tools. 

Descriptive  catalogue. 
Diamond  Power  Specialty  Co.     Detroit,  Mich.     Power  Notes.     July, 
191S.     Bulletin  118.     Insuluminum.     July  1,  1916. 


Leschen,  a.,  &  Sons,   Rope  Co.      St.  Louis,  Mo.     Leschen's   Hercules. 

Aug.  1916. 
Stephens-Adamson   Mfg.   Co.     Aurora,  111.     Labor   Saver.     Aug.,  1916. 


ADDITIONS  BY  THE  UNITED  ENGINEER- 
ING  SOCIETY 


The  Adelong  Goldfield.     New  South  Wales.     Department  of  Mines. 

•        Mineral  Resources,  no.  21.     Sydney,  1916. 

.\MERicAN    Fertilizer    Handbook,    1910.      Philadelphia,    Ware    Bros. 

Company,  1916.     Gift  of  the  publishers. 
.ViiERicAN   Society  for  Testing  Materials.     Membership  List,  1916. 

Philadelphia,  1916. 
Coals  op  Letcher  County.     Kentucky   Geological   Survey.      Ser.   IV, 

vol.  4,  pt.  1.     Frankfort,  1916. 
Construction  and  Operation  of  a  Single  Tube  Cracking  Furnace 

FOR  Making  Gasoline.     U.   S.  Bureau  of  Mines  Technical  Paper 

161.     M'ashington,  1916. 
Emission    of    Electricity    from    Hot    Bodies,    O.    W.    Richardson. 

London,  1916. 
Financing  the  City  of  New  Y'ork,     Two  lectures  by  Wm.  A.  Pren- 

dergast.  Comptroller,  delivered  March  14,  28,  1916.     Gift  of  New 

York  City  Dept.  of  Finance. 
Geological  Society  op  London.     List  of  Members,  July,  1916.     Lun- 

don,  1916. 
Geology    op   the    Shawneetown    Quadrangle    in    Kentucky.      Ken- 
tucky Geological  Survey.     Frankfort,  1916. 
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High-Spebd  Centrifuqal  Blower. 

Tl'RBOCOMPRESSOK. 

Invar. 

Nickel  Steels. 

Coppeu-Clad  Steel  Wire. 

Rubber   Vulcanization   Accelerators. 

Copper,  Annealing   Properties. 

Silver  in  Copper  as  an  Impurity. 

Cold-rolling  Strip  Steel. 

Concrete,  Effect  of  Sugar  on. 

Chain  Screen  Doors. 

Oil-Burning   with  Natural  Draft. 

Waste  Molding  Sand,   Reclaiming. 

Pipe    Casting,    Centrifugal    Machine 

FOR. 

Waste  Foundry  Sand. 

Aluminum  Castings  and  Forcings. 


.\luminum-Manganese  Alloys. 

Wood  Pipe.s. 

Kerosene    Engine,    Maclaren    Marine. 

Carbureter,   Kerosene-Gasoline. 

Blowlamp  Heating  for  Starting  on 
Kerosene. 

Waste  Heat  Saving  by  Thermo- 
couples. 

Gas  Engine  with  Waste-Heat  Saving. 

Meriam  System  of  Cooling  on  Large 
Gas  Engine. 

Engine,   Two-Crank,  Four-Cylinder. 

High  Elevation  and  Diesel  Engine 
Working. 

Burro  Mountain  Copper  Company's 
Plant. 

Screw    Threads,    I.    S.    System. 


French  Artillery  Adopts  I.  S. 
Thread. 

Friction  Clutches. 

Skew  Bevel  Gears. 

Venturi  Meters  on  Lively  Lines. 

Track  Scale,  Heavy. 

Shrapnel  Fuse  Bodies,  Reclaiming. 

Pile  Extractor. 

Pump,  Mercury  High-Vacuum  High- 
Speed. 

Pump,   Centrifugal,   Casing. 

Ice,  Raw-Water  Can. 

Boiler  Rooms  on  Warships,  .\ie  Sup- 
ply. 

Evaporators,   Tubes   for. 

Superheaters. 

Screwdrivers,  Testing  of. 


A  good  test  of  engineering  achievement  is  a  machine  run- 
ning at  extremely  high  speeds.  A  speed  of  some  thirty  to 
sixty  thousand  revolutions  per  minute  tries  out  in  a  most 
searching  manner  the  design,  the  strength  of  the  jiarts,  the 
material  used,  and  the  balancing  of  a  machine.  From  this 
point  of  view  a  blower  running  at  40,000  to  60,000  is  worthy 
of  notice.  A  description  of  it  will  be  found  in  the  section  Air 
Engineering. 

THIS   month's   articles 

A  turbo  compressor  built  in  England  is  described. 

Data  from  a  publication  of  the  U.  S.  Bureau  of  Standards 
are  reported  on  Invar,  a  nickel  steel  remarkable  for  its  ex- 
tremely small  thermal  expansion  at  ordinary  temperature. 

Methods  of  production  of  copper-clad  steel  wire  are  ab- 
stracted from  the  Electric  Railway  Journal,  as  well  as  some 
data  on  its  physical  properties. 

From  an  advance  notice  specially  supplied  to  The  Journal 
by  the  U.  S.  Bureau  of  Standards  are  taken  data  on  the  freez- 
ing point  of  mercury. 

The  annealing  properties  of  copper  at  temperatures  below 
500  deg.  cent,  are  discussed  by  G.  V.  Caesar  and  G.  C. 
Gerner,  Mem.Am.Soc.M.E.,  in  a  paper  before  the  annual  meet- 
ing of  the  American  Institute  of  Metals.  An  interesting  fea- 
ture of  this  investigation  is  the  obser\-ation  made  on  the  im- 
portant influence  of  silver  in  copper,  indicating  that  silver 
is  quite  an  important  impurity  in  electrolytic  copper. 

The  production  of  cold-rolled  strip  steel  is  described  in  some 
detaU. 

In  the  section  Firing  and  Fuel,  a  brief  abstract  is  given  of 
an  article  on  chain  screen  doors.  In  the  same  section  are  de- 
scribed interesting  experiments  in  natural  draft  oil  burning  on 
the  U.  3.  S.  Fulton.  A  description  of  a  burner  developed  at 
the  Fuel  Oil  Testing  Plant,  Navy  Yard,  Philadelphia,  is  in- 
cluded. 

Two  articles  on  waste  foundry  sand  are  abstracted  in  the 
section  Foundry,  where  will  be  found  also  a  description  of  a 
novel  centrifugal  machine  for  casting  pipe.    According  to  the 


statement  of  the  inventors,  they  have  succeeded  with  this  ma- 
chine in  casting  pipe  which  requires  no  further  treatment 
except  tarring. 

Data  on  the  physical  properties  of  manganese  aluminum 
alloys  are  reported  from  a  paper  by  P.  E.  McKinney,  pre- 
sented at  the  recent  annual  meeting  of  the  American  Institute 
of  Metals. 

In  the  section  Internal  Combustion  Engineering  are  reported 
descriptions  of  a  marine  kerosene  engine  using  a  somewhat 
novel  type  of  carburetor;  a  large  gas  engine  utilizing  waste 
water-jacket  heat  in  the  form  of  by-product  steam;  a  two- 
crank,  four-cylinder  combustion  engine,  and  finally  the  Burro 
Mountain  Copper  Company's  power  plant.  This  latter  is  of 
interest  because  it  uses  Diesel  engines  at  an  elevation  of 
nearly  6,000  ft. 

A  notice  concerning  the  adoption  of  the  International  Sys- 
tem Standard  of  screw  threads  by  the  French  Artillery  will  be 
found  in  the  section  Machine  Design.  In  the  same  section  is 
presented  an  enumeration,  with  brief  remarks,  of  some  stand- 
ard makes  of  friction  clutches,  as  well  as  data  on  the  laying 
out  of  skew  bevel  gears. 

That  venturi  meters  are  not  reliable  on  lively  lines  is  the 
contention  of  Allan  Hazen  in  an  article  abstracted  from  Engi- 
neering News. 

From  Canadian  Machinery  are  taken  some  suggestions  on 
reclaiming  rejected  Russian  three-inch  shrapnel  fuse  bodies. 

A  steam-driven  pile  extractor  of  novel  design  is  described 
and  illustrated. 

In  the  section  Pumps,  particular  attention  is  called  to  a 
high-vacuum,  mercury-vapor  pump  of  high  speed,  invented  by 
an  American  engineer.  This  pump  is  a  material  improvement 
on  the  Gaede  diffusion  pump.  An  improved  centrifugal  i)ump 
casing  is  described  and  illustrated  in  the  same  section. 

In  the  nest  section.  Refrigeration,  is  presented  some  in- 
formation on  the  high-pressure  method  of  producing  raw- 
water  can  ice,  a  branch  of  refrigeration  practically  created  in 
this  country  and  developed  here  exclusively. 

An  abstract  showing  an  improved  heat-transmitting  device 
for  evaporators  is  presented  from  a  paper  in  the  Mechanical 
Engineer. 
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Air  Machinery 

Small  High-Pressuee  Cextrifugal  Blower,  Henry  F. 
Schmidt 

The  blower  described  in  this  article  and  developed  by  the 
Westinghouse  Machine  Comiuuiy  is  of  interest,  as  it  is  claimed 
to  have  created  the  highest  pressure  ever  obtained  from  a 
single-stage  blower. 

The  speed  selected  for  the  blower  was  43.500  r.p.m.  at 
normal  i^ressure,  extended  to  60,000  v.p.m.  during  the  tests. 
Such  high  speeds  require  many  interesting  refinements  of  de- 
sign. In  the  first  place,  as  there  is  no  means  of  transmitting 
the  350  to  400  h.p.  required  to  drive  the  blower  to  a  shaft 
running  at  these  speeds,  a  small  turbine  had  to  be  designed 
to  drive  the  blower.  In  this  turbine  blade  speeds  from  1330 
ft.  per  sec.  (normal)  to  1850  ft.  (maximum)  were  used,  which 
made  it  necessary  to  form  the  blades  integral  with  the  wheel, 


Fig.   1    Ckoss-section  Through  Westinghouse  High-Pres- 
sure High-Speed  Centrifugal  Blower 

since  the  centrifugal  forces  became  so  great  that  no  known 
method  of  blade  attachment  would  suflSce. 

For  the  same  reasons  the  blower  rotor  had  to  be  constructed 
from  one  forging,  the  blades  being  formed  by  milling  out  the 
material  between  them.  The  use  of  rotor  tip  speeds  of  from 
1520  to  2100  ft.  per  sec.  necessitated  the  use  of  high-gi-ade 
forgings  and  exceptionally  rigid  specifications  for  the  metal. 

As  an  example  of  the  enormous  forces  resulting  at  the  high 
speeds  used,  it  is  stated  that  the  pull  on  one  of  the  blades  of 
the  blower  rotor,  which  were  only  about  V„  in.  thick  by  an 
average  of  "/„  in.  wide  and  2  in.  long,  amounted  to  a  little 
over  a  ton,  though  the  actual  weight  of  one  blade  is  about 
V„  lb. 

The  article  describes  in  detail  the  methods  of  production  of 
the  blower  and  turbine. 

In  the  blower.  Fig.  1,  the  air  enters  through  the  inlets  N, 
which  are  made  of  the  "  snail  "  form,  with  a  whirl  chamber 
so  as  to  direct  the  incoming  air  in  the  direction  of  rotation. 
The  proportions  are  such  that  the  air  lias  the  same  velocity  as 


the  inside  edges  of  the  blades,  thus  permitting  it  to  enter  the 
blades  without  shock  and  tangentially  instead  of  at  an  obtuse 
angle,  as  it  would  were  the  inlet  not  so  formed. 

From  the  inlets  the  air  enters  the  blades  of  the  rotor,  is 
there  partly  compressed,  and  is  finally  discharged  into  the 
whirl  chamber  O,  where  the  velocity  is  gradually  reduced  to 
less  than  half  that  with  which  it  leaves  the  tips  of  the  blades. 
The  loss  of  kinetic  energy  reappears  in  the  increase  in  pres- 
sure that  occurs  in  the  whirl  chamber.  Over  half  of  the  total 
increase  in  pressure  occurs  in  the  whirl  chamber,  the  efficiency 
of  wliieh  at  the  designed  capacity  reaches  over  90  per  cent  of 
the  theoretical.  The  whirl  chamber  has  no  guide  vanes  or 
reversed  nozzles,  the  velocity  conversion  being  accomplished 
by  a  free  vortex  the  eflBciency  of  which  exceeds  that  obtain- 
able by  the  most  perfect  guide  vanes.  This  has  the  advantage 
of  a  high  efficiency  at  all  discharge  rates,  whereas  the  diffu- 
sion tubes  or  guide  vanes  have  a  good  efficiency  only  at  their 
designed  capacity,  for  at  all  other  capacities  the  blade  angles 
are  incorrect  as  well  as  the  areas. 

The  cooling  area  exposed  to  the  air  does  not  appear  large, 
but  it  must  be  remembered  that  with  air  velocities  of  1500  to 
2000  ft.  per  see.  on  the  outside  and  a  water  velocity  of  30  to 
50  ft.  per  sec.  through  the  tubes,  an  extremely  high  rate  of 

TABLE  1.    DATA  OF  TESTS  OF  THE  WESTINGHOUSE  HIGH-PRESSURE 
HIGH-SPEED  CENTRIFUGAL  BLOWER 

Barometer 28  8S  ....  

Steam-chest  pressure 10  20  30  88 

Air-discharge  pressure 4.5*  9.1*         14.25*  IS. 5*  24  1b. 

Temperature     of     discharged 

air.  deg.  fahr 94  122  153  178  348 

Rev.  per  min 12,600  16,800  21,000  23,000  32,000 

Vacuum 26  in.  26  26.5  26 

Vacuum     at     blower     nozzle 

throat,  in.  water 0.66  1.22  1.78  2.09  3,00 

Adiabatic  efficiency,  per  cent.  64  68  67.5  66  66,8 
Cii.   ft.  of  free  air  per  min, 

discharged 633  860  1,040  1,130  1,360 

Temperature   of   air   at   inlet 

nozzle,  deg.  fahr 59  59  58  56  78 

*  These  pressures  are  in  inches  of  me^cun.^ 

heat  transfer  per  square  foot  of  air  surface  per  degree  per 
hour  can  be  obtained.  Actually,  owing  to  a  defect  in  the 
castings  for  the  side  rings,  the  water  cooling  was  not  used. 

One  of  the  most  serious  problems  in  the  design  of  this 
blower  was  that  of  getting  a  suitable  coupling  for  transmit- 
ting 400  h.p.  at  60,000  r.p.m.  Neither  attached  couplings  nor 
couplings  that  would  require  an  increase  in  the  diameter  of 
the  shaft  could  be  used,  and  the  old  square  sleeve-type  coupling 
was  employed,  the  squares  being  made  %  in.,  with  a  6-in. 
space  between  them.  The  long  space  between  the  squares 
made  the  coupling  comparatively  flexible,  though  the  fit  on  the 
squares  was  kept  down  to  less  than  0.001  in.  It  was  made  of 
tool  steel,  oil-tempered,  and  was  entirely  satisfactory.  The 
blower  failed  through  the  failure  of  the  coupling  to  slip.  An 
interesting  point  about  this  failure  is  that  none  of  the  men  on 
test  noticed  anything  wrong  with  the  blower  except  a  little 
smoke  coming  from  the  tiu'bine  thrust  bearing. 

Table  1  shows  a  few  readings  taken  before  the  rotor  was 
damaged,  the  efficiencies  being  those  calculated  from  the  in- 
crease of  temperature  of  the  air  in  passing  through  the  blower. 

The  tip  speed  up  to  20,000  r.p.m.  was  taken  by  various 
tachometers;  beyond  20,000  r.p.m.,  the  speed  was  calculated 
from  the  pressure  created  by  the  blower. 

The  characteristic  curve  of  the  blower  shows  that  for  a  large 
variation  of  the  capacity  the  pressure  remains  practically 
constant,  and  then  falls  off  with  a  further  increase  in  the 
delivery. 


October 
1916 


ENGINEERING  SURVEY 


827 


The  most  remarkable  feature  about  the  performance  of  this 
blower  was  its  action  with  the  discharge  entirely  shut  off  and 
with  the  discharge  open  only  a  small  amount.  At  no  dis- 
charge the  pressure  variation  was  surprisingly  slight,  and 
opening  the  discharge  ever  so  little  caused  it  to  decrease  to 
such  an  extent  as  to  be  hardly  noticeable.  At  2  per  cent  of 
the  rating  of  the  blower  all  traces  of  upsetting  disappeared, 
and  with  water  cooling  all  signs  of  upsetting  would  doubt- 
less have  ceased,  in  the  opinion  of  the  writer,  at  less  than  1 
per  cent  of  the  rating.  The  writer  believes  that  this  result 
could  not  have  been  obtained  in  a  blower  fitted  with  guide 
vanes.  {Power,  vol.  44,  no.  9,  p.  294,  August  29,  1916,  6  p., 
6  figs,    de.) 

TanBO-CoMPEESsoE  for  a  Midlands  Colliery 

Description  of  the  turbo-compressor  built  for  a  large  colliery 
in  the  Midlands,  by  the  British  Thomson-Houston  Company, 
Ltd.,  Rugby,  England. 

This  machine  is  designed  to  deliver  5000  eu.  ft.  of  free  air 
per  min.  at  a  pressure  of  80  lb.  per  sq.  in.,  but  is  capable  of 
taking  a  considerable  overload.  While  the  demand  varies 
within  30  sec.  from  as  little  as  1500  cu.  ft.  per  min.  up  to  its 
full  rated  cajDacitj-,  the  efficiency  of  the  governing  is  such 
that  the  consequent  change  in  the  pressure  does  not  exceed 
2  lb.  per  sq.  in. 

The  compression  is  effected  in  13  stages  grouised  into  two 
independent  casings  mounted  in  line  with  and  driven  by  a 
Curtis  steam  turbine  running  at  4600  r.p.m.  No  intercooler 
has  been  provided  between  the  two  sections  of  the  compressor 
casings,  but  each  stage  is  carefully  water-jacketed,  so  that  the 
compression  curve  lies  well  below  the  adiabatic. 

The  impellers  are  of  high-tensile  steel,  fitted  with  bronze 
rings  in  their  hubs  so  that  when  forced  on  to  their  shafts  the 
contact  is  between  bronze  and  steel  and  not  between  steel  and 
steel.  This  among  other  things  makes  it  possible  to  adopt 
forced-fit  allowances  sufficient  to  insure  that  the  impellers  re- 
main tight  on  the  shaft  even  at  the  highest  speeds  of  rotation. 
The  large  ratio  of  casing  diameter  to  impeller  diameter  has 
been  adopted  so  as  to  obtain  more  effective  jacketing,  and  to 
increase  the  cooling  effect  special  cast-iron  blades  are  provided 
in  the  air  passages  between  the  stages  which  increase  the  cool- 
ing surface  and  also  sei-ve  as  guides  to  the  fiuid  as  it  flows. 
(Engineering,  vol.  102,  no.  2642,  p.  152,  August  18,  1916,  2 
pp.,  3  figs,    d.) 

Engineering  Materials 

Invar  and  Rel.^ted  Nickel  Steels 

Invar  is  a  nickel  steel  containing  about  36  per  cent  nickel, 
together  with  about  0.5  per  cent  each  of  carbon  and  manganese. 
Its  most  remarkable  jsroperty  is  its  extremely  small  thermal  ex- 
pansion at  ordinary  temperatures. 

The  account  presented  by  the  Bureau  of  Standards  is 
largely  a  compilation  of  results  obtained  durmg  the  last  25 
years  by  various  investigators. 

The  mean  coefficient  of  Imear  expansion  between  0  and  40 
deg.  cent,  is  of  the  order  of  one  millionth  for  the  ordinary 
invar,  and  samples  have  been  prepared  with  even  small  nega- 
tive coefficients;  the  amounts  of  carbon  and  manganese  present 
appear  to  exercise  considerable  influence  on  the  expansion. 
Small  quantities  have  been  manufactured  with  a  coefficient 
(+  0.028  —  0.00232  t)W~'',  equivalent  to  a  change  in  length  of 
0.4  mm.  in  1  km.  between  0  and  20  deg.  cent.     Tliis  was  for 


one  alloy  containing  0.06  per  cent  carbon  and  0.39  per  cent 
manganese,  the  other  elements  being  negligible.  Above  200 
deg.  cent,  the  expansion  of  invar  is  nearly  that  of  Bessemer 
steel. 

Invar  is  subject  to  changes  in  length  due  to  "  after  effects  " 
following  cooling  from  a  high  temperature,  and  to  changes  in 
length  following  even  slight  alterations  in  temperature.  For 
examjile,  at  15  deg.  cent,  the  elongation  of  1  m.  is  0.07  to  0.08[a 
per  day  after  foi'ging  and  0.03[j.  after  annealing  to  40  deg. 
cent.  After  a  long  rest  at  room  temperature  (10  to  20  deg. 
cent.)  the  contraction  setting  in  after  bringing  the  metal  to  a 
higher  temperature  is  completed  in  about  one-half  hour  at  100 
deg.  cent.,  and  only  after  several  days  at  40  deg.  cent.  The 
range  of  transitory  length  variations  following  temperature 
changes  is  given  approximately  by  the  formula 

Ai/L  =  —  0.00325.10-°«' 

which  holds  for  temperatures  between  0  and  100  deg.  cent. 

Invar  also  gradually  elongates  with  time,  forged  and  drawn 
material  behaving  somewhat  differently  in  this  respect,  so  that 
there  is  a  determinable,  seasonal  correction  to  be  applied  to 
its  length  wlien  used  as  a  length  standard.  This  effect  may  be 
reduced,  but  not  entirely  eliminated,  by  special  heat  treatments 
consisting  in  an  annealing  process  extending  over  several  weeks 
and  carried  out  at  successively  decreasing  temperatures. 

The  invar  from  a  single  melt  will  not,  in  general,  be  of  abso- 
lutely uniform  properties  throughout,  the  expansion  variations 
not  being  more  than  +  0.03.10~°,  so  that,  in  determining 
lengths  to  one  jaart  in  ten  million,  it  appears  safe  to  use  the 
same  expansion  formula  for  all  the  pieces  from  a  given  melt. 

The  mechanical  properties  are  about  as  follows:  Tensile 
strength,  35  to  60  kg.  per  sq.  mm.,  or  50,000  to  85,000  lb.  per 
sq.  in. ;  elastic  limit,  5  to  21  kg.  per  sq.  mm.,  or  7,000  to  30,000 
lb.  per  sq.  in. ;  elongation,  40  to  50  per  cent ;  reduction  of  area, 
40  to  65  per  cent ;  scleroscope  hardness,  19 ;  and  BrineU.  hard- 
ness, 160.  (Circular  of  the  Bureau  of  Standards,  vol.  4,  no. 
58,  1916,  68  pp.,  38  figs.,  and  a  selected  bibliography  of  books 
and  articles  on  nickel  steel,    g.) 

Copper-Clad  Steel  Wire 

Some  data  on  the  manufacture  and  properties  of  the  so- 
called  "  Copperweld  "  wire. 

This  wire  is  manufactured  by  taking  a  steel  bar  about  4  in. 
in  diameter  by  about  30  in.  long,  pickling,  cleaning,  and  cover- 
ing it  with  a  specially  prepared  flux.  This  bar  is  then  placed 
in  a  mold  5%  in-  in  diameter  by  about  30  in.  long.  The  bar 
and  mold  ai'e  placed  in  a  furnace  and  allowed  to  remain 
there  unto,  the  desired  temperature  is  obtained,  when  copper 
heated  to  a  temperature  of  1980  deg.  is  poured  over  the  steel 
bar,  filling  the  space  between  the  bar  and  the  mold.  The  bar 
thus  obtained  is  reheated,  hot-rolled,  and  drawn  into  wire. 

The  wii'e  is  said  to  have  an  absolute  weld  between  the  copper 
and  the  steel  without  voids,  so  that  torsions,  twists  or  hammer- 
ing will  not  separate  the  copper  from  the  steel  core.  Neither 
is  the  weld  affected  by  a  change  of  temperature  from  extreme 
heat  to  a  sudden  plunge  in  cold  water.  According  to  the  claim 
of  the  maker,  the  wire  has  a  tensile  strength  about  60  per  cent 
greater  than  hard-drawn  copper  wire  of  the  same  size,  and 
will  stand  approximately  126  per  cent  more  strain  than  copper 
wire  before  reaching  the  elastic  limit.  It  weighs  approxi- 
mately from  7  to  10  per  cent  less  than  copper  wire  of  the  same 
diameter  and  length.  (Electric  Railway  Journal,  vol.  48,  no. 
10,  p,  409,  September  2,  1916,  2  pp.    d.) 
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Rubber  Vulcanization  Accelerators,  Andrew  H.  King 

The  degree  of  vulcanization  can  be  greatly  influenced  by  a 
change  in  either  time  or  temperature.  Thus  a  stock  ■which 
cures  ordinarily  in  40  min.  at  40  lb.  steam  pressure  can  be 
vulcanized  in  25  min.  at  60  lb.  However,  the  increase  in  work- 
ing steam  pressure  is  expensive  and  sometimes  unsatisfactory. 
It  is  far  better  to  add  from  1  to  2  per  cent  of  some  good  ac- 
celerator and  properly  cure  the  rubber  at  low  pressure  than  to 
run  chances  of  injuring  the  nerve  at  high  temperature. 

The  author  discusses  several  accelerators,  mineral  and  or- 
ganic. A  peculiar  fact  is  brought  out.  By  a  combination  of 
accelerators  the  resulting  increase  in  speed  is  greater  than  the 
sum  of  the  individual  increases  when  acting  alone.  For  ex- 
ample, the  effect  of  1  per  cent  tetramethylenediamine  and  1 
per  cent  piperidine  exceeds  the  sum  of  the  effects  of  the  same 
catalyzers  when  mixed  in  separate  batches.  (In  connection 
with  this  article  attention  is  called  to  the  following  two  ab- 
stracts: Journal.  December,  1915,  p.  725,  and  September, 
1916,  p.  751.)  (Metallurgical  and  Chemical  Engineering,  vol. 
15,  no.  5,  p.  231,  September  1,  1916,  4  pp.     p.) 

The  Freezing  Poixt  of  Mercury,  R.  M.  Wilhelm 

The  temperature  at  which  mercury  freezes  is  of  importance 
to  thermometry.  It  marks  the  lower  limit  to  which  mercurial 
thermometers  may  be  used,  and  its  location  at  about — 39  deg. 
cent,  makes  it  of  value  as  a  fixed  point  of  the  temperature 
scale  below  0  deg.  cent.  A  paper  by  the  Bureau  of  Standards, 
and  which  is  now  in  press,  gives  the  result  and  describes  in 
detail  the  method  used  in  making  a  redetermination  of  this 
constant.  The  temperature  measurements  were  made  by  means 
of  platinum  resistance  thermometers  whose  constants  had  been 
previously  determined  by  calibration  at  0  deg.,  100  deg.,  and 
444.6  deg.  (the  boiling  point  of  sulphur).  All  the  evidence  at 
present  available  indicates  that  the  platinum  resistance  ther- 
mometer so  calibrated  defines  temperatures  in  agi'eement  with 
those  given  by  the  standard  gas  thermometer  down  to  40  deg. 
The  value  obtained  at  the  Bureau,— 38.87  deg.,  is  in  very  good 
agreement  with  that  found  by  Henning  in  1913  at  the  Reichs- 
anstalt,  Germany,  who  also  used  platinum  resistance  thermom- 
eters and  obtained — 38.89  deg.  (Bureau  of  Standards,  Scien- 
tific Paper,  no.  294,  advance  abstract.) 

The  Annealing  Properties   of   Copper  at   Temperatures 

Below  500  Deg.  Cent.,  with  Particular  Reference  to 

THE    Effect   op    Oxygen   and   of   Silver 

G.  V.  Caesar  and  G.  C.  Gerner 

Brief  historical  sketch  of  the  research  on  the  relations  be- 
tween the  physical  properties  of  copper  and  annealing  con- 
ditions on  one  hand  and  chemical  composition  on  the  other. 
followed  by  a  report  of  an  experimental  investigation  carried 
out  by  the  authors. 

This  experimental  investigation  was  conducted  along  the 
following  lines : 

(a)  A  study  of  half-hour  annealing  effects  (as  measured 
by  the  scleroscope)  produced  by  the  addition  of  known  small 
amounts  of  oxygen  and  silver  alone  and  combined  to  specially 
prepared  pure  copper  free  from  all  but  the  smallest  traces  of 
oxygen,  and  of  similar  effects  observed  in  the  case  of  com- 
mercial electrolytic  (multiple)  copper.  All  samples  were  re- 
duced 66J<3   per  cent  in  area  of  section   before  annealing. 

(6)  A  determination  of  the  position  of  the  zone  of  rapid 
softening  (zone  de  detente)  in  the  commercial  samples   (elec- 


trolytic copper)  after  annealing  for  such  periods  of  time  as 
appeared  to  produce  an  equilibrium  effect  at  each  respective 
temperature.  In  this  work  both  hardness  and  tensile  tests 
were  made  and  three  sets  of  results  corresponding  to  three 
separate  values  of  reduction  by  cold  rolling  were  obtained. 

The  method  of  investigation  adopted  was  essentially  that 
used  by  Rose  in  studying  the  effects  of  impurities  on  the  an- 
nealing properties  of  gold  (Journal,  Institute  of  Metals, 
1913).  Among  other  things  these  tests  confirmed  the  fact 
that  slight  changes  in  temperature  brought  about  by  anneal- 
ing and  consequent  recrystallization  are  very  sharply  indi- 
cated by  sderoscopic  tests,  and  the  writers  indicate  certain 
precautions  necessary  to  insure  a  good  performance  from  this 
instrument. 

The  data  of  the  tests  are  presented  in  the  form  of  tables 
and  curves.  In  general,  the  writers  come  to  the  conclusion 
that  it  seems  reasonable  to  believe  that  an  impurity  which  is 
completely  dissolved  in  the  solid  metal  and  thus  constitutes 
an  integral  part  of  each  strain-hardened  grain  will  be  more 
effective  than  an  undissolved  impurity  in  promoting  or  re- 
tarding the  structural  changes  brought  about  by  annealing. 
The  influence  exercised  by  cuprous  oxide  on  the  softening 
characteristics  of  copper  is  ascribed  to  its  property  of  pre- 
venting gas  absorption  by  the  copper.  As  regards  the  soften- 
ing properties  exhibited  by  the  different  grades  of  copper 
tested  it  was  found  that  in  the  case  of  pure  copper  softening 
begins  at  some  temperature  close  to  200  deg.  cent.,  and  that 
the  effect  is  most  rapid  between  225  and  275  deg.  cent.,  the 
softening  being  complete  at  some  temperature  between  300 
and  350  deg.  cent.  In  samples  containing  oxide  it  was  found 
that  a  marked  softening  effect  is  associated  with  the  presence 
of  mechanically  entangled  cuprous  oxide.  Recrystallization 
apparently  occurs  at  a  lower  temperature  than  in  the  case  of 
the  material  termed  pure  copper,  but  an  increase  in  oxygen 
content  from  about  0.03  to  0.09  per  cent  does  not  materially 
affect  the  softening  characteristics. 

The  effect  of  0.10  per  cent  of  silver  in  solid  solution  in 
the  absence  of  oxide  is  pronounced.  The  original  strain- 
hardened  condition  pei-sists  up  to  some  300  deg.  cent.,  and 
the  most  rapid  softening  effects  take  place  in  the  neighbor- 
hood of  350  deg.  cent.  In  order  to  test  the  effect  of  a  defi- 
nitely known  but  small  amount  of  silver  together  with 
a  rather  large  amount  of  oxygen,  an  alloy  was  prepared 
containing  0.002  per  cent  of  silver  and  0.08  per  cent  of 
oxygen.  Its  softening  properties  approximate  very  closely 
those  of  pure  copper,  and  the  oxygen  and  silver  appear 
to  have  effectively  neutralized  one  another  in  this  respect. 
Since  silver  is  a  common  impurity  in  electrolytic  copper  and 
since  even  in  small  quantities  its  effect  on  the  annealing 
properties  is  so  profound,  it  is  probable  that  variations  in 
silver  content  are  largely  responsible  for  the  wide  lack  of 
agreement  among  the  annealing  curves  obtained  by  different 
investigators,  and  to  interpret  the  curves  obtained  it  is  almost 
indispensable  to  have  information  with  respect  to  the  nature 
and  extent  of  the  contaminations  of  the  copper,  as  well  as  the 
degree  of  reduction  and  time  of  anneal. 

The  paper  discusses  also  the  position  of  the  zone  or  rapid 
softening  in  one  grade  of  electrolytic  copper  ("  D  R  W") 
after  periods  of  annealing  intended  to  develop  equilibrium 
effects;  scleroscope  control  tests;  method  of  annealing  the 
tensile  test  strips;  hardness  tests  on  the  rolled  and  annealed 
tensile  test  strips  and  tensile  tests  on  the  rolled  and  annealed 
test  strips.  In  connection  with  the  hardness  tests  there  was 
observed  in  certain  cases  a  marked  difference  in  the  hardness 
values  obtained  from  duplicate  strips  whi"h  were  treated  side 
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by  side  under  the  same  conditions,  the  variations  in  the  hard- 
ness values  obtained  from  different  strips  annealed  under 
strictly  comparable  conditions  being  as  high  as  two-  to  four- 
point.  These  annealing  variations  are  ascribed  to  segrega- 
tion of  silver  in  the  original  cake  from  which  these  strips 
were  obtained.  Among  other  things  the  writers  come  to  the 
following  two  conclusions: 

1.  That  strain-hardened  copper  softens  and  recrystallizes  as 
would  be  required  by  the  tlieory  (Tammann)  that  the  per- 
manency of  the  strain-hardened  condition  depends  upon  the 
number  or  concentration  of  inner  surfaces  developed  by  de- 
formation in  any  region  and  the  temperature  (and  time)  of 
anneal,  and  in  accordance  with  a  recent  interpretation 
(Mathewson)  of  the  conditions  encountered  in  material  rolled 
to  a  succession  of  gages. 

2.  That  after  what  appeare  to  be  a  complete  anneal  there 
still  remains  some  effect  due  to  the  manner  of  working  before 
the  anneal,  as  shown  by  the  higher  tensile  strength  found  in 
those  specimens  which  bad  received  the  most  severe  reduction. 
(Paper  presented  at  the  Annual  Meetuig  of  the  American  In- 
stitute of  Metals,  September  11-15,  1916,  at  Cleveland,  Ohio). 

Cold-Rolling  Strip  Steel,  Edward  K.  Hammond 

Cold-rolled  steel  is  produced  by  rolling  the  metal  cold, 
which  gives  two  advantages:  first,  the  tendency  to  oxidize  and 
form  a  scale  (which  cannot  be  avoided  when  steel  is  rolled  hot) 
is  entirely  overcome  by  cold-rolling,  so  that  the  steel  may 
be  given  what  is  known  as  a  bright  finish;  second,  the  elimina- 
tion of  oxidation  enables  the  gage  of  the  steel  to  be  held  within 
very  close  limits,  such  as  on  the  thicker  gages  within  0.0015 
in.,  while  the  thinnest  gages  are  guaranteed  to  be  within 
0.00025  in.  of  the  specified  thickness.  Further,  the  process  of 
eold-rolling  enables  the  steel  to  be  rolled  true  to  gage  as  thin 
as  0.003  in.,  which  would  not  be  practicable  with  hot  metal  be- 
cause of  uneven  heating  and  expansion. 

The  article  describes  the  selection  of  the  raw  materials,  the 
annealing  gas  medium  furnaces,  the  pot  annealing  furnace  and 
mufile  annealing  furnace,  as  well  as  the  machinery  used  for 
tlie  operations  of  rollmg. 

After  the  steel  has  been  annealed  it  goes  to  the  pickling 
department  where  it  is  subjected  to  a  treatment  w'hich  re- 
moves all  the  oxide  scale  that  was  produced  on  the  metal 
during  the  hot-rolling  process.  The  pickling  process  con- 
sists of  immersing  the  rolls  of  steel  in  vats  of  sulphuric  acid, 
which  causes  the  scale  to  be  removed.  The  acid  consists  of  a 
5  per  cent  solution  of  sulphuric  acid  which  has  a  density  of 
66  deg.  Baume  at  60  deg.  fahr.  In  the  case  of  low-carbon 
steel  the  time  that  the  metal  is  left  in  the  vat  is  not  important, 
but  with  high-carbon  steel  great  care  must  be  taken  and  the 
steel  should  not  remain  in  the  acid  for  more  than  thi-ee  or  four 
minutes.  It  is  important  for  the  stock  to  be  uniformly  cov- 
ered with  scale  before  pickling,  othenvise  the  pickled  stock 
will  have  a  "  pitted  "  surface  and  therefore  cannot  be  con- 
verted into  good  cold-rolled  steel.  After  the  pickling  opera- 
tion has  been  completed,  the  steel  must  be  washed  immediately 
in  order  to  remove  the  acid.  To  make  assurance  doubly  sure, 
the  steel  is  removed  from  the  water  and  plunged  into  a  vat 
containing  a  diluted  solution  of  lime  water,  which  has  the 
further  advantage  that  when  the  steel  is  removed  from  the 
vats  and  given  time  to  dry  it  is  coated  with  a  film  of  lime, 
which  keeps  both  air  and  moisture  from  coming  into  contact 
with  the  metal,  and  so  protects  it  from  rusting.  The  cold- 
rolling  in  the  plant  described  in  the  article  (Schwartz-Herr- 


mann Steel  Company,  Floral  Park,  Somerville,  N.  ,J.)  is  done 
ju  mills  imported  from  Germany. 

In  cold-rolling  it  is  highly  important  to  avoid  chatter  and 
vibration,  as  such  a  condition  would  be  shown  by  irregularities 
in  the  surface  of  the  product.  This  feature  is  taken  care  of 
by  having  the  power  transmitted  to  the  rolls  through  herring- 
bone gears  and  shackle  bars,  which  serve  as  a  double  precau- 
tion against  vibration. 

The  amount  of  reduction  which  can  be  obtained  for  each 
pass  through  the  rolling  mills  depends  upon  the  analysis  of 
the  steel;  with  low-carbon  steel  the  reduction  may  be  as  great 
as  0.022  in.  for  each  pass,  and  this  will  be  gradually  decreased 
until  the  final  pass  will  only  reduce  the  thickness  of  the  metal 
about  0.005  in.  In  the  case  of  high-carbon  stock  the  reduction 
is  much  less. 

The  rolls  are  lubricated  with  a  special  grade  of  oil  known 
as  "  Roll  Oil,"  which  is  of  about  the  same  consistency  as  cylin- 
der oil,  but  very  carefully  compounded,  to  be  sure  that  it 
has  neither  acid  nor  alkaline  admixtures,  as  either  condition 
would  spoil  the  bright  finish  of  the  cold-rolled  steel. 

The  article  describes  further  the  methods  of  trimming  the 
edges  of  stock,  cutting  strips  into  stock  length,  hardening  and 
tempering,  and,  when  necessaiy,  polishing.  (Machinery,  vol. 
23,  no.  1,  p.  1,  September,  1916,  6  pp.,  14  figs,    d.) 

Effect  op  Sugar  on  Concrete 

The  fact  that  even  a  very  small  amount  of  sugar  in  a  con- 
crete mix  is  injurious  to  good  work  has  long  been  known.  The 
author  cites  tests  which  show  that  as  small  an  amount  of  sugar 
as  1  lb.  to  ten  bags  of  cement  will  cause  failure. 

The  knowledge  of  this  fact  of  the  influence  of  sugar  on  con- 
crete may  save  serious  loss.  For  example,  it  is  not  advisable 
to  place  concrete  floors  in  a  candy  factory. 

It  appears,  however,  on  the  other  hand,  that  weak  solutions 
of  sugar  will  not  affect  concrete  once  it  has  become  thoroughly 
hardened.  In  fact,  a  sugar  solution  has  been  recommended  as 
a  hardener  and  dust  preventive.  (Concrete,  vol.  9,  no.  2,  p.  61, 
August,  1916,  1  p.    e.) 

Firing  and  Fuel 

Chain  Screen  Doors,  H.  H.  Wiegand 

Description  of  chain  screen  doors,  mainly  of  the  Wiegand 
type. 

These  chain  screen  doors  consist  usually  of  a  multitude  of 
freely  hanging  individual  strands  of  steel  chain  suspended 
close  together  from  a  bar  in  a  manner  to  form  a  continuous 
sheet  or  curtain  of  chain  not  unlike  the  Japanese  screen.  This 
curtain  of  chain  hung  before  the  uncovered  opening  of  a  fur- 
nace effectively  hinders  the  heat,  glare,  gases  and  sparks  from 
leaving  the  furnace  and  checks  the  entrance  of  cold  air.  The 
loosely  hanging  strands  of  light  chain  are  parted  with  ease  and 
pressed  aside  by  the  tools  or  other  objects  projected  into  the 
furnace,  only  to  fall  together  again  when  entrance  has  been 
effected.  The  interstices  in  the  links  of  chain  permit  an  un- 
hampered view  of  the  interior;  in  fact,  a  better  survey  may 
be  obtained  than  under  ordinary  conditions,  as  the  glare  is 
toned  down  and  the  effect  is  similar  to  looking  into  a  furnace 
through  a  piece  of  wire  gauze. 

In  a  boiler  room  where  the  Wiegand  chain  doors  have  been 
employed  for  about  three  years,  experiments  were  made  to 
obtain  an  idea  of  the  effectiveness  of  the  device  in  avoiding 
the  losses  arising  from  the  frequently  opened  stoking  door. 
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A  thermometer  was  fixed  on  a  standard  in  the  fire  room  at  a 
point  opposite  this  door  and  10  in.  therefrom.  This  position 
was  chosen  as  being  near  to  the  one  usually  taken  by  the  fire- 
man when  stoking  or  cleaning  the  fire.  When  the  ordinary 
fire  door  was  thrown  open  and  the  incandescent  fire  bed  ex- 
posed, as  is  the  case  whenever  the  furnace  is  coaled  or  cleaned, 
the  thermometer  rose  to  400  deg.  fahr.  On  covering  the  fur- 
nace opening  with  the  auxiliary  chain  door  the  thermometer 
dropped  to  135  deg.  fahr.,  and  the  bare,  unprotected  hand 
could  be  held  anywhere  in  front  of  the  screen  opening  without 
discomfort.  (The  Journal  of  Industrial  and  Engineering 
Chemistry,  vol.  8,  no.  9,  September,  1916,  p.  836,  2  pp.    d.) 

Some  EsPERniENTs  ix  Natural-Draft  Oil  Burning,  Lieut. 
L.  R.  Ford,  U.  S.  N. 

An  interesting  description  of  experience  in  oil  burning 
on  the  U.  S.  S.  Fulton. 

At  the  time  the  ship  "was  commissioned,  the  steam  necessary 
to  operate  the  auxiliaries  was  supplied  by  a  Roberts  water- 
tube  boiler  equipjjed  with  one  large  burner,  which  used  either 
steam  or  air  as  an  atomizing  agent.  The  air  for  combustion 
was  supplied  by  natural  draft  through  two  small  ventilators 


pressure  much  better  combustion  was  obtained,  but  the  oil 
was  then  insufScient  to  maintain  the  steam  pressure.  Several 
types  of  experimental  burners  with  either  air  or  steam  atomiza- 
tion  were  tried,  but  without  much  success.  Finally,  the  fol- 
lowing system  was  adopted  on  the  advice  of  Lieut.  A.  M. 
Penn,  U.  S.  N.,  in  charge  of  the  Fuel  Oil  Testing  Plant  at  the 
Navy  Yard,  Philadelphia. 

The  Bureau  Standard  Type  B  registers  wei-e  removed  from 
the  furnace  front  of  the  Roberts  boiler  and  a  bar  of  %-in.  by 
3-in.  flat  iron  was  supported  across  the  front  of  each  opening 
in  the  furnace  front  on  %-in.  studs,  these  studs  projecting  10 
in.  from  the  furnace  front  and  being  provided  with  threads 
and  nuts  for  adjusting  the  bar  for  distance.  Each  bar  was 
drilled  at  its  center  large  enough  to  permit  the  insertion  of  a 
burner. 

The  burner  itself  was  modified  as  shown  in  Fig.  2A.  A 
funnel-shaped  diffuser  was  made  of  sheet  iron  and  attached 
to  the  end  of  a  piece  of  lYt^-in.  pipe  4  in.  long  by  means  of  a 
band  clamp.  This  clamp  method  of  securing  the  diffuser  on 
the  pipe  was  preferable  to  screws  or  rivets,  as  it  permitted 
easy  removal  of  the  diffuser.  The  included  angle  of  the  dif- 
fuser was  selected  after  several  experiments  as  90  deg.,  and  the 
diameter  at  the  large  end  was  made  4%  in.     The  pipe  was 
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Fig.  2    Improved  Xatural-Deaft  Oil-Bukner 


and  through  the  door  between  the  engine  room  and  fire  room. 
After  a  disastrous  furnace  explosion,  due  to  the  burner  flame 
being  extinguished  and  the  furnace  becoming  filled  with  ex- 
plosive gas,  which  ignited,  the  boiler  was  fitted  with  two  of  the 
Bureau's  Standard  Type  B  air  registers  and  Type  I  burners. 
These  burners  atomize  the  oil  mechanically  and  are  designed 
for  use  with  forced  draft.  In  addition,  a  second  boiler  of  the 
Almy  water-tube  type  was  installed,  which  made  the  room 
quite  crowded  and  curtailed  the  already  limited  air  supply. 

As  soon  as  the  ship  was  ready  to  leave  the  Navy  Yard 
troubles  began.  When  the  burners  were  lighted  under  one 
boiler,  it  became  evident  that  the  combustion  was  verj-  poor. 
Several  schemes  were  resorted  to.  Small  portable  electric 
blowers  were  placed  on  the  fire-room  floor  plates  so  as  to  dis- 
charge against  the  registers  in  the  furnace  front.  This  helped 
only  slightly.  A  sheet-metal  box  built  on  the  boiler  front  so 
as  to  completely  enclose  the  registers  and  burners  and  con- 
nected with  two  %-h.p.  portable  blowers  proved  to  be  a  failure. 
A  small  box  was  then  built  that  would  stand  on  the  floor  plates 
in  front  of  the  burners,  with  the  two  14-h.p.  blowers  connec-teil 
so  as  to  discharge  into  the  box.  This  improved  the  combus- 
tion, but  far  from  sufficiently.  So  much  soot  was  deposited 
that  it  became  necessaiy  to  establish  a  routine  requiring  that 
the  tubes  be  blown  with  steam  once  every  hour  or  24  times 
each  day. 

The  oil  pressure  habitually  carried  with  the  Bureau  type  of 
burner  was  200  lb.     It  was  found  that  by  reducing  the  oil 


slipped  over  the  tip  in  such  a  manner  as  to  permit  adjustment 
of  the  distance  the  burner  tip  projected  into  the  diffuser. 

When  this  burner  was  lighted  a  most  interesting  action  was 
observed.  With  the  diffuser  drawn  well  back  toward  the  rear, 
the  flame  would  jump  away  from  the  burner,  but  when  the 
diffuser  was  pushed  forward  it  would  pick  up  the  flame,  and 
a  short  cone  of  clean  flame  would  result.  When  the  diffuser 
was  adjusted  to  the  best  operating  position,  a  halo  of  white 
flame  would  appear  around  the  edge,  as  shown  in  Fig.  B.  The 
main  body  of  the  flame  retained  its  cone  shape,  as  shown  at 
C,  this  cone  of  flame  extending  back  to  the  burner  tip ;  but 
part  of  this  flame  seemed  to  draw  out  to  the  diffuser  and  curl 
down  from  the  edge,  as  shown  at  H.  The  combustion  obtained 
with  this  an-angement  was  very  good,  indeed.  The  article 
proceeds  to  describe  in  detail  the  rebuilding  of  the  furnace 
apparatus. 

Among  the  modifications  introduced  were  the  installation 
of  vertical  fins  of  thin  sheet  metal  in  the  shape  of  a  helix 
around  the  circumference  of  the  conical  openings  in  the  fur- 
nace, to  promote  mixing  of  air  and  fuel  by  giving  the  entering 
air  a  rotary  motion.  Another  improvement  was  the  mounting 
on  the  head  of  the  oil  line  of  a  large  air  chamber.  This  cham- 
ber kept  the  oU  pressure  steady,  the  effect  of  which  was 
quickly  noted  at  the  burners.  When  the  diffusers  were  ad- 
justed to  get  the  halo  around  the  edges,  it  remained  there  with- 
out further  adjustment.  What  surprised  the  ship  engineers 
most  was  the  low  oil  pressure  required  to  maintain  the  steam 
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pressure  and  the  wide  range  of  pressure  through  -which  the 
burners  could  be  operated  smokelessly.  Under  the  old  condi- 
tions it  had  been  necessary  to  operate  the  burners  under  an 
oil  pressure  of  200  lb.  It  was  now  found  that  the  steam  nec- 
essary to  meet  the  normal  demand  of  the  ship  could  be  evapo- 
rated with  an  oil  pressure  of  50  to  100  lb.,  and  the  pressure 
had  to  be  raised  to  200  lb.  only  when  an  extra  demand  for 
steam  was  made. 

In  fact,  it  was  found  that  the  steam  pressure  could  be 
quickly  and  closely  regulated  by  varying  the  oil  pressure, 
which  could  be  done  by  varying  the  spring  tension  of  the  regu- 
lator valve  on  the  oil  pump.  Steam  control  was  thus  reduced 
to  the  mere  screwing  of  a  nut  up  and  down  with  a  wrench,  a 
novelty  which  strongly  appealed  to  the  firemen. 

The  helical  vanes,  in  addition  to  giving  the  air  a  rotai^y 
motion  and  thereby  promoting  mixture  of  air  and  oil,  serve  a 
useful  purpose  in  intercepting  the  radiant  heat  from  the  flame. 
It  is  found  that  since  they  were  installed  the  heat  in  front  of 
the  boiler  is  now  gi-eater  than  when  the  closed  registers  were 
in  use.  (Journal  of  the  American  Society  of  Naval  Engineers, 
vol.  28,  no.  3,  p.  641,  August,  1916,  14  pp.,  6  figs,    de.) 


Foundry 


Reclaiming  Waste  Molding  Sand 


Description  of  the  equipment  recently  installed  by  the  Mod- 
ern Foundry  Company,  Oakley,  Cincinnati. 

This  equipment  consists  simply  of  two  belt  conveyors,  one 
with  23-ft.  centers  and  the  other  with  26-ft.  centers.  Jeffrey 
18-in.  belts  are  used,  the  pulleys  and  motors  being  mounted 
on  structural-steel  frames.  The  refuse  is  shoveled  into  the 
shorter  conveyor  and  passes  over  a  Cutler-Hammer  magnetic 
pulley  having  the  magnetic  coils  on  the  inside  of  the  pulley. 
The  metal  as  it  passes  over  the  pulley  adheres  to  the  belt, 
while  the  sand  is  discharged  upon  the  second  conveyor  from 
which  it  is  dumped  into  the  car.  The  metal  is  carried  partly 
around  the  magnetic  pulley,  and  is  dumped  into  a  chute  at 
the  point  where  the  belt  leaves  the  pulley.  These  conveyors 
have  a  capacity  of  one  ton  a  minute  and  are  each  electrically 
driven    with  a  1-h.p.  motor. 

The  company  states  that  the  amount  of  material  reclaimed 
in  six  weeks  has  more  than  paid  for  the  original  cost  of  the 
equipment.  [The  Iron  Age,  vol.  98,  no.  10,  p.  505,  Sept.  7, 
1916,  1  p.,  2  figs,    d.) 

A  Centrifugal  Machine  foe  Casting  Pipe 

Description  of  a  new  method  of  eastmg  pipe  by  using  cen- 
trifugal force,  invented  by  two  Brazilians,  D.  Sensaud  de 
Lavaud  and  Fernando  Arens,  Jr. 

The  inventors  have  made  numerous  unsuccessful  attempts 
to  produce  cast  pipe  in  a  permanent  rotary  mold.  The  metal 
did  not  spread  evenly  over  the  surface  of  the  mold,  the  pipe 
was  brittle,  and  there  was  great  trouble  in  extracting  the  pipe. 
Finally,  however,  they  claim  to  have  succeeded  in  producing 
good  pipe  by  working  along  the  following  lines:  (1)  A  perma- 
nent, rotary,  and  cold  mold  (the  condition  of  the  mold  being 
cold  appears  to  be  of  the  highest  importance)  ;  (2)  immediate 
extraction  of  the  pipe  after  solidification;  (3)  the  use  of  very 
hot  iron;  (4)  a  silicon  content  of  1.80  to  2.50  per  cent. 

It  is  stated  that  at  present  thirteen  of  the  new  machines  are 
operated  commercially  in  two  plants  in  Brazil,  turning  out 
various  sizes  of  pipe  from  4  in.  to  15  in.  in  diameter  and  from 
4  ft.  to  14  ft.  long,  and  that  a  machine  has  been  built  in  the 


Buffalo  district  which  has  produced  for  exhibition  and  other 
]uirposes  a  quantity  of  4-ft.  4-in.  pipe. 

The  operation  of  the  machine  is  briefly  as  follows:  Regu- 
lated quantities  of  cast  iron  are  introduced  into  a  rapidly 
revolving  water-cooled  cylinder,  where,  by  the  centrifugal  force 
exerted,  the  metal  is  spread  uniformly  upon  the  surface  of  the 
mold,  and  within  a  few  seconds  the  pipe  is  withdrawn  from 
the  other  end  of  the  machine  at  a  white  heat.  The  pipe  is 
not  subjected  to  any  further  treatment  except  tarring. 

According  to  the  theory  of  the  inventors,  the  metal  coming 
in  contact  with  the  cold  mold  will  congeal  at  once,  forming 
a  solidified  crust  which  creates  a  centripetal  force;  the  pipe 
then  detaches  itself  from  the  surface  of  the  mold  and  the  space 
between  the  mold  and  the  pipe  becomes  an  insulating  cham- 
ber, in  which  the  air,  which  is  at  a  high  temperature,  grad- 
uates the  solidifying  of  the  molten  mass,  and  at  the  same  time 
anneals  the  crust  first  formed. 

It  is  claimed  that  when  casting  by  the  new  process  the 
metal  solidifies  probably  in  two  or  three  seconds.  This  means 
that  the  segregation  or  separation  of  impurities  is  impossible, 
so  that  a  completely  homogeneous  mass  is  formed,  in  which  all 
the. parts  are  equally  distributed  and  the  metal  is  of  a  fine, 
close  grain.  It  is  also  claimed  that  the  action  of  the  centrif- 
ugal force  of  the  metal  compresses  and  expels  the  air,  prevent- 
ing gas  holes  and  forming  a  more  sohd  and  denser  metal. 

Tests  have  been  made  on  various  sizes  of  this  new  pipe  by 
the  Department  of  Water  of  Rio  de  Janeiro  and  the  Depart- 
ment of  Water  and  Sewerage  Works  of  Sao  Paulo,  Brazil,  in 
which  it  was  found  that  the  pipe  could  stand  very  high  pres- 
sures. The  figures  are  not  reported,  as  there  ap(iears  to  be 
some  uncertainty  about  them.  It  is  also  claimed  that  the  new 
pipe  is  less  subject  to  corrosion  than  ordinary  east  pipe. 
( The  Iron  Age,  vol.  98,  no.  10,  p.  500,  Sept.  7,  1916,  4  pp.,  8 
figs.     d. ) 

Waste  Foundry  Sand,  H.  B.  Swan  and  H.  M.  Lane 

The  first  part  of  the  paper  is  written  by  H.  B.  Swan,  who 
sent  to  a  number  of  large  American  foundries  a  set  of  ten 
questions  covering  the  use  of  foundry  sand  and  the  recovery 
of  old  sand.  It  was  found  that  with  one  or  two  exceptions 
the  burned  sand  was  either  loaded  in  freight  cars  or  hauled 
away  in  wagons  to  some  dumping  ground,  the  cost  of  disposal 
varying  from  30  cents  to  $1.50  per  ton.  Two  or  three  replies 
from  larger  foundries  stated  a  cost  of  $24.00  per  day  to  dis- 
pose of  their  burned  sand.  One  foundry  disposes  of  some  of 
its  waste  sand  as  a  filler  for  a  fertilizer,  another  uses  some  of 
its  refuse  sand  for  concrete  mixture.  Burned  sand  has  been 
foimd  good  for  putting  in  foundations  for  machinery.  When 
it  was  used  in  making  concrete  walls  for  a  building,  the  flour 
in  the  cores  made  the  walls  flake;  this  flaking  continued  for  a 
])eriod  of  at  least  one  or  two  years  after  the  structure  was 
completed,  and  was  especially  noticeable  after  a  continued  wet 
spell. 

The  second  part  of  the  paper  is  written  by  H.  M.  Lane, 
a  consulting  engineer  of  Detroit,  who  was  employed  about 
two  years  ago  by  a  number  of  Detroit  manufacturers  to  experi- 
ment in  washing  and  cleaning  the  refuse  sand  from  their  shops. 

Two  important  considerations  are  treated  in  this  paper,  as 
follows:  A  process  which  is  successful  with  steel  foundry  sand 
might  fail  utterly  with  brass  foundry  or  aluminum  foundry 
sand,  owing  to  radical  dilTerences  in  characteristics  of  the  dif- 
ferent materials.  The  percentage  of  fire  clay  used  in  steel 
foundry  mix  is  relatively  small,  and  the  so-called  wearing-ouf 
of  the  sand  is  due  mainly  to  the  stopping  of  the  fine  passages 
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by  small  gTains,  resulting  in  the  breaking  up  of  the  larger 
grains  under  heat  and  from  dry  or  burned  bond  material. 

Another  fact  is  that  the  mass  law  of  chemistry  influences 
very  largely  the  temperature  at  which  a  given  size  of  grain  will 
start  to  melt  or  burn  into  the  casting.  Very  fine  sand  will 
bum  into  a  steel  casting  several  degrees  lower  than  coarse 
sand,  which  makes  it  necessary  to  free  the  sand  from  these 
small  and  particularly  angular  grains.  For  such  work  a  clean- 
ing process  that  will  remove  the  burned  clay  and  the  fine  sand 
dust  is  necessary. 

The  process  which  will  produce  at  lowest  cost  a  product  just 
good  enough  to  use  is  the  one  that  will  ultimately  be  used,  even 
if  other  systems  may  give  a  better  though  more  expensive 
product.  In  steel  foundry  practice  the  ultimate  factor  is  the 
cost  of  a  ton  of  finished  castings;  and  a  process  which  recov- 
ers, say,  80  per  cent  of  the  sand  in  a  fairly  usable  condition 
may  be  better  than  one  which  recovers  90  per  cent  in  a  better 
condition,  but  at  a  higher  cost. 

For  the  thorough  cleaning  of  certain  classes  of  sand,  the  wet 
process  seems  to  be  the  best,  but  it  necessitates  first  a  scrub- 
bing and  then  a  washing,  and  takes  quite  a  complicated  plant, 
though  the  actual  cost  of  cleaning  per  ton  is  low. 

The  author  believes  that  it  is  advantageous  to  clean  the 
coarse  sand,  but  not  the  exceedingly  fine  brass  or  aluminum 
molding  sand.  In  some  cases,  passing  the  sand  over  a  series 
of  sieves,  which  will  first  take  out  the  coarse  waste  material 
and  will  next  remove  the  fine  or  dust  material,  has  been  found 
to  give  a  good  product  for  rebonding  for  use  in  foundry  work 
for  a  considerable  line  of  gray  iron  castings.  (Paper  pre- 
sented at  the  Annual  Meeting  of  the  American  Foundry- 
men's  Association,  September  11-1.5,  1916,  at  Cleveland,  0.) 

Aluminum  Castings  and  Forcings,  P.  E.  McKinney 

Discussion  mainly  of  the  influence  of  manganese  on  alum- 
inum and  the  use  of  manganese-aluminum  alloys  for  castings. 

The  most  dangerous  impurities  encountered  in  aluminimi 
alloys  are  carbon,  silicon  and  iron;  hence  only  carbonless 
manganese  produced  alumino-thermically  has  been  used  by  the 
writer. 

In  producing  an  alloy  for  casting  purposes,  an  empty  cruci- 
ble is  set  in  the  furnace  and  heated  to  a  bright  red.  The 
requisite  amount  of  hardening  alloy  is  added  and  melted  as 
quickly  as  possible.  In  cases  where  there  is  danger  of  intro- 
ducing sand  into  the  crucible,  powdered  flux,  made  by  melting 
60  per  cent  of  potassium  chloride  and  40  per  cent  of  cryolite 
and  powdering  the  mixture,  is  used.  This  flux  tends  to  dis- 
solve the  silicon  and  keeps  it  from  combining  with  the  alum- 
inum. 

The  alloys  of  aluminum  containing  manganese  have  a 
slightly  greater  shrinkage  than  those  containing  copper  alone, 
and  due  allowance  must  be  made  by  using  ample  risers  and 
chill  plates  on  intricate  castings. 

The  writer  has  made  a  number  of  tests  on  the  physical 
properties  of  manganese-copper  alloys. 

The  following  are  typical  jshysical  properties  obtained  on 
bars  of  this  alloy  forged  to  one  inch  square  and  turned  to 
standard  size  tensile  specimens. 

No  special  melting  furnaces  or  devices  for  handling  the 
metal  were  found  to  be  necessary  for  the  production  of  alloys 
of  aluminum  containing  manganese  which  can  be  melted  in 
natural  draft  pit  furnaces  with  only  the  ordinary  precautions. 
A  rich  hardener  of  definite  proportions  and  comparatively 
low  melting  point  can  be  best  made  by  alloying  the  harden- 
ing elements  with  a  small  amount  of  aluminum. 


Soft  alloy  containing: 

Manganese  1.00  per  cent,  copper  2.00  per  cent,  aluminum, 
96.50  per  cent. 


Tensile 

Yield 

Elonga- 

Reduc- 

Strength 

Point 

tion 

tion 

Cold  finished 

27750 

27750 

12.00 

47.00 

Hot  finished 

21083 

12223 

26.7 

48.7 

Intermediate 

2S6I7 

22918 

17.4 

52.00 

Hard  alloy  containing: 

Manganese  2.00  per  cent,  copper  3.00  per  cent,  aluminum 
94.50  per  cent. 

Tensile  Yield  Elonga-  Reduc- 

Strength  Point  tion  tion 

Cold  finished 31930  30000  9 .  75  35 . 3 

Cold  finished 34123  33000  4.00  11,25 

Cold  finished 30405  300O0  11.25  30.78 

Hot  finished 27450  15000  21.95  56.0 

Intermediate 28670  22000  21.00  50.4 

Sections  cut  from  thin  drop  forgings  which  were  cold  fin- 
ished have  shown  tensile  strength  as  high  as  40,000  lb.  per 
sq.  in.  (Paper  presented  at  the  Annual  Meeting  of  the  Ameri- 
can Institute  of  Metals,  September  11-15,  1916,  at  Cleve- 
land, 0.) 


Hydraulics 

Experience  vtith  Wood  Pipes  in  Nev?  Hampshire,  Arthur 
W.  Dudley 

Wood  pipe  has  been  in  use  for  centuries,  and  when  prop- 
erly laid  and  made  from  proper  material  is  remarkable  for  its 
long  life.  The  writer  states  that  he  has  in  his  office  a  section 
dug  up  in  Bowdoin  Square  in  Boston  during  the  excavation 
for  the  subway  that  is  as  sound  as  when  cut  from  the  forest, 
although  it  is  a  part  of  Boston's  first  water  system  laid  more 
than  two  hundred  years  ago. 

Wood  pipe  was  displaced  by  cast-iron  because  the  old 
method  of  making  it  limited  its  inside  diameter  to  the  size 
of  the  log,  6  in.  inside  diameter  being  nearly  the  limit  of  such 
pipe.  Modern  methods  of  making  wood  pipe  permit  of  pro- 
ducing practically  unlimited  diameters. 

As  to  methods  used  in  pipe  making,  the  writer,  after  experi- 
ments, came  to  the  conclusion  that  the  sleeve  method  of  con- 
nection may  be  strong,  but  the  difficulty  in  coating  the  exposed 
ends  of  these  sleeves,  and  the  fact  that  they  would  not  be 
saturated  at  all  times,  exposes  them  to  danger  from  decay. 
He  prefers  tenon-and-chamber,  flat-hooped  pine  pipe  to  pipe 
made  of  Douglas  fir,  because  of  the  greater  brittleness  of  the 
latter.  The  author  describes  several  of  his  own  experiences  in 
laying  wood  pipe.  In  one  case,  at  Pembroke,  N.  H.,  wood  pipe 
was  chosen  mainly  for  the  reason  that  the  Manchester  &  Con- 
cord Electric  Railway  passes  over  almost  the  entire  length  of 
Pembroke  Street,  and,  as  no  provision  for  a  return  current  is 
made  there,  an  iron  pipe  line  would  undoubtedly  have  formed 
this  circuit,  with  imminent  danger  of  electrolysis,  while  a 
wood  pipe,  being  a  non-conductor,  was  safe.  To  sum  up  the 
situation,  wood  pipe  -has  besides  the  saving  in  cost  of  both 
pipe  and  installation  these  advantages : 

1  It  is  preserved  by  water,  and  not  rusted  or  corroded  by  it. 

2  It  is  not  corroded  by  any  substance,  or  destroyed  by  acids 

or  salts. 

3  Its  carrying  capacity  is  20  per  cent  greater  than  that  of 

cast-iron  pipe,  and  remains  constant,  while  that  of  metal 
pipe  decreases  with  age. 
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4  It  does  not  taint  or  affect  fluids  going  through  it. 

5  It  does  not  burst  if  frozen,  the  elasticity  of  the  wood  pre- 

venting it. 

6  It  requires  less  labor  and  experience  to  lay  in  place  than 

metal  pipe,  and  a  considerable  saving  can  be  made  here. 

7  It  can,  when  service  pipes  are  not  taken  off,  be  laid  in 

shallower  ditches  than  metal  pipe,  for  it  is  not  so  easily 
affected  by  frost. 

8  In  the  writer's  experience,  while  more  or  less  joints  show 

slight  leakage  when  the  pipe  is  first  filled,  they  soon  swell 
up  and  give  less  trouble  in  the  end  than  cast-iron  pipe. 
{Journal  of  the  New  England  Water  Works  Association, 
vol.  30,  no.  3,  p.  318,  September,  1916,  8  pp.,  2  figs. 
dpc.) 

Internal  Combustion  Engineering 

The  Maclaben  Marine  Paraffin  Engine 

Description  of  an  engine  manufactured  in  Dumbarton,  Scot- 
land, in  sizes  from  8  to  28  h.p. 

Of  particular  interest  is  the  vaporizer  and  carburetor,  which 
embodies  the  application  to  low-power  engines  of  blowlamp 
heating  for  starting  on  kerosene.  The  arrangement  consists 
of  a  simple  easting,  to  the  outside  of  which  the  blowlamp  is 
applied  for  a  few  minutes  before  starting  up.  There  is  also 
a  special  'arrangement  whereby  the  engine  can  be  started  on 
gasoline  and  be  changed  over  to  run  on  kerosene  by  a  move- 
ment of  the  throttle  lever.  In  this  arrangement  the  gasoline 
vapor  does  not  go  through  the  kerosene  vaporizer,  consequently 
a  suitable  combustible  mixture  is  supplied  at  once  to  the  cylin- 
ders whether  the  engine  is  hot  or  cold.  This  eliminates  the  dif- 
ficulty often  experienced  at  starting  with  the  ordinai-y  type  of 
vaporizer  when  it  is  too  cold  for  starting  on  kerosene  and  too 
hot  for  gasoline.  {Engineering,  vol.  102,  no.  2642,  p.  152, 
August  18,  1916,  2  pp.,  6  figs,    d.) 

Silencing  the  Exhaust  and  Utilizing  the  Waste  Heat  op 
Internal-Combustion  Engines 

F.  W.  Rixon,  Bristol,  England,  has  recently  patented  in 
Great  Britain  a  silencer  for  internal-combustion  engines,  in 
which  thermopiles  are  employed  for  the  recovery  of  the  en- 
ergy which  would  otherwise  be  dissipated  as  waste  heat. 

The  cylindrical  wall  of  the  silencer  is  composed  of  a  number 
of  substantially  triangular  thermo-couples  lying  in  transverse 
planes  and  spaced  angularly  by  an  insulating  material.  Each 
couple  comprises  a  pair  of  triangular  plates  of  different  metals 
properly  alternating,  the  apices  of  the  plates  being  bent  for- 
ward and  united  to  one  another  by  welding.  The  plates  in  each 
series  are  separated  from  one  another  by  thin  sheets  of  in- 
sulating material.  It  is  expected  that  the  gases  when  passing 
will  heat  the  plates  and  at  the  same  time  lose  most  of  their 
energy  by  friction.  No  data  are  given  as  to  any  tests.  {The 
Mechanical  Engineer,  vol.  38,  no.  969,  p.  115,  August  18,  1916, 
1  p.,  2  figs,     d.) 

Large  Gas  Engine  Utilizing  Water-Jacket  Heat,  F.  L. 
Prentiss 

The  gas-engine  plant  installed  in  the  new  foundry  of  the 
Tuiner  &  Moore  Mfg.  Co.,  Detroit,  is  of  interest  because  it 
has  been  designed  to  use  comparatively  expensive  gas  (55 
cents  per  1000  cu.  ft.),  and  because  the  heat  from  the  water 
jacket  is  utilized  for  producing  by-product  steam  for  heating 
a  soda  kettle  and  also  for  providing  the  hot-water  supply. 


The  water-jacket  cooling  is  designed  according  to  the 
Meriam  system  previously  described  in  The  Journal  (May, 
1915,  p.  295).  This  system  is  based  on  a  discovery  that 
with  the  water  flowing  through  the  jacket  at  a  high  rate  of 
speed  (about  ten  times  higher  than  the  usual)  very  good 
cooling  of  the  cylinder  can  be  obtained  with  the  water  even 
above  the  atmospheric  boiling  point.  This  is  due  to  the  fact 
that  the  high  speed  of  the  flow  prevents  the  formation  of  steam 
and  air  bubbles  and  their  adhesion  to  the  cylinder  walls,  it 
having  been  found  that  it  is  these  bubbles  that,  with  the  usual 
speeds  of  water,  form  at  a  certain  temperature  an  insulating 
layer  over  the  cylinder  walls  and  interfere  with  their  further 
cooling. 

In  the  present  instance  the  water  passes  from  the  water 
jacket  into  an  enclosed  tank  which  is  connected  with  the  suc- 
tion side  of  the  centrifugal  pump,  and  a  constant  circulation 
is  maintained  between  the  cylinder  jackets  and  the  tank.  A 
pressure  of  4  to  5  lb.  is  maintained  on  the  tank,  wliile  the 
pressure  on  the  cylinder  jackets  is  about  25  lb.,  this  higher 
pressure  being  due  to  the  resistance  caused  by  forcing  a  large 
volume  of  water  through  the  jackets  rapidly.  {The  Iron  Age, 
vol.  98,  no.  8,  p.  389,  Aug.  24,  1916,  3  pp.,  2  figs,    d.) 

Two-Crank,  Four-Cylinder  Combustion  Engine,  C.  AV. 
Shafer 

A  radically  different  design  of  internal-combustion  engine, 
manufactured  by  the  Field  Motor  Company,  at  Grand  Rapids, 
Mich.,  is  of  the  horizontal  type,  double  opposed,  and  has  but 
two  cranks  and  two  connecting  rods  for  four  pistons. 

The  engines  are  joined  in  pairs  by  rods,  which  practically 
gives  a  continuous  piston.  The  tie  rods  have  sliding  fits  on 
each  side  of  the  cranks  and  also  on  the  top  and  bottom  of  each 
crankshaft  bearing,  so  that  the  rods  have  no  room  for  play 
and  the  amount  of  vibration  is  reduced  to  a  minimum. 

The  carburetor  (any  standard  type)  is  located  above  the 
cylinders,  and  one  manifold  only  is  used  for  4-  or  8-cylinder 
engines.  Gasoline  is  used  for  starting  the  engine  and  kerosene 
or  distillates  for  running  it. 

The  arrangement  of  the  manifold  permits  firing  of  the 
charges  clockwise,  1,  2,  3,  4,  a  perfect  balance  being  thus 
secured.  With  an  8-eylinder  motor  two  explosions  occur  for 
every  revolution  of  the  crankshaft. 

The  article  gives  a  sectional  view  of  the  engine  and  a  view 
of  the  exterior  of  the  motor.  {The  Practical  Engineer,  vol.  20, 
no.  16,  p.  706,  August  15,  1916.  2  pp.,  3  figs,    d.) 

Power  Plant  of  the  Burro  Mountain  Copper  Company, 
Charles  Legi-and 

Tliis  power  plant  is  of  interest,  first,  because  it  uses  the 
largest  stationary  Diesel  engines  in  the  United  States,  and 
second,  because  it  is  located  at  5950  ft.  elevation,  which  latter 
fact  introduces  certain  complications  in  the  operation  of  the 
engines.  The  plant  has  two  five-cylinder  vertical  Diesel  engines, 
which  are  rated  at  1250  b.h.p.  at  sea  level,  and  have  cylinders  of 
20.6  in.  diameter  and  26  in.  stroke.  Each  engine  has  a  scaveng- 
ing cylinder  of  41.25  in.  diameter  and  23.6  in.  stroke,  also  a 
three-stage  four-cylinder  high-pressurt  vertical  compressor, 
both  directly  connected  to  the  engine. 

This  compressor  delivers  the  air  necessary  for  fuel  injec- 
tion and  for  starting  the  engine.  The  scavenging  pump,  which 
is  larger  than  usual,  delivers  the  air  to  expel  the  products 
of  combustion  and  fill  the  cylinders  with  fresh  air  at  the  be- 
ginning of  the  stroke.  Tlus  pump  was  increased  in  size  to  be 
able  to  fill  the  cylinders  with  air  at  2%  lb.  gage  pressure  at 
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the  begrinning  of  the  stroke,  which  gives  nearly  the  same  initial 
absolute  pressure  and  allows  the  engine  to  generate  nearly 
the  same  indicated  horsepower  as  it  would  at  sea  level.  The 
work  done  in  the  scavenging  pump  is,  however,  increased,  and 
the  horsepower  available  is  approximately  95  per  cent  of  the 
sea-level  output. 

The  fuel  consumption  per  horsepower  is  increased  over  sea- 
level  conditions  because  of  the  extra  work  of  the  scavenging 
pump  and  the  resulting  lower  mechanical  efficiency  of  the 
engine  when  operating  at  the  elevation  of  this  plant. 

The  fuel  used  is  California  asphaltum  base  oil  of  14-18  deg. 
Baume  gravity  and  about  18,360  B.t.u.  The  paper  gives  de- 
tailed costs  of  power  per  month  and  per  kw-hr.  available,  the 
data  of  cost  per  month  being  given  also  in  detail  for  labor, 
fuel  oil,  lubricating  oil,  miscellaneous  supplies,  and  repairs. 
The  repair  cost  is  high,  for  soon  after  operations  were  started 
the  construction  account  was  closed,  and  se\'eral  items,  such  as 
labor  for  installing  recording  thermometers,  etc.,  were  charged 
to  repairs. 

The  greatest  trouble  was  with  the  helical  gears  driving  the 
cam  shafts.  These  gears  have  a  tendency  to  get  loose,  and 
one  of  them  split  from  the  keyway.  The  exact  cause  of  this 
trouble  has  not  been  ascertained,  but  it  has  been  much  re- 
duced since  iron  bands  were  shrunk  on  the  hubs  of  the  gears 
The  lubricating-oU  expense  is  given  in  detail.  It  does  not 
seem  to  be  excessive,  and  it  is  expected  that  it  will  be  further 
reduced  by  the  use  of  separate  pumps  to  each  point  where  the 
oil  is  delivered  in  the  cylinders,  insuring  a  definite  quantity  of 
oil.  The  present  engines  have  one  pump  delivering  to  four 
points,  and  it  happened  once  that  one  of  the  oil  pipes  became 
plugged  and  gave  slight  trouble  on  one  piston.  The  mainte- 
nance cost  is  still  in  doubt. 

The  oiieration  of  the  engines  in  parallel  is  very  satisfactory, 
even  when  the  load  is  slight,  and  on  the  whole  the  writer  is 
satisfied  with  the  operation  of  the  plant  and  its  cost  as  com- 
pared with  what  would  be  the  case  with  a  steam  plant  of  the 
same  capacity  running  under  the  same  conditions.  (Bulletin 
of  the  American  Institute  of  Mining  Engineers,  no.  117,  p. 
1531,  September,  1916,  8  pp.,  4  figs.    dA.) 

Machine  Design 

Adoption  of  the  International   Standard   of   Screw 
Threads  by  the  French  Aetillery 

By  a  recent  order  dated  March  22,  1916,  the  French  artillery 
instructs  all  its  contractors  to  use  the  International  Standard 
(S.  I.)  for  all  screw-thread  work  done  for  that  department. 

The  article  gives  a  complete  specification  of  the  International 
Standard  screw  threads,  together  with  instructions  as  to  the 
use  of  the  various  gages,  and  in  particular  instructions  for 
their  use  for  all  work  done  for  the  French  artillery  depart- 
ment. (Diilletin  de  la  Societe  d'Encouragement  pour  I'lndus- 
trie  Rationale,  vol.  126,  no.  4,  p.  74,  July-August,  1916,  30  pp., 
illustr.     d.) 

SonE  Standard  Makes  op  Friction  Clutches 

A  description  of  a  number  of  types  of  friction  clutches  of 
American  manufacture,  taken  from  the  literature  of  the  sev- 
eral manufacturers.  No  attempt  was  made  by  the  publishers 
to  verify  the  claims  made,  but  the  collection  is  of  considerable 
interest,  as  it  affords  a  general  view  of  the  state  of  the  art  of 
manufacturing  friction  clutches.  The  following  clutches  are 
described  and  illustrated : 

Moore  &  White  high-speed  clutch  (metal-to-metal,  multiple- 
disk  type.    Interesting  system  of  lubrication) 


Reeves  wood  split-pulley  clutch 

Caldwell  double-disk  friction  clutch 

Universal  Giant  friction  clutch  (outer  ring  covers  friction 
surfaces  which  are  wood  and  iron) 

Medart  fi-iction  clutch  pulleys  (hubs  and  sleeves  interchange- 
able) 

Bicknell  Thomas  clutch  (two  friction  shoes  work  on  the  in- 
ner surface  of  the  hub,  which  latter  is  lubricated  from  special 
oil  chambers) 

Falls  friction  clutch  (ring-type  clutch  pulley,  sleeves  made 
in  halves) 

Thomas  Patent  Empire  friction  clutch. 

Edgemont  countershaft  clutch  (solid  cast-iron  pulley,  with 
ring  cast  on  the  spokes  to  receive  the  friction) 

Ideal  Multi-Cone  clutch  (multiple-disk  cone  type,  the  cones 
running  constantly  in  oil) 

Hilliard  single-disk  clutch  (movable  friction  surface  is 
drawn  towards  the  stationary  friction  surface  by  a  specially 
designed  worm  thread  so  that  the  friction  plate  comes  in  con- 
tact with  the  friction  material  smoothly  and  gradually) 

Erie  Standard  friction  clutch  pulley  (hard  wood;  the  clutch 
pulley  has  a  long,  spiral,  self-oiling  hub  made  in  halves) 

Meeseco  short  shaft  clutch  (cone  type,  all-metal,  with  the 
friction  wearing  surface  of  hard  babbitt) 

Hanson  friction  clutch  (dust-proof  friction  surfaces  are 
either  steel  and  iron  bathed  in  oil,  or  steel  and  compressed  fric- 
tion paper) 

OK  combined  friction  and  positive  clutch  (in  engaging  or 
starting  the  load  the  friction  will  gi-adually  start  the  load,  and 
when  a  certain  point  is  reached  the  friction  will  slowly  release, 
giving  the  steel  points  a  chance  to  enter  a  series  of  holes  in 
the  driven  part) 

S.  &  S.  friction  clutch  (friction  furnished  by  two  sets  of 
wood  blocks;  clutch  is  self-centering) 

Cleveland  friction  clutch  (expanding-iing,  self -oiled,  fric- 
tion surfaces  metal-to-metal  running  in  oil) 

Conway  solid  compression  clutch  (friction-band  type) 

Johnson  friction  clutch 

Brown  friction  clutch 

Webster  steel-plate  friction  clutch  (clutch  elements  consist 
of  a  circular  steel  plate  with  rings  of  a  special  friction  board 
attached  to  both  faces  and  toggle-actuated  iron  mating  rings 
which  engage  the  friction  disk  for  creating  the  driving  connec- 
tions) 

S.-A.  steel-plate  clutch  pulley  (friction  surface  consists  of  a 
hea\'y  steel  plate  or  disk  both  sides  of  which  are  shod  the  en- 
tire circumference  with  hard  paper  friction  board  secured  to 
the  plate  with  maple  dowels,  thus  giving  a  friction  surface  of 
both  hard  paper  and  hard  wood. 

Lemley  friction  clutch  (friction  contact  wood  to  iron;  ad- 
justment made  by  means  of  a  threaded  ring  secured  to  the 
clutch  sleeve;  this  one  ring  adjusts  all  toggles  at  the  same  time 
assuring  a  like  pressure  on  each  toggle) 

Hill  friction  clutch,  Smith  type  (friction  surfaces  wood 
against  iron.  All  working  parts,  including  the  inside  jaws, 
may  be  removed  parallel  to  the  shaft  from  the  mechanism  side 
without  disturbing  the  main  spider  casting  or  pulley;  clutch  is 
self-centering) 

Frisbie  friction-clutch  pulley 

Tester  friction  clutch 

Dodge  patented  split  friction  clutch  (friction  tlu-ough  an 
outside  disk  into  which  are  driven  hard-majjle  blocks  present- 
ing end  gi-ain) 

{Mill  Supplies,  vol.  6,  no.  9,  p.  41,  September,  1916,  16  pp., 
30  figs,    d.) 
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Laying  Out  Skew  Bevel,  Gears,  Reginald  Traulseliold 

The  autlior  claims  that  the  skew  bevel  gear  has  been  gen- 
erally avoided  by  both  designers  and  machinists;  by  the  for- 
mer on  account  of  the  difficulty  experienced  in  laying  it  out, 
and  by  the  latter  because  of  a  fancied  intricacy  in  the  method 
of  cutting. 

As  a  matter  of  fact  they  are  not  as  difficult  to  cut  as  was 
assumed,  although  the  cost  of  their  manufacture  is  slightly 
gi'eater  than  that  of  an  ordinary  bevel  gear. 

There  are  two  general  types  of  skew  bevel  gears  which,  for 
the  sake  of  brevity,  may  be  referred  to  as  types  A  and  B. 
In  the  former  a  pinion  of  the  ordinary  bevel-gear  type  is  em- 
ployed, tlie  oblique  teeth  being  confined  to  the  gear,  and  in 
the  latter  the  teeth  are  oblique  in  both  pinion  and  gear.  In 
each  type  the  pitch  surface  of  the  pinion  is  the  frustum  of 
a  figure  generated  by  the  revolution  of  a  straight  line  about 
the  axis  of  the  flgiire,  the  generating  line  lying  in  a  plane 
parallel  to  a  plane  through  the  axis,  and  being  neither  parallel 
nor  at  right  angles  to  the  axis,  i.e.,  the  figure  is  a  hyperboloid 
of  revolution. 

The  author  gives  a  general  discussion  of  both  types  of  gears, 
instructions  as  to  their  cutting,  and  formulae  for  both  types. 
Only  the  latter  are  here  reproduced. 

Notation  for  Skew  Bevel  Gears 

p  =  diametral  pitch; 

n  =  number  of  teeth  in  pinion; 
A^  =  number  of  teeth  in  gear; 
X  =  offset  of  pinion  shaft; 

tp  =  angle  of  offset; 

d  =  pitch  diameter  of  pinion; 
De  =  equivalent  pitch  diameter  of  gear; 

D  =  pitch  diameter  of  gear; 

d'  =  outside  diameter  of  pinion; 
D'  «=  outside  diameter  of  gear; 

p'.  =  circular  pitch  of  pinion; 
t"  =  circular  pitch  of  gear; 
E'  =  center  angle  of  pinion; 
F'  =  face  angle  of  pinion; 
C  =  cutting  angle  of  pinion; 

E  =  center  angle  of  gear  (shop  angle); 

F  =  face  angle  of  gear  (shop  angle); 

C  =  cutting  angle  of  gear  (shop  angle); 
E"  =  center  angle  of  gear  (design  angle); 
F"  =  face  angle  of  gear  (design  angle); 
C"  =  cutting  angle  of  gear  (design  angle); 

J  =  angle  increment  of  pinion; 

K  =  angle  decrement  of  ]iinion; 
d"  =  diameter  increment  of  pinion; 
D"  =  diameter  increment  of  gear; 
s  =  addendum; 

V  =  radius  of  circle  of  apexes  for  pinion; 

W  =  radius  of  circle  of  apexes  for  gear; 

Ji  =  total  offset  of  pinion  shaft  =  V  +  W; 
y  =  angle  of  offset  for  pinion ; 
2  =  angle  of  offset  for  gear; 

R  =  speed  ratio  =  N/n; 
J"  =  angle  increment; 
K"  =  angle  decrement; 
P"  =  circular  pitch; 

d,  =  equivalent  pitch  diameter  of  pinion. 

Formulae  for  Skew  Bevel  Gears — Type  A 

d  =n/p  11] 

£».  =  N/p  [2] 

tan  0  =  2X/D,  [3] 

D  =  2X/sin  0  [4] 

P'  =  3.141t5D/Ar  [5] 

tan  E'  =  (///>,  [6] 

tan  7  =  2  sin  E'/n  17] 

tan  K  =  2.314  sin  E'/n  [8] 

F'  =  E'  +J  [9| 


C  =  E'  -  K  [101 

s  =  dln  =  D/N  [11] 

d"  =  s  COR  E'  [12] 

d'  =  d  -I-  2d"  [13] 

E  =  QO  —E'  (shop  angle)  (14] 

tan  E"  =  D  —  2X  Id  (design  angle)  [14a] 

D"  =  scosE  [151 

D'  =  D  +  2D"  [16] 

or,  for  greater  accuracy: 

D'  =  D  +  2d"DJD 

C  =  E  —K  (shop  angle)  [17] 

C"  =  E"  -  KDJD  (design  angle)  [17a] 

F  =  E  +  J  (shop  angle)  [18] 

F"  =  E"  +  JDJD  (design  angle)  [18a] 

Formulae  for  Skew  Bevel  Gears — Type  B 

V  =  X/R  -h  1  U] 

W  =  RV  [2] 

Z)e  =  N/v  [3] 

tan?/  =  2F/D,  -[4] 

D  =  2V/sin  y  [5] 

d  =  Dn/N  [6] 

p"  =  3.1416d/n  =  3.1416Z)/Ar  [7] 

tan  E"  =d/D  [8] 

E  =  QO-E'  m 

tan  J"  =  2  sin  E'/n  [10] 

tan  K"  =  2.314  sin  E'/n  111] 

F'  =  E'  +  J"  [12] 

C  =  E'  -  K"  [13] 

F  =  E  +  J"  [14] 

C  =  E-K"  [15] 

s  =  d/n  =  D/N  [16] 

d"  =  s  cos  E'  [17] 

D"  =  scosE  [18] 

d,  =  n/p  [19] 

d'  =  d  -f  2d"  [20] 

or,  for  greater  accuracy: 

d'  =  d  -f  2d"djd 

D'  =  D  +  2D"  [21] 
or,  for  greater  accuracy: 

D'  =  D  +  2D"DJD 

(Machinery,  vol.  23,  no.  1,  p.  32,  September,  1916,  5  pp.  2 
figs-,  pg-) 

Measuring  [nstruments 

Venturi  Meters  on  Lively  Lines,  Allen  Hazen 

Discussion  of  the  accuracy  of  venturi  meters  when  used  for 
measuring  non-uniform  flow.  The  author  believes  that  where 
variations  in  flow  are  rapid  so  that  there  are  substantial 
changes  in  rate  in  a  single  second,  an  error  may  be  introduced. 
This  error  may  be  of  considerable  importance  on  lines  carry- 
ing water  directly  discharged  from  reciprocating  pumps  or 
from  a  reservoir  into  a  system  where  wide  and  sudden  fluctu- 
ations in  rate  of  draft  are  taking  place. 

The  theoretical  reason  for  the  error  is  that  the  venturi  re- 
corders in  reality  sum  up  the  squares  of  the  flows.  The  height 
of  the  mercury  column  that  is  the  starting  point  in  the  regis- 
tration is  proportional  to  the  square  of  the  velocity.  The 
author  takes  an  extreme  case :  for  half  a  second  the  velocity 
is  nothing  and  for  half  a  second  it  is  2  ft.  per  second.  For 
the  whole  second  the  average  velocity  will  be  1  ft.  per  second, 
but  the  height  of  the  mercury  column  will  tend  to  be  for  the 
first  phase  zero,  and  for  the  result  corresponding  to  the  aver- 
age height  of  the  mercury  column,  which  is  2,  the  quantity 
indicated  will  be  the  square  root  of  2  or  1.41  in  place  of  the 
true  quantity,  which  is  1.  In  this  case  the  error  of  over-regis- 
tration will  be  41  per  cent.  This  is,  of  course,  entirely  exces- 
sive, but  in  actual  practice  errors  from  2  to  as  high  as  10  per 
cent  may  be  anticipated,  always  in  the  same  direction,  namely, 
registration  will  be  above  the  truth. 

From   the   writer's   experience,   the   percentage   error  with 
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lively  lines  is  much  greater  at  low  flows.  Errors  like  those 
in  the  venturi  measurements  resulting  from  rapid  fluctuation 
in  velocity  also  occur  with  all  other  methods  of  measuring 
water  (pitonieter,  standard  orifice,  etc.),  which  depend  upon 
the  etTecf  of  velocities  upon  pressures.  What  is  necessary  is 
some  better  apparatus  for  integrating  flows  of  venturi  meters. 
{Engineering  News,  vol.  76,  no.  7,  p.  293,  Aug.  17,  1916,  1  p. 
9P-) 

Recent  Development  in  Heavy  Track  Scale  Construction, 
J.  H.  A.  Bousfleld 

Reprint  of  paper  delivered  before  the  1916  convention  of 
the  National  Scalemen's  Association  at  Cincinnati,  Ohio. 

Description  of  what  is  claimed  to  be  tlie  largest  track  scale 
in  the  world.  It  has  been  installed  by  the  New  York  Central 
Railroad  Company  at  West  Albany,  N.  Y.,  is  100  ft.  in  length, 
and  is  built  in  six  sections,  each  section  designed  for  a  con- 
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Fig.  3     Methods  op  Reclaiming  Russian  3-in.  Shrapnel 

Fuse  Bodies:  A,  Outline  Drawing  of  Fuse  Body; 

B,  Method  of  Lengthening  Shoulder  A,  Fig.  A 

centrated  load  of  270,000  lb.  The  secondary  or  extension 
levers  are  designed  to  be  of  sufficient  strength  to  transmit 
this  load  applied  at  each  section  simultaneously  to  the  fifth 
lever  and  thence  to  the  weighing  beam,  so  that  the  lever  sys- 
tem is  capable  of  sustaining  a  load  of  six  times  275,000  lb. 
or  1,650,000  lb. 

The  scale  was  built  to  be  of  sufficient  length  and  capacity 
to  weigh  the  largest  locomotive  or  car  built  at  the  present 
time  or  likely  to  be  built  for  many  years  to  come. 

With  a  concentrated  load  of  275,000  lb.  per  section  and 
137,500  lb.  per  main  lever,  the  problem  presented  itself  of 
producing  a  knife  edge  in  the  main  levers  of  sufficient  length 
to  reduce  the  load  per  lineal  inch  below  7000  lb.  (American 
Railway  Association  specification)  and  to  properly  support 
it  so  as  to  insure  an  equal  distribution  of  the  load  througliout 
its  length  without  undue  deflection.  To  do  this  a  double  web 
construction  was  adopted,  as  with  this  construction  connected 
by  heavy  transverse  sections  over  and  under  the  knife  edges, 


a  very  efficient  support  is  obtained  throughout  the  full  length 
of  the  knife  edge.  The  load  and  fulcrum  knife  edges  in  the 
main  lever  are  21  in.  long. 

To  preserve  the  true  relative  position  of  the  main  lever 
stands  with  the  end  and  the  middle  extension  lever  stands  and 
to  insure  stability,  a  system  of  transverse  bracing  is  used. 
This  bracing  consists  of  heavy  T-seetion  members  securely 
attached  by  flange  connection  to  the  lever  stands. 

The  material  used  for  pivots  and  bearing  steels  throughout 
the  scale  was  high  grade  chromium-vanadium  alloy  steel  with 
a  tensile  strength  of  200,000  lb.  per  sq.  in.,  hardened  in  oil. 
With  this  grade  of  steel  very  little  trouble  was  experienced 
in  keeping  the  long  knife  edges  straight,  and  consequently 
very  little  grinding  was  necessary  after  the  pivots  and  bearings 
were  hardened. 

After  installation  at  West  Albany  the  scale  was  tested  with 
two  test  ears  weighing  respectively  80,000  and  60,500  lb.  Each 
section  was  tested  separately  with  each  of  the  cars,  and  a 
variation  of  less  than  10  lb.  was  established  by  the  results. 
The  same  degree  of  accuracy  was  attained  when  both  cars 
were  used  giving  a  test  load  of  140,500  lb.,  and  the  sensibility 
reciprocal  was  20  lb.  (Scale  Journal,  vol.  2,  No  11,  p.  5, 
August  10,  1916,  3  pp.,  11  figs,    d.) 

Munitions 

Effect  of  Gravitation  on  the  Flight  of  Projectiles 

A  general,  rather  elementary  discussion  of  the  conditions 
governing  the  flight  of  projectiles,  with  an  elementary  formula 
concerning-  vertical,  horizontal  and  angular  projection.  (Cana- 
dian Machinery  and  Manufacturing  News,  vol.  16,  no.  11,  p. 
279,  September  14,  1916,  3  pp.,  4  figs,    g.) 

Reclaiming  Russian  Three-Inch   Shrapnel  Fuse  Bodies, 

H.  M. 

Many  manufacturers  in  the  earlier  stages  of  the  development 
of  the  munitions  industry  did  not  realize  the  high  degree  of 
accuracy  insisted  upon  by  the  inspection  for  the  Russian  fuse, 
and  have  undertaken  to  produce  them  by  the  usual  various 
makeshift  tools.  The  result  was  that  much  of  the  work  was 
rejected  and  many  producers  are  now,  when  they  have  learned 
more  about  the  industry,  turning  their  attention  to  the  reclaim- 
ing of  some  of  the  rejected  work. 

Of  course,  much  of  this  work  either  cannot  be  saved  at  all, 
or  the  parts  are  so  simple  that  it  is  not  worth  the  trouble. 
However,  the  case  is  different  with  some  other  parts. 

One  of  the  most  expensive  parts  of  the  fuse  is  the  body 
shown  in  Fig.  3 A,  which  in  the  case  of  the  3-in.  fuse  is  made 
from  an  aluminum  composition  casting  which  is  compressed 
and  machined  all  over.  A  large  number  of  these  bodies  have 
been  rejected  owing  to  the  shoulder  A  being  too  short.  If  the 
diameter  B  has  sufficient  stock  to  permit,  this  diameter  can  be 
rolled  with  a  tool  such  as  is  shown  in  Fig.  B,  which  compresses 
the  metal  lengthwise,  thereby  lengthening  the  shoulder  A.  The 
tool  Fig.  B  consists  merely  of  a  roll  A  mounted  on  a  stud  B 
in  a  suitable  holder  C  which  is  sufficiently  strong  to  resist  the 
pressure  of  rolling  the  aluminum  over.  The  work  is  held  on 
the  large  diameter  in  chuck  jaws  D  and  is  supported  by  the 
back  rest  E. 

Another  trouble  was  that  the  pitch  diameter  C,  Fig.  A,  was 
very  slightly  too  small.  As  the  tolerance  on  the  outside  diam- 
eter of  the  thread  is  greater  than  that  allowed  on  the  pitch 
diameter,  it  is  often  possible  to  reclaim  bodies  rejected  from 
this  cause  by  rolling  the  thread  with  the  tool  Fig.  C.    This  tool 
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was  made  with  the  idea  of  jamming  the  top  of  the  thread  and 
thereby  causing  the  metal  to  be  squeezed  outward  at  the  pitch 
diameter. 

This  tool  is  smaller  in  construction  than  that  shown  in  Fig. 
B,  with  the  exception  that  it  was  made  straight  instead  of 
offset. 

To  save  bodies  which  had  the  diameter  E  bored  out  too  much 
it  was  found  that  there  were  two  chances  to  save  them :  First, 
if  the  diameter  D  had  sufficient  stock  to  permit  of  rolling  with 
the  tool  Fig.  D  the  top  diameter  was  squeezed,  thereby  caus- 
ing the  metal  to  be  compressed  sufficiently  to  allow  of  boring 
the  diameter  E  to  the  correct  size.  With  this  method  it  was 
usually  found  necessary  to  trim  up  the  face  X  at  the  bevel  side. 
The  other  method  of  reclaiming  the  bodies  is  to  apply  a  roll  on 
the  surface  F  provided  the  depth  G  is  long  enough  to  permit 
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Fig.  3     Methods  of  Recl.^iming  Russian  3-in.  Shrapnel 

Fuse  Bodies:   C,  Method  of  Rolling  Thread  to 

Increase  Pitch  Diameter;  D,  Arrangement  of 

Tools  Used  for  Rolling  Outside  Diameter 

this.  A  special  roll  for  accomplishing  this  is  shown  in  the 
original  article.  (Canadian  Machinery  and  Manufacturing 
News,  vol.  16,  no.  11,  p.  287,  September  14,  1916,  1  p.,  5 
figs,    d.) 


Pile  Drivers 


Pile  Driving 


Description  of  a  pile  extractor  buUt  by  the  Ransome-ver- 
Mehr  Machinery  Company,  Ltd.,  London,  England. 

The  usual  methods  for  drawing  of  piles  are  still  somewhat 
primitive.  In  cases  where  the  tops  of  the  piles  are  under 
water  level,  as  in  bridge  foundations,  the  usual  procedure  has 
been  to  attach  the  piles  to  the  top  of  a  barge  or  pontoon  so 


that  the  rise  of  the  tide  and  the  buoyancy  of  the  pontoon  drew 
the  piles  from  the  bottom  of  the  river  or  the  sea  bed.  This  is 
a  slow  and  dangerous  process  and  besides  not  applicable  where 
there  is  no  tide.  In  land  operation  equally  crude  methods  are 
used,  such  as  drawing  the  piles  by  jacks,  union  screws  or  pul- 
ley blocks  suspended  to  a  crane. 

The  extractor  described  here  is  devised  to  reverse  the  process 
of  pile  driving.  Instead  of  the  blow  being  struck  by  the  force 
of  gravity  acting  on  a  hammer  dropped  from  a  height  onto  the 
top  of  the  pile,  steam  is  utilized  in  the  cylinder  to  give  an  up- 
ward blow  to  an  anvil  in  the  form  of  a  crosshead  which  is  con- 


FiG.  4    Ransome  Pile  Extractor 

nected  by  vertical  links  to  a  giip-box  placed  mider  the  cylinder 
and  carrying  wedge-shaped  serrated  jaws  which,  with  the  grip- 
box,  surround  the  pile,  so  that  as  the  steam  impinges  on  the 
piston  and  strikes  the  anvil,  an  upward  pull  is  exerted  on  the 
top  of  the  pile  through  the  connecting  links  and  the  grip-box. 
Fig  4  shows  in  detail  the  main  imits  of  the  extractor.  A  is 
the  piston  or  monkey  working  in  the  cast-steel  cylinder  B; 
D,  D  are  the  forged-steel  connecting  rods  to  the  east-steel  grip- 
box  E,  in  which  are  fitted  the  serrated  cast-steel  jaws  F  to 
engage  with  the  pile  G. 

Of  course  the  cylinder  cannot  operate  under  the  water  level, 
but  this  can  be  overcome  by  increasing  the  length  of  the  con- 
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neotinj!:  rods  between  the  anvil  and  the  grip-box.  An  impor- 
tant element  in  the  success  of  the  extractor  is  the  abundance 
of  steam  supply.  This  is  transmitted  through  flexible  tubing. 
Once  the  hammer  action  has  commenced  it  is  important  that 
it  should  not  cease  until  the  pile  has  been  extracted  or  is  suf- 
ficiently loose  to  enable  it  to  be  easily  withdrawn  by  a  small 
crane  or  by  winches  arranged  to  do  so.  If  there  is  any  dis- 
continuity in  the  hammering,  the  jaws  are  likely  to  get  out  of 
position. 

The  method  of  suspending  the  extractor  is  another  important 
element  in  its  success  and  rapidity  of  operation.  In  some 
cases  it  is  hung  on  a  pile-driving  machine,  but  in  one  of  the 
most  effective  installations  a  10-ton  steam  derrick  crane  is 
utilized  having  a  60-ft.  jib.  The  kingpost  under  the  mast  is 
mounted  on  a  3-wheeled  bogie.  One  of  the  two  guys  is 
mounted  on  a  2-wheeled  bogie  and  the  other  on  a  3-wheeled 
bogie,  which  also  carries  the  boiler  to  supply  steam  to  the  ex- 
tractor. This  crane  installation  has  the  advantage  that  the 
extractor  is  free  to  oscillate  when  in  operation,  which  helps  in 
slackening  the  pile.    Moreover,  when  the  extractor  is  working 


Fig  5    High-Vacuvji  Mercury  Speed  Vapor  Pump  of 
Extreme  Speed 

the  crane  engine  is  set  in  motion,  maintaining  a  tensile  strain 
on  the  suspension  wire  rope  so  that  the  hammer  action  of  the 
extractor  is  assisted  by  the  pull  on  the  crane.  Further,  the 
crane  does  not  have  to  be  moved  for  every  pile,  as  in  the  ease 
described  it  commands  an  arc  of  270  deg. 

In  one  of  the  shipbuilding  berths  there  were  about  1200  piles 
13  to  14  in.  square,  ranging  in  length  from  29  to  36  ft.  in  the 
upper  part  of  the  berth  and  from  15  to  20  ft.  at  the  lower  part. 
All  were  driven  for  their  fuU  length  into  the  London  clay.  The 
average  time  for  drawing  a  pile  was  well  under  3  min., 
although  m  a  few  cases  as  long  as  10  min.  have  been  taken. 
The  plant  as  equipped  and  in  operation  cost  about  £1500 
(roughly  $7500).  {Engineering,  vol.  102,  no.  2044,  p.  198, 
September  1,  1916,  3  pp.,  7  figs,    d.) 

Pumps 

A  High-Vacuum  Mercury- Vapor  Pump  of  Extreme  Speed, 
Irving  Langmuir 

The  new  pump  is  based  on  the  same  principle  as  aspirators 
or  ejectors,  in  which  a  blast  of  steam  or  air  is  used  to  produce 


a  partial  vacuum.  In  these  devices  the  high  velocity  of  the  jet 
of  steam  causes  a  lowering  of  pressure,  so  that  the  air  to  be 
exhausted  is  sucked  directly  into  the  jet.  If,  however,  the  jet 
were  surrounded  by  a  perfect  vacuum,  there  would  be  a  blast 
of  gas  molecules  escaping  from  the  jet  into  this  vacuum, 
and  therefore  it  is  not  possible  to  obtain  a  very  high  vacuum 
by  means  of  an  instrument  based  on  the  principle  of  the  or- 
dinary ejector  or  aspirator. 

The  action  of  these  instruments  consists  really  of  two  proc- 
esses: (1)  the  process  by  which  the  air  is  drawn  into  the  jet; 
(2)  the  action  of  the  jet  in  carrying  the  admixed  air  into  the 
condensing  chamber. 

The  aspirators  cease  operating  at  low  pressures  because  of 
the  failure  of  these  processes.  If  air  at  low  pressure  could 
be  made  to  enter  the  jet,  and  if  gas  escaping  from  the  jet 
could  be  prevented  from  passing  back  into  the  vessel  to  be 
exhausted,  then  it  should  be  possible  to  construct  a  jet  pump 
which  would  operate  even  at  the  lowest  pressures. 

Gaede  has  recently  described  a  pump,  called  a  diffusion 
pump,  in  which  a  blast  of  mercury  vapor  carries  along  the  gas 
to  be  exhausted  into  the  condenser.  In  order  to  introduce  the 
gas  into  the  blast  of  mercury  vapor,  Gaede  has  used  diffusion 
through  a  sUt  of  a  width  comparable  with  the  mean  free  path 
of  the  mercury  atoms  in  the  blast.  A  portion  of  the  mercury 
blast  escapes  through  the  slit,  and  the  gas  to  be  exhausted  dif- 
fuses in  against  this  blast  of  mercury  vapor.  This  renders  it 
necessary  to  make  the  slit  very  narrow  (about  0.1  mm),  and 
for  this  reason  the  speed  of  the  pump  is  necessarily  low  (only 
about  80  ce.  per  second  as  against  1300  cc.  per  second  for 
the  molecular  pump. 

The  writer  found  that  there  are  other  methods  by  which 
the  gas  to  be  exhausted  may  be  introduced  in  the  blast  of 
mercury  vapor,  and  out  of  this  has  been  developed  the  type 
of  pump  shown  in  Fig  5,  which  has  given  satisfactory  results. 

In  this  device  a  blast  of  mercury  vapor  passes  upward  from 
the  heated  flask  A  through  the  tubes  B  and  C  into  the  con- 
denser D.  Surrounding  B  is  an  annular  space  E  connecting 
through  F  and  the  trap  G  with  the  vessel  to  be  exhausted.  The 
tube  C  is  enlarged  into  a  bulb  H  just  above  the  upper  end  of 
the  tube  B.  This  enlargement  is  surrounded  by  a  water  con- 
denser /,  from  which  the  water  is  removed  at  any  desired 
height  by  means  of  the  tube  K,  which  is  connected  to  a  water 
aspirator.  The  mercury  condensing  in  D  and  H  returns  to  the 
flask  A  by  means  of  the  tubes  L  and  M.  The  tube  N  connects 
to  the  "  rough  "  or  "  backing  "  pump,  which  should  maintain 
a  pressure  considerably  lower  than  the  vapor  pressure  of  the 
mercur}'  in  A. 

In  this  pump,  the  mercury  atoms  escaping  from  the  upper 
end  of  the  tube  B  radiate  out  in  all  directions.  A  part  of  them 
passes  up  into  C,  but  the  larger  part  strikes  the  walls  of  the 
enlargement  H. 

If  there  is  no  water  in  the  condenser  J,  the  mercury  which 
condenses  on  the  walls  reevaporates  nearly  as  fast  as  it  con- 
denses. The  molecules  passing  from  the  end  of  the  tube  B 
towards  the  walls  H  collide  with  the  molecules  with  reevapo- 
rate,  and  may  then  be  deflected  downward  into  the  annular 
space  E.  This  blast  of  mercury  vapor  down  through  E  pre- 
vents the  gas  from  F  from  passing  up  into  H,  so  that  under 
these  conditions  the  gas  from  F  may  pass  through  the  pump 
much  more  slowly  than  if  no  mercury  vapor  were  produced 
in  A. 

On  the  other  hand,  when  cold  water  circulates  through  the 
condenser  /,  all  the  mercury  atoms  striking  the  walls  of  H  are 
condensed,  so  that  no  mercury  passes  down  through  E.  The 
gas  from  F  thus  passes  freely  up   through  E,  and  when  it 
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meets  the  mercury-vapor  blast  at  P  is  blown  outward  and  up- 
ward along  the  walls  of  the  condenser  H,  and  finally  forced 
into  the  main  stream  of  mercury  vapor  passing  up  through  C 
into  the  condenser  D. 

A  vessel  of  eleven  liters  capacity  was  connected  to  K.  Air 
was  admitted  to  the  vessel  and  the  pressure  was  found  to  de- 
crease as  follows: 

Time 

Time  ^Pressure  in  Bars-^  Interval,    Speed  in  Cc. 

Sec.  at  R                     at  n  Sec.  per  Sec. 

0 1.470                  l.lfiO  .  .  

30 294                      720  30  MO 

60 12.S                   21.S  30  1,150 

SO 0.015                18  20  3.700 

The  rough  pump  used  had  a  speed  of  about  200  cc.  per 
second  at  pressures  of  400  bars,  but  this  speed  fell  off  to  60 
cc.  at  40  bars,  and  became  zero  at  about  10  bars.  The 
speed  of  the  mercury-vapor  pump  increased  rapidly  as  the 
pressure  decreased  and  reached  a  limit  of  about  4000  cc.  per 
second  at  pressures  below  10  bars.  Theoretical  considerations 
would  indicate  that  this  speed  should  remain  constant  down 
to  the  very  lowest  pressures. 

Several  experiments  with  hydrogen  showed  that  the  maxi- 
mum speed  with  this  gas  was  about  7,000  cc.  per  second. 
{Physical  Review,)  vol.  8,  no.  1,  p.  48,  July,  1916,  4  pp.,  1 
fig.  d.) 

Centrifugal-Pump  Casings 

Centrifugal  pumps  of  the  turbine  type  have  been  usually 
built  with  solid  cylindrical  casings  or  casings  split  in  the  hori- 
zontal center  plane.  Sometimes  pumps  have  been  made  with 
casings  divided  at  right  angles  to  the  axes — the  number  of 
units  generally  corresponding  with  the  number  of  stages — and 
held  together  by  bolts  or  studs  passing  from  end  to  end.  The 
design  with  one  cylindrical  casing  for  all  stages  has  the  draw- 
backs that  special  patterns  are  necessary  for  any  required 
number  of  stages,  and  that  dismantling  may  be  troublesome 
owing  to  internal  parts  sticking  to  the  casing  due  to  rust.  The 
drawback  of  the  pump  built  in  stages  without  an  outer  casing 
is  the  impossibility  of  dismantling  the  pump  without  breaking 
either  the  suction  or  delivery-pipe  joint. 

In  order  to  obviate  the  drawbacks  of  both  constructions, 
Rufener  &  Wiesengrund,  of  Horton  Bridge,  Yiewsley,  Middle- 
sex, England,  have  patented  assembled-stage  casings  which 
have  water-tight  joints  between  each  other  in  a  plain  outer 
cylindrical  casing;  this  latter  can  be  molded  with  a  striking 
board,  and  is  not  subject  to  any  water  pressure,  but  merely 
serves  to  hold  together  the  separate  suction  and  delivery  ends 
of  the  pumps,  besides  centering  the  stage  casings. 

The  delivery  end  is  made  with  such  internal  diameter  that 
all  the  stage  casings  can  be  withdrawn  without  fouling  the 
delivery  end.  It  is  an  annular  chamber  with  a  circular  cover 
which  contains  the  automatic  balancing  device,  varies  the  de- 
livery-end bearing,  and,  when  bolted  to  the  annular  delivery 
chamber,  holds  the  various  stage  casings  firmly  together.  In 
order  to  take  the  pump  to  pieces  it  is  only  necessary  to  take 
off  the  delivery-end  cover,  when  all  internal  parts  of  the  pump 
can  be  withdrawn  without  breaking  any  pipe  connection. 

Referring  to  the  Fig.  6,  A  is  the  suction  end  of  the 
pump  bolted  to  the  cylindrical  outer  easing  B.  G,  J,  etc.,  are 
the  stage  casings  contained  in  outer  casing  B.  The  first-stage 
casing  is  fitted  to  the  suction  end  A  with  water-tight  joints, 
and  similar  joints  are  formed  between  the  stage  casings,  the 
number  of  the  latter  varying  according  to  requirements.  The 
last-stage  casing  marked  K  is  provided  with  a  flange  and 
projections  E.  A  small  clearance  space  is  allowed  between 
the  flange  of  the  last-stage  casing  and  the  f  ange  of  the  outer 


easing.  Into  this  clearance  space  a  packing  ring  F,  of  suit- 
able material,  is  inserted.  Centered  on  the  flange  L  of  the 
outer  casing  and  bolted  to  the  latter  is  the  annular  delivery 
chamber  D.  Bolted  to  the  delivery  chamber  is  the  end  cover 
G.  A  clearance  space  is  provided  between  the  flange  of  the 
end  cover  and  the  delivery  chamber,  the  water-tight  joint  be- 
ing made  by  a  suilalde  packing  ring  H.  When  the  end  cover 
G  is  bolted  to  the  delivery  chamber,  its  inside  press  against 
the  projections  E,  and  thus  establishes  the  tight  fit  of  the 
water-tight  joints  of  the  stage  casings.  It  will  be  seen  that 
with  this  construction  the  stage  casings,  with  the  parts  which 
they  contain,  can  be  withdrawn  after  removal  of  the  end  cover 
G,  while  suction  end  .1  and  delivery  chamber  D  remain  in  po- 
sition bolted  to  outer  casing  B,  so  that  the  pipes  which  join  on. 
to  A  and  D,  respectively,  can  remain  undisturbed.  {Mechan- 
ical Engineer,  vol.  38,  no.  968,  p.  98,  Aug.  11,  1916,  1  p.,  1 
fig.    d.) 

Refrigeration 

Raw- Water  Can  Ice,  Van  R.  H.  Greene 

Raw-water  can  ice'  was  first  put  in  use  in  St.  Louis  many 
years  ago,  but  the  process  has  lain  dormant  until  the  last  two 
years  because  of  the  difficulties  that  were  experienced  in  this 
St.  Louis  plant  in  making  ice  that  was  marketable.  The  sys- 
tem most  frequently  installed  at  first  by  the  ice-machine  build- 
ers was  that  of  low  pressure,  which  means  that  air  was  forced 
through  a  tube  suspended  vertically  in  an  ice  can  filled  with 
water  with  just  sufficient  pressure  to  agitate  the  water  in  the 
can.  The  result  of  this  agitation  was  the  washing  of  the  air 
bubbles  away  from  the  sides  of  the  forming  ice  and  the  ren- 
dering of  the  ice  clear  and  transparent  so  long  as  the  tube 
continued  to  blow  air  into  the  water  in  the  can.  When,  how- 
ever, the  tube  suspended  in  the  water  was  reached  by  the 
formation  of  the  ice,  the  outlet  of  the  tube  was  closed  and  air 
ceased  to  blow  from  that  point,  making  a  core  in  the  ice  block 
which  was  opaque  and  white,  due  to  the  presence  of  air.  This 
core  could  be  eliminated  by  the  removal  of  the  tube  just  prior 
to  the  time  that  it  would  be  frozen  into  the  ice,  sucldng  out 
the  unfrozen  core  water  and  replacing  it  by  distilled  or  by  raw- 
water  which  had  previously  been  cooled. 

The  use  of  distilled  water  was  objectionable  because  it  gave 
the  same  unjileasant  odor  and  core  test  as  was  characteristic 
of  a  distilled-water  block,  the  avoidance  of  which  is  the  whole 
aim  of  the  raw-water  can  ice  system.  A  better  plan  was  to 
rejilace  the  core  water  by  precooled  fresh  raw  water. 

Then  Mr.  Beals  of  Detroit  discovered  that  it  required  some 
two  pounds  pressure  to  blow  air  through  ice  which  had  been 
formed  around  the  outlet  of  the  air  tube,  and  that  the  presence 
of  the  ice  surrounding  the  tube  soon  deposited  out  the  moisture 
which  is  in  all  air  and  caused  it  to  freeze  inside  of  the  tube, 
ultimately  plugging  it  up  entirely. 

He  therefore  designed  a  double-pipe  air  dryer  by  which 
the  air  was  thoroughly  dried  before  being  admitted  into  the 
ice-can  tube,  and  the  pressure  was  raised  sufficiently  high  to 
cause  the  air  to  blow  through  the  ice,  even  after  the  ice  had 
frozen  solid  around  the  tube  outlet  (high  pressure  system). 

In  the  high  pressure  system  a  pressure  of  approximately 
45  lb.  is  used,  the  air  being  allowed  to  expand  in  the  air  tube 
from  this  pressure  down  to  a  pressure  of  approximately  two 
]  ouuds.  The  blowing  of  air  against  a  pressure  of  45  lb.  re- 
quires, of  course,  much  more  horsepower  than  does  the  blow- 
ing of  a  smaller  quantity  of  air  against  a  pressure  of  four 
pounds.     This  increase  of  horsepower  is,  however,  somewhat 
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compensated  by  the  volume  of  air  blown  into  the  cans  being 
smaller  than  with  the  low  pressure  system;  nevertheless,  the 
horsepower  required  in  the  high  pressure  system  is  approxi- 
mately twice  that  used  in  the  low  pressure  system. 

Another  system,  in  the  development  of  which  the  writer  was 
associated,  has  the  ice  tube  suspended  from  the  sides  of  the 
cans  into  the  water  and  not  made  an  integral  part  of  the  ice 
cans,  as  in  the  case  of  the  Beals  and  York  systems.  The  re- 
sult is  that  it  is  only  necessary  to  compress  the  air  to  a  pres- 
sure sufficiently  high  that  when  cooled  to  36  deg.  fahr.  and 
expanded  to  2  lb.  pressure  or  so  the  dew  point  of  the  air  will 
be  slightly  below  that  of  the  temperature  of  the  surrounding 
ice  rather  than  the  surrounding  brine. 

Tests  which  the  writer  made  at  the  plant  of  the  Independent 
Ice  Company,  of  Baltimore,  Md.,  show  that  the  temperature  of 
the  ice  surrounding  the  tube  seldom  gets  below  20  deg.  fahr., 
which  makes  it  possible  to  keep  this  air  blowing  by  compress- 
ing it  to  25  lb.  pressure  per  sq.  in.  instead  of  45  lb.,  and  pro- 
ducing the  same  results  as  do  the  other  systems.  With  this 
system  the  air  tube  is  frozen  into  the  ice  block  and  must  be 
removed  by  some  means  before  the  cake  can  be  placed  on  sale. 
At  the  plant  in  Baltimore  this  is  accomplished  by  injecting  a 


boiler  rooms.  He  lays  special  emphasis  on  the  need  of  pro- 
viding ample  and  unobstructed  airways  in  order  to  avoid  a 
waste  of  the  head  generated.  The  head  wasted  varies  nearly 
as  the  square  of  the  air  velocity,  as  it  is  not  practicable  to 
reconvert  into  pressure  head  any  substantial  fraction  of  the 
velocity  head  of  the  moving  fluid.  Mr.  Allen  quotes  a  number 
of  cases  of  excessive  velocities  in  the  air  shafts  of  different  war- 
ships, ranging  from  48  ft.  up  to  78  ft.  per  sec.  In  practice  a 
high  velocity  in  the  air  ways  means  that  the  effective  gage  in 
the  boiler  room  is  reduced  by  the  head  equivalent  to  this  veloc- 
ity. With  such  an  air  speed  as  78  ft.  per  sec.  this  reduction 
amounts  to  2  in.  That  these  excessive'  speeds  are  not  unavoid- 
able is  shown  by  the  quotation  of  other  figures,  where  even  on 
destroyers  the  air  velocity  has  been  kept  down  to  42  ft.  per 
sec.  In  certain  cases  the  air  shafts  have  been  thought  con- 
venient places  for  the  storage  of  hose,  etc.  In  other  cases 
pipes  have  been  led  through  them,  with  little  or  no  considera- 
tion, to  the  consequent  obstruction  of  the  air  way.  Again,  the 
openings  aboye  deck  are  often  far  from  as  free  as  is  desirable. 
Deck  erections,  for  example,  may  obstruct  the  access  of  air  to 
the  whole  of  one  side  of  the  intake,  and  some  instructive  ex- 
amples of  this  are  given.    The  armor  bars  or  gratings  are  also. 


Fig.  6    Improved  Turbine  Pump  Casing 


steam  jet  into  the  ice  block.  Where  the  plant  must  be  oper- 
ated by  electric  power  or  by  an  oil  or  gas  engine,  difficulty 
will  be  experienced  in  thawing  out  this  tube  economically. 
The  writer  has  tried  out  a  scheme  of  winding  the  air  tube  with 
resistance  wires  and  thawing  it  out  electrically.  In  his  opin- 
ion, the  only  objection  that  can  be  found  to  such  a  method 
lies  in  the  fact  that  with  the  additional  winding  the  air  tube 
becomes  of  a  diameter  slightly  larger  than  %  in-i  and  leaves  a 
hole  remaining  in  the  ice  block  which  might  be  objection- 
able in  appearance  to  certain  classes  of  trade. 

In  the  writer's  opinion,  the  secret  of  manufacturing  raw- 
water  can  ice  lies  in  two  points — the  ability  to  agitate  the 
water  continuously  until  the  block  is  frozen  solid,  and  the  mak- 
ing use  of  water  for  ice-making  purposes  which  is  suitable  for 
this  requirement.  (Refrigerating  World,  vol.  51,  no.  2,  p.  27, 
August,  1916,  3  pp.,  3  figs,    de.) 

Steam  Engineering 

The  Air  Supply  to  Boiler-Rooms  on  Warships 

In  a  pamphlet  recently  published,  Mr.  R.  W.  Allen,  M.  Inst. 
C.  E.,  of  the  Queen's  Engineering  Works,  Bedford,  has  col- 
lected together  some  valuable  data  on  the  supply  of  air  to 


commonly  of  bad  form.  Experiments  made  at  Bedford  with 
bars  of  "  fair  form  "  instead  of  rectangular  showed  with  the 
fair  form  a  zero  pressure  drop  across  the  grating,  while  with 
the  rectangular  bars  the  loss  of  head  due  to  the  obstruction 
was  0.22  in.  (water  gage)  with  a  velocity  of  53.7  ft.  per  sec. 
Mr.  Allen  states  that  when  two  fans  are  mounted  close  together 
theii-  performance  can  be  greatly  improved  by  fixing  appro- 
priate deflector  plates  so  that  the  air  currents  as  delivered 
shall  not  interfere  with  each  other,  and  similar  plates  have 
also  proved  advantageous  even  with  single  fans,  tests  made 
with  ribbons  in  the  boiler  rooms  having  shown  that  in  many 
cases  the  air  is  far  from  taking  the  most  direct  line  to  the  fur- 
naces. In  conclusion,  Mr.  Allen  draws  attention  to  the  great 
progress  which  has  been  made  of  recent  years  in  fan  design, 
which  he  illustrates  vei-y  strikingly  by  comparative  photo- 
graphs of  the  impellers  of  the  old  and  of  the  new  type.  The 
same  duty  is  now  obtained  from  an  impeller  52  in.  in  diameter 
as  from  one  of  81  in.  in  diameter  a  few  years  ago.  [Engineer- 
ing, vol.  102,  no.  2643,  p.  174,  Aug-ust  25,  1916,  1  p.    p.) 

Heat-Transmitting  Tubes  for  Evaporators 

A  patent  has  recently  been  granted  to  Watson  and  Billetop, 
of   Newcastle-on-Tyne,   England,   in   which   heat-transmitting 
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tubes  for  evaporators  are  provided  with  a  carrier  plate  adapted 
to  form  a  longitudinal  medial  division  plate  in  the  tube,  divid- 
ing the  flow  of  fluid  into  two  streams,  and  to  carry  a  scries  of 
bafHe  plates  alternately  arranged  so  that  successive  ]ilates  are 
opposite  one  another,  whereby  each  of  the  two  streams  is  sig- 
zagged  and  effectively  baffled  by  the  one  set  of  plates  as  shown 
in  Fig.  7-1.  The  tube  A  is  fitted  with  a  carrier  plate  B  of 
width  equal  to  the  diameter  of  the  tube.  This  plate  is  notched 
at  F,  Fig.  7-T.  The  baffles  C  and  G  are  shaped  as  shown 
Figs  7-j-e,  which  show  them  reversely  set;  they  are  all  of  the 
same  shape,  but  alternate  sets  are  oppositely  disposed  as  shown 


FIG.  7. 
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Fig.  7    Improved  Evaporator  Tube 

in  Figs  7-1-7.  They  are  held  in  position  by  being  fitted  into 
the  notches  F  of  the  plate  B  and  are  attached  thereto  by  means 
of  the  lugs  H  which  are  turned  up  when  formmg  the  V-notches 
J  in  the  baffles.  The  plate  B  divides  the  fluid  passing  through 
the  tube  into  two  streams,  and  the  alternate  arrangement  of  the 
baffles  causes  each  stream  to  take  a  zigzag  path,  as  shown  by 
the  dotted  chain  line  D.  Fig.  7-.  shows  the  tube  Cdnnection 
E  fitted  with  ports  K  and  L  and  with  the  coupling  nut  M. 
Upon  removal  of  this  nut  the  plate  B  can  be  withdrawn  with 
,the  baffles  in  position  by  means  of  the  handle  shown.  (The 
Mechanical  Engineer,  vol.  38,  no.  971,  p.  171,  September  1, 
1916,  1  p.,  7  figs,    d.) 


Design  of  Superheaters,  William  C.  Strott 

The  writer  gives  a  formula  for  calculating  the  amount  of 
surface  required  for  a  superheater  under  varying  conditions 
of  service. 

The  formula  is  as  follows : 

lOS 


where  x 


2(T  —  t)—S 
sq.  ft.  of  superheating  surface  required  pei'  boiler 
horsepower 
S  =  superheat  required  in  deg.  fahr. 
T  =  temperature  of  furnace  gas  at  superheater  in  deg. 

fahr. 
t  =  temperature  of  saturated  steam  at  boiler  pressure 
in  deg.  fahr. 
The  value  of  T  can  be  obtained  from  the  following  equation : 

^T-tf^^  (0.172H  + 0.294) 

where  U  is  the  percentage  of  boiler-heating  surface  between 
the  furnace  and  superheater. 

The  author  gives  an  example  for  using  this  formula.  It  is 
to  be  remembered  that  it  is  assumed  that  steam  is  a  perfect 
gas;  for  every  one  per  cent  of  moisture  in  the  saturated  slpam, 
allow  fifteen  per  cent  more  superheater  surface  than  found  by 
the  use  of  this  formula.  {Power,  vol.  44,  no.  6,  p.  199,  August 
8,  1916,  2  pp.    p.) 

Testing 

Apparatus  for  Testing  Crescent  Screwdrivers,  C.  L.  L. 

Description  of  an  apparatus  for  testing  the  strength  of 
screwdrivers  and  detecting  soft  blades  or  other  hardening  de- 
fects. 

The  apparatus  is  very  simple.  Upon  the  side  of  the  testing 
wall  a  center  stud  is  located  on  which  a  long  lever  is  pivoted. 
The  fulcrum  point  of  this  lever  is  slotted  to  receive  the  screw- 
driver blade.  The  lever  is  approximately  24  in.  long  and  is 
attached  at  its  outer  end  to  the  weight  hook  of  a  spring  balance 
after  the  weighing  pan  has  been  removed. 

The  inspector  inserts  the  blade  of  the  screwdriver  in  the  slot 
at  the  center  of  the  pivot  arm  and  with  a  wrench  turns  the 
arm  and  pulls  down  the  scale  beam  until  the  indicator  reaches 
a  predetermined  number  of  pounds.  If  the  blade  fails  to  bend 
or  break  the  screwdriver  is  adjudged  perfect,  otherwise  it  is 
rejected.  (Machinery,  vol.  22,  no.  12,  p.  1025,  August  1916, 
Ip.,  Ifig.    d.) 

CLASSIFICATION  OF  ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
tive; d  descriptive;  e  experimental;  g  general;  h  historical j 
m  mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  by  the  reviewer.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion -in  connection  with  articles  reported  in  the  Survey. 


842 


ENGINEERING  SURVEY 


The  Journal 
Am.Soc.M.E. 


SELECTED   TITLES   OF   ENGINEERING   ARTICLES 


AERONAUTICS 

CHARACTEniSTic  CiRVES  FOit  WiNG  Sectiom,  B.  A.  F.  6,  H.  W.  Rossell. 
Aerial  Age  Weekly,  toI.  3,  no.  23,  August  21,  1916.  1  p.,  illustrated. 

First  .\ekoplaxe  Without  Wires.     .Vcrial  .\ge  Weekly,  vol.  3,  no.  23, 
August  21,  191G,  1  p.,  illustrated. 

L'Etat   actc'el    de    l'Ai';rodynamique.      L'.ASrophile,    24    .\nnee,    nos. 
13-14,  1-15  Juillet  lOlCi,  S  pp.,  illustrated. 
Present  state  of  aerodynamics   (serial  I. 

Les    Hydravions   Allemands,   L'Hydhaviox    Bimoteur.     L'.ierophile, 
24  .\nnee,  nos.  13-14,  1-15  Juillet  1916,  6  pp.,  illustrated. 
German  hydroaeroplanes. 
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1  IJ.,  illustrated. 

Experiments  on  a  Dihedral  .Angle  Wing.  J.  C.  Elunsnker  and  D.  W. 
Douglas.     Aerial  Age,  vol.  3,  no.  24,  .-August  2S,  1916,  1  p.,  2  figs. 


Metals,   September  11-13,   1916,  at  Cleveland,  Ohio,   no.    11,  9  pp.. 
illustrated. 

Acid  vs.   Basic  Steel  for  Castings,  Edwin  F.  Cone.     Preprint  pub- 
lished by  .\mericau  Foundrymen's  Association,  8  pp. 

A  Centrifugal  Machine  for  Casting  Pipe.     The  Iron  .\ge,  vol.  98, 
no.  10,  September  7,  1916,  4  pp.,  illustrated. 

Reclaiming   Waste  Molding   Sand.     The   Iron   .\ge,   vol.   98,   no.   10, 
September  7,  1916,  1  p..  Illustrated. 


FUEL   AND    FIRING 


The  Cap.\cities  of  Chimneys,  George  A.  Orrok. 
8,  August  22,  1916,  3  pp.,  illustrated. 


Power,  vol.  44,  no. 


Cleveland's  Smoke  Problem  and  the  .Answer,  Osborn  Monnett. 
Journal  of  tlie  Cleveland  Engineering  Society,  vol.  IX,  no.  1, 
July  1916,  16  pp.,  illustrated. 


AIR   MACHINERY 

Dry  Compressed  Air  for  Power  Machinery'.  Steel  and  Iron,  vol. 
50,  no.  8,  August  1916,  IVi  pp. 

Actual  Costs  of  Mine  Haulage  by  Horses  a.nd  by  Compressed  .\ib', 
Kavul  (ireen.  Compressed  .\ir  Magazine,  vol.  21,  no.  9,  September 
1916,  IVi  pp. 

A  Handy  Pneumatic  Press  for  Railroad  Yards.  Compressed  .\lr 
Magazine,  vol.  21,  no.  9,  September  1916,  1%  pp.,  4  figs. 


Chain  Screen  Doors,  Henry  H,  Wiegand.  The  Journal  of  Industrial 
and  Engineering  Chemistry,  vol.  8,  no.  9,  September  1916,  1  p. 

The  Use  of  Powdered  Coal  in  Metallurgical  Processes  :  A  Dis- 
cussion OF  THE  Engineering  Principles  Involved,  C.  J.  (.'add. 
Journal  of  The  Franklin  Institute,  vol.  182.  no.  3,  September  1916, 
29yo  pp.,  15  flgs. 

The  Use  of  Powdered  Coal  as  a  Fuel.  Joseph  Harrington.  J-urnal 
of  The  Ohio  Society  of  Mechanical  Electrical  and  Steam  Engineers, 
vol.  8,  no.  2.  Paper  presented  at  33d  meeting  of  the  Society  at 
Cleveland,  Ohio,  June  22-23,  1916,  10  pp.,  3  tigs. 


CONVEYING 


GAS  PRODUCERS 


The   Mathews   Gravity   Carriers. 
September  8.  1916,  1  p.,  5  flgs. 


Engineering,    vol.    102,    no.    2645, 


New    Mechanical    Gas    Phodoceu.      The    Mechanical    Engineer, 
XXXVIII,  no.  968,  August  11,  1916,  2  pp.,  illustrated. 
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ENGINEERING    MATERIALS 

Invar  and  Related  Nickel  Steels.  Circular  of  the  Bureau  of  Stand- 
ards, no.  58,  April  4,  1916,  68  pp.,  illustrated. 

The  Annealing  Properties  of  Copper  at  Temperatures  Below 
500  Deg.  C,  with  Particular  Reference  to  the  Effect  of 
Oxygen  and  of  Silver,  G.  V.  Caesar  and  G.  C.  Gerner.  .\  psper 
presented  at  the  .\unual  Meeting  of  the  .American  Institute  of 
Metals,  September  11-15,  1916,  at  Cleveland,  Ohio.  no.  6,  41  pp., 
10  figs. 

Aluminum  Castings  and  Forcings,  P.  E.  McKinney.  A  paper  pre- 
sented at  the  -Annual  Meeting  of  the  -American  Institute  of  Metals, 
September  11-15,  1916,  at  Cleveland,  Ohio,  no.  15,  0  pp. 

Copper-Clad  Steel  Wire.  Electric  Railway  Journal,  vol.'  48,  no.  10 
September  2,  1916,  %  p. 

"The  THbMAS  Transmission"  Rail  Motor  Car.  Railway  Engineer- 
ing, vol.  29,  no.  9,  September  1916,  1  p.,  illustrated. 

Proportional  Constituents  op  Non-Ferrous  Metals.  G.  F.  Zimmer. 
The  Metal  Industry,  vol.  9,  no.  7,  .August  IS,  1916,  2  pp. 

The  Use  of  Cheaper  Materials.  Charles  C.  Kawln.  Preprint  pub- 
lished by  .American  Foundrymen's  Association,  5  pp. 

The  Thermal  Reactions  of  Cast  Iron,  Thomas  Turner.  Preprint 
puulished  by  -American  Foundrymen's  -Association,  10  pp.,  2  flgs. 

Cold-Rolling  Strip  Steel,  Edward  K.  Hammond.  Machinery,  vol 
23,  no.  1,  September  1916,  6  pp.,  illustrated. 

Normal  Fracture  of  Good  Malleable  Iron,  Enrique  Touceda.  The 
Iron  Age,  vol.  1,  no.  5,  September  14,  1916,  2  pp.,  illustrated. 


HYDRAULICS 


Experience  with  Wood  Pipes  in  New  Hampshire,  .Arthur  W.  Dud- 
ley. Journal  of  the  Xew  England  Water  Works  Association,  vol. 
30,  no.  3,  Septemlier  1916,  10  pp.,  illustrated. 

Experiments  on  the  Flow  of  Oil  in  Pipes,  .Arthur  C.  Preston. 
Journal  of  Engineering  of  The  University  of  Colorado,  vol.  II, 
no.  1,  December  1915,  32%  pp.,  3  figs.,  charts  and  tables. 

Sub  les   Coups  de  BiSlier;  Esamen  de  L'i5tat  d'une  Conduite,  M. 
Charles   Camiehel.      Comptes   Rendus   des    Seances   de  L'-Acadtoie 
des  Sciences,  vol.   165.  no.  6,  -August  7.  1916,  2  pp. 
Water  hammer  as  affecting  the  state  existing  in  a  pipe. 


INTERNAL    COMBUSTION    ENGINEERING 


The  "  Growth  "  of  Internal-Combustion  Engine  Cylinders,  .1.  H. 
Hurst.  Engineering,  vol.  CII,  no.  2640,  -August  4,  1916,  2  pp., 
illustrated. 

The  Truth  -About  the  Coxst.ant  Pressure  Cycle,  James  Langmulr 
Napier.  The  -Automobile  Engineer,  v6I.  VI,  no.  93,  -August  1916, 
3  pp.,  illustrated. 

Graphical  Records  of  Engine  Tests,  W.  Ferrier  Brown.  The  .Auto- 
mobile Engineer,  vol.  VI,  no.  93,  -August  1916,  3  pp.,  illustrated. 


MACHINE    SHOP 


FOUNDRY 

The  Effects  of  Different  Mi-xtures  on  the  Strength  of  Chilled 
Lab  Wheels,  G.  S.  Evans.  -American  Foundrymen's  -Association 
(Cleveland   meeting,   September  1916),  43  pp.,  illustrated. 

Report  of  Committee  on  Specifications  for  Steel  Castings 
American  Foundrymen's  Association  (Cleveland  meeting,  Septem- 
ber 1916),  4  pp. 

Analyzing  FOUNDRY  Operations  as  a  Basis  for  Improvement  in 
Shop  Conditions,  R.  E.  Kennedy.  American  Foundrymen's  Asso- 
ciation   (Cleveland   meeting,   September  1916),   19   pp.,  illustrated. 

The  Proper  Blast  for  an  Efficient  Air  Furnace,  Harold  Hemen- 
way.     The  foundry,  vol.  44,  no.  289,  September  l916,  1  p. 

How  TO  Build  Your  New  Foundry  Economically,  E.  L.  Shaner. 
The  Foundry,  vol.  44,  no.  289,  September  1910,  9%  pp.,  9  figs. 

Th»  Makjng  of  Thin-Walled  Castings,  R.  S.  B.  Wallace  A  paper 
presented    at    the   Annual   Meeting   of    the   .American    Institute   of 


The  "  -Arrell  "  Special  Turret  for  Fitting  to  Tailstock  Runneb 
OF  Screw-Cutting  Lathes.  Page's  Engineering  Weekly,  vol. 
XXIX,  no.  621,  -August  4,  1916,  1  p.,  illustrated. 

Evolving  Standard  Cutting  Tools  -After  a  Definite  Plan — 1. 
Canadian  Machinery,  vol.  16,  no.  11,  Septemler  14,  1916,  3  pp., 
3  flgs. 

Unification  des  Filetages,   MinistJre  de  la  Guerre.     Bul'etin  de  la 
Society  D'Encouragement  pour  L'Industrie  Nationale,  vol.  126,  no. 
4,  July-.August  191t>.  37  pp..  15  figs. 
Adoption  of  the  International  system  standard  screws  by  the  French 

Artillery. 

Gas  Engine  Drive  in  Large  Machine  Shop,  F.  L.  Prentiss.  The  Iron 
Age,  vol.  98,  no.  8,  -August  24,  1916,  2  pp.,  illustrated. 

Truing  Devices  for  Gri.nding  Wheels,  F.  B.  Jacobs.  The  Iron  .Age, 
vol.  98,  no.  9,  -August  31,  1916,  2  pp.,  illustrated. 


Work-Holding   Fixtures   for   Internal   Grinding. 
23,  no.  1,  September  1916,  2  pp.,  illustrated. 

Laying  Out   Skew  Bevel   Gears,   Reginald  Trautschold. 
vol.  23,  no.  1,  September  1916.  5  pp.,  illustrated. 
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CiRctii.AR  Forming  Tools  for  No.  6  B.  &  S.  Screw  Machine,  WU- 
liiim  W.  .lohnsoD.  Machinery,  vol.  23,  no.  1,  September  1916,  1 
p.,  illustrated. 


Inspecting  Lathes,  John  J.   Ralph, 
teinber  1916,  4  pp.,  illustratecl. 


Machinery,   vol.   23,   no.   1,    Sep- 


TuRBO  Blower  and  Compressor  Regulators,  Carl  Grosswendt.  The 
Blast  Furnace  and  Steel  Plant,  vol.  50,  no.  9,  September  1916,  3 
pp. 

Three-Stage  Centrifugal  Boiler  Pumt.  The  Iron  .\ge,  vol.  98, 
no.  8,  August  24,  1916,  1  p.,  illustrated. 


MEASURING    INSTRUMENTS 


Recent  Development  in  Heavt  Track  Scale  Construction,  J.  H. 
A.  Bousheld.  Scale  Journal,  vol.  2,  no.  11,  .\ugust  10,  1916,  3  pp., 
illustrated. 

Inspection  and  Testing  of  Track  Scales,  B.  B.  Gordon.  Scale 
Journal,  vol.  2,  no.  12,  September  10,  1916,  3  pp.,  6  figs. 

Construction  of  Combu.stion  Instruments,  R.  L.  Mossman.  Prac- 
tical Engineer,  vol.  XX,  no.  16,  August  15,  1916,  2  pp.,  illus- 
trated. 

Measuring  Water  with  a  Weir  Meter,  B.  G.  Bailey.  Journal  of  The 
Ohio  Society  of  Mechanical  Electrical  and  Steam  Engineer;^  vol. 
8,  no.  2.  Paper  presented  at  33d  meeting  o£  the  Society  at  Cleve- 
land, Ohio,  June  22-23,  1916,  9  pp.,  8  figs. 


MECHANICS,    THEORETICAL   AND    APPLIED 


Some  Standard  Makes  of  Friction  Clutches.  Mill  Supplies,  vol. 
6,  no.  9,  September  1916,  12  pp.,  illustrated. 

Some  Interesting  Figures  on  Slack  Belts,  W.  F.  Schaphorst.  Mill 
Supplies,  vol.  6,  no.  9,  September  1916,  H4  PP- 

No  Magic  in  Spring  Design,  A.  Ludlow  Clayden.  The  Automobile, 
vol.  35,  no.  10,  September  7,  1916,  3  pp.,  8  figs. 

Rams  Horn  Crane  Hooks,  F.  W.  Palmer.  Machinery,  vol.  8,  no.  205, 
August  31,  1916,  2  pp.,  5  figs. 

The  Whirling  Speed  of  Shafts,  W.  M.  Wallace.  The  Engineer,  vol. 
122,  no.  3166,  September  1,  1916,  1  p.,  2  figs. 

Deflections  Obtained  by  Means  op  Level  Bar,  H.  F.  Moore  and 
W.  M.  Wilson.  Engineering  Record,  vol.  74,  no.  8,  1  p.,  illus- 
trated. 

Concrete  Calculations,  Arthur  R.  Lord.  Cement  World,  vol.  X,  no. 
5,  .\ugust  1916,  5  pp.,  illustrated. 

Statische   Untersuchcng   durchbrochener   Wandtrager   in   Eisen- 
ueton,  K.  Kasarnowsky.     Schweizerische  Bauzeitung,  vol.  LXVIII, 
no.  6,  August  5,  1916,  3  pp.,  illustrated. 
Static  investigation  of  broken  beams  in  reinforced  concrete. 

On  the  Discharge  of  Gases  Under  High  Pressure,  Lord  Rayleigh. 
The  London,  Edinburgh,  and  Dublin  Pliilosopbical  Magazine  and 
Journal  of  Science,  vol.  32,  no.  188,  August  1916,  11  pp.,  illus- 
trated. 

Earth  Pressures:  A  Practical  Comparison  of  Theories  and  Ex- 
peri  me.nts,  L.  D.  Cornish.  Proceedings  of  the  .\merican  Society 
of  Civil  Engineers,  vol.  XLII,  no.  6,  August  1916,  11  pp.,  illus- 
trated. 


MUNITIONS 


Equipment,  Methods  and  Devices  for  Producing  6  i.v.  Shells. 
Canadian  Machinery,  vol.  16,  no.  9,  August  31,  1916,  5%  PP.,  12 
figs. 

Cast  Iron  Shells  with  Chilled  Points.  The  Practical  Engineer, 
vol.  54,  no.  1536,  August  3,  1916,  1  p.,  4  figs. 

Effect  of  Gravitation  on  the  Flight  of  Projectiles.  Canadian 
Machinery,  vol.  16.  no.  11,  September  14,  1916,  3  pp.,  6  flgs. 


Commercializing    Cartridge    Case    Manufacture. 
23,  no.  1,  September  1916,  7  pp.,  illustrated. 


POWER    GENERATION 


Machinery,    vol. 


Mechanical  Equipment  at  Point-No-Point,  Details  of  Coal,  Water 
AND  Steam  Handling  at  the  Essex  Plant  of  the  Public  Serv- 
ice Electric  Co.  of  New  Jeksev.  Praciical  Engineer,  vol.  XX, 
no.  IS,  September  15,  1916,  8  pp.,  illustrated. 

Construction  of  a  Big  Plant,  General  .Arrangement  and  Some 
Special  Construction  Featires  of  the  Essex  Plant  of  the 
Public  Service  Electric  Co.  of  New  Jersey.  Practical  Engi- 
neer, voi.  XX,  no.  17,  September  1,  1916,  10  pp.,  illustrated. 

Power  in  a  Wholesale  Bakery.  Practical  Engineer,  vol.  XX,  no.  16, 
August  15.  1916,  5  pp.,  illustrated. 


PUMPS 


Reversible  Rotary  Pump.     The  Mechanical  Engineer,  vol.  38,  no    972 
September  8,  1916,  %  p.,  4  flgs. 


RAILWAY    ENGINEERING 

Efficiency  Testing  on  the  Pennsylvania.  Railway  Age  Gazette, 
vol.  61,  no.  7,  August  18,   1916,  5  pp.,  illustrated. 

Transverse  Fissures  in  Steel  Rails,  P.  II.  Dudley.  Railway  Re- 
view, vol.  59,  no.  8,  August  19,  1916,  4  pp.,  illustrated. 

Rolling  Cause  op  Rail  Failure  in  Service,  P.  H.  Dudley.  The 
Blast  Furnace  and  Steel  Plant,  vol.  50,  no.  9,  September  1916,  3% 
pp.,  6  figs. 

Some  Foreign  Specifications  for  Railway  Material  :  Rails, 
Wheels,  Axles,  Tires,  G.  K.  Burgess  and  P.  D.  Merica.  Tech- 
nologic Papers  of  the  Bureau  of  Standards,  no.  61,  .\pril  20,  1916, 
17  pp.,  illustrated. 

Dynamics  op  the  Curved  Section  of  I-Beam  Runway  for  Electric 

Monorail  Hoist.     Machinery,  vol.  8,  no.  204,  August  24,  1916,  1 

p.,  3  flgs. 
Etude  sir  la  Resistance  des  Trains,  H.  Parodi.     La  LumiJ-re  Elec- 

trique,  vol.  34,  no.  34  and  35,  August  19  and  26,  1910,  23  pp.,  16 

flgs. 
Train  resistance. 

Locomotives  Recently  Built  for  Export.  Railway  Review,  vol.  59, 
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vol.  61,  no.   11,   September  15,   1916,  2  pp.,  illustrated. 
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illustrated.  Also  Railway  Age  Gazette,  vol.  61,  no.  9,  Septem- 
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THE  PROGRESS  OF  ECONOMIC  POWER  GENERATION  AND 

DISTRIBUTION 

By  SAMUKL  INSULL."  CHICAGO.   ILL. 


THE  first  part  of  this  paper  is  devoted  to  the  historical 
aspect  of  the  generation  and  distribution  of  electrical 
energy,  and  traces  the  growth  of  the  industry  from  the  point 
of  view  of  the  apparatus  used.  This  part  is  of  special  utility 
as  a  source  of  reference;  it  is  referred  to  briefly  in  this  ab- 
stract. 

The  second  part  deals  with  some  of  the  economic  problems 
in  connection  with  the  business,  and  is  of  current  interest; 
it  is  here  i)ublished  in  full. 


great  jjodeen  generating  stations 

Fig.  1  gives  an  outside  view  of  the  Fisk  and  Quarry  Street 
stations  on  the  Chicago  River.  The  large  building  in  the 
center  of  the  picture  is  the  Fisk  Street  station  and  the  build- 
ing on  the  left  is  the  Quarry  Street  station.  ■  The  Fisk  Street 
station  was  the  first  large  steam-turbine  station  ever  erected. 
Turbines  of  a  few  thousand  kilowatts  had  been  put  into  use 
by  Parsons  of  England  and  Brown.  Boveri  &  Co.  of  Switzer- 
land, and  one  or  two  German  manufacturers;  but  this  was  the 
first  station  built  for  steam  turbines  alone,  and  I  think  it  was 
the  first  station  built  by  an  Edison  company  using  alternating 
current  as  the  basis  of  its  generation. 

The  capacity  of  the  Fisk  Street  station  is  165.000  kw.,  or 
247,000  h.p..  and  of  the  Quarry  Street  station  is  84,000  kw., 
or  126.000  h.p.  They  are  both  run  as  one,  under  one  organiza- 
tion, and  together  have  a  capacity  of  249,000  kw.,  or  373,000 
h.p.  I  presume  that  sometime  in  the  next  few  years  those 
two  stations  will  represent  a  total  of  about  500,000  h.)). 

To  show  the  magnitude  on  wliich  the  business  is  conducted, 
these  stations  iiave  been  run  at  the  highest  possible  load 
factor  because  the  apparatus  there,  up  to  a  short  time  ago, 
was  the  most  economical  that  we  had,  3,277,300  kw-hr.  being 
generated  in  the  combined  plants  in  one  day.  That  was  on 
the  24th  of  December  of  last  year.  In  the  yeai-  1915  the  two 
plants  generated  961,818,000  kw-hr.,  ai:d  the  total  energy 
generated  to  date  by  those  two  plants  amounts  to  5,814,162,000 

'  President,  CommoDwealth  Edison  Company.  C'icago,  111. 


kw-hr.  These  figures  will  give  you  some  idea  of  the  enormous 
)>roduction  that  electrical  energy  has  achieved  in  the  larger 
cities  of  the  i-ountrv. 


GENERATING    UNITS    OF    FISK    STREET    STATION 

The  view  presented  in  Fig.  2  is  a  view  of  the  first  machines 
that  were  installed  there,  so  far  as  their  appearance  is  con- 
cerned. At  the  time  we  started  to  build  the  Fisk  Street  sta- 
tion wo  first  ordered  from  the  General  Electric  Company  one 
5,000-kw.  machine.  We  had  expected  to  put  in  fourteen  ma- 
chines— say  70,000  kw.  We  were  rather  impressed  with  the 
Curtis  turbine  as  developed  by  the  General  Electric  Company. 
They  had  an  experimental  machine  of  some  250  or  500  kw.. 
and  my  friend  Mr.  Coffin,  the  president  of  the  company, 
wanted  me  to  give  them  an  order  for  a  machine  capable  of 
developing  1,000  kw.  I  told  him  that  we  already  had  a  large 
number  of  reeiin'ocating-engine  units  much  larger,  and  to  go 
to  a  machine  of  a  smaller  size  simply  because  it  was  novel 
would  be  a  step  backward.  He  finally  agreed  to  take  the 
risk  of  building  a  5,000-kw.  machine  if  I  would  take  the  risk 
of  installing  it,  the  understanding  being  that  if  it  would  not 
work  we  were  to  return  it,  we  to  be  out  the  cost  of  installation 
and  the  loss  to  our  bu.siness  and  the  General  Electric  Com- 
pany to  stand  the  cost  of  the  turbine. 

It  is  rather  interesting  to  note  here  in  New  Haven  that  at 
that  time  Professor  Breekenridge,  who  was  then  the  head  of 
the  engineering  department  of  our  state  university  (Illinois), 
assisted  us  in  testing  the  first  units  at  the  Fisk  Street  station. 
We  put  in  three  units.  The  first  one  ran  as  high  as  7,800 
kw.,  and  the  other  two  about  the  same — not  because  they 
were  intended  by  the  manufacturer  to  develop  that  amount 
of  power,  but  because  the  necessities  of  our  business  com- 
pelled us  to  get  all  the  power  out  of  them  tliat  we  eoidd 
generate.  Then  we  installed  a  fourth  machine  of  larger  capac- 
ity, of  about  9,000  kw.,  and  ]iaid  a  i)reminm  because  the 
machine  exceeded  the  guarantee. 


.Abstract    of  address,   cop.vriglit    b.v  Samuel    Instill,  lUlU,  (U'livered  at  a    .loint    meeling   of    tlie    New    Haven    (Conn.)    sections    of    the    .\.S.C.E., 
.\.I.E.E.,  .\.I,M.E,  and  Am.Soc.M.E.  under  the  auspices  of  The  .\MEniCAN  Society  of  MucHANicAr.  Exgi.neehs,  .Vpril  5.  ]!iu;. 
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None  of  those  four  machines  is  shown  in  Fig.  2.  The  prog- 
ress of  the  art  was  such  that  with  practically  the  same  boiler- 
room  arrangements,  a  little  larger  giates,  and  a  little  higher 
stacks,  we  were  able  to  operate  12,000-kw.  units,  so  we 
scrapped  the  first  four  machines  and  installed  12,000-kw.  units 
in  their  place.  The  view  given  is  that  of  the  later  machines. 
I  think  that  scrapping  operation  cost  us  upward  of  a  million 
dollars,  and  I  think  it  paid  for  itself  in  about  three  years 
owing  to  the  advances  made  in  turbine  design. 

LET  THE   SHOEMAKER   STICK  TO  HIS  LAST 

It  is  rather  interesting  to  note  the  difference  in  method  of 
people  who  run  the  business  of  the  manufacture  of  electrical 
energy  as  a  business  and  the  method  pursued  by  people  who 
run  the  manufacture  of  electrical  energy  as  a  side-show.  One 
of  the  most  up-to-date  steam-railroad  systems  in   the  United 


slang)  "  liaiid  one  "  to  the  steam-railroad  company  and  quote 
the  old  adage  that  "  a  shoemaker  had  better  stick  to  his  last." 
Several  years  ago  there  came  out  to  Chicago  a  very  dis- 
tinguished engineering  commission  for  the  purpose  of  gather- 
ing information  to  be  used  in  designing  a  large  plant.  This 
commission  decided  to  duplicate  what  we  had — not  what  we 
have — but  what  we  had.  And  for  fear  they  would  not  be  able 
to  run  it  they  purloined  one  of  our  men  to  run  it,  and  they 
are  still  running  it.  What  they  copied  has  been  in  the  scrap 
heap  for  years.  I  think  one  of  the  machines  which  they 
copied  is  erected  in  the  yard  of  the  General  Electric  Company 
at  Schenectady  as  a  sort  of  relic  of  ancient  history. 

RUNNING  INTO  LARGE  FIGURES 

Fig.  3  is  a  view  of  one  side  of  the  boiler  room  of  one  of 
our  stations.     If  we  had  a  complete  view   of  the  room  you 


Fig.  2    Turbine  Room,  Fisk  St.  Station,  Chicago,  III. 


States  today  is  probably  the  New  York  Central  line.  I  think 
they  have  two  stations  equipped  with  precisely  the  same  kind 
of  apparatus  as  that  which  we  discarded  several  years  ago. 

What  is  the  reason  for  that?  Their  business  is  to  manu- 
facture transportation.  They  might  just  as  well  be  in  the 
business  of  manufacturing  coal  as  to  manufacture  electrical 
energy.  It  is  a  mere  side-show  with  them.  True,  it  has  given 
them  less  trouble  than  anything  else,  but,  so  to  speak,  they 
are  letting  the  water  flow  over  the  dam  day  after  day  in  their 
electrical  apparatus,  because  it  is  not  their  business  to  get 
highly  efBeient  results  in  generating  electrical  energy. 

The  way  railroad  men  make  their  balance  sheet  show  up 
well  is  by  finding  out  how  to  manufacture  cheap  transporta- 
tion, whether  of  dead  freight  or  live  freight,  and  the  way  we 
central-station  men  make  our  money  is  by  manufacturing 
cheap  energy.  I  do  not  know  of  any  better  illustration,  or 
any  better  case  where  we  can    (if  I  may  be  allowed  to  use 


would  see  that  the  chutes  carrying  coal  down  on  each  side 
give  quite  a  Gothic  appearance  to  the  room.  The  number  of 
boilers  is  five.  The  heating  surface  for  each  boiler  is  12,200 
sq.  ft.;  superheat,  200  deg.  fahr. ;  steam  pressure,  250  lb.  per 
sq.  in. ;  capacity  in  pounds  of  steam  per  hour  for  each  boiler, 
50,000  lb.  For  all  five  boilers  60,000  lb.  of  coal  an  hour  is 
required. 

A  view  of  a  turbo-generator  erected  in  the  Northwest  sta- 
tion, Chicago,  is  given  in  Fig.  4.  It  is  of  25-cycle,  9,000-volt, 
30,000-kw.  capacity;  total  weight,  590  tons;  length  over  all, 
60  ft. ;  width,  19  ft. ;  r.p.m.,  1,500 ;  peripheral  speed  of  re- 
vohdng  field  in  ft.  per  min.,  20,000.  That  class  of  apparatus 
has  taken  the  place  of  the  vertical  turbine  shown  in  previous 
views. 

Our  practice  is  to  run  a  machine  of  that  character  prac- 
tically all  the  time.  We  get  the  best  results  and  the  lowest 
repair  costs  if  it  runs  continuously,  provided  it  is  shut  down 
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a  few  hours  a  week  to  see  that  everything  is  in  order.  It  is 
a  class  of  machine  which  is  being  very  largely  used  at  this 
time  and  represents  the  most  modern  development. 


kw. ;  1902,  3,500  kw. ;  1903,  5,000  kw. ;  1915,  35,000  kw.  That 
represents  the  progress  that  has  been  made.  If  there  had  been 
room  on   the  diagram,   we  could   have  started  out  with  the 


Fig.   3     Boilers    Supplying   30,000-kw.   Unit,   Northwest  Station,  Chicago,  III. 


Fig.  4    30,000-K\v.  Turbo-Generator,  Northwest  Station,  Chicago,  III. 


The  diagram  of  Fig.  5  represents  the  capacity  of  generat- 
ing units  at  various  dates,  and  gives  some  idea  of  the  prog- 
ress in  the  massing  of  production  of  energy.     In  1887,  160 


first   direct-connected   unit   of  1881   of  about  fifty   kilowatts. 
I  shall  come  back  to  this  subject  later  on  in  the  course  of 
the  address. 
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TAKING    ADVANTAGE   OF    DIVERSITY   OF   DEMAND 


A  load  cliagTam  of  the  maximum  day  of  the  winter  of  1915- 
1916  is  giveu  in  Fig.  6.  It  shows  the  relative  amounts  of 
electrical  energy  supplied  to  street  and  elevated  railways  and 
for  light  and  general  power  purposes  in  the  city  of  Chicago. 
The  light  and  power  business  took  147,300  kw.  on  the  29th  of 
November,  1915,  which  was  the  day  of  the  coincident  maxima 
data.  The  railways  took  190,600  kw.  on  the  same  day,  a  total 
for  both  of  337,900  kw.  The  non-coincident  maxima  for  that 
winter  came  on  the  22nd  of  December,  191.5,  in  the  light  and 
power  business  when  that  business  took  155,670  kw.  The  date 
of  non-coincident  maximum  of  the  railway  business  came  on 
January  6,  1916,  when  that  business  took  203,560  kw.  So 
that  we  took  care  of  the  non-coincident  maxima  of  the  two 
branches  of  our  business  (359.230  kw.)  with  a  total  for  the 
coincident  maxima  of  337,900  kw.     This  shows  a  diversity  of 
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Fig.  5    Rel.\tive  Size  and  Capacity  of  Generating  Units, 
Chicago,  III. 

21,330  kw.    As  I  shall  show  you  later  on.  one  of  the  tendencies 
of  the  massing  of  production  is  to  increase  the  diversity. 

The  drawing  shown  in  Fig.  7  is  the  load  diagram  for  the 
maximum  day,  and  shows  the  Chicago  curve  for  1894  and 
one  for  a  large  city  without  the  railway  load  prorated  to  the 
Chicago  1915  maximum  curve  for  comparison.  The  annual 
load  factor  for  Chicago  in  1915  was  greater  than  that  of  Chi- 
cago for  1894  by  68.5  per  cent,  and  was  greater  than  that 
of  the  large  city  in  1915,  without  the  railway  load,  by  23  per 
cent. 

I  think  on  this  load  diagram  you  can  tiiid  pretty  good  proof 
of  the  desirability  of  massing  production  and  distribution.  In 
1894  the  Chicago  business  showed  a  25  per  cent  load  factor. 
An  eastern  city  having  a  great  many  advantages  in  the  light 
and  power  business  which  we  do  not  possess  in  Chicago, 
showed  a  35  per  cent  load  factor  in  1915.  Chicago,  doing  a 
wholesale  and  retail  business  combined,  in  1915  showed  a  43 
per  cent  load  factor.  A  reference  to  the  diagram  shows  where 
the  increase  comes  in. 


Fig.  8  gives  you  a  comparison  of  the  summer  and  winter 
business  of  the  energy  supply  to  street  and  elevated  railways. 
It  shows  that  the  winter  demand  is  35  per  cent  greater  than 
that  of  the  summer. 


USEFULNESS  OF  ALTERNATING  CURRENT 

In   the  early  days  of  this  business  of  producing  and   dis- 
tributing  electrical   energj-,   we   were   confined   to   very   small 
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Load  Diagrams  for  ^Iaxijium   Day.  Chicago,   III. 


areas — jirobably  about  2,500  ft.  in  any  direction  from  the 
generating  plant.  Unless  we  used  expensive  apparatus,  such 
as  boosters  and  very  large  feeders  requiring  a  very  heavy 
investment,  it  was  difficult  to  get  a  direct-current  system  be- 
yond 2,500  ft.  in  any  direction,  or  say  about  a  mile  square. 

Then  the  alternating-current  system  came  along,  and  that 
did  not  fill  the  bill.  There  were  disadvantages  in  the  early 
apijaratus.  Owing  to  the  smallness  of  the  units,  the  cost  of 
production  was  very   high.     We  had   made  greater  advances 
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really  in  the  steam  engineering  and  in  the  electrical  engineer- 
mg  of  the  direct-current  system  than  was  made  for  a  mim- 
ber  of  years  by  the  alternating-current  people.  We  people 
who  had  been  very  much  wedded  to  direct-current  production 
and  distribution  were  casting  around  for  means  of  economic 
transmission. 

We  were  forced  to  the  use  of  alternating-current  feeders 
by  the  development  of  the  marine  type  of  engines  with  direct- 
connected  dvnamos,  leading  to  the  building  of  units  running 
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FiG.  8    Load  Diagrams  or  Commonwealth  Edisox  Company, 
Chicago,  III.,  for  Street  and  Elevated  Railways 
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Fig.  9     Earnings  from   Sale  of   Electricity  and  Reduc- 
tions IN  Lighting  Rates,  Chicago,  III. 

up  to  3,000  and  4,000  and  5,000  kw.  We  were  forced  to  take 
advantage  of  this  system  of  transmission,  many  of  us  very 
unwillingly,  because  we  at  that  time  had  gi-eat  prejudices 
against  the  alternating-current  system.  We  used  to  give  it 
the  name  which  is  used  with  reference  to  some  of  the  a]i- 
paratus  now  used  in  the  war,  that  is,  "  baby  killer."  And 
some  of  us  used  to  point  to  the  practice  in  several  of  the 
states  of  "  electrocuting  "  criminals  by  the  alternating  current 
to  show  what  a  terrible  thing  the  alternating  current  was. 
But  as  steam  engineering  progressed,  as  we  got  more  econom- 


ical units,  we  were  forced  to  use  the  alternating-current  system 
for  generating  and  transmission  purposes. 


IMPROVEJIENT.S   IN   THE  APPARATUS 

Tile  aj)paratus  was  very  uneconomical  at  the  start.  Some 
of  us  used  rotary  converters,  some  of  us  used  motor-genera- 
toi's,  but  they  were  nearly  all  of  them  uneconomical  at  the 
start.  The  improvements  in  both  classes  of  apparatus  led  to 
a  very  great  e.xtension  of  the  use  of  the  alternating  current. 
But  tlie  tiling  above  everything  else  that  has  led  to  the  mass- 
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Fig.  10    KiLOWATT-HouRS  Produced  and  Sold,  Chicago,  III. 
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Fig.  11    Earnings  from  Sale  of  Electricity  in  Chicago, 
III.,  Per  Capita,  1805  to  1915 


ing  of  production  of  energy  for  all  purposes  is  the  introduc- 
tion of  the  large  steam  turbine.  With  the  reciprocating  engine 
we  could  not  get  much  above  4,000  or  5,000  h.p.  There  may 
have  been  a  few  units  made  of  5,000  kw.,  but  very  few  indeed. 

But  when  the  large  steam  turbine  was  produced,  with  its 
great  economy,  both  in  its  cost  of  installation  and  cost  of  oper- 
ation, we  were  forced  still  further  to  take  advantage  of 
altcninting-current  generation  and  alternating-current  primary 
distiilmtion,  so  that  today  no  one  thinks  of  building  a  direct- 
current  station  for  use  where  any  large  amount  of  energy- 
is  required  over  any  extended  area. 

1  think,  next  to  the  invention  of  the  original  direct-current 
distribution  system  and  the  original  invention  of  the  altcrnat- 


850 


POWER  GENERATION  AND  DISTRIBUTION,  SAMUEL  INSULL 


The  JotJRNAi, 
Am.Soc.M.E. 


ing-current  system,  that  probably  the  thing  that  has  had  the 
greatest  influence  on  the  development  of  this  great  industry, 
which  today  is  becoming  not  only  state-wide  but  almost  nation- 
wide in  its  character,  is  the  development  of  the  large  steam 
turbine. 

A  NOTE  OF   WARNING  AS  TO   SIZE  OP  UNITS 

Probably  there  is  no  better  time  than  this  to  sound  a  note  of 
warning  to  those  who  are  carrying  the  development  of  prime 
movers  to  very  large  sizes.     To  those  of  you  who  are  familiar 
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12    Income  Per  Kilowatt-Hour  Sold  in  Chicago,  III. 


Fig.  13    Amount  op  Electric  Light  One  Dollar  Would 
Buy  in  Chicago,  III.,  1886  to  191.5 

with  the  course  that  I  have  pursued  myself  in  connection  with 
the  development  of  the  enterprises  under  my  control,  it  may 
seem  rather  unusual  for  me  to  sound  a  word  of  caution  on 
size.  But  it  does  look  to  me  as  though  a  great  many  of  the 
managers  of  the  systems  in  different  parts  of  the  country  are 
allowing  their  engineers  to  order  turbines  of  a  size  out  of  all 
proportion  to  their  requirements,  and  having  no  relation  to  the 
load  which  they  have  to  deal  with,  and  that  if  such  a  course 
is  unwarrantably  pursued  it  must  inevitably  lead  to  disaster  in 
some  of  the  great  distribution  systems  of  this  country. 

I  heard  the  other  day  of  a  man  who  is  installing  a  large 
turbine  for  more  than  50  per  cent  of  his  load.  There  is  abso- 
lutely  no  justification   for  such   a   course.     I   do   not   myself 


think  that  it  is  safe  to  order  a  unit  for  much  more  than  say 
10  to  12 — and  at  the  very  extreme  15 — per  cent  of  the  total 
demand  on  any  one  system.  There  are  cases  where  it  is  not 
possible  to  confine  oneself  to  that  percentage;  for  instance, 
where  turbines  for  new  systems  are  being  ordered.  But  I 
refer  to  eases  where  old  systems  are  in  existence,  and  there 
is  not  any  justification  for  the  very  large  turbines;  and  I 
would  make  the  suggestion,  particularly  at  this  time  when  the 
cost  of  material  is  so  great  and  when  it  is  impossible  to  get 
the  views  of  the  best  people  on  both  sides  of  the  Atlantic,  that 
the  operators  of  large  systems  would  do  well  to  call  a  halt 
in  building  larger  sizes  of  turbines. 

At  the  present  time  about  35,000  to  40,000  kw.  is  the  largest 
size  that  can  be  obtained.  I  have  heard  of  some  orders  being 
given  for  50,000-kw.  machines.  I  am  rather  sorry  to  hear  it, 
because  I  think  the  buyers  will  regret  it.  Before  we  need  the 
larger  size  we  will  need  higher  boiler  pressure,  which  will  first 
require  expensive  experiments  in  boiler  construction,  and  we 
will  need  a  great  many  changes  in  the  details  of  apparatus 
used  in  connection  with  large  turbine  units;  and  I  tliink  that 
the  progress  of  the  next  few  years  will  be  the  better  made  if 
it  is  the  slower  made. 
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Fig.  14    Annual  Load  Factors  of  Commonwealth  Edison 
Company,  Chicago,  III. 

I  am  sure  that  if  those  who  are  connected  with  any  large 
system  will  follow  up  my  suggestions  as  to  the  desirability  of 
standing  still  a  little  while,  they  will  find  that  in  the  course 
of  the  next  few  years  they  will  be  a  great  deal  of  money  in 
pocket.  I  am  giving  this  form  to  my  views  on  the  subject 
because  I  am  generally  credited  with  employing  the  largest 
apparatus  that  can  be  obtained. 

the  engineering  op  selling 

Having  true  engineering  of  construction  as  a  basis,  we  come 
to  another  side  of  the  business;  that  is,  the  engineering  of 
selling. 

This  diagram  (Fig.  9)  shows  that,  starting  in  1896  with  a 
gross  business  in  Chicago  of  about  $1,000,000,  and  increasing, 
year  by  year,  we  had  in  1915  a  total  business  of  almost 
.$21,000,000,  divided  as  follows:  Light,  a  little  over  $11,000,- 
000 ;  power,  a  little  over  $5,000,000 ;  and  the  supply  of  energy 
for  transportation  purposes,  a  little  below  $5,000,000. 

Fig.  10  is  a  chart  of  kilowatt-hours  produced  and  sold.  It 
is  interesting  to  note  how  closely  the  output  figures  follow  the 
figures   of  money.     You   will   notice   that   the  curves  on   this 
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drawing  follow  very  closely  the  curves  on  the  previous  one 
(Fig.  9),  so  far  as  the  total  is  concerned,  but  with  a  much 
sharper  line  so  far  as  railways  are  concerned.  The  cause  of 
this  difference  between  the  two  curves,  that  is,  the  money 
curve  and  the  output  curve,  is  the  fact  that  in  the  development 
of  our  business  we  have  probably  carried  to  a  greater  extent 
than  the  majority  of  electric-service  corporations  the  whole- 
saling of  energy  for  transportation. 

Fig.  11  gives  you  an  idea  of  the  increase  of  the  earnings 
from  the  sale  of  electricity  per  capita  from  the  years  1895  to 
1915  in  the  city  of  Chicago. 

LOVr  PRICE  OF  ELECTRIC   LIGHT  AND  POWER 

The  income  per  kilowatt-hour  sold  is  given  in  Fig.  12.  The 
income  from  light  shows  a  steady  drop  per  unit  sold  from 
1898  to  1915,  amounting  to  about  46  per  cent  in  price  per 
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Fig.  15    Reduction  in  Lighting  Rates,  Average  Lamps  per 
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wealth Edison  Company,  Chicago,  III. 


kilowatt-hour  sold.  The  power  income  follows  somewhat 
the  same  curve.  It  started  at  a  lower  price  and  necessarily 
ends  at  a  lower  price.  The  wholesaling  of  energy  for  trans- 
portation purposes  runs  along  on  a  very  steady  line.  In  the 
fii-st  three  years  the  price  did  not  vary.  As  the  business  de- 
veloped the  price  dropped  in  1906,  and  that  price  continues 
practically  up  to  the  present  time,  and  is  on  a  basis  lower 
than  it  is  possible  for  the  local  transportation  companies  of 
Chicago  to  produce  their  energy  themselves.  The  price  per 
kilowatt-hour  in  1915  was  16  per  cent  lower  than  in  1908. 
This  difference  is  not  apparent  in  the  curve  on  account  of  the 
scale  used. 

Fig.  1.3  gives  you  an  idea  of  the  amount  of  electric  light 
one  dollar  would  buy  in  the  years  from  1886  to  1915.  This 
chart  shows  graphically  the  great  reduction  in  the  cost  of  elec- 
tric light  to  the  average  small  user.     The  quantity  that  one 


dollar  will  purchase  is  now  six  times  as  large  as  it  was  ten 
years  ago. 

A  chart  of  the  annual  load  factors  of  the  Commonwealth 
Edison  Company  (and  its  predecessors)  for  the  last  sixteen 
years  is  presented  in  Fig.  14.  You  will  notice  that  the  street- 
railway  load  factor  went  up  and  then  dropped.  It  was  at  its 
highest  for  a  few  years  just  before  one  of  the  large  street 
railways  shut  down  its  obsolete  stations,  which  it  had  operated 
as  "  peak  plants "  only.  This  shutting  down  had  also  the 
result  of  earning  it  a  very  low  price  for  the  energy  it  pur- 
chased. The  tendency  of  the  railway  load  factor  is  to  run 
even.  The  tendency  of  the  light-and-power  load  factor  is  to 
improve.  For  1915  the  combined  load  factor  was  42.5;  the 
light  and  power  35.8,  and  the  street-railway  business  by  itself 
41.  The  improvement  in  the  two  combined  is  owing  to  the 
diversity. 

A  diagram  showing  the  reduction  in  lighting  rates,  the 
average  lamps  per  customer  and  the  number  of  customers  is 
given  in  Fig.  15.  The  chart  shows  that  as  the  rates  for  elec- 
tricity have  been  reduced  the  number  of  customers  has  in- 
creased enormously  and  the  average  size  of  the  customer's 
installation  has  grown  smaller.  Electric  light,  instead  of  be- 
ing a  luxury,  as  it  formerly  was,  is  now  the  cheapest  il- 
luminant. 


WHAT  becomes  OF  THE  DOLLAR  OF  INCOME 

Fig.  16  is  an  instructive  chart  showing  what  becomes  of  the 
dollar  of  income;  and  I  venture  to  say  that  the  figures  given 


Fig.   16     The  Dollar  of  Income  and   What  Was   Done 

WITH  It  in  1915,  Commonwealth  Edison  Company, 

Chicago,  III. 

here  are  relatively  about  the  same  whether  it  is  in  a  large  city 
like  Chicago  or  in  a  smaller  city  like  New  Haven. 

While  it  is  not  my  function  to  discuss  political  questions, 
one  of  the  serious  questions  of  the  day  is  the  view  that  a  great 
many  young  men  going  out  into  life  have  regarding  the  large 
enterprises  of  the  state.  Their  opinions  are  very  largely 
based  upon  the  statements  of  able  writers  who  have  great 
facility  of  expression  but  who  are  untrammeled  by  responsi- 
bility of  position. 

If  you  were  to  come  out  to  Chicago,  the  long-haired  talkei-, 
the  long-haired  reformer,  would  talk  about  the  earnings  de- 
rived from  our  investment  in  a  way  most  unfriendly  to  the 
public-sei-vice  corporation ;  he  would  tell  you  that  the  rate  we 
charge  is  ten  cents,  whereas  this  is  our  maximum  rate.  But  I 
want  to  tell  you  that  of  every  dollar  we  receive,  seven  per 
cent  of  it  goes  back  into  either  the  municipal  or  the  state 
treasury,  and  that,  as  a  matter  of  fact,  when  our  patrons  are 


852 


POWER  GENERATION  AND  DISTRIBUTION,  SAMUEL  INSULL 


The  Journal 
Am.Soc.M.E. 


paying  iis  a  dollar  they  are  indirectly  being  taxed  seven  per 
cent  of  that  dollar  in  the  form  of  what  amounts  to  double 
taxation. 

ELEMENTS   OF   COST 

If  that  long-haired  reformer  happens  to  be  an  advocate  of 
municipal  ownership,  he  will  not  tell  you  that  no  allowance 
is  made  by  the  municipal  plant  in  this  city  or  that  city  to  com- 
pensate for  the  sum  paid  by  the  public  corporation  in  the 
shape  of  taxes  and  compensation.  Now  take  the  size  of  these 
various  sections  (see  Fig.  IC).  You  will  see  here  that  that 
part  of  the  capital  which  is  obtained  on  a  low-interest  basis 
because  it  has  a  prior  lien  does  not  get  very  much  more  out 
of  the  business  than  the  amount  that  has  to  be  paid  for  the 
pri^dlege  of  doing  business;  and  bear  in  mind  that  the  cor- 
poration does  not  pay  for  that  privilege.  Our  customers  jjay 
for  that  privilege,  as  it  is  figured  in  the  cost  of  energy. 

We  are  a  regulated  monopoly,  a  partial  monopoly,  as  a  rule. 
but  we  are  regulated,  as  our  rate  for  energy  is  settled  by  a 
state  commission,  based  upon  our  cost  and  a  reasonable  return 
on  our  property,  and  to  that  is  added  the  taxes  and  municipal 
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Fig.  17     Steam  Ecoxomy  Tests  oe  Steam  Turbines 


compensation,  so  that  the  people  who  pay  that  are  not  our 
2,500  stockholders,  but  our  250,000  customers. 

The  people  who  take  the  greater  risk  and  who  put  their 
money  into  stock,  into  the  jimior  securities  of  the  company, 
only  get  a  little  over  twice  as  much  on  the  operation  as  the 
community  gets  for  the  right  to  do  business.  Those  irre- 
sponsible heads  of  organizations  who  like  all  the  privileges  but 
none  of  the  responsibilities  of  government  always  want  to 
take  care  of  labor;  but  out  in  Chicago  all  that  they  allow 
us  to  pay  labor  is  about  twice  as  much  as  our  customers  pay 
the  community  for  our  right  to  do  business  with  them. 

Fuel  is  supposed  to  be  a  very  imjiortant  jiortion  in  our 
cost.  We  consume  thousands  of  tons  of  coal  jier  day.  and  yet 
our  total  coal  cost  is  less  than  double  what  our  customers  pay 
to  the  community  for  giving  us  the  privilege  to  do  business. 
And  so  on  all  the  wav  round. 


.STEA.M-TrRllINE    EKFICIENCY 

An  interesting  chart  in  relation  to  the  steam-economy  tests 
of  various  turbines  is  shown  in  Fig.  17.  These  curves  show 
that  in  1903  the  design  of  the  steam  turbines  then  available 
was  such  that   tlie  water  rate  was  22.5  lb.  per  kw-hr.     The 


machines  of  that  period  had  two  wheels  with  four  rows  of 
buckets  to  each  wheel.  It  was,  therefore,  necessary  to  expand 
the  steam  considerably  in  the  first  nozzles  to  get  sufficient 
\elocity  so  that  the  energy  generated  could  be  absorbed  by 
the  two  wheels.  This  high  velocity  meant,  of  course,  con- 
siderable friction  loss. 

In  1905  improvements  in  design  reduced  the  water  rate  to 
15  lb.  per  kw-hr.  under  the  most  economical  load  on  the  ma- 
chine. In  1907  five  wheels  were  used,  there  being  two  rows 
of  buckets  for  each  wheel.  Consequently,  the  lower  velocities 
from  the  nozzles  reduced  the  friction  losses,  giving  a  water 
rate  of  about  12.3  lb.  per  kw-hr.     Still  further  improvements 
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Fig.  19     Financial  Chart  No.  1,  Commonwealth  Edison 
Company,  Chicago,  III. 

were  made  in  the  1914  design.  The  luimber  of  wheels  was 
increased  to  ten.  With  more  correct  bucket  shapes,  and  with 
one  row  of  buckets  for  each  wheel,  the  water  rate  was  still 
further  reduced.  The  curve  for  this  machine  is  not  shown, 
as  it  comcides  very  nearly  with  the  curve  labeled  "  25,000  kw." 
in  Fig.  17.  This  curve  is  for  a  turbine  of  the  reaction  type. 
The  preceding  remarks  apply  to  machines  of  the  impulse 
type.  As  its  name  implies,  the  reaction  turbine  employs  the 
principle  of  reaction,  its  evolution  being  very  similar  to  that 
of  the  impulse  machine. 

Those  last  cur\-es  are,  I  think,  indicative  of  the  progress 
which  has  been  made  in  the  efficiency  of  the  steam  turbine 
during  a  period  of  over  eleven  years. 
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CONSERVATION   OP    FUEL 


Fig.  12  shdws  the  other  side  of  that  same  subject,  that  is, 
the  conservation  of  fueL  Here  is  shown  the  dro])  in  the 
pounds  of  coal  per  kilowatt-hour  produced,  starting  at  nearly 
seven  pounds  per  kilowatt-hour  and  going  down  to  2.70  lb. 
Another  curve  shows  the  kilowatt-hours  generated,  and  a  third 
the  tons  of  coal  burned. 

The  diagram  is  indicative  of  what  we  have  been  able  to 
do  in  the  direction  of  conservation  of  coal.  That  results 
jaartly  from  the  imi^rovements  in  the  prime  movers,  partly  by 
the  shutting  down  of  small  uneconomical  stations,  and  the 
massing  of  production  and  distribution  over  very  much  wider 
areas. 

I  think  that  while  a  great  many  of  our  well-intentioned 
friends  have  been  shouting  about  the  conservation  of  natural 
resources,  the  steam-turbine  inventors  and  the  designing  engi- 
neers of  the  great  power  companies  using  steam  as  a  prime 
source  of  power  have  probably  done  more  to  conserve  the 
natural  resources  of  this   country,  in   so   far  as   fuel  is  con- 
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Fig.  20    Financial  Chart  No.  2,  Commonwealth  Edisox 
Company,  Chicago,  III. 

cerned,  than  has  been  done  by  all  the  agitation  that  has  taken 
place  upon  the  general  subject  of  conservation. 

It  is  interesting  to  note  that  the  saving  in  Chicago  per  unit 
for  the  fourteen  years  from  1900  to  1915  was  equivalent  to  a 
saving  for  the  year  1915  of  2,472,400  tons,  or  58,000  carloads 
of  coal  per  year,  or  fourteen  loads  of  forty  cars  each  per  day. 

FINANCIAL   data    AND   STATISTICS 

Fig.  19  gives  you  some  financial  figures — the  total  cost  per 
dollar  of  income,  the  income  per  dollar  of  investment,  the  total 
operating  cost  per  dollar  of  income,  and  the  net  earnings  per 
dollar  of  investment. 

Some  more  financial  information  in  another  way  is  pre- 
sented in  Fig.  20.  This  gives  cost  and  income  jier  kilowatt- 
hour  sold.  To  the  cost  is  added  the  necessary  allowance  for 
interest  and  depreciation.  You  will  see  how  closely  the  cost 
and  the  income  follow  each  other  during  a  period  of  from  1902 
to  1915.  The  kilowatt-hours  sold  per  dollar  of  investment  are 
also  shown  in  Fig.  20.  When  we  were  doing  but  a  small 
wholesale  business  we  used  to  sell  only  two  kilowatt-hours  per 


dollar  invested.    Now  we  sell  thirteen  kilowatt-hours  per  dollar 
invested. 

A  very  interesting  diagram  showing  the  diversity  of  large 
light-and-power  customers  is  that  of  Fig.  21.  It  has  always 
been  assumed  until  this  jiartienlar  investigation  was  made  that 
the  ma.ximum  demand  of  manufacturers  and  large  users  came 
at  about  the  same  time,  but  Fig.  21  shows  this  is  not  the  case. 


POSSIBILITIES  OP  THE   FUTURE 

Now  as  to  the  possibilities  of  this  class  of  business.  "S'ou 
will  have  to  excuse  me  for  referring  so  much  to  Chicago,  but 
I  have  more  definite  information  regarding  the  city  of  Chi- 
cago than  I  have  in  regard  to  any  other  place.  The  light-and- 
power  busmess  of  the  Commonwealth  Edison  Company  is  ap- 
proximately 338,000  kw.;  that  of  isolated  plants  is  264,500 
kw.,  and  that  of  the  steam  railroads  is  125,700  kw.,  making 
a  total  of  728,200  kw. 

Our  estimate  is  that  at  the  present  time  we  are  doing  about 
46  per  cent  of  the  total  possible  business  in  the  city  of  Chi- 
cago, and  that  if  we  had  the  entire  possible  business,  instead 
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Fig.    21      Divkrsity    of    Large   or    Wholksale   Light   and 
Power  Ccstomers 


of  running  at  a  load  factor  of  40  or  41  per  cent,  we  would 
probably  have  a  load  factor  on  the  entire  system  ujDwards  of 
50  to  60  per  cent. 

What  does  that  mean?  Broadly  speaking,  it  means  that  the 
cost  of  carrying  the  necessary  investment  for  a  city  of  two 
millions  and  a  half  of  people,  that  is,  the  interest  cost  and 
the  depreciation  cost  of  carrying- the  entire  investment,  if 
all  the  energy  is  produced  under  one  organization,  would  be 
reduced  approximately  33  1/3  per  cent.  That  would  indicate 
that  at  the  present  time  where  any  form  of  energy  is  recjuired 
— I  do  not  care  whether  by  steam  or  electricity  or  how  it  may 
lie  obtained — it  is  an  economic  waste  for  the  individual  spend- 
ing the  money  to  try  to  produce  that  energy  in  a  small  way. 
and  that  the  true  function  of  the  large  electric-light-and 
power  companies  of  this  country  is  to  produce  all  the  energy 
that  is  recjuired  in  the  community.  In  these  days  when 
so  many  of  our  operations  between  the  cradle  and  the  grave 
are  being  regulated  I  am  somewhat  inclined  to  think  that  the 
day  will  come  when  one  of  the  regulating  bodies  will  step  in, 
insist  on  all  energy  being  produced  from  central  generating 
plants  and  tell  the  people  who  are  guilty  of  economic  waste 
that  they  must  stop.  Such  regulating  body  will  say  that  the 
country  cannot  afford  to  have  them  throwing  away  money, 
which  indirectly  must  be  sapping  the  count ly's  wealth,  as  if 
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equipment  is  employed  unnecessarily,  if  fuel  is  wastefuUy 
employed,  if  labor  is  wastefuUy  employed,  all  those  things 
must  be  harmful  to  the  general  wealth  of  the  state. 


BROAD    ASPECT   OF    THE    QUESTION 

I  firmly  believe  that  the  doctrine  that  it  has  been  my 
privilege  to  preach  for  a  good  many  years,  and  which  I  am 
glad  to  say  is  becoming  more  popular — that  is  to  say,  the 
massing  of  production,  the  massing  of  distribution,  the  selling 
of  energy  for  all  kinds  of  purposes  on  a  very  large  scale 
from  one  system — I  firmly  believe  that  in  advocating  that 
course,  while  I  am  advocating  a  course  that  is  very  advan- 
tageous to  the  class  of  property  that  it  is  my  privilege  to  have 
charge  of,  at  the  same  time  I  am  advocating  a  course  that  is 
vei-y  advantageous  to  the  whole  community  and  to  the  whole 
state. 

To  give  you  some  idea  of  how  these  figures  mount  up  I 
have  had  worked  up  the  data  derived  from  Census  statistics 
on  the  same  basis  on  which  we  have  worked  it  out  for  the 
city  of  Chicago,  and  applied  it  to  the  whole  country.  Suppos- 
ing we  take  all  the  settled  areas  of  the  United  States  wherever 
there  is  great  density  of  population,  practically  evei-ywhere 
this  side  of  the  Mississippi  and  practically  everywhere  the 
other  side  of  the  Koeky  Mountains  (all  you  have  to  leave 
out  is  the  desert  country  and  the  purely  agricultural  country), 
and  let  us  assume  that  all  the  work  is  done  electrically.  Let 
us  assume  that  every  part  of  the  country  where  the  density  of 
the  population  justifies  it,  whether  it  is  in  a  community  or 
whether  it  is  state-wide,  or  whether  it  occupies  a  larger  area 
and  goes  beyond  the  confuies  of  a  state — let  us  assume  the 
electricity  supply  business  is  all  put  under  a  series  of  central 
organizations,  and  what  do  we  find? 


GREAT  SAVINGS  THAT  COULD  BE  EFFECTED 

We  find  that  it  takes  about  68,000,000  to  70,000,000  h.p. 
of  non-coincident  demand;  that  the  coincident  load  would  be 
about  47,000,000  h.p.,  and  that  the  diversity  would  be  upwards 
of  20.000,000  h.p.  If  you  will  capitalize  the  labor  that 
would  be  saved;  if  you  will  figure  the  investment  cost  of  the 
20,000,000  of  h.p.  that  would  be  saved;  if  you  will  figure  out 
the  value  of  the  fuel  that  would  not  be  used — the  savings  are 
staggering";  and  the  possibilities  that  this  business  offers  are 
almost  beyond  the  dreams  of  the  most  enthusiastic  figurer. 

I  hajapened  to  learn  only  a  few  weeks  ago  of  a  case  in  a 
city  not  very  different  from  any  other  city  and  not  a  very 
large  city,  in  a  territory  where  the  population  is  not  so  dense 
as  it  is  in  this  Connecticut  country,  and  where  the  amount  of 
energy  used  is  not  as  great.  In  the  city  itself  the  electrical 
interests,  both  for  light  and  power  and  for  transportation,  are 
in  one  organization.  Outside  the  city,  in  the  surrounding 
territoi-y,  most  of  the  light  and  power  and  transportation 
interests  are  in  another  organization.  In  the  city  the  maxi- 
mum load  comes  in  the  afternoon.  In  the  surrounding  terri- 
tory the  maximum  load  comes  in  the  morning.  In  the  city 
they,  so  to  speak,  allow  the  water  to  flow  over  the  dam  all  day 
long  except  in  the  afternoon,  and  outside  the  city  they  allow  it 
to  flow  over  the  dam  all  day  long  except  in  the  morning. 

If  you  will  capitalize  the  saving  in  operation  in  just  that 
one  district,  with  a  population  relatively  small,  and  add  the 
saving  in  investment  that  would  take  place  by  combining  the 
generation  of  energy  in  that  small  piece  of  territory  of  about 


100  square  miles,  the  saving  wiU  be  between  six  and  seven 
million  dollars. 


WHERE    THE    REAL    DANGER    LIES 

Yet  some  persons  would  tell  us  that  if  that  is  allowed  to 
be  done  it  will  produce  a  combination  that  may  be  dangerous 
to  the  state.  It  is  not  dangerous  to  the  state  to  let  the  money 
go  to  waste,  to  waste  its  resources  and  its  capital;  but  it  is 
said  to  be  dangerous  to  the  state  to  allow  an  organization  to 
double  its  size,  even  though  that  organization  is  regulated  by  a 
commission  of  the  state  appointed  or  approved  by  the  state 
Legislature.  I  think  that  is  the  kind  of  danger  to  the  state 
that  I  shall  have  to  spend  my  days  in  advocating  as  long  as  I 
live;  1  think  that  it  is  to  the  highest  possible  advantage  to  the 
state,  that  it  is  a  real  contribution  to  the  better  management  of 
the  country's  affairs.  In  closing  I  cannot  do  better  than  to  tell 
the  young  men  here  who  are  expecting  to  make  the  class  of 
business  with  which  I  am  proud  to  be  associated  their  life's 
work  that  I  do  not  know  of  any  business  in  this  eoimtry  in 
which  there  are  greater  possibilities,  gi'eater  opportunities,  for 
men  not  only  to  serve  themselves  but  to  serve  their  fellows. 
I  know  of  no  walk  in  life,  public  or  private,  in  the  industrial 
world,  in  which  there  are  greater  jiossibilities  of  national 
advantage  and  community  advantage  than  in  the  business  that 
I  have  tried  to  tell  you  something  about  this  evening. 


It  is  a  question  of  some  interest  as  to  how  far  the  continued 
combustion  of  mineral  fuels  will  so  alter  the  quality  of  the 
atmosphere  we  breathe  as  to  lower  the  vitality  of  the  human 
race  as  at  present  constituted.  The  total  weight  of  the  carbon 
in  the  coal,  oil,  gas  and  peat  resources  of  the  globe  is  estimated 
at  something  like  6,400,000,000  tons,  requiring  twelve  times 
that  weight  of  air  for  its  complete  combustion.  A  calculation 
shows  that  the  weight  of  the  atmosphere  is  nearly  150  times 
the  weight  of  the  air  needed  for  the  combustion  in  question, 
and  that  the  weight  of  the  resulting  carbonic  acid  gas  would 
be  but  0.22  per  cent  of  that  of  the  atmosphere,  or  less  than 
one-fifth  the  percentage  allowed  by  the  Mines  Regulation  Act. 
— Arnold  Lupton  in  The  Iron  and  Coal  Trades  Review,  July 
28,  1916. 


According  to  Kelvin's  law,  maximum  economy  in  electric 
transmission  is  obtained  when  the  annual  interest  and  deprecia- 
tion charges  equal  the  cost  of  the  energy  loss.  This  law,  how-  ' 
ever,  does  not  allow  for  additional  capacity  in  lines  to  care  for 
future  growth  in  business  nor  for  voltage  regulation ;  hence 
it  does  not  hold  good  in  practice  today,  where  experience 
shows  that  both  of  these  provisions  are  necessary  for  the 
highest  economy  ultimately. — Geo.  P.  Roux,  in  General  Elec- 
tric Review,  Oct.,  1916. 


An  investigation  of  the  markets  of  South  America  for  con- 
struction materials  and  machinery  is  being  undertaken  by  the 
Bureau  of  Foreign  and  Domestic  Commerce,  U.  S.  Depart- 
ment of  Commerce.  The  investigation  will  cover  construc- 
tion materials,  with  especial  attention  to  cementing  materials, 
clay  products,  steel  products,  wrought  iron,  steel  and  case 
iron  pipes,  valves  and  fittings  and  heating  installations.  With 
reference  to  construction  machinery  it  will  include  power 
shovels,  drills,  derricks  and  hoisting  apparatus,  eableways, 
pumps,  pile-driving  machinery,  mechanical  mixers,  floating 
equipment,  road-making  machinery,  and  construction  tools. 
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AND  MACHINE  DESIGN 
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THE  title,  Engineer,  has  already  been  subjected  to  so 
many  prefixes,  that  one  hesitates  to  add  another  to  the 
-already  confusing  number.  There  seems,  however,  hardly  any 
other  term  than  that  of  Sales  Engineer  which  quite  so  well 
defines  the  activities  of  that  growing  class  of  engineers  with 
wlidse  inllueuce  on  design  and 
production  it  is  proposed  to  deal. 

As  one  views  the  progress  of 
machine-tool  design,  one  cannot 
help  but  feel  that  it  has  been 
largely  left  to  the  user  of  a 
machine  to  indicate  the  changes 
which  would  make  the  machine 
more  particularly  suitable  for  his 
class  of  work,  and  that  the 
designer  and  maker  of  the  ma- 
chine have  generally  been  the 
second  party  in  such  improve- 
ments. I  do  not,  of  course,  here 
refer  to  detailed  improvements, 
particularly  in  regard  to  the 
construction  of  the  machine,  but 
rather  to  those  pronounced  de- 
partures from  type  that  may  be 
said  to  mark  the  advances  in 
the  art;  in  other  words,  it  would 
appear  that  the  majority  of  the 
engineer-designers  of  most  ma- 
chine-tool factories  have  for 
many  years  been  working  on  im- 
provements of  well-defined  types 
of   machines,    and    cannot   have 

made  that  rigid  investigation  of  the  conditions  which  govern 
the  use  of  such  machines  that  would  seem  to  be  absolutely 
essential  if  ideal  conditions  are  even  to  be  aimed  at. 

There  are,  of  course,  very  strong  commercial  reasons  from 
the  manufacturer's  standpoint  for  standardizing  the  design  of 
machine  tools.  There  is  further,  from  the  user's  viewpoint, 
that  excellent  reason  relating  to  the  ability  of  the  average  op- 
erator to  handle,  with  the  minimum  amount  of  individual  in- 
struction, any  machine  of  the  class  in  which  he  claims  pro- 
ficiency. Probably  in  the  last  analysis  this  would  also  be  re- 
garded as  a  commercial  reason,  but  it  must  also  be  taken  into 
account  in  view  of  the  apparent  tendency  toward  the  increased 
employment  of  unskilled  help  and  the  comparative  difficulty 
of  obtaining  that  rara  avis  which  used  to  be  known  as  an  all- 
round  machinist. 

The  user  of  a  machine  tool  has  of  late  either  grown,  or  been 
educated,  to  demand  of  the  machine-tool  manufacturer  a  spe- 
cific study  of  his  (the  user's)  requirements.  These  studies 
have  influenced  the  design  of  the  manufacturer's  product,  and 
will  influence  it  more  markedly  in  the  future.  The  "  service  " 
plan,  which  covers  many  trades,  has  developed  into  an  impor- 
tant factor  in  machine-building  organizations. 


The  function  of  the  Sales  Engineer,  as  stated 
by  the  author,  is  to  study  the  requirements  of 
the  users  of  the  machines  made  by  his  concern 
in  order  to  discover  what  modifications  of 
standard  types  and  what  auxiliaries  in  the  way 
of  jigs,  fixtures,  etc.,  are  needed  to  effect  an 
increase  in  production  or  decrease  in  installa- 
tion cost,  and  to  meet  the  competition  from  an- 
other type  of  tool  as  well  as  the  peculiar  con- 
ditions presented  by  novel  machinitig  problems. 

The  gradual  development  of  the  sales  engi- 
neer from  the  old-time  machine-tool  demon- 
strator, and  the  beneficial  effect  of  his  services 
both  to  manufacturer  and  customer  are  dealt 
with  at  length  in  this  paper,  and  several  con- 
crete illustrations  of  the  methods  employed  are 
given. 

The  paper  shows  that  the  sales  engineer  has 
already  had  a  positive  influence  on  future  de- 
sign of  machine  tools,  and  that  the  knowledge 
his  methods  have  brought  out  has  been  so  util- 
ized as  to  make  it  valuable  for  future  research. 


Presented  at  a  meeting  of  the  Cincinnati  Section  of  The  Auesican 
Society  of  Mechanical  Engineers,  Marcli  16,  1916. 


This  condition  has  led  to  what  I  termed  the  Sales  Engineer. 
His  predecessor  was  the  original  demonstrator,  who,  it  will  be 
remembered,  was  and  still  is  a  man  unusually  skilled  in  the 
use  of  the  machine  which  he  demonstrates  and  who  is  sent  out 
to  break  in  the  workmen  and  to  assist  the  customer  in  obtain- 
ing high  production  from  the 
newly  installed  tool. 

These  demonstrators  in  their 
visits  to  the  different  plants 
accumulated  considerable  experi- 
ence in  regard  to  the  uses  and 
weaknesses  of  their  machines; 
and,  following  the  natural  on- 
ward tendency,  they  were  in  some 
cases  replaced  or  augmented  by 
engineers  whose  duties  were  not 
in  any  way  connected  with  the 
demonstration  or  practical 
operation  of  the  machine,  but 
consisted  rather  in  systematic  ob- 
servation of  the  uses  to  which 
the  machine  was  put.  These  ob- 
serving engineers,  carrying  back 
to  the  factory  their  authentic 
data,  were  able  to  influence  ma- 
terially new  designs.  They  were 
still,  however,  concerned  only 
with  the  standard  type  of  ma- 
chine and  were  only  brought  into 
contact  with  the  customer's 
requirements  after  the  ma- 
chine was  installed,  and  usual- 
ly   after   some    trouble    had    developed. 

The  original  machine  designer  usually  devoted  himself  so 
closely  to  his  own  particular  machine  that  he  was  not  thor- 
oughly in  touch  with  developments  taking  place  in  other 
classes  of  machines.  Even  today,  in  the  great  majority  of 
cases,  that  condition  prevails.  The  sales  engineer,  on  the  con- 
trary, being  brought  directly  and  frequently  in  touch  with 
the  latest  installations  of  such  machines,  immediately  returns 
to  the  factory  with  advance  information  of  the  encroachments 
that  the  new  type  of  machine  is  making  on  his  own  field.  The 
designing  department,  lacking  a  detailed  acquaintance  with 
the  latest  usage  to  which  machines  are  put,  loses  its  proper 
perspective  in  regard  to  the  relative  time  values  of  the  differ- 
ent functions  of  the  machine.  The  sales  engineer,  with  any 
reasonably  well-developed  analytical  faculty,  can  clearly  see 
that  a  certain  portion  of  the  operation  consumes  more  time 
than  is  really  necessary,  that  the  output  is  governed  by  this 
factor,  and  advises  the  home  engineer  of  the  need  for  improve- 
ment in  this  respect.  Furthermore,  continuous  travels  through- 
out the  various  shops  must  of  necessity  bring  him  into  close 
contact  with  those  home-made  devices  which  are  so  often  the 
basis  of  permanent  improvements  in  standard  design.  It  is 
idle  to  suppose  for  a  moment  that  such  improvements  are 
found  only  in  the  larger  shops,  to  which  unfortunately  the 
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visits  of  the  sales  engineer  are  usually  confined.  More  often 
it  ■will  be  found  that  the  small  shop,  with  its  limited  equip- 
ment, will  liave  evolved  some  ingenious  and  interesting  method 
of  producing  the  desired  results,  where  the  larger  and  weal- 
thier shop  has  been  content  to  increase  its  quota  of  standard 
machines. 

While  the  influence  of  the  sales  engineer  on  the  design  of 
his  company's  jiroduct  cannot  fail  to  be  very  marked,  it  may 
even  be  of  more  vital  and  material  interest  to  the  customer. 
The  general  adoption  of  this  sales-engineering  system  imme- 
diately places  at  the  disposal  of  the  machine  user  a  corps  of 
highly  trained  engineers,  who-e  collecti\e  abilities  are  likely  to 


Fig.  1    Milling  Machine  with  SPEriAL  Equipment  More 
Expensive  than  MAfHiNE  Proper 


Fig.  2     A  Departure  from  the  STEREOTVPEn  Methods  of 
Milling 

gi-eatly  exceed  those  over  which  he  would  normally  have  con- 
trol. Their  advice  and  recommendations  should  lead  to  the 
scientific  selection  and  installation  of  machines,  resulting  in 
a  lessened  installation  outlay  and  a  greatly  increased  produc- 
tion. 

It  must  be  apparent  that  the  recommendations  of  the  sales 
engineer  cannot  be  made  on  the  spur  of  the  moment,  but  must 
receive  a  reasonably  thorough  preliminary  study  and  in\-esti- 
gation.  In  the  company  with  which  the  writer  is  connected  it 
has  been  the  practice  for  the  last  half-dozen  years  to  make 
comparatively  elaborate  time  studies,  for  which  considerable 
advance   information   is  needed.     This  information    must  not 


only  cover  the  end  which  it  is  desired  to  accon)|]lisli.  bnt  should 
also  include  a  reasonable  amount  of  data  as  to  the  earlier  and 
existing  methods.  This  is  particularly  essential  because  it  has 
developed  that  the  sales  engineer,  seeking  continual  outlet  for 
his  machines,  will  often  invade  a  field  that  has  been  considered 
the  exclusive  ])roperty  of  some  other  type  of  machine.  It  is 
sutficiently  obvious  that  there  must  be  much  debatable  ground 
to  be  fought  over  by  the  competitive  representatives  of  the 
engine  lathe,  the  turret  lathe,  and  the  automatic  machine,  and 
again  between  the  planer,  shaper.  and  miller.  The  ideal  con- 
clusions drawn  from  such  investigations  can  only  follow  a  very 
full  consideration  of  all  of  the  factors  connected  with  produc- 
tion, and  not  only,  as  is  sometimes  the  case,  with  the  number 
of  pieces  turned  out  per  machine  per  day.  For  these  reasons 
certain  standard  forms  are  used,  on  which  is  entered  the  fol- 
lowing information,  derived  from  the  user  of  the  machine : 

I  The  quantity  jjer  annum  and,  if  possible,  the  size  of  the 

lots  in  which  the  work  is  put  through  the  factory 
'2     The  degi'ee  of  finish  required 
•  i     The  quality  of  material 
4  '  The  depth  of  cut 

.')     The  machine  on  which  the  work  is  now  being  done 
(i     The  time  consumed 

7  The  wage  rate  paid 

8  The   burden    or   overhead   charge    (particularly   if   depart- 

ineiital  burden  is  available) 

II  Tlie  objections,  if  any,  other  than  as  to  the  time  consumed, 

that  may  be  made  to  the  existing  method.  This  latter  may 
(leal  with  the  labor  supply,  the  dependence  u];)on  certain 
materials,  etc. 

This  report  is  supplemented  either  by  a  sketch  of  the  piece, 
nr  preferably  by  the  cutomer's  blueprints.  Samples  for  pre- 
liminary cutting  tests  are  also  obtained  whenever  possible. 
With  all  of  this  information  a  time  study  can  now  be  made 
up.  which  will  give  in  full  detail  the  sejiarate  operations,  the 
time  taken  for  each  part  of  the  operation,  the  speed  and 
feed  necessary,  and  a  sketch  and  description  of  the  fixture  and 
cutters  to  be  used.  To  the  total  time  required  for  the  produc- 
tion of  the  unit  piece  must  be  added  a  certain  "overhead" 
percentage,  which  will,  of  course,  vary,  and  is  a  figiire  that 
can  be  easily  determined  and  estalilished  as  a  standard.  This 
information  is  then  submitted  to  the  customer,  and  in  certain 
cases  accompanied  by  a  cost  sheet  comjiaring  the  suggested  and 
existing  methods.  This  sheet  will  specify  the  time  per  piece, 
including  the  above  percentage,  the  total  time  per  annum  for 
the  quantity  of  pieces  required,  the  wage  cost,  and  the  burden, 
or  overhead  cost,  showing  the  annual  saving  over  the  existing 
system.  Such  cost-comparison  and  estimate  sheets  are  in  them- 
selves not  necessarily  final,  but  their  great  virtue  is  that  they 
form  a  nucleus  for  specific  analysis  and  recommendations  on 
the  part  of  the  customer  and  his  engineers.  It  is  particularly 
important  that  such  detailed  information  should  be  submitted, 
because  the  production  of  a  given  machine  is  very  often  en- 
tirely independent  on  the  ability  of  that  machine  to  carry 
through  a  certain  cut;  it  is  often  entirely  dependent  upon  the 
chucking  time  necessary,  and,  still  again,  frequently  dependent 
upon  the  spacing  of  the  feed  marks  or  quality  of  finish.  This 
latter  may  very  well  be  a  commercial  requirement  and  entirely 
independent  of  the  degree  of  accuracy. 

We  can  assume  that  the  time  study  shows  conclusively  that 
the  production  is  mainly  dependent  upon  the  operator's  chuck- 
ing cajiacity.  There  are  two  ways  in  which  this  may  be  in- 
creased :  either  by  the  elimination  of  certain  functions  which 
he  must  perform  in  connection  with  the  machine,  or  by  chang- 
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ing  and  improving  the  holding  arrangements  for  the  work  so 
as  to  reduce  the  chucking  time  proper. 

In  a  great  many  cases  the  first  method  is  the  most  feasible, 
since  it  is  only  reasonable  to  suppose  that  the  fixture  or  work- 
holding  device,  designed  especially  for  the  job,  is  less  likely 
to  be  deficient  than  the  machine,  which  has  been  designed  for 
more  general  utility.  It  is  here  that  the  twofold  influence  of 
the  sales  engineer  on  both  design  and  production  becomes  pro- 
nounced. It  is  here  brought  home  to  him  very  strongly  that 
the  specific  limitation  of  his  machine,  while  originally  of  small 
importance,  is  now  preventing  a  greater  output.  It  must  then 
suggest  itself  to  him  that  some  meclianical  means  must  be 
found  for  overcoming  the  hand  operation  of  the  machine,  and 
either  of  his  own  volition  or  through  the  home  engineering  de- 
partment he  will  produce  modifications  of  the  machine  to  suit 
requirements.  This  may  not  take  place  immediately,  or  for 
the  specific  customer  through  whom  the  need  for  this  improve- 
ment arose,  but  it  is  very  evident  that  the  continued  facing 
of  the  same  problem  must  ultimately  lead  to  its  solution. 

A  further  important  point  in  this  connection  is  the  influ- 
ence that  will  be  brought  to  bear  on  this  matter  by  the  cus- 
tomer himself,  who  will  generally  clear  his  mind  of  all  details 
of  the  machine  and  reach  the  pertinent  points  that  are  con- 
nected with  production.  He  is  quite  apt  to  compare  the  ma- 
chine with  some  other  entirely  different  machine  which  incor- 
porates some  feature  of  marked  imjiortanee  to  his  particular 
class  of  work.  It  would  seem,  for  instance,  that  the  day  of  the 
automatic  power-return  of  the  tables  of  small  milling  ma- 
i-liines  would  have  come  much  sooner  had  their  users  comjaared 
the  miller  with  the  jilaner  in  the  way  that  should  have  been 
done.  It  would  really  not  have  been  necessary  to  compare 
the  miller  with  the  planer,  but  to  have  compared  it  even  with 
some  of  the  larger  planer-type  milling  machines,  on  which 
such  apparatus  is  standard  equipment.  It  would  further  seem 
that  the  flooded  lubrication  of  milling  cutters  should  have  come 
sooner  had  the  proper  comparisons  been  made  between  the 
milling  macMne  and  the  grinder,  and  parallel  cases  could 
doubtless  be  found  throughout  the  whole  machine-tool  field. 
The  customer,  as  a  rule,  either  has  not  the  time,  or  perhaps 
lacks  the  energy  to  bring  such  points  strongly  enough  to  the 
attention  of  the  manufacturer,  and  it  is  hoped  that  through 
the  efforts  of  the  sales  engineer  more  concerted  action  between 
user  and  maker  will  accrue. 

There  is  another  phase  of  the  sales  engineer's  influence  on 
production,  and  that  is  concerned  with  work-holding  methods 
or  fixtures.  There  are  in  many  shops  ingenious  methods  in 
force  for  achieving  a  desired  end,  which  methods  may  be  very 
well  adapted  not  only  to  the  same  specific  job  but  to  others  of 
a  similar  nature.  Now  these  methods  must  come  fully  under 
the  eye  of  the  sales  engineer,  not  only  in  his  visits  to  the  cus- 
tomer's shop,  but  in  his  comparisons  of  suggested  with  exist- 
ing methods.  The  interchange  of  ideas  thus  brought  about 
will  be  more  far-reaching  in  its  influence  than  if  the  compari- 
son between  methods  and  production  be  always  limited  to  one 
type  of  machine,  since,  as  is  well  known,  the  different  types 
of  machines  have  each  tended  to  develop  a  different  system 
and  standards  of  holding  appliances. 

The  foregoing  roughly  outlines  the  dii-ection  in  which  the 
sales  engineer  may  be  expected  to  influence  production  and 
design,  and  many  other  details  upon  which  his  influence  may 
be  felt  will  doubtless  present  themselves. 

The  accompanying  illustrations  show  the  particular  influ- 
ence that  has  been  exercised  on  one  type  of  machine  tool,  the 
milling  machine,  by  such  work  as  has  been  described.  It  will 
be  noted  that  some  of  the  improvements  have  been  effected  in 


the  fixtures  themselves,  but  in  many  cases  the  design  of  the 
machine  has  been  entirely  changed  to  meet  manufacturing  con- 
ditions. 

Fig.  1  shows  a  rather  interesting  equijiment,  designed  for 
the  milling  of  turbine  buckets,  these  being  made  up  from  bar 
stock  of  the  proper  section.  It  is  necessary  to  mill  a  groove 
in  this  bar  for  steam  passage,  this  groove  having  a  cam  section 
when  viewed  both  along  the  longitudinal  and  transverse  axis. 
The  obvious  question  that  presents  itself  on  seeing  this  photo- 
graph is,  just  where  and  why  the  milling  machine?  The  an- 
swer to  that  question  would  really  be  that  the  sale  of  the 
milling  machine  was  an  adjunct  to  the  furnishing  of  the  spe- 
cial equipment,  since  the  latter  is  more  expensive  and  more 
complicated  than  the  machine  proper. 

When  in  operation,  the  only  part  of  the  machine  pro]  er 
that  is  moving  is  the  spindle,  which  rotates,  carrying  the  cut- 
ter. All  of  the  movements  of  tlie  work  itself  are  self-contained 
in  the  fixture,  which  has  a  combination  axial  and  radial  cam 
movement,  controlled  by  master  cams  with  a  compressed-air 
resistance  chamber,  the  table,  feed,  cross  feed,  etc.,  of  the  ma- 
chine being  used  only  for'  the  preliminary  adjustments.  This 
equipment  points  absolutely  to  the  need  of  a  sjjecial  frame  to 


Fig.  3     Oxe  Operator  and  This  Machine  Produced  More 
THAN  Man  and  Boy  with  Standard  Machine 

take  the  place  of  the  milling-  machine,  which  frame  will  con- 
tain a  comparatively  simple  driving  mechanism  and  a  solid 
base,  on  which  the  fixture  would  have  to  be  mounted.  The 
cutter  adjustments  should  all  have  been  obtained  through  the 
vertical  and  axial  raising  of  the  spindle  carrier,  as  in  the 
Lincohi-pattern  millers.  Doubtless  the  succeeding  machines 
that  are  installed  for  this  purpose  will  be  so  made. 

The  second  example.  Fig.  2,  shows  a  trijile-spindle  milling; 
attachment  fitted  with  an  adaptation  of  the  semi-automatic 
miller.  Before  tliis  equipment  was  considered  the  work  was 
handled  in  the  stereotyped  way,  which  consisted  of  one  chuck- 
ing, milling  one  set  of  bosses,  indexmg  through  120  deg.,  mill- 
ing the  next  set,  indexing,  milling  the  third  set,  and  remov- 
ing. With  this  equipment  the  three  spindles  mill  all  the  sur- 
faces at  one  passage,  and  the  work  itself  is  automatically 
clamped  in  place  by  means  of  the  spring  plunger  shown  in 
the  center  of  tlie  fixture.  The  table  is  provided  with  an  auto- 
matic quick-forwaid  movement,  feeding  movement,  quick  re- 
turn to  the  fixture  on  the  other  side,  and  so  on.  The  functions 
of  the  operator  in  this  case  are  restricted  to  hooking  the  work 
onto  the  central  locating  stud  and  removing  it  when  finished. 

The  example  shown  in  Fig.  .3  is  interesting  in  that  the  con- 
ditions that  had  to  be  overcome  before  this  ecjuipment  could 
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be  installed  were  such  as  to  make  it  hardly  possible  to  effect 
a  saving.  The  pieces  that  are  milled  with  this  apparatus  are 
small  tractor  binder  pins,  having  a  half-round  gioove  extend- 
ing their  full  length,  and  which  are  slightly  tapered  on  the 
outside.  The  old  method  for  handling  this  work  was  to  use 
a  standard  milling  machine  operated  by  a  man  who  engaged 
the  feed,  returned  the  table  and  removed  the  work  from  the 
fixture.  This  man  was  aided  by  a  boy,  who  drove  the  pins 
into  the  taper  slots  of  a  work  holder  while  another  holder  was 
in  the  machine.  The  machine  under  such  conditions  was  cut- 
ting most  of  the  time,  and  the  boy  was  loading  the  pieces  into 
the  work  holder  as  rapidly  as  they  are  loaded  today;  but  with 
the  arrangement  shown  in  Pig.  3  the  production  was  consid- 
erably increased,  and  that  with  one  operator  only.  The  fix- 
ture is  designed  so  that  it  automatically  indexes,  and  the  for- 
ward movement  of  the  work  to  the  cutter  is  taken  at  a  high 
table  traverse.  The  pins  do  not  have  to  be  driven  firmly  into 
the  slots,  since  the  action  of  the  cutter  itself  tends  to  force 
them  home  to  a  bearing.  They  do  not  have  to  be  removed 
from  the  fixture  after  the  milling  operation  is  completed,  be- 
cause the  third  stop  in  the  indexing  brings  the  finished  pieces 
against  a  fixed  ejector  bracket  which  pushes  them  out  of  the 
holes.  The  operator  loads  into  the  upper  horizontal  slots,  and 
he  can  also  load  in  slots  of  the  front  vertical  face  should  he 
fall  a  little  short  in  his  chucking  of  the  full  number  held  in 
the  one  side.  It  will  be  seen  that  with  the  exception  of  the 
twentieth  part  of  a  minute  taken  for  indexing  from  one 
surface  to  another  and  a  similar  twentieth  taken  in  returning 
we  have  cutters  which  operate  all  the  time.  There  is  no  dwell 
and  the  operator's  cycle  is  of  the  very  simplest  character  pos- 
sible. His  functions  are  confined  to  putting  the  work  loosely 
into  the  holder.  He  does  not  have  to  move  it  after  cutting, 
and  the  only  thing  open  for  improvement  in  this  connection 
would  be  the  provision  of  a  hopper  feed,  so  that  a  bucketful 
of  the  pins  could  be  thrown  in  indiscriminately,  and  the  ma- 
chine then  become  entirely  automatic.  This  is  the  next  step 
which  will  doubtless  follow. 

The  foregoing  illustrations  are  not  intended  as  examples  of 
perfected  coordination  between  the  customer  and  manufac- 
turer. Some  of  them  indeed  are  rather  intended  to  show  how 
far  we  have  fallen  short  of  the  ideal,  while  still  complying 
with  existing  commercial  conditions.  The  purpose  that  they 
do  fulfill,  however,  is  to  show  that  an  attempt  has  been  made 
to  depart  from  standard  practice  where  the  need  for  such  ac- 
tion was  indicated  by  a  study  of  the  conditions.  The  resulting 
equipment,  while  not  ideal  from  a  designer's  standpoint,  in 
that  it  was  obviously  necessary  to  start  with  a  foundation  laid 
down  for  more  general  purposes,  does  nevertheless  perform 
satisfactorily,  and  so  justifies  itself  from  the  viewpoint  of 
dollai-s  and  cents.  More  important  than  this,  however,  is  the 
clearer  Ught  thrown  upon  the  problem,  the  positive  indication 
of  the  direction  of  future  design,  and  the  certainty  that  the 
combined  knowledge  of  all  concerned  has  been  so  utilized  as 
to  make  it  valuable  for  future  research. 


In  many  hydroelectric  plants  there  is  for  some  months  of 
the  year  an  excess  of  energy  which  is,  to  a  large  extent,  not 
utilized.  Use  has  been  made  of  this  excess  by  a  Swiss  com- 
pany, for  raising  steam  in  the  boilers  of  a  resene  plant. 
Electric  heating  elements  are  placed  on  the  grate  bars  of  the 
furnaces,  from  which  they  are  readily  removable  when  it  is 
desired  to  fire  with  coal.  The  three  boilers  of  the  company's 
Zurich  station  furnish  12,390  lb.  of  steam  per  day,  with  a 
consumption  of  7392  kilowatt-hours,  thus  saving  about  1650 
lb.  of  coal. 


The  grain  size  in  a  metal  may  be  measured  by  a  method 
described  by  Z.  Jeffries  in  a  paper  read  recently  before  the 
Faraday  Society.  The  method  consists  in  counting  the  grains 
completely  and  partly  included  in  the  circular  part  of  an 
image  at  standard  magnification  of  the  specimen ;  and  by 
means  of  an  empirical  formula  finding  the  number  of  whole 
grains  in  the  area.  The  president,  commenting  on  the  method, 
mentioned  that  a  0.58  carbon  steel  contained  5540  grains  per 
sq.  in.  when  forged,  and  if  forged  and  annealed,  4500.  When 
the  steel  was  water-quenched  and  reheated,  the  number  rose  to 
330,000. 


At  a  recent  meeting  of  the  British  Association,  in  the  section 
of  mathematical  and  physical  science,  Dr.  P.  E.  Shaw,  of 
Nottingham  University  College,  gave  a  brief  account  of  the 
remarkable  experiments  which  he  has  been  conducting  for 
several  years  in  a  vault  of  the  Physics  Department  of  the 
college  with  a  Cavendish  balance  for  the  purpose  of  deter- 
mining a  possible  temjierature  coefficient  of  gravitation.  Such 
experiments  require  the  most  extraordinary  care.  For  ex- 
ample, the  readings  of  temperature  are  taken  through  an 
optical  window  by  means  of  a  telescope.  One  has  to  guard 
against  electrostatic  effects,  magnetic  effects,  radiometric  pres- 
sure, radiation  pressure,  convection,  damping,  stiffness  and 
toreion  of  the  wires,  etc.  An  enormous  amount  of  the  work 
remains  still  to  be  done,  notwithstanding  the  very  large 
amount  done  alreadv. 


The  average  automobile  brake  is  insufficiently  powerful,  re- 
quires too  much  effort  to  apply  it,  and  requires  too  constant 
adjustment;  its  surfaces  need  too  frequent  renewal;  it  is 
harsh  in  action,  affected  by  oil  and  dirt,  and  a  prolific  creator 
of  rattles  and  squeaks.  Any  good  engineer  could  design  better 
brakes  if  he  would  only  take  the  trouble,  but  it  is  quite  usual 
to  find  that  a  man  who  will  spend  months  calculating  the 
stresses  in  almost  every  other  part  of  his  car  will  accept  any 
sort  of  brakes  without  a  thought.  This  is  not  confined  to  any 
one  country;  it  is  true  of  every  place  where  motor  cars  are 
made,  though  least  true  of  Italy,  because  Italian  factories  be- 
ing all  at  the  foot  of  the  Alps,  the  need  for  exceptional  brakes 
is  forced  upon  the  designers.  Still,  even  the  brakes  of 
Italian  cars  are  not  always  ideal,  as  the  requisite  power  is 
often  obtained  at  the  expense  of  harshness. 


In  a  letter  recently  addressed  by  the  Aeronautical  Society 
of  America  to  the  Secretaries  of  the  Army  and  Navy,  the 
Society,  after  careful  consideration  of  the  needs  of  this  coun- 
try in  the  matter  of  aerial  defense,  comes  to  the  conclusion  that 
from  8,000  to  10,000  heavier-than-air  machines  of  various 
types  are  required.  It  an-ives  at  the  conclusion  that  our  bill 
for  effective  defense  of  the  country  against  foreign  in- 
vasion in  so  far  as  it  affects  the  most  important  branch  of  this 
defense,  aviation,  is  as  follows,  depending  upon  whether  a 
program  of  8,000  to  10,000  ships  is  adopted : 

Fighting  and  scout  planes $120,000,000  to  $150,000,000 

Dirigibles    30,000,000  to       40,000,000 

Ships,  etc.,  for  planes 16,000,000  to      20,000,000 

Ships,  etc.,  for  dirigibles 2,000,000 

Mother  ships 6,000,000 

Training  schools 40,000,000 

Total    $214,000,000  to  $250,000,000 
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THE    UTILIZATION    OF    WASTE    HEAT 
FOR  STEAM-GENERATING  PURPOSES 

By   ARTHUR   D.   PRATT,'   NEW  YORK,   N.   Y. 
Non-Member 

The  utilization  of  waste  heat  from  various  industrial  proc- 
esses for  the  generation  of  steam  is  not  new.  The  advance 
within  the  last  few  years,  however,  in  methods  of  utilizing 
such  gases  and  in  the  results  secured  from  their  utilization 
has  been  so  remarkable  as  to  make  of  interest  a  comparison 
of  former  with  present-day  methods  and  results. 

The  design  of  waste-heat  boilers  has  progressed  to  a  point 
where  it  is  today  possible  to  successfully  generate  steam  from 
gases  whose  temperatures"  are  as  low  as  950  to  1000  deg. 
fahr.  It  is  but  a  few  years  since  it  was  considered  absolutely 
impracticable  from  a  commercial  standpoint  to  attempt  to  pro- 
duce power  from  such  gases,  and  it  is  in  its  ability  to  satisfac- 
torily utilize  these  gases  that  the  development  of  the  modern 
waste-heat  boiler  has  its  most  far-reaching  effect. 

The  sole  theory  on  which  early  waste-heat  boiler  installations 
were  made  has  as  its  basis  the  non-interferences  in  the  op- 
eration of  the  primary  furnace.  This  meant,  in  practically  all 
cases,  that  the  draft  at  the  exit  of  the  primary  furnace  should 
in  no  way  be  impeded,  and  resulted  in  the  installation  of  a 
given  amount  of  heating  surface  arranged  in  such  manner  that 
the  frictional  resistance  to  the  gases  in  their  passage  through 
the  boiler  should  be  a  minimum.     Presumably  the  object  of 
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such  an  arrangement  was  to  enable  a  natural-draft  stack  of 
a  practicable  height  to  be  used.  As  the  result  of  minimizing 
this  draft  loss,  such  boilers  as  were  installed  were  ordinarily 
entirely  without  baffles  and  the  gases  were  given  a  straight 
passage  through  the  boiler,  though  partially  baffled  boilers 
were  used  occasionally.  High  exit-gas  temperatures  were  con- 
sidered rather  desirable  than  otherwise  in  order  to  assist  the 
stack  in  giving  the  required  drafts. 

Boilers   installed   in   this  way  were  considered   practicable 


Fig.  1    Waste-Heat  Boiler  fob  Open-He.\rth  Furnace 

only  with  gases  whose  temperatures  approached  those  of  coal- 
fired  practice.  The  users  accepted  the  steam  generated  as 
"  something  for  nothing "  and  no  particular  endeavor  was 
apparently  made  toward  increased  capacities. 

Present-day  waste-heat  practice  has  come  about  with  a  more 
thorough  understanding  of  the  laws  governing  heat  transfer 
and  an  appreciation  of  the  function  of  gas  velocity  as  affecting 
transfer  rates.  Without  going  into  this  aspect,  it  may  be 
broadly  stated  that  the  rate  of  heat  transfer  is  dependent  upon 
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gas  velocity  and  temperature  ditt'eretice  between  tlie  gas  ami 
the  absorbing  surface.  Experiments  have  shown  tliat  at  even 
the  highest  velocities  now  used  in  waste-heat  work  the  effect  of 
increased  temperature  difference  is  small  as  compared  with  that 
of  increased  gas  velocity. 

In  coal-fired  boiler  practice,  the  average  temperature  dit- 
t'erence  between  gases  and  boiler  surfaces  is  approximately 
1150  deg.  The  heat-transfer  rate  corresponding  to  a  boiler's 
rated  capacity  is  about  3  B.t.u.  per  hr.  per  sq.  ft.  of  surface 
per  degree  difference,  or  a  heat  absorption  of  3450  B.t.u.  per 
sq.  ft.  of  surface  per  hour.  '  In  waste-heat  work  the  tempera- 
ture difference  varies  widely  with  the  class  of  waste  heat.  With 
a  gas  temperature  of  say  1250  deg.  entering  a  boiler,  the 
average  temperature  difference  between  boiler  surface  and  gas 
for  a  working  jjressure  of  170  lb.  per  sq.  in.  will  be  about  500 
deg.     For  such  a  tenqierature  difference  the  transfer  rate  to 


T.\BT.E   1     RESULTS  OF  TESTS  OF  W.A.STE-HEAT  BOILERS  FOR 
OPEN-HE.4.RTH  FUR.\'.\CES 


Test  Number. 


Plant. 


Location . 


Rated  capacity  of  furnace,  tons. 

Actual  productioni  tons 

Boiler 

Heating  surface,  sq.  ft 

Superheat,  deg.  fahr 

Gas  weight,  lb.  per  hour 

Gas  per  hr.  per  .sq.  ft.  htg.  surf. . 
Temperatures: 

Gas  entering  boiler,  deg.  fahr. 

Gas  leaving  boiler,  deg.  fahr. . 

Drop  in  temp  ,  deg.  fahr. . .  .  . 

Draft  at  boiler  inlet,  in 

Draft  at  boiler  damper,  in 

Draft  loss,  in 

Gross  h.  p.  developed 

Per  cent  of  rated  capacitv* 

Boiler  h.  p.  to  fan 

Net  horsepower 

Approx.  transfer  rate  (R) 


'Average  of  ten  tests.  2  Approximate.  'Motor-driven  fan.  *  53  h.p. 
returned  in  feed-water  heater.  ^  Tilting  furnace.  ^  .All  ratings  on  basis  of  10 
sq.  ft.  per  h.p. 

give  an  absorption  per  square  foot  of  surface  equal  to  that  of 
the  coal-fired  boiler  at  rating,  would  have  to  be  6.9  B.t.u.  per 
hr.  jaer  sq.  ft.  per  degree  difference.  This  rate  is  slightly 
higher  than  the  rates  corresponding  to  velocities  that  are  as 
yet  ordinarily  used,  but,  with  somewhat  higher  entering-gas 
temperatures,  the  absorption  per  square  foot  of  surface  is 
such  as  to  enable  a  boiler's  rated  capacity  to  be  developed 
without  difficulty.  With  gas  temperatures  entering  the  boiler 
of  1800  to  2000  deg.,  which  approach  coal-fired  practice.  Ingh 
overloads  are  being  develojoed. 

The  gas  velocities  necessary  to  give  what  is  now  considered 
a  desirable  transfer  rate  lead  to  a  frictional  resistance  through 
waste-heat  boilers  which  makes  the  use  of  a  natural-draft  stack 
impracticable.  Let  us  consider  what  is  probably  the  extreme 
case  insofar  as  draft  conditions  are  concerned,  namely,  the 
open-hearth  steel  furnace.  Common  practice  in  this  class  of 
work  is  to  use  stacks  160  ft.  high,  which  give  a  draft  at  their 
base  of  approximately  1.4  to  1.6  in.,  depending  upon  the  gas 
temperatures.  For  the  present  jjurpose,  assume  that  the  draft 
loss  through  a  modern  waste-heat  boiler  installed  with  an  open- 
hearth  furnace  is  2.0  in.,  a  figure  which  approximately  repre- 
sents the  practice  of  today.     With  a  natural-draft  stack,  the 


draft  at  the  checkers  corresponding  to  the  1.4  to  1.6  in.  given 
above  is  approximately  1.3  to  1.5  in.,  and  this  amomit  is 
necessary  for  the  proper  operation  of  the  furnace.  With  a 
waste-heat  boiler  installed,  then,  the  draft  necessary  at  the 
exit  of  the  boiler  must  be  sufficient  to  overcome  the  resistance 
through  the  boiler,  2  in.,  that  necessary  to  overcome  resistance 
through  the  flues,  say  0.75  in.,  and  1.5  in.  necessary  at  the 
checkers,  or  a  total  of  4.25  in.  It  is  to  be  remembered  that 
with  a  waste-heat  boiler  installed,  the  temperature  of  the  gases 
entering  the  stack,  instead  of  being  1000  or  1200  deg.,  will  be 
450  or  500  deg.,  under  which  conditions  a  stack  of  160  ft.  in- 
.stead  of  giving  a  draft  of  1.4  to  1.8  in.  at  its  base  would  give 
approximately  0.9  in.,  and  to  give  the  necessary  4.25  in.  the 
stack  height  would  have  to  be  somewhat  over  700  ft. 

While,  as  stated,  this  is  perhaps  the  extreme  case,  the  same 
reasoning  applies  in  practically  all  waste-heat  work,  and  an 
induced-draft  unit  is  now  almost  universally  lased  with  the 
modern  design  of  waste-heat  boiler.  In  certain  classes  of 
waste-heat  work,  such  a  fan  not  only  furnishes  the  required 
draft  suction,  but  is  of  a  decided  advantage  in  the  operation 
of  the  primary  furnace.    This  feature  is  discussed  in  the  paper. 

As  may  be  inferred  from  the  foregoing,  the  successful  utili- 
zation of  waste  gases  becomes  more  diffleult  with  decreasing 
gas  temperatures.  It  was  in  connection  witli  regenerative  fur- 
naces and  low-temperature  gases  that  the  principles  of  high 
gas  velocity  were  first  applied  and  the  modern  waste-heat 
boiler  was  developed.  The  success  of  the  early  installations 
in  this  particular  class  of  work  led  to  the  apiiliratiuii  of  tliis 
theory  to  all  classes  of  waste-heat  practice. 

Waste-heat  boilers  of  the  modern  design  are  in  successful 
operation  today  with  copper  refining  furnaces,  cement  kilns, 
open-hearth  steel  furnaces,  beehive  coke  ovens,  zinc  refining 
furnaces  and  heating  furnaces  of  various  types,  both  regenera- 
tive and  non-regenerative. 

As  stated,  the  waste-heat  boiler  of  today  was  developed  with 
low-temperature  gases,  and  its  largest  field,  untU  the  present, 
h.as  been  with  open-hearth  steel  furnaces.  For  this  reason  this 
class  of  waste-heat  work  is  considered  first.  The  following  is 
an  abstract  of  this  consideration,  and  of  the  sections  of  the 
paper  devoted  respectively  to  cement  kilns,  copper  furnaces, 
beehive  coke  ovens,  heating  furnaces  and  miscellaneous,  in- 
cluding zinc  furnaces,  nickel  refining  furnaces,  gas  benches 
and  oil  stills. 


IIPEX-HKARTH   STEEL  FURNACES 

Under  this  heading  the  paper  describes  in  detail  certaiji 
features  of  installation  and  opei'ation,  some  of  wliich  refer 
specifically  to  open-hearth  work  and  others  to  waste-heat  work 
in  general.  These  include  location  of  boilers,  connecting  flues, 
air  leakage,  cleaning,  dampers  and  explosions. 

'•  The  application  of  waste-heat  work  to  open-hearth  steel 
furnaces  may  be  considered  new.  In  this  type  of  furnace  we 
liave  the  best  and  by  far  the  most  numerous  examples  of  the 
regenerative  furnace.  From  the  very  nature  of  the  operation 
of  such  furnaces,  gas  temperatures  passing  to  the  stack  are 
low,  and  the  ability  of  the  modern  waste-heat  boiler  to  utilize 
successfully  these  gases  for  the  generation  of  steam  is,  without 
question,  the  best  proof  of  the  progress  in  the  development  of 
this  particular  class  of  boiler." 

Four  installations  of  waste-heat  boilers  for  open-hearth  fur- 
naces are  described — one  of  two  Stirling  boilers  at  the  plant 
(if  the  Illinois  Steel  Co.,  one  of  28  Rust  boilers  at  the  Indiana 
Sfeel  Co.,  one  of  Babcock  and  Wilcox  boilers  at  the  Bethlehem 
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Steel  Co.,  and  one  of  Babcoek  and  AVilcox  boilers  at  tbe  Lacka- 
wanna Steel  Co.  Results  of  tests  of  these  installations  are 
compared  in  Table  1. 

A  typical  successful  layout  of  waste-lieat  boilers  for  this 
class  of  work  is  illustrated  in  Fig.  1.  Approximate  figures 
showing  the  great  savings  made  possible  by  the  installation  of 
waste-heat  boilers  with  open-hearth  furnaces  are  included  in 
the  paper. 

CEMENT    KILNS 

"  The  use  of  waste-heat  boilers  in  the  cement  industry  is  not, 
strictly  speaking,  new.  The  number  of  installations,  however, 
has  been  extremely  small,  and  there  appear  to  have  been  sev- 
eral reasons  for  the  non-development  of  such  boilers  in  this 
field." 

Reference  is  made  to  several  installations  of  waste-heat 
boilers  with  cement  kilns,  the  first  of  which  are  typical  of  early 
wast'e-heat  practice  while  the  last  is  representative  of  the 
modern  design  of  this  class  of  boilers.  Results  of  tests  of 
these  installations  are  given,  from  which  the  advantages  of  the 
modern  waste-heat  design  are  shown. 

Factors  of  draft,  cleaning  and  leakage  are  discussed  in  de- 
tail, and  the  possibilities  of  savings  through  the  use  of  waste- 
heat  boilers  in  this  work  are  pointed  out. 


reset  either  for  burning  coal  or  coke  breeze,  or  to  be'fli'ed  with 
by-product  coke-oven  gas. 

IIEATINC    FURNACES 

The  early  history  of  waste-heat  boilers  applied  to  heating 
furnaces  is  in  reality  the  early  history  of  the  utilization  of 
waste  heat  in  general. 

The  early  designs  of  boilers  in  most  general  use  in  tliis 
class  of  work  are  described  and  illustrated,  this  being  fol- 
lowed with  a  description  of  the  first  waste-heat  boilers  of  the 
strictly  modern  design  and  utilizing  the  theory  of  high  gas 
velocity,  these  boilers  being  installed  by  the  Bethlehem  Steel 
Co.  Results  of  three  tests  on  this  latter  installation  are  tabu- 
lated. 

MISCELLANEOCS 

"  While  by  far  the  greatest  number  of  waste-heat  boilers  in 
service  are  in  the  industries  outlined  above,  there  are  numerous 
installations  in  ])lants  of  different  character." 

In  this  miscellaneous  class,  while  the  number  of  installations 
in  any  single  industry  is  small,  reference  is  made  to  certain  of 
these  to  gi\e  an  idea  of  the  wide  and  varied  field  for  develop- 
ment in  the  use  of  waste  heat. 


COPPER    FURNACES 

■■  The  coppei-  furnaces  with  which  waste-heat  boilers  have 
been  installed  may  be  classed  under  two  general  heads:  smelt- 
ing furnaces  (matte  furnaces)  and  refining  furnaces.  Both 
classes  are  fundamentally  the  same  in  design,  though  for  metal- 
lurgical reasons  dimensions  of  the  two  classes  and  individual 
furnaces  in  the  two  classes  are  \'aried  considerably." 

Experiences  of  the  Anaconda  Copper  Mining  Company  with 
Stirling'  boilers,  of  the  Cananea  Copper  Co.  with  Stirling  and 
Aultman  and  Taylor  boilers  installed  with  copper  smelting  fur- 
naces are  described,  and  also  those  of  the  Baltimore  Smelting 
and  Refining  Co.  with  Stirling  boilers  utilizing  the  waste  heat 
from  copper  refining  furnaces.  Other  refining  companies  fol- 
lowed the  Baltimore  Co.  in  this  practice,  and  the  author  is 
familiar  with  over  11,000  h.p.  of  boilers  with  refining  fur- 
naces alone. 

As  in  the  foregoing  sections,  results  of  tests  are  fabulafed. 

BEEHIVE   COKE   OVENS 

"  This  class  of  waste  heat  is  considered  because  of  the  very 
remarkable  results  being  secured  from  modern  waste-heat 
boilers  utilizing  gases  from  beehive  ovens,  and  because  of 
the  possibilities  of  saving,  due  to  this  utilization,  until  such 
time  as  beehive  ovens  are  replaced  (with  by-product  ovens). 
Furthermore,  there  are  available  figures  (given  in  the  paper) 
from  boiler  installations  made  a  number  of  years  ago  for  this 
class  of  work,  and  from  a  comparison  with  the  results  today 
the  great  advance  in  the  design  of  waste-heat  boilers  may  he 
readily  seen." 

Even  granting  that  beehive  ovens  will  ultimately  be  replaced 
with  by-product  ovens,  the  author  considers  that,  in  numerous 
plants,  an  installation  of  waste-heat  boilers  would  pay  for 
itself  many  times  before  such  a  change  could  be  made,  and 
that  it  would  be  entirely  possible,  too,  in  these  installations  to 
design  the  boilers  in  such  a  manner  that  at  the  time  of  replac- 
ing  the   beehive   ovens   the   boilers   could   be   dismantled   and 
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BOILERS 
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Members   of   tlic   Society 

THIS  paper  discusses  a  standard  method  for  testing  house- 
heating  boilers,  which  so  far  have  not  received  the  at- 
tention of  the  Power  Test  Committee  of  the  Society.  If  all 
boilers  are  classified  as  either  power  or  heating  boilers,  we 
define  a  house-heating  boiler  as  one  of  the  latter  gi-oup  de- 
signed to  serve  2000  ft.  of  radiation  or  less.  This  is  equivalent 
to  a  boiler  of  less  than  14.5  h.p.  Such  a  boiler  is  usually  o]i- 
erated  with  little  attention,  infrequent  firings,  low  rate  of  com- 
bustion, and  automatic  pressure  regulation  by  dam)^er  control. 
The  satisfactory  testing  of  house-heating  boilers  by  a 
method  which  admits  of  fair  comjiarison  is  important  for  three 
reasons : 

a     On  account  of  the  increasing  cost  of  anthracite  coal  it  is 
desirable  to  determine  efficient  types  of  heaters  and  the 
most  efficient  method  of  burning  this  fuel 
/)     It  is  desirable  to  develop  efficient  types  of  furnaces  for 

other  fuels,  such  as  bituminous  coal  and  coke 
c     By  means  of  standard  tests  it  is  desirable  to  establish  a 
satisfactory  rating  system  which  will  eliminate  the  uncer- 
tainty  of   the   present   manufacturers'    ratings   of   house- 
heating  boilers. 

REQUIREMENTS  IN  TESTING  IIOUSE-IIEATING  BOILERS 

The  authors  believe  that  a  method  of  testing  any  apparatus 
to  give  results  of  value  should  moot  fw-o  requirements: 


For  preseutatiou  at  the  Anuiial  Mectiuy  ul'  the  American  Society 
of  Mechanical  Engineers,  New  Yorli,  Dccemlier  5  to  8,  1910.  The  paper 
is  liere  printed  in  abstract  form,  and  advance  copies  of  the  complete 
paper  may  be  obtained  gratis  upon  application.  .411  papers  are  subject 
to  revision. 
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o     The  apparatus  should  be  tested  with  as  many  conditions  as 
possible  equivalent  to  those  under  which  it  normally  op- 
erates (except  for  particular  investigations  under  special 
conditions) 
b     Errors  should  be  so  far  eliminated  or  reduced  that  results 
can  be  reproduced. 
To  meet  the  first  requirement  with  a  house-heating  boiler  it 
is  necessary  to  operate  at  a  moderate,  reasonable  jjressure,  con- 
trolled automaticaUy,  as  would  be  the  condition  in  an  actual 
installation.     It  is  proper  to  fire  the  fuel  in  rather  heavy 
charges  and  to  give  attention  to  the  boiler  only  at  intervals 
of  several  hours.     The  fire  should  not  be  frequently  shaken  or 
poked.     The  temperature  of  the  feed  water  should  be  compar- 
able to  the  returns  from  a  radiator  system,  and  the  boiler 
should  be  supplied  with  water  continuously  and  uniformly. 
Perhaps  the  greatest  essential  is  that  the  test  should  be  started 
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under  average  running  conditions,  with  the  boiler  and  covering 
thoroughly  heated  to  bring  the  radiation  loss  to  equilibrium, 
and  with  a  fire  neither  freshly  kindled  on  bare  grates  nor 
clogged  with  ash ;  in  brief,  a  good,  thin,  recently  cleaned  fire. 

The  elimination  or  modification  of  en'ors  so  that  results  can 
be  verified  by  several  tests  presents  some  difficulties.  The 
measurement  of  coal  fired  in  the  boiler  is  a  matter  of  careful 
weighing.  Determining  how  much  coal  has  been  burned  is 
necessarily  somewhat  uncertain.  Tlie  method  of  startuig  and 
stopping  described  later,  the  authore  believe,  decreases  the 
error  of  measurement,  yet  makes  the  test  imder  normal  run- 
ning conditions.  The  low  rate  of  combustion  in  house  boilers 
and  the  small  amounts  of  fuel  involved  make  long  tests  essen- 
tial. It  is  necessary  to  burn  at  least  40  lb.  of  coal  per  sq.  ft. 
of  gi-ate  area,  or  to  test  for  at  least  12  hours,  to  secure  results 
that  can  be  approximately  duplicated.  The  error  in  coal  meas- 
urement is  then  distributed  over  an  amount  large  enough  to 
make  it  a  small  percentage  of  the  total.  That  shorter  tests  are 
unreliable  is  shown  by  the  diagrams  of  two  special  tests,  Figs. 
1  and  2.  In  these  tests,  from  the  start  to  any  one  of  these  end- 
ings may  be  considered  a  complete  test.  The  evaporation  per 
pound  of  coal  has  been  calculated  for  the  several  periods 
from  the  start  to  the  successive  closing  points,  and  these  per- 
formance values  are  plotted  against  the  elapsed  time,  that  is, 
the  durations  of  the  con-esponding  periods.  The  heavy  hori- 
zontal line  represents  the  average  evaporation  for  the  longest 
period.  The  vertical  distance  of  any  point  from  this  line  is 
the  error  in  the  calculated  rate  of  evaporation  which  would  re- 
sult from  closing  the  test  at  that  time.  Very  little  gain  in 
accuracy  is  secured  by  long  tests. 


control  of  boiler  OUTP0T 


The  output  of  a  boiler  during  a  test  may  be  controlled  in 
one  of  several  ways  or  it  may  be  allowed  to  varj'.  The  latter 
condition  reproduces,  strictly,  house  operation,  where  the  heat- 
ing load  is  uneven,  depending  on  wind  and  weather.  But  test- 
ing on  such  a  plan  would  be  very  unsatisfactory;  for  the 
duplication  of  a  test  would  be  a  matter  of  chance,  and  innum- 
erable experiments  might  be  necessary  to  produce  a  perform- 
ance curve  for  a  fair  range  of  output.  Some  control  is  desir- 
able, preferably  by  a  constant  and  accurate  method.  Con- 
densation in  radiators  or  piping,  the  amount  of  surface  that 
is  open  to  steam  being  regulated,  is  too  variable.  An  orifice 
of  some  kind  is  a  better  control.  However,  the  pressure  in 
the  boiler  is  not  even,  and  the  discharge  of  steam  directly 
through  a  certain  opening  would  not  be  uniform.  An  excel- 
lent arrangement  seems  to  be  to  maintain  a  pressure  of  2  lb. 
per  sq.  in.  in  a  receiver  by  an  automatic  pressure-reducing 
valve,  the  boiler  carrying'  3  to  8  lb.  The  discharge  from  the 
receiver  through  a  given  area  is  then  constant.  The  authors 
believe  that  a  tapering  needle  valve  is  more  satisfactory  than 
a  set  of  changeable  orifices,  as  it  facilitates  varjdng  the  load 
during  operation.  A  bank  of  valves  of  varying  size,  open- 
ing from  the  receiver,  is  another  convenient  and  suitable 
method  of  control.  The  exhaust  steam  may  be  used  to  warm 
the  feed  water  or  it  may  be  condensed  and  used  again. 

The  method  of  feeding  the  water  to  the  boiler  is  not  impor- 
tant provided  a  steady,  easily  controlled  flow  is  secm-ed.     The 
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measurement  of  boiler  output  may  be  made  either  before  or 
after  the  water  goes  to  the  boiler.  An  extremely  convenient 
method  is  to  draw  the  water  supply  from  a  tank  fitted  with  a 
long  gage  glass  and  scale.  The  level  is  quickly  noted  and  no 
"  weighing  back  "  is  necessary.  The  tank  should  be  carefully 
calibrated,  by  weighing,  over  the  entire  range  between  the  ex- 
treme levels  reached.  A  duplex  water-driven  pump  is  a  very 
convenient  device  for  feeding  the  boiler  wherever  city  water 
pressure  is  available. 

METHOD   OP   starting   TESTS  OP  HOUSE-HEATING  BOILERS 

The  authors  have  found  the  following  method  for  starting 
house-heating  boiler  tests  very  satisfactory.  A  preliminary 
fire  is  can'ied  until  the  boiler  is  well  heated  and  operating  at 
the  usual  pressure,  about  5  lb.,  and  the  load  at  which  the  test 
is  to  be  made.  When  conditions  are  considered  stable,  the 
preliminary  fire  is  allowed  to  bum  down,  the  pressure  begins 
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to  fall,  and  the  fire  is  shaken,  which  retards  the  pressure  drop 
temporarily;  but  soon  a  pronounced  fall  is  noticed.  The  fire 
is  now  thin,  clean,  burned-aut,  but  still  hot  enough  to  kindle 
fresh  fuel.  When  the  pressure  reaches  a  given  point,  perhaps 
3  lb.,  the  necessary  measurements  are  made,  including  a  care- 
ful determination  of  the  thickness  of  the  fuel  bed,  the  first 
charge  of  weighed  coal  is  fired,  and  the  test  is  considered 
started.  When  the  test  is  drawing  to  a  close  these  same  con- 
ditions are  readily  duplicated,  and  at  a  point,  after  shaking, 
when  the  pressure  falls  to  3  lb.,  the  test  is  concluded.  The 
ash  should  be  shaken  out  until  the  thickness  of  the  fuel  bed 
is  the  same  as  at  the  start.  The  events  outlined  are  charac- 
teristic, and  a  recording  pressure  gage  pictures  them  very 
clearly.  The  accompanying  diagram,  Fig.  3,  was  copied  from 
a  pressure  chart  made  during  an  actual  test.  The  periods  of 
falling  pressure  immediately  before  the  beginning  and  ending 
of  the  test,  as  well  as  before  each  firing,  are  quite  distinct. 


PROPOSED   UNIT  OF   CAPACITY    FOR   RADIATORS   AND   HEATING 
BOILERS 

The  capacity  or  commercial  rating  of  a  heating  boiler  has 
always  been  given  in  terms  of  the  direct  radiating  surface 
which  it  would  serve.  The  unit  usually  employed  is  the  "  foot 
of  radiation,"  commonly  understood  to  be  that  surface  which 
will  condense  a  quarter  of  a  pound  of  steam  per  hour  at  2  lb. 
pressure  when  in  still  air  at  70  deg.  fahr.  Originally  the  foot 
of  radiation  meant  a  square  foot  of  radiating  surface,  but  im- 
provements in  design  and  arrangement  enabled  manufacturers 
to  secure  this  condensation  with  less  surface,  and  consequently 
less  weight  of  iron.  The  result  has  been  a  variable  and  de- 
creasing value  in  square  inches  for  the  "  foot  of  radiation." 
In  fact,  the  unit  has  become,  as  it  should,  dependent  entirely 
on  condensation  of  steam,  which  means  a  heat  transfer,  rather 
than  on  any  particular  area  of  metal. 

If  the  unit  is  considered  as  a  certain  number  of  heat  units 
it  is  applicable  to  boilers  directly,  as  well  as  to  radiation. 
There  are  many  reasons  why  it  would  be  convenient  to  have  a 
capacity  unit  for  heating  boilers  comparable  to  the  capacity 
unit  for  power  boilers,  i.e.,  the  boiler  horsepower.  The  au- 
thors propose,  therefore,  the  following  definition  of  a  unit  for 
stating  the  capacity  of  radiators  and  heating  boilers: 

The  "  foot  of  radiation  "  shall  be  a  quarter  of  a  pound  of 
steam  condensed  from  and  at  212  deg.  fahr.  per  hour. 

This  is  equivalent  to  a  heat  transfer  of  242.6  B.t.u.  The 
condensation  of  a  quarter  of  a  pound  of  steam  at  2  lb.  pres- 
sure is  equivalent  to  241.5  B.t.u.  There  is,  therefore,  very 
little  change  in  the  heat  equivalent  of  the  unit.  Although 
there  is  no  direct  connection  between  the  unit  as  defined  above 
and  a  square  foot  or  any  particular  area  of  radiating  surface, 
yet  the  authors  favor  the  retention  of  the  old  name  for  the 
same  reason  that  boiler  horsepower  was  continued,  although 
that  unit  bears  no  relation  to  the  standard  horsepower. 

The  advantages  of  the  above  definition  of  the  "  foot  of  ra- 
diation "  are : 

a  The  heating-  and  power-boiler  capacity  units  are  based  on 
the  same  physical  conditions. 

h     They  are  mutually  convertible  by  the  factor  138. 

c  Radiation  is  rated  without  reference  to  surface,  so  that  effi- 
cient designs  and  arrangements  are  benefited. 

d  The  unit  is  applicable  to  hot-water  radiators  and  heaters 
by  determining  the  heat  transfer.  (The  result  may  be 
called  "  equivalent  feet  of  radiation  "). 


The  authors  recommend  that  radiator  tests  to  determine 
rating  be  made  with  steam  at  2  lb.  pressure  and  in  "  still  air  " 
at  70  deg.  fahr.,  and  suggest  that  boilers  under  test  be  op- 
erated at  from  3  to  8  lb.  pressure. 

PROPOSED  HOUSE-HEATING  BOILER  CODE 

[The  paper  proceeds  to  give  the  proposed  individual  code  for 
house-heating  boilers  to  be  used  in  conjunction  with  the  First 
Section  (General  Matters)  of  the  Report  of  the  Power  Test 
Committee  of  the  American  Society  of  Mechanical  Engineers. 
This  code  follows  closely  the  A.S.M.E.  boiler  code  of  1915, 
diti'ering  materially  only  in  the  paragi-aphs  dealing  with  the 


Fig.  3    Pressure  Chart  of  Test  op  a  House-Heating 
Boiler 

duration  of  tests,  the  method  of  starting  and  stopping  tests, 
and  the  calculation  of  results.  These  paragTaphs  are  given 
below.] 

duration 

The  duration  of  tests  to  determine  the  efficiency  of  a  house- 
heating  boiler  should  be  at  least  12  hours  of  continuous  run- 
ning, or  such  tame  as  may  be  required  to  burn  a  total  of  40 
lb.  of  fuel  per  square  foot  of  grate.  The  duration  of  tests 
which  include  periods  of  banked  fires  should  not  be  less  than 
24  hours.  The  duration  of  tests  to  determine  the  maximum 
evaporative  capacity  of  a  boiler  without  determining  the  effi- 
ciency should  not  be  less  than  3  hours. 

starting  and  stopping 

The  conditions  regarding  the  temperature  of  the  furnace  and 
boiler,  the  quantity  and  quality  of  the  live  fuel  and  ash  on 
the  gi'ates,  the  water  level,  and  the  steam  pressure,  should  be 
as  nearly  as  possible  the  same  at  the  end  as  at  the  beginning 
of  the  test. 
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To  secure  the  desired  equality  of  conditions  the  following 
method  should  be  emijloyed: 

The  furnace  should  be  well  heated  by  a  preliminary  run  of  at 
least  an  hour  under  all  the  conditions  at  which  it  is  proposed 
to  test.  A  suitable  pressure  tor  running  the  boiler  while 
under  test  is  from  5  to  8  lb.  During  this  run  the  operation 
of  the  pressure-reducing  valve  and  damper  control  should 
be  tested,  and  the  setting  of  the  output-control  valve  should  be 
verified.  The  fire  should  now  be  allowed  to  burn  low,  which 
will  result  in  a  falling  pressure.  When  the  pressure  reaches 
a  chosen  point  (3  lb.  is  recommended),  the  fire  should  be 
shaken  clear  of  ash,  the  thicliness  of  fuel  bed  noted,  the 
water  levels  in  boiler  and  feed  tank  recorded,  together  with 
steam  pressure,  draft,  flue  temperature  and  the  other  usual 
data.  The  first  charge  of  weighed  fuel  should  now  be  fired  and 
the  time  recorded  as  the  starting  time  for  the  test.  The  test 
should  be  ended  when  the  fire  has  burned  low  and  it  is  im- 
possible to  check  the  pressure  fall  by  shaking,  as  at  the  start. 
When  the  pressure  again  reaches  the  chosen  point  the  final 
readings  should  be  made,  the  ash  shaken  out  until  the  fire 
is  the  same  thickness  as  at  the  start,  and  the  time  recorded 
as  the  stopping  time.  It  is  advisable  to  regulate  the  feed 
so  that  the  water  in  the  boiler  is  brought  to  the  starting  level 
and  held  there,  toward  the  end  of  the  test.  All  ash  should 
be  removed  from  the  ashpit  immediately  after  the  fire  is 
shaken  down  at  the  beginning  of  the  test  and  again  at  the 
end.  The  second  lot,  with  any  that  may  have  been  drawn 
during  the  test,  should  be  carefully  weighed. 


CALCUL.iTION^   OF   RESULT.S 

The  method  to  be  followed  in  expressing  and  calculating 
those  results  which  are  not  self-evident  or  stated  in  detail  in 
the  Boiler  Code,  is  as  follows : 

The  capacity  of  the  boiler  in  "  feet  of  radiation  "  served  is 
found  by  dividing  by  242.6  the  total  heat  absorbed  per 
hour  by  the  water  in  the  boiler,  expressed  in  British  ther- 
mal units. 

THE  PROPORTIONING  OF  SURFACE 
CONDENSERS 

By   GEORGE    A.   ORROK,   NEW   YORK,   N.  Y. 
Member  of  the  Society 

DURING  the  discussion  of  my  paper  on  The  Transmission 
of  Heat  in  Surface  Condensation,'  I  was  asked  to  pre- 
sent formulae  covering  the  application  of  the  results  of  my 
experiments  to  the  design  of  surface-condensing  apparatus. 
Since  the  appearance  of  the  paper  there  have  been  a  number 
of  papers  on  allied  subjects  whose  authors  have  approached 
the  subject  from  a  somewhat  difl'erent  standpoint,  and  the 
conclusions  presented  have  been  of  \arying  character  and  use- 
fulness in  the  design  of  surface-condensing  apparatus.  Only 
one  author,  Loeb,"  has  presented  new  experimental  data  which 
can  be  used  for  checking  the  heat-transfer  constants,  but  con- 
siderable mathematical  work  has  been  done  along  the  line  of 
following  out  Jordan's  deductions  from  Osborne-Reynolds's 
statement  of  the  law  of  heat  transfer. 

I  propose  in  this  paper  to  discuss  the  state  of  the  art  of 
"  heat  transfer  in  surface  condensation,"  and  to  establish  de- 
sign foi-mute  for  use  in  proportioning  condensing  apparatus. 

THE    PHOBABLE    LAW    OF    TEMPERATURE    RISE 

The  law  of  temperature  rise  of  the  water  in  a  condenser 
lube  is  still  unknown.     My  own  tests  led  me  to  believe  that 
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this  law  departed  somewhat  from  the  logarithmic  law  as  stated 
by  Smith  and  Josse,  but  their  results  are  sufficiently  variant  to 
allow  for  a  slight  modification.  L«eb,  however,  has  presented 
a  set  of  tests  with  j^lotted  curves,  from  which  he  deduces  that 
the  law  is  of  the  exponential  form,  with  approximately  0.9  as 
the  exponent.  My  plotting  of  his  numbers  places  the  expon- 
ent nearer  0.8,  both  of  which  are  not  far  from  my  adopted 
figTire  of  0.875.  These  variations  are  not  of  prime  importance 
for  practical  design,  and  indeed  may  be  caused  by  the  appa- 
ratus used  in  the  making  of  the  experiments;  and  I  am  still  of 
the  opinion  that  we  may  use  N  =  K^°'^^  as  the  basis  of  our 
work,  A^  being  the  total  heat  transfer  per  sq.  ft.  per  hour  in 
B.t.u.,  6  the  temperature  difference,  and  K  a  constant  deter- 
mined by  experiment. 

VI.SCOSITY    NOT    AN    IMPORTANT    FACTOR    IN    DESIGN 

It  has  been  stated  in  London  Engineering  (Jan.,  1914)  that 
the  extreme  variation  in  the  results  of  heat-transfer  experi- 
ments has  been  caused  by  a  neglect  of  the  variation  due  to 
the  viscosity  of  the  water,  and  quite  an  extended  argument 
was  given  to  show  that  some  of  these  experiments  were  recon- 
ciled when  the  correction  was  applied.  Wilson  has  carried 
this  method  to  its  logical  conclusion  in  his  paper,  A  Basis  for 
Rational  Design  of  Heat-Transfer  Apparatus,'  lately  pre- 
sented to  the  Society.  Our  work  in  the  design  of  surface 
condensers,  however,  is  mainly  concerned  with  a  very  small 
variation  in  temperature,  the  upper  limit  of  which  is  fixed 
by  the  vacuum  carried  at  somewhere  between  80  and  90  deg. 
fahr.,  while  the  lower  Umit  in  America  is  between  65  and  70 
deg.,  and  in  Europe  perhaps  a  few  degi'ees  lower — in  all  a 
variation  of  perhaps  20  deg.  In  the  winter  we  can  carry 
good  vacuums  with  low  heat  transfer  and  our  troubles  are 
few,  but  the  problem  is  the  summer  problem,  and  here  the 
difference  in  viscosity  is  small.  iVs  a  matter  of  fact,  I  believe 
Osborne-Reynolds's  straight-line  law  does  not  apply  where 
there  is  a  chang'e  of  state  at  either  side  of  the  metallic  surface. 
Observers  making  use  of  this  hypothesis  have  been  frequently 
misled  by  the  bunching  of  the  results  in  the  condenser  range, 
with  the  consequent  spreading  of  the  results  outside  this 
range.     This  may  be  seen  in  Fig.  8  of  Wilson's  pa|ier. 


CRITICAI.    VELOCITIES    NEED    NOT    BE    CONSIDERED 

There  has  been  considerable  comment  on  the  effect  of 
stream  flow  and  turbulent  flow  on  the  heat  transmission,  and 
as  there  is  a  marked  change  in  the  friction  characteristics  be- 
tween the  two  states  of  flow,  the  conclusion  has  been  drawn 
that  there  will  be  a  similar  effect  on  the  heat-transmission 
characteristics.  Osborne-Reynolds  investigated  this  subject 
and  gave  formulae  for  the  critical  velocities.  He  finds  two 
critical  velocities,  the  lower,  which  we  may  call  Fc,  below  which 
all  motion  is  stream-line  and  if  disturbed  artificially  will  re- 
turn to  stream-line  flow;  and  an  upper  critical  velocity,  F„, 
above  which  all  motion  is  turbulent.  Between  the  two  is  a 
field  in  which  stream-line  motion  may  be  maintained  if  no  arti- 
ficial causes  upset  it,  or  turbulency  may  be  set  up  and  will 
maintain  itself  when  so  started.  He  gives  formulae  for  these 
two  \elocities,  which,  follownig  Parker,  are 

0.0;i8S  P  0.2458  P 
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where  D  is  the  iuternal  diameter  of  the  tube  in  feet  and  P  is 
Poisseuille's  ratio,  i.e.,  the  ratio  between  the  viscosity  and 
density  of  the  water.  If  the  values  of  i;  =  viscosity  and  5  = 
density  be  taken  in  C.G.S.  units. 


P  =  56.2  g 


=  1.000  at  0  deg.  cent. (32  deg.  fahr.) 
=  0.734  at  10  deg.  cent. (50  deg.  fahr.) 
=  0.455  at  30  deg.  cent. (86  deg.  fahr.) 


This  agrees  with  Osborne-Reynolds's  value,  which  is 

1 
P  = 


1  +  0.0336  T  +  0.000221  r 


where  T  is  the  temperature  in  centigrade  degrees  (not  the 
absolute  temperature,  as  stated  in  Wilson's  paper).  The 
table  of  correction  factors  in  Wilson's  paper  may  be  used  as 
a  table  of  P  by  multiplying  the  correction  factors  by  0.625, 
thus  correcting  the  values  to  32  deg.  fahr.  The  critical  veloc- 
ities for  a  l-in.  No.  18  B.  W.  G.  condenser  tube  will  then  be  as 
follows,  T  being  the  mean  temperature  of  the  water: 

Tdeg. 

fahr.  40  SO  60          70          80  90  100  115  130  150 

Vf 0.50  0.422  0.362  0.318  0.278  0.25  0.224  0.192  0.166  0.14 

V: 2.84  2.400  2.060  1.810  1.580  1.42  1.270  1.090  0.945  0.80 

In  condenser  practice  and  in  most  of  the  apparatus  for  heat- 
transfer  e.xperiments  it  is  nearly  certain  that  the  flow  is  turbu- 
lent above  T'e.  Velocities  from  6  to  10  ft.  per  see.  are  the 
common  range  in  modern  surface  condensers,  so  that  in  every 
practical  case  tlie  critical  velocity  need  not  be  considered. 


CONDITION.S    DETERMINING    THE    VALUE    OF    THE    COEFFICIENT    K 

Surface-condensing  apjaaratus  is  never  tested  to  the  capac- 
ity of  the  surface  to  transfer  heat,  and  Gibson  and  Bancel ' 
have  shown  this  in  their  characterizing  the  "  active  "  and  "  in- 
active "  zones  in  a  surface  condenser.  The  condenser  must  be 
designed  for  the  maximum  load  that  may  be  put  on  it  when 
the  entering  water  is  at  its  maximum  temperature,  and  addi- 
tional surface  must  be  installed  as  a  factor  of  safety  against 
dirty,  oxidized  tubes  and  the  presence  of  undue  amounts  of 
air.  The  depression  of  the  hot-well  temperature  below  the 
vacuum  temperature,  a  well-marked  phenomenon  in  many  con- 
densers, may  be  eliminated  by  good  design,  and  many  tests  by 
careful  investigators  have  been  reported  in  which  the  depres- 
sion was  zero.  Certain  designs  of  the  dry-tube  type  may  give 
hot-well  temperatures  somewhat  higher  than  the  average  tem- 
perature in  the  condenser.  The  hot-well  depression  is  espe- 
cially marked  where  drowned  lower  tubes  are  used. 

Neilson  and  others  have  objected  to  conclusion  {h)  in  my 
1910  paper  that  the  heat  transmission  is  approximately  pro- 
portional to  the  square  root  of  the  cooling-water  velocity. 
Within  the  condenser  range  the  experiments  may  perhaps  be 
better  represented  by  KVy,""  instead  of  KVJ'.  Weir  (Trans. 
I.E.S.S.),  in  his  paper  read  Oct.  22,  1912,  gives  a  curve  for  the 
relation  of  U  to  T'w  for  design  purposes.  The  curve  corre- 
sponds very  closely  to  17  =  250  VJ' '',  the  maximum  variation 
being  less  than  2  per  cent.  It  is  possible  that  a  closer  agree- 
ment might  be  secured  by  using  more  figures  in  the  exponent, 
but  such  a  procedure  is  hardly  necessary,  as  probably  we  have 
already  exceeded  the  accuracy  of  our  experimental  apparatus. 
The   effect   of   air   in   reducing   heat   transmission    has   been 


shown  in  my  1912  paper,'  and  a  term  introducing  the  second 
power  of  the  pressure  ratios  recommended  to  allow  for  it  in 
.design.  This  subject  is  still  unsettled  and  will  remain  so  until 
Smith's  experiments  are  repeated  on  a  proper  scale,  with 
known  amounts  of  air  present  in  the  condenser.  We  may  say 
that  the  term  {PjPxY  represents  the  reduction  of  heat  trans- 
mission by  air,  with  a  possible  variation  of  10  per  cent.  The 
ditBculty  is  in  obtaining  a  figure  for  the  amount  of  air  present 
and  its  temperature.  The  use  of  the  air  bell  enables  the  0|)er- 
ating  man  to  keep  his  leakage  down  to  the  minimum,  and 
where  water-jet  air  pumps  are  used  the  addition  of  the  testing 
dry  vacuum  pump  and  air  bell  will  usuallj'  pay  for  them- 
selves in  a  very  short  time. 

The  attempt  to  find  a  better  tube  material  than  Admiralty 
brass  has  failed,  and  the  standard  tube  today  is  a  heat-treated 
Admiralty-mixture  tube  whose  material  coefficient  is  0.98. 
This  coefficient  can  now  be  neglected.  A  number  of  experi- 
ments with  dirty  and  oxidized  tubes  have  been  made,  but  since 
it  is  jiossible  to  clean  a  tube  by  mechanical  means  and  secure 
the  original  heat  transmission,  the  cleanliness  coefficient  may 
be  also  neglected  in  design  and  only  used  in  checking  up  a 
condenser  test  where  allowance  must  be  made  for  a  dirty  tube 
condition.' 

Assuming  that  I  had  practically  air-free  steam  in  the 
experimental  apparatus  and  clean  tubes,  the  value  of  K  is 
W^/F„°"  =  470.  The  value  630  given  in  my  paper  was 
arrived  at  by  assuming  an  air  pressure  of  about  0.065  in.  of 
mercury.  If  the  air-term  influence  be  taken  to  the  second 
power,  K  —-  570.  In  both  eases  90  per  cent  cleanliness  and 
0.98  for  material  were  assumed. 

We  know  that  the  results  of  single-tube  experiments  may  be 
approached  in  real  condensers,  and  the  closer  the  approach 
when  the  condenser  is  supplied  with  sufficient  steam  the  better 
the  performance  of  the  condenser.  We  know  that  they  never 
can  be  approached  with  light  loads  or  with  colder  water,  be- 
cause only  so  much  heat  is  transferred  as  is  present.  This 
definitely  prevents  the  use  of  Jordan's  "  mass  flow  "  formulae 
or  the  electric  resistance  simile.  These  hypotheses  can  only  be 
true  where  no  change  of  state  takes  place,  and  this  condition 
is  entirely  foreign  to  heat  transfer  as  met  with  in  condenser 
practice. 

We  may  now  put  down  the  following  principles: 

a  The  law  of  temperature  rise  in  the  tube  is  of  the  exponen- 
tial form,  with  0.875  =  %  (0.9  or  0.8,  perhaps)  as  the 
exponent. 

b  We  may  neglect  viscosity  for  design  purposes  in  America 
where  the  water  temperature  is  65  to  70  deg.  fahr. 
and  the  vacuum  28  in.  and  over. 

c  We  may  also  neglect  critical  velocity,  since  all  condenser 
velocities  are  far  above  it. 

d  For  velocities  in  condenser  practice  we  may  take  K  as 
varying  as  the  0.6  power  of  the  velocity. 

e  The  reduction  in  heat  transmissive  power  due  to  air  is  vei-y 
approximately  covered  by  the  use  of  a  term  {PJPtY  as  a 
reducing  factor  of  K. 

f  For  design  work  we  may  reduce  the  value  of  K  once  for 
all  to  account  for  the  cleanliness  of  the  tube  and  the  mate- 
rial itself. 

</  The  value  of  K  will  then  be  reduced  to  somewhere  between 
300  and  400  for  design  purposes,  say  325  for  average 
good  working. 
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CONDENSER  DESIGN 


THE   author's    method 


Condenser  specifications  usually  call  for  the  condensation  of 
a  certain  amount  of  steam  per  hour,  TF  (lb.),  and  the  mainte- 
nance of  a  vacuum  referred  to  standard  barometer  or  absolute 
pressure,  Py,  with  condensing  water  at  a  certain  temperature, 
t„.  The  quantity  of  condensing  water,  Q,  the  hot-well  tempera- 
ture, <s,  the  power  used  by  the  auxiliaries  and  the  steam  con- 
sumption of  the  auxiliaries  may  be  also  specified,  but  the  prob- 
lem is  reasonably  determinate  when  W,  P,.,  and  t„  are  known. 
It  is  important  that  the  place  of  measurement  of  the  vacuum 
Pv  be  specified,  as  there  is  a  well-defined  drop  through  most 
condensers,  the  vacuum  being  greatest  at  the  air-pump  suction, 
less  in  the  condenser,  and  least  at  the  prime-mover  nozzle. 
This  drop  may  amount  in  well-designed  condensers  to  0.2  in. 
of  mercury.  The  specified  vacuum  should  be  measured  at  the 
prime-mover  nozzle,  and  the  designer,  according  to  his  judg- 
ment, will  then  allow  0.1  to  0.2  in.  for  the  drop  in  the  con- 
denser. 

The  absolute  pressure  in  the  condenser  will  then  be  29.92  — 
(vacuum  -j-  0.2  in.)  =  Pv.  The  steam  tables  may  now  be  con- 
sulted and  ts  the  temperature  corresponding  to  the  vacuum, 
X  =  the  total  heat  and  q  =  the  heat  of  the  liquid  be  taken 
therefrom.  The  final  temperature  of  the  condensing  water  ap- 
proaches ts,  and  for  close  work  may  be  t,  =  t,  —  5°.  In  or- 
dinary practice,  t^  =  t^  —  7°,  or  in  some  cases  8°  or  10°.  The 
ratio    of    condensing   water    to    steam    condensed,    which    is 


R 


I 


,  may  next  be  found.     Many  designers  consider  it 


close  enough  to  use  1000  for  X  —  3,  on  account  of  the  moisture 
in  the  exhaust  steam,  and  some  few  use  968.  I  prefer  to  use 
X  —  q  not  on  account  of  its  accuracy  but  as  a  slight  factor  of 
safety.  Q,  the  quantity  of  condensing  water  =  JVB  in  lb.  per 
hour. 

At  this  point  the  size  and  thickness  of  the  condenser  tubes 
as  well  as  the  water  velocity  must  be  chosen.  Most  of  the 
large  installations  in  Eastern  United  States  use  1-in.  tubes  on 
account  of  bad  water  conditions,  although  it  has  been  stated 
that  smaller  tubes  are  more  efficient  (vide  Weighton,  Neilson, 
and  Weir).  There  are  no  definite  experiments  to  decide  this 
point,  although  from  Loeb's  work  on  %-in.  tubes  we  may  de- 
duce a  value  of  K  =  600  against  K  =  470  for  my  experiments 
on  a  1-in.  tube.  Nevertheless,  it  is  doubtful  if  anything  is 
saved  by  the  use  of  anything  smaller  than  %-in.  when  the 
pumping  head  is  considered,  li/4-in.  tubes  have  also  been  used, 
but  the  consensus  of  opinion  seems  to  be  that  a  1-iu.  tube  can 
be  cleaned  better,  keeps  in  good  condition  longer,  and  can  be 
made  better  than  either  smaller  or  larger  tubes.  Let  us  take 
1-in.  tubes,  No.  18  B.W.G.,  as  standard.  The  formulae  may 
readily  be  altered  for  other  sizes  of  tubes  when  the  constants 
are  known. 

With  1-in.  tubes  velocities  from  7  to  10  ft.  jier  sec.  are  now 
usual.  We  may  take  8  ft.  per  sec,  as  the  standard  value  for 
F„. 

The  number  of  1-in.  tubes  in  one  pass  will  be  given  by  the 
formula 

Q 

990  V,' 

The  length  of  water  travel  (/),  or  the  total  tube  length,  may 
be  found  from 


1  = 


30.8  § 


[(«s  — «J°-^-(^-«,)°"^] 


325  F/-°w 

and  the  total  tube  surface  S  from 

S  =  0.262  nl 

With  1-in.  tubes  from  40  to  80  will  occupy  1  sq.  ft.  of  tube- 
plate  area,  depending  on  the  spacing  and  general  design.  The 
average  will  be  about  60,  making  the  cross-sectional  area  of 
the  condenser  (sq.  ft.)  equal  to  {n  X  number  of  passes)  -^60. 
If  there  are  two  passes  the  length  of  the  condenser  will  be 
L  =  %i  -\-  depth  of  water  boxes. 


BEST  TUBE  LENGTHS  AND  TEMPERATURE  RISES 

The  paper  here  gives  the  condenser  formulae  proposed  by 
Neilson  in  his  paper  read  before  the  Institution  of  Engineers 
and  Shipbuilders  of  Scotland,  together  with  those  published 
in  Morrow's  Steam  Turbine  Design,  and  in  Bauer  and  Lasche's 
Marine  Steam  Turbines.  These  writers  use  the  arithmetical 
mean  for  the  mean  temperature  difference.  Neilson  says, 
"  Equations  for  6m  involving  the  use  of  hyperbolic  logarithms 
are  not  to  be  recommended  for  condenser  design,"  the  reason 
being  that  the  steam-air  mixture  in  the  condenser  is  not  homo- 
geneous. Weighton,  upon  whose  experiments  Morrow's  work 
is  largely  founded,  did  not  consider  6  at  all  in  his  paper. 
Many  other  authorities  follow  this  rule  also,  and  I  must  ac- 
knowledge this  position  to  be  eoiTect  providing  that  equal  in- 
crements in  the  temperature  rise  of  the  water  in  the  con- 
denser tube  accompany  equal  increments  of  length.  The  tests 
of  Smith  and  Josse  as  well  as  my  own  have  definitely  proved 
that  this  is  not  so.  Thermometei-s  placed  in  the  water  boxes 
of  any  two-  or  three-pass  condenser  will  also  show  this  fact 
very  plainly. 

Now  for  each  curve  of  temperature  rise  except  the  arithmetic 
there  is  a  definite  relation  of  l/d  which  is  best  for  any  given 
condition.  Under  the  arithmetical  law  any  values  of  d,  n,  and 
I  which  will  give  the  necessary  surface  should  be  equally  effi- 
cient, and  10  tubes  100  ft.  long  should  work  as  well  as  1000 
tubes  1  ft.  long  from  the  heat-transfer  standpoint. 

The  differences  between  the  logarithmic  law  and  the  ex- 
ponential with  an  exponent  between  0.9  and  0.8  are  quite 
small,  but  the  length  of  the  tube  required  by  the  formulae 
is  considerably  shorter  using  the  logarithmic  formula.  These 
length  formulae  may  be  derived  from  the  expressions  for  S 
given  in  the  fourth  column  of  the  table  on  p.  1152,  vol.  32, 
Trans.  Am.Soc.M.E. 

Taking  the  steam  temperature  t^  at  90  deg.,  the  entrance 
water  temperature  t^  at  70  deg.,  and  the  discharge  at  80  deg., 
with  a  water  velocity  of  8  ft.  per  sec.  and  1-in.  tubes,  I  figure 
the  best  tube  lengths  and  temperature  rises  as  follows: 

Tube  Length,  Ft.  Rise  in  Deg.  Fahr. 

Arithmetical   Law 23.2  0.4310  deg.  per  ft.  of  tube 

Logarithmic  Law 24.0  0.4918  deg.  in  first  foot 

Exponential     Law     (expo- 
nent =  0.875) 26.8  0.5624  deg.  in  first  foot 

It  is  to  be  hoped  that  some  investigator  will  definitely  settle 
this  question  on  which  so  much  in  condenser  design  depends. 

The  paper  gives  a  logarithmic  chart  for  the  ready  determina- 
tion of  such  fractional  and  decimal  powers  of  numbers  as  are 
called  for  by  the  formulae  given. 
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WATER  FOE  STEAM  BOILERS— ITS  SIG- 
NIFICANCE AND  TREATMENT 

By   ARTHUR  C.   SCOTT,  DALLAS,  TEX. 
Member   of   the   Society,   and 

J.  R.  BAILEY,'   AUSTIN,  TEXAS 
Non-Member 

IN- recent  years  the  value  of  a  critical  analysis  of  production 
costs  and  operating  efficiencies  has  become  prominent  in 
the  business  of  manufacturing,  and  since  water  is  necessary 
for  the  operation  of  nearly  every  industrial  establishment,  its 
quality  is  receiving  more  attention  than  formerly.  The  plant 
owner  is  rapidly  modifying  his  views  heretofore  concerned 
only  with  the  available  quantity,  because  of  the  important 
factor  in  the  operating  cost  due  to  the  use  of  water  unsuited 
to  the  service  required.  This  is  especially  significant  in  steam 
making. 

No  general  source  of  water  supply,  whether  lakes  or  ponds 
of  surface  water,  rivers,  or  wells  of  varying  depth,  is  free 
from  impurities  obtained  either  from  filtration  through  the 
earth  or  from  the  air,  or  from  both. 

Water  from  lakes  or  large  reservoirs  is  ordinarily  most  sat- 
isfactory «f  or  boilers,  since  it  is  chiefly  rain  water  and  surface 
drainage,  and  the  suspended  matter  has  had  opportunity  to 
settle.  Under  conditions  of  a  long  drought,  however,  as  the 
reservoir  capacity  is  reduced,  the  oi-ganic  matter  from  algal 
growth  and  other  sources  may  have  an  appreciable  effect  upon 
the  quality  of  the  water. 

River  water  is  more  or  less  variable  in  character,  depending 
upon  the  location  and  extent  of  the  watershed  or  drainage 
basin  and  upon  the  rainfall.  Slow-moving  rivers  may  carry 
a  large  amount  of  mud,  some  of  which  settles  out  readily,  while 
the  red  or  yellow  mud  will  generally  remain  in  susjiension  a 
long  time  unless  some  coagulant  like  sulphate  of  alumina  is 
used.  A  river  frequently  picks  up  considerable  organic  mat- 
ter, which  by  decomposition  forms  organic  acids  that  corrode 
boiler  metal.  The  character  of  the  drainage  area  of  a  river 
will  affect  the  character  and  content  of  dissolved  mineral  mat- 
ter in  the  water,  and  this  will  vary  more  or  less  with  the  sea- 
son of  the  year  and  may  vary  from  day  to  day  part  of  the 
time. 

Well  water  varies  in  quality  with  the  location  and  depth 
of  well  and  with  the  rainfall.  Water  from  deep-well  sources 
is  usually  low  in  organic  matter  but  contains  mineral  constitu- 
ents dissolved  by  the  water  in  passing  through  the  eai-th. 

BOILER    FAILURES    AND    LOSSES    DUE    TO    SCALE 

Reports  show  an  increased  number  of  dangerous  defects  in 
boilers  from  year  to  year  due  to  scale,  corrosion,  jiriming,  etc. 
Aside  from  the  dangerous  condition  of  a  "  scaly  "  boiler,  scale 
also  means  fuel  waste,  ranging  according  to  the  thickness  from 
2  per  cent  for  1/64  in.  thickness,  to  90  per  cent  for  %  in.  as 
a  general  average. 

Other  troubles  through  scale  are  clogged  feed  pipes  and 
water-  and  steam-gage  connections,  and  valves  prevented  from 
completely  closing. 


'Professor  of  Organic  Chemistry,  University  of  Texas. 
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WATER-SOFTENING    PROCESSES 

The  common  methods  of  reducing  scale  troubles  are : 

a  two  types  of  cold  processes  for  the  actual  softening  of 
water :  the  intermittent  originating  with  Clark  in  1841 
and  the  continuous  invented  about  1867 

b     the  hot  process 

c    live-steam  purifiers 

(/     boiler  compounds 

For  very  large  plants  where  several  hundred  thousand  gal- 
lons per  day  are  used,  a  considerable  expenditure  is  justified 
for  tanks  and  mechanical  equipment  for  the  cold  process  of 
purification,  which  is  fundamentally  a  treatment  of  the  water 
with  proper  amounts  of  milk  of  lime  and  soda  ash.  These 
cold  processes  perform  their  chief  service  in  softening  water 
for  locomotives  and  in  large  plants  where  water  is  used  in 
considerable  quantities  in  connection  with  jet  or  barometric 
condensers,  or  where  it  must  be  softened  for  other  purposes 
than  boiler  feed  alone. 

The  hot  process  is  particularly  desirable  for  plants  where 
exhaust  steam  is  available.  Purification  of  the  water  is  partly 
obtained  by  heating  to  the  approximate  boiling  point,  but 
sufficient  soda  ash  is  added  to  satisfy  the  alkaline  earth  sul- 
phates and  chlorides  and  any  acid  present.  The  essentials  are 
heat  and  soda,  and  the  whole  scheme  is  virtually  embraced  in 
the  ordinary  operation  of  an  open-type  feed-water  heater,  with 
the  introduction  of  soda  ash  into  the  hot  water. 

Live-steam  purifiers  are  useful  as  partial  purifiers,  but  are 
always  subject  to  boiler  pressure,  waste  some  heat,  must  be 
placed  higher  than  the  boiler  level,  and  frequently  give  trouble 
from  water  hammer. 

Boiler  compounds  are  more  or  less  palliative  in  their  action 
and  produce  results  by  (a)  acting  as  chemical  reagents  com- 
bining with  the  scale-forming  impurities,  breaking  them  up 
and  precipitating  them  as  sludge;  (b)  acting  mechanically  on 
the  precipitated  scale-forming  matter  and  entrapping  it  as  it 
is  precipitated  from  solution  before  it  has  formed  a  hard,  ad- 
herent scale.  Examples  of  materials  in  use  under  (a)  are  soda 
ash,  caustic  soda,  trisodium  phosphate,  sodium  fluoride,  and 
compounds  of  tannin;  and  under  (b)  gelatinous  or  starchy  ma- 
terials, such  as  ground  bones,  hoofs,  horns,  sliisiDery  elm,  and 
potatoes. 

Boiler  compounds  are  to  be  lecommended  for  use  only  in 
small  plants  whose  capacity  will  hardly  justify  arrangements 
to  purify  the  water  before  it  enters  the  boiler.  The  steam 
boiler  should  be  used  primarily  for  generating  and  storing 
steam  energy,  not  as  a  precipitating  tank.  If  it  must  be  used 
partly  as  the  latter,  it  is  most  economical  to  have  the  feed 
water  analyzed,  and  the  character  and  amount  of  chemical  re- 
agents determined  to  effect  the  necessary  purification.  These 
reagents,  of  definite  strength  and  known  amount  properly 
proportioned  for  the  conditions,  should  be  pumped  in  with 
the  feed  water  as  it  passes  into  the  boiler. 


BLOWING  OFF  BOILERS 

The  main  factors  in  ordinary  boiler-water  purification  are 
heat,  soda  ash  and  blowing  off,  with  possible  filtration  when 
this  can  be  arranged,  as  is  sometimes  done  with  the  hot  process. 
The  blowing  off  is  important.  It  should  be  done  under  low 
pressure  to  be  effective  in  carrying  out  the  sludge  and  to  re- 
duce the  boiler  stresses  coincident  with  rapid  blomng  under 
high  pressure.     If  it  must  be  done  under  high  pressure,  the 
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valves  should  only  be  "  cracked  " :  otherwise  only  a  small  part 
of  the  sediment  will  be  carried  out,  because  the  vortex  or 
whirlpool  formed  draws  down  clear  water,  leaving  the  main 
body  of  the  sludge  intact. 

Undoubtedly  some  of  the  troubles  recorded  as  due  to  scale- 
forming  water  are  really  attributable  to  the  disregard  of 
proper  methods  of  blowing  off,  and  to  the  pumping  in  of  cold 
water,  thereby  overstraining  the  boiler  material. 

-  KEKOSENE  FOR   SCALE  TROUBLE.? 

The  success  of  kerosene  oil  in  removing  and  preventing  scale 
is  undoubtedly  due  to  mechanical  action  alone.  To  be  effec- 
tive the  oil  should  be  put  in  after  the  boiler  is  emptied  and 
washed,  and  the  boiler  should  be  retilled  slowly  from  the  bot- 
tom. It  is  useless  to  pum])  the  kerosene  in  with  the  feed 
water,  for  it  may  tend  to  form  a  non-conducting  film  over  the 
heating  surfaces  that  will  introduce  an  element  of  danger. 

BOILER  TROUBLES  CAUSED  BY  CORROSION 

The  trouble  due  to  corrosion  of  sheets,  tubes,  stays,  etc.,  is 
in  some  cases  more  acute  than  ever  occurs  with  scale.  Car- 
bonic acid  gas,  occluded  oxygen,  and  sodium  and  magnesium 
chlorides  are  the  most  frequent  offenders,  and  the  chlorides  are 
so  difficult  to  remove  that  the  cost  is  practically  prohibitive. 

Corrosion  due  to  the  chloride  ingredients  is  particularly  de- 
structive to  steel  boiler  tubes,  hot-water  piping,  and  brass- 
seated  valves.  Galvanized  steel  pipe  is  not  immune,  because 
any  defect  in  the  zinc  coating  permits  local  galvanic  action, 
with  consequent  rapid  destruction  of  the  zinc  coating.  Water 
with  as  much  as  500  parts  to  a  million  of  these  chlorides,  espe- 
cially when  hot,  is  destructive  to  steel  pipe  and  fittings. 

Waters  are  frequently  both  scale-forming  and  corrosive; 
usually  a  water  having  a  corrosive  tendency  will  be  more  or 
less  scale-forming.  Caustic  or  carbonate  alkalies  or  caustic 
lime  act  as  neutralizing  agents  for  corrosive  ingredients,  but 
must  be  carefully  handled  or  the  scale-forming  matter  wUl  be 
increased.  Their  use  should  be  confined  to  treatment  of  the 
water  outside  the  boiler  if  possible. 

BOILER   TROUBLES    DUE    TO    FOAMING    OE   PRIMING 

Boiler  troubles  due  to  foaming  or  priming  apparently  de- 
pend largely  upon  the  concentration  of  alkali  salts  in  the  wa- 
ter, although  silt,  organic  matter,  loosened  scale,  lubricating 
oil,  character  of  load  and  design  of  boiler  all  have  an  appre- 
ciable bearing  upon  this  phenomenon. 

Surface  blowing  is  a  remedy  where  it  can  be  applied,  and 
usually  the  jjroper  use  of  the  main  blow-oft'  will  reduce  the 
concentration  of  salts  in  the  boiler. 

There  are  many  natural  waters  of  sufficient  alkali  content 
to  produce  immediate  foaming  whenever  the  pressure  at  the 
surface  of  the  water  in  the  boiler  is  relieved  by  the  sudden  and 
large  use  of  steam.  As  there  is  no  chemical  treatment  that 
will  precipitate  alkalies  from  solution,  such  waters  are  to  be 
rejected  for  boiler  use. 

WATER    TREATMENT 

CHEMICAL   PROCEDURE    IN    WATER   SOFTENING 

Excepting  waters  containing  hydrogen  sulphide,  all  natural 
waters  contain  the  same  ingredients.     The  analytical  chemist 


makes  the  same  determinations  in  the  same  way  on  every 
sample  of  water  which  he  investigates,  unless  the  water  con- 
tains liydrogen  sulphide.  He  determines  silica,  iron  oxide, 
and  alumina,  together  with  the  following  important  basic  and 
acid  ions : 

Basic  Ions  (B)  Acid  Ions  {A) 

Potassium  and  Sodium  Chlorine 

Magnesium  Carbonic  acid 

Calcium  Sulphuric  acid 

Were  it  possible  to  make  all  the  determinations  without  ex- 
perimental error,  the  basic  ions  (B)  would  be  found  present 
in  just  the  right  amount  to  combine  with  the  acid  ions  (A), 
forming  "  salts."  Chemists  universally  regard  the  ions  as  the 
form  in  which  salts  exist  in  solution,  but  engineers  are  more 
accustomed  to  water  analyses  expressed  in  the  form  of  salts. 
When  so  given  the  nature  and  amount  of  chemical  treatment 
necessary  for  softening  water  are  very  clearly  shown. 

In  the  discussion  of  boiler  waters  it  is  well  to  divide  the 
salts  present  into  (1)  the  alkali  salts,  that  is,  the  salts  of  po- 
tassium and  sodium,  and  (2)  the  calcium  and  magnesium  salts. 
The  alkali  salts  do  not  crystallize  out  under  the  conditions 
attained  in  the  boiler,  and  therefore  cannot  produce  scale. 
Apart  from  the  small  amount  of  silica,  oxide  of  iron,  and 
alumina,  the  scale  formed  in  boilers  is  due  entirely  to  calcium 
and  magnesium  salts.  These  are  commonly  spoken  of  as  con- 
stituting the  hardness  of  water,  and  it  is  customary  to  divide 
hardness  into  two  kinds — temporary  and  i>ermanent. 

HARDNESS    IN    WATER    AND    ITS   REDUCTION 

The  combined  bicarbonates  of  magnesium  and  calcium  con- 
stitute temporary  hardness,  while  the  other  salts  of  magnesium 
and  calcium  constitute  permanent  hardness.  Temporary  hard- 
ness can  always  be  expected  in  river,  spring,  and  well  waters, 
but  a  great  many  waters  do  not  possess  jiermanent  hardness. 
^Vaters  with  less  than  8  grains  per  gallon  of  scale-forming 
material  are  considered  very  good:  8  to  1.5  grains  good;  15  to 
20  fair;  20  to  30  poor;  30  to  40  bad,  and  over  40  very  bad. 
Scale  due  principally  to  temporary  hardness  will  deposit  as 
a  loose  sludge,  readily  blown  oft'.  Where  the  ratio  of  perma- 
nent to  temporary  hardness  exceeds  1  to  4,  the  scale  will  be 
hai'd,  cement-like,  and  very  adhesive  to  boiler  metal. 

Water  treatment,  or  softening,  removes  the  gi-eater  part  of 
the  calcium  and  magnesium.  The  bicarbonates  are  removed 
practically  altogether,  but  of  the  sulphates  and  chlorides  the 
calcium  and  magnesium  are  removed  and  the  SO^  and  CI  left 
in  the  water.  As  an  equilibrium  must  exist  between  the  basic 
and  acid  ions,  other  basic  ions  must  be  substituted  by  adding 
soda  ash. 

When  water  is  softened  outside  the  boiler  and  the  sludge 
removed  by  sedimentation  and  filti'ation  before  the  water  en- 
ters the  feed-water  heater,  the  chemicals  used  in  the  treat- 
ment are  either  lime  alone,  or  lime  and  soda  ash.  If  the  lime 
and  magnesium  are  pi'esent  as  temporary  hardness  alone,  that 
is,  as  bicarbonates  with  the  sulphates  of  these  bases  absent, 
lime  suffices  for  the  chemical  treatment.  If  either  the  mag- 
nesium or  both  the  magnesium  and  calcium  are  present  in 
other  salts,  the  lime  treatment  must  be  supplemented  by  soda- 
ash  treatment.  No  chemicals  other  than  lime  and  soda  ash 
are  used  under  ordinary  conditions  in  water  softening.  There 
are  others  that  would  do  the  work  more  efficiently,  but  their 
cost  precludes  their  use. 

The  paper  here  gives  the  chemical  calculations  entering  into 
water  softening,  including  those  for  the  reactions  and  the 
(Quantities  of  the  reagents  necessary  for  softening  a  given  water. 
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CHEMICAL    CONTROL    IX    WATER    SOFTENIXG 

No  matter  what  the  patent  features  of  a  water-softening 
system  may  be,  it  is  impossible  to  regulate  automatically  the 
feed  of  chemicals  to  compensate  fluctuations  in  the  scaling  in- 
gredients of  the  water.  The  best  results  can  be  obtained  only 
by  controlling  with  cliemical  tests  the  successive  batches  of  wa- 
ter treated.  They  require  the  use  of  standard  acid  in  connec- 
tion with  two  indicators,  phenol-phthalein  and  methyl  orange 
with  the  use  of  a  standard  soap  solution. 

The  paper  here  gives  a  list  of  apparatus  needed  and  direc- 
tions for  performing  tests  for  hardness,  causticity  and  alka- 
linity. The  operator  in  a  softening  plant  very  soon  learns 
how  to  make  use  of  the  knowledge  obtained  from  these  tests 
in  producing  a  satisfactory  boiltr-feed  water. 

CORROSION  AND  FOAMING 

Pittuig  and  corrosion  in  boilers  are  frequently  due  to  mag- 
nesium chloride  and  less  often  to  calcium  chloride.  Either  of 
these  salts  is  very  pernicious  in  that  on  hydrolysis  it  produces 
free  hydrochloric  acid.  This  action  is,  however,  in  large  meas- 
ure counteracted  when  the  temporary  hardness  runs  high. 
Waters  high  in  nitrates  are  always  highly  coiTosive.  Large 
amounts  of  sodium  chloride  also  tend  to  make  waters  corrosive. 
Some  waters  very  low  in  mineral  content  produce  corrosion, 
especially  at  the  feed-water  intake,  owing  to  a  large  amoimt 
of  dissolved  oxygen  and  free  carbonic  acid.  Peaty  waters  are 
harmful  to  boilers  by  reason  of  the  vegetable  acids  which  they 
contain.  Waters  containing  a  free  mineral  acid  are  particu- 
larly harmful. 

Waters  which  contain  large  amounts  of  alkali  salts,  espe- 
cially sodium  carbonate  and  sodium  chloride,  have  a  tendency 
to  foam.  Suspended  matter  of  any  kind  increases  the  foam- 
ing tendency.  Waters  low  in  mineral  content  but  high  in  or- 
ganic matter,  though  perfectly  clear,  may  also  be  troublesome. 
Sodium  salts,  in  most  cases  sodium  sulphate,  are  augmented 
in  the  softening  jarocess.  Some  waters  are  so  high  in  initial 
alkali  salts  that  they  will  not  stand  a  further  addition  from 
the  soda  ash  used  as  softener  without  producing  serious  foam- 
ing. In  such  cases  barium  hydroxide  can  be  used  as  a  substi- 
tute for  soda  ash,  although  it  is  expensive.  All  barium  salts 
tliat  are  soluble  are  poisonous. 

From  what  has  been  said  relative  to  the  effect  of  large 
amounts  of  alkali  salts  on  waters,  it  is  evident  that  one  good 
result  to  be  obtained  from  chemical  control  in  water  softening 
is  the  prevention  of  an  overfeed  of  soda  ash,  as  any  large  ex- 
cess of  this  chemical  will  produce  a  foaming  water.  The  only 
methods  of  combating  foaming  waters  apjiear  to  lie  in  fre- 
quent blowing  off  and  washing  out  the  boilers,  and  along  lines 
of  improved  boiler  construction. 

THE  IMPACT  TUBE 

By   SANFORD  A.   MOSS,   LYNN,   MASS. 
Member  of  the  Society 

THE  impact  tube  as  a  part  of  the  pitot  tube  is  well  known 
as  a  means  for  measuring  flow  of  fluids.  When  used  as 
a  separate  instrument,  however,  it  is  much  more  valuable,  and 
has  not  received  the  attention  it  deserves.     This  paper  deals 


witli  application  of  the  impact  tube  to  a  number  of  purposes 
not  generally  known,  particularly  relating  to  compressible 
fluids.  The  paper  is  based  on  laboratory  work  of  the  Steam 
Turbine  Department  of  the  Lynn  works  of  the  General  Elec- 
tric Co.,  Richard  H.  Rice,  Mem.Am.Soe.M.E.,  chief  engineer. 


Fig.  1    Constancy  of  Impact  Pressure  op  an  Orifice 


Fig.  2    Equality  of  Impact  Pressure  in  Pipe  and  Jet 
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OF  Mechanical  Engineers,  New  York,  December  5  to  8,  191G.  The 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the  com- 
plete paper  may  be  obtained  gratis  upon  application.  All  papers  are 
subject  to  revision. 


Fig.  3    Velocity  Head  Shown  by  Difference  Between 
Pipe  Static  and  Jet  Impact  Pressures 

law  of  the  impact  tube 

The  law  of  the  relation  between  velocity  and  the  differential 
pressure  (difference  between  the  readings  of  an  impact  open- 
ing and  a  true  static  opening)  is  well  known  for  incompressible 
fluids  or  where  the  compressibility  effect  is  negligible,  such  as 
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air  and  steam  at  comparatively  low  velocities.  This  law  is 
usually  given  in  the  form  V  —  \/(2gh),  where  V  is  the  veloc- 
ity in  feet  per  second,  and  h  is  the  height,  in  feet,  of  a  column 
of  the  fluid  in  question  having  a  pressure  equal  to  the  differ- 
ential pressure. 

The  impact  tube  is  not  restricted  to  use  where  the  above 
formula  applies,  however.  Very  high  velocities  with  com- 
pressible fluids  can  be  measured  accurately  if  the  complete 
law  is  used.  This  law  is  that  the  impact  tube  perfectly  con- 
verts velocity  into  pressure.  That  is  to  say,  the  velocity  of  the 
fluid  in  front  of  the  impact  tube  is  exactly  that  which  would 
be  produced  by  theoretical  adiabatic  flow  from  a  region  where 
the  absolute  pressure  is  that  shown  by  the  impact  tube,  to  a 
region  where  the  absolute  pressure  is  the  static  pressure.  We 
may,  therefore,  use  the  theoretical  thermodynamic  formula 
for  adiabatic  flow  through  orifices,  deduced  with  the  assump- 
tion that  the  initial  velocity  in  the  pipe  preceding  the  orifice  is 
practically  zero.  This  law  holds  for  steam,  air  and  aU  gases, 
as  well  as  for  liquids. 

The  flow  of  a  gas  thus  computed  is  somewhat  different  than 
if  computed  from  V  =  \/{2gh).  This  difference  is  negligible 
if  the  differential  pressure  is  a  small  fraction  of  the  absolute 
static  pressure.  The  en-or  is  appreciable  with  air  with  a 
pressure  of  1  lb.  per  sq.  in.  above  atmosphere,  with  velocities 
of  about  50  ft.  per  sec,  and  becomes  more  and  more  serious 
as  velocity  increases. 

The  law  of  the  impact  tube  follows  directly  from  the  general 
law  that  impact  pressure  is  eotistcmt  at  all  points  as  loe  pro- 
ceed up  the  stream  along  an  orifice  fed  by  a  very  large  pipe. 
It  has  been  known  for  some  time  that  this  law  holds  for  liquids. 
It  may  be  extended  to  the  ease  of  high  velocities  and  com- 
pressible fluids.  Demonstration  of  this  law  is  readily  made 
with  apparatus  shown  in  Fig.  1.  A  stationary  impact  tube 
is  clamped  at  a  convenient  point  in  the  jet  from  a  convergent 
orifice  preceded  by  a  large  pipe.  An  impact  tube,  moved  by 
hand,  is  arranged  to  be  pushed  up  inside  of  the  orifice.  Dif- 
ferential pressure  between  the  two  tubes  is  shown  by  a  water 
U-tube.  It  will  be  found  that  the  differential  pressure  is  zero. 
The  law  is  certainly  accurate  to  within  about  %  of  1  per  cent 
of  the  orifice  impact  pressure,  and  probably  is  absolutely  accu- 
rate. 


INITIAL   VELOCITY   HEAD 

The  apparatus  above  mentioned  shows,  when  the  pipe  pre- 
ceding the  orifice  is  more  than  about  three  times  the  orifice 
diameter,  that  the  jet  issuing  from  the  orifice  into  the  atmos- 
phere has  a  constant  impact  pressure,  and  hence  a  constant 
velocity,  at  all  points  over  its  area  except  very  close  to  the 
edges. 

The  velocity  in  a  long  straight  pipe  preceding  an  orifice  is 
not  constant  but  is  proportional  to  the  ordinates  of  an  ellipse, 
being  a  maximum  in  the  center  and  gradually  decreasing 
toward  the  sides  of  the  pipe.  When  this  pipe  velocity  is  not 
negligible  comjaared  with  the  spouting  velocity,  the  exjjeriment 
of  Fig.  1  shows  that  the  static  pressure  in  the  pipe  pre- 
ceding the  orifice  plus  the  average  velocity  head  at  this  point 
is  equal  to  the  impact  pressure  in  the  jet  issuing  from  the 
orifice.  The  sum  of  the  initial  static  pressure  and  the  average 
velocity  head  is  given  by  an  impact  tube  in  the  pipe  pre- 
ceding the  orifice  placed  at  such  a  radius  as  to  give  the  average 
velocity  head.  If  the  pipe  preceding  the  orifice  is  quite  large, 
the  point  where  the  velocity  head  has  the  average  value  is  at 
about  0.7  of  the  radius.    Hence,  a  water  U-tube  arranged  as  in 


Fig.  2  reads  zero.  For  the  same  reason,  the  water  U-tube  in 
the  experiment  of  Fig.  3  reads  the  average  velocity  head  in 
the  pipe  preceding  the  orifice. 


CONVERGENT-DIVERGENT  ORIFICES  AND  VELOCITIES  GRELiTER  THAN 
VELOCITY   OF   SOUND 

For  a  compressible  fluid  where  the  final  pressure  is  greater 
than  about  half  the  initial  pressure,  an  orifice  must  be  wholly 
convergent  just  as  for  incompressible  fluids.  In  such  eases, 
the  velocity  of  the  jet  issuing  from  the  orifice  is  less  than  the 
velocity  of  sound.  The  above  impact-tube  laws,  as  well  as  all 
of  the  work  with  impact  tubes  here  discussed,  apply  only  to 
such  cases.  With  a  gas,  when  the  final  pressure  is  less  than 
about  half  the  initial  pressure,  the  orifice  must  be  first  con- 
vergent and  then  divergent.  The  writer  has  not  carefully 
investigated  impact  tubes  imder  these  conditions.  There  is 
an  indication  that  they  do  not  convert  velocity  into  pressure 
with  100  per  cent  efficiency.  It  can  be  said,  however,  that 
with  a  final  pressure  less  than  half  the  initial  pressure,  and 
with  a  wholly  convergent  nozzle  (a  shape  which  does  not  give 
full  theoretical  velocity),  the  impact  pressure  in  the  jet  close 
to  the  end  of  the  orifice  is  equal  to  the  initial  pressure.  Inf 
this  case,  it  is  known  that  the  static  pressure  of  the  jet  is 
about  52  per  cent  of  the  initial  pressure  for  air,  and  58  per 
cent  for  steam,  regardless  of  the  pressure  of  the  region  into 
\  which  the  jet  discharges,  and  that  the  jet  velocity  is  the 
1  velocity  of  sound.  The  jet  itself  forms  stream  lines,  creating 
an  extension  of  the  orifice,  and  representing  a  divergent  por- 
tion where  pressure  decreases  to  the  pressure  of  the  surround- 
ing region  and  where  velocity  increases  from  velocity  of  sound 
to  a  somewhat  greater  value,  which  is  less,  however,  than  the 
value  that  may  be  obtained  by  using  a  properly  shaped 
orifice. 


ADVANTAGES  OF  THE   IMPACT  TUBE   OVER  THE   PITOT  TUBE 

The  writer  believes  there  is  no  reason  for  using  the  common 
form  of  pitot  tube.  This  is  a  double-walled  tube  consisting  of 
an  impact  tube  pointed  upstream  surrounded  by  a  chamber 
with  openings  for  determining  the  static  pressure.  It  has  been 
known  for  years  that  the  impact  portion  of  this  tube  gives 
reliable  results,  regardless  of  its  shape.  On  the  other  hand, 
the  static  holes  give  very  indefinite  results  and  the  shape  and 
sizes  of  all  of  the  parts  have  influence  on  the  static  readings. 
Measurements  made  by  use  of  a  plain  impact  tube  in  conjunc- 
tion with  a  static  hole  in  the  pipe  wall  will  give  results 
that  are  identical  with  those  obtained  by  using  an  accurate 
form  of  pitot  tube. 

Parallel  flow  in  a  pipe  is  only  possible  when  the  static 
pressure  is  absolutely  the  same  at  all  parts  of  a  section  per- 
dendicular  to  the  stream.  Therefore,  if  there  is  variation  in 
the  static  pressure  the  stream  angles  will  be  such  that  even 
an  accurate  form  of  pitot  tube  will  give  erroneous  results. 
The  pitot  tube,  therefore,  offers  no  advantage  over  the  com- 
bination of  an  impact  tube  and  a  static  hole  in  the  pipe  wall. 
On  the  other  hand,  it  is  much  easier  to  make  a  reliable  static 
hole  in  the  pipe  wall  than  it  is  to  make  a  reliable  static  hole 
in  the  pitot  tube.  The  usual  trouble  with  pitot  tube  static 
openings  is  that  they  give  too  low  a  reading  for  static  pressure. 
This  increases  the  small  difference  reading  between  impact  and 
static  sides  and  indicates  a  quantity  larger  than  actually 
exists. 
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DEDUCTION    OF   THE    IMPACT   TUBE    LAW    FOR    GASES 

A  gas  in  a  closed  envelope  consists  of  a  number  of  molecules 
darting  hither  and  thither  at  high  velocities,  and  a  gas  flowing 
in  a  pipe  consists  of  molecules  with  velocities  such  that  the 
average  velocity  downstream  has  a  definite  value,  the  velocities 
across  the  stream  cancelling  so  that  the  average  is  zero.  Hence, 
if  gas  is  flowing  from  a  large  vessel  through  a  properly  shaped 
orifice  into  a  region  of  lower  pressure,  the  molecules  in  the  jet 
issuing  from  the  orifice  are  really  in  the  same  condition  as 
those  in  the  vessel,  except  that  there  is  a  general  net  velocity 
which  we  call  the  velocity  of  the  jet.  The  net  velocity  is  at 
once  destroyed,  however,  if  anything  is  inserted  in  the  jet,  so 
that  the  molecules  immediately  in  front  of  the  impact  tube  in 
a  discharge  jet  are  in  exactly  the  same  condition  as  those  in 
the  large  vessel  from  which  the  gas  issues.     Hence,  the  impact 


Fig.  4  Fig.   5 

Fig.  4    Single  Static  Hole  in  Pipe  Wall 
Fig.  5    Ring  op  Static  Holes  in  Pipe  Wall 


which  show  temperatures  in  a  high-velocity  jet  of  air  much 
above  the  theoretical  adiabatic  temperature  of  the  jet.  It  was 
alleged  that  these  experiments  showed  that  the  velocity  of 
such  a  jet  was  not  really  the  theoretical  velocity  due  to  adia- 
batic expansion,  and  that  it  was  not  possible  to  expand  a  gas 
in  a  nozzle  so  as  to  obtain  such  a  velocity.  This  conclusion 
is  incorrect,  however,  and  with  a  properly  shaped  orifice  or 
nozzle,  nearly  the  full  theoretical  velocity  due  to  adiabatic 
expansion  can  be  attained  with  air  or  any  gas,  just  as  with 
steam  in  a  steam  turbine.  If  the  energy  is  extracted  from 
the  jet  by  a  turbine  wheel  or  the  like,  the  exhaust  will  show 
low  temperature.  If,  however,  no  energy  is  extracted  but  if 
the  thermometer  is  inserted  directly  in  the  high-velocity  jet, 
nearly  initial  temperature  will  be  shown. 
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Fig.  8  Impact  Tube  and  Hole  in  Pipe  Wall  foe  Measuring 
Pipe  Flow 
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Fig.  6  Fig.  7 

Fig.  6    Static  Pressure  Boat 
Fig.  7    Static  Pressure  by  Side  Gage 

lube  in  the  jet  must  measure  the  same  pressure  as  would  a 
static  hole  in  the  pipe  wall  of  the  large  vessel. 

IMPACT    temperature 

A  similar  situation  occurs  if  a  thermometer  is  placed  in  a 
high-velocity  jet  in  an  attempt  to  measure  its  temperature. 
The  molecules  surrounding  the  thermometer  are  immediately 
restored  to  the  same  condition  as  those  in  the  large  vessel 
from  which  they  originally  proceeded.  Hence,  as  can  be 
demonstrated  by  experiment,  a  thermometer  inserted  in  a 
high-velocity  jet  issuing  from  an  orifice  will  give  nearly  the 
.same  reading  as  a  thermometer  in  the  large  vessel  from  which 
the  jet  discharged. 

A  gas  discharged  from  an  orifice,  from  the  ordinary  point 
of  view,  has  a  very  low  temperature,  resulting  from  adiabatic 
■  -expansion.  Actually,  however,  this  temperature  is  only  rela- 
tive to  a  thermometer  moving  with  the  velocity  of  the  jet.  The 
individual  molecules  have  the  same  average  kinetic  energy 
.and  hence  the  same  temperature  as  they  originally  had. 

Temperature  measurements  have  been  made  and  published 
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Fig.  9    Curve  of  Pipe  Flow  Test  by  Impact  Tube  Traverse 

The  mean  ordinate  of  a  smooth  curve  through  the  points,  as  found  by 
a  plauimeter,  gives  the  square  root  of  the  impact  pressure  difference, 
\/D,  which  is  to  be  inserted  in  the  formulae. 

In  the  Bradley  and  Hale  experiments  on  temperature  of  air 
after  great  expansion,'  thermometers  directly  in  the  liigh- 
velocity  jet  showed  a  lower  temperature  than  those  a  little 
further  away  where  the  velocity  had  been  destroyed.  This 
is  probably  due  to  the  fact  that  the  orifice  which  was  demanded 
by  the  pressure  ratios  involved  should  have  been  first  converg- 
ing and  then  diverging. 


IMPACT   tube   arrangement 

The  exact  shape  of  the  impact  tube  is  not  important.    It  is 
only  necessary  that  there  be  a  pipe  or  tube  facing  squarely 
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upstream  in  a  jet  undisturbed  except  by  the  impact-tube  end. 
The  impact-tube  end,  therefore,  should  have  a  straight  portion 
parallel  to  the  jet  about  10  times  the  length  of  the  impact- 
tube  opening,  before  the  tube  bends  away  from  the  jet.  The 
open  end  of  the  tube  should  be  slightly  rounded  on  both  inner 
and  outer  edges  and  should  be  smooth.  For  ordinary  work, 
the  tube  is  %  in.  to  1  in.  in  diameter.  For  work  with  small 
pipes,  and  for  special  exploration  work,  the  tube  may  be  of 
any  size.  The  writer  has  obtained  satisfactory  results  with 
tubes  as  small  as  V3,  in.  outside  diameter. 

The  impact  tube  must  face  squarely  downstream.  There  is 
no  necessity  for  exact  measurement  in  this  connection,  how- 
ever, and  estimation  by  eye  is  accurate  enough. 

STATIC    HOLE.S    IN    A    PIPE    WALL 

Figs.  4,  5,  6  and  7  show  different  methods  of  obtaining 
static  pressure.  Fig.  4  shows  how  actual  pressure  is  obtained 
by  means  of  a  hole  in  the  pipe  wall.     The  inner  surface  of  the 


is  made  of  good  size  with  the  opening  14  to  1  in.  diameter,  a 
slight  leak  will  not  have  very  serious  effect. 


TIGHTNESS    OP    PIPING 

It  is  desirable  to  use  large  pipes  for  connecting  the  static 
and  impact  tubes  with  the  measuring  instrument.  Standard 
^-  or  Vs-in.  piping  should  never  be  used  for  such  purposes 
unless  the  connecting  lines  are  very  short.  When  the  piping 
is  of  any  great  length,  V2-ui-  pipe  or  even  1-in.  pipe  should  be 
used,  because  it  is  much  easier  to  make  the  larger-size  pipe 
tight,  and  because  even  a  small  leak  will  not  cause  much  of  a 
pressure  drop.  It  is  to  be  noted  that  the  differential  pressure 
measured  is  usually  quite  small,  so  that  even  a  slight  error 
in  either  pressure  will  cause  an  appreciable  error  in  the  dif- 
Jerential. 

The  paper  here  gives  methods  of  test  for  tightness  of  piping 
applying  to  pitot  and  impact  tubes,  flow-meter  work,  venturi- 
meter  work.  etc. 


B 


Fig.  10     Impact  Tube  Giving  Total  Pressure  Rise  with 
Atmospheric  Inlet  Pressure 


Fig.  11    Impact  Tubes  Giving  Total  Pressure  Difference 
Between  Inlet  and  Discharge  Pipes 


impact  tube  and  hole  in  the  pipe  wall  for  measuring 
PIPE  flow 

The  apparatus  is  to  be  arranged  as  shown  in  Fig.  8.    How- 
ever, instead  of  the  single  static  hole  as  shown,  other  means 


^^ 


Fig.  12    Apparatus  to  Shqw  Contraction  at  End  of  Con- 
vergent Portion  of  an  Orifice 


pipe  adjacent  to  the  hole  must  be  smooth.  The  hole  must  be 
at  right  angles  to  the  surface  and  there  must  be  no  burrs. 
The  inner  corners  should  be  rounded  with  a  radius  1/10  to 
1/50  of  the  diameter  of  the  hole.  Fig.  6  shows  a  number  of 
static  holes.  This  form  is  in  very  common  use  and  it  is  sup- 
posed that  any  variation  in  static  pressure  is  averaged.  It  is 
questionable  whether  any  advantage  is  obtained,  however, 
from  the  multiplication  of  holes. 

For  any  of  these  types,  the  pressure  holes  must  -be  of  good 
size.  They  should  be  at  least  ^4  ui-  in  diameter  and  preferably 
V2  to  1  in.  to  avoid  a  drop  of  pressure  which  might  occur  with 
a  small  hole  and  a  minute  leak.  One  of  the  disadvantages  of 
the  common  form  of  pitot  tube  is  that  the  static  holes  are 
often  so  minute  that  the  pipes  to  the  pressure-measuring 
instrument  must  be  extraordinarily  tight  to  secure  accuracy. 
On  the  other  hand,  if  a  large  hole  is  used  in  the  pipe  wall  or 
the  equivalent,  as  in  Figs.  4,  5,  6  and  7,  and  if  the  impact  tube 


of  securing  static  pressure  can  be  used,  as  shown  in  Figs. 
5,  6  or  7.  If  methods  of  Figs.  6  or  7  are  used,  the  impact  tube 
must  be  placed  at  such  a  distance  from  the  static  tube  that 
neither  instrument  will  disturb  the  flow  past  the  other. 

There  are  numerous  well-known  forms  of  the  differential 
gage  which  may  be  used. 

If  any  of  the  tests  give  flows  large  enough  to  show  a  dif- 
ferential pressure  of  1  in.  or  more  of  water  vertical,  it  is 
desirable  to  connect  up  a  vertical  water  U-tube  in  parallel 
with  the  differential  gage. 

The  impact  tube  should  be  pushed  clear  across  the  pipe, 
readings  being  taken  at  both  sides  with  the  tube  in  contact 
with  the  pipe  wall,  and  at  a  number  of  points  between.  One 
method  is  to  space  the  positions  at  distances  proportional  to 
the  square  of  the  radius.  Then  the  arithmetic  mean  gives  a 
number  properly  weighted  for  the  various  areas  involved. 

The  writer  has  found  it  satisfactory  to  measure  the  actual 
radius    with    each    setting,    spacing    settings    somewhat    more 
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closely  at  the  edges  than  at  the  center.  The  various  readings 
are  then  plotted  as  shown  in  Fig.  9,  readings  on  both  sides 
of  the  center  being  plotted  together.  The  square  of  the  radius 
is  plotted  against  the  square  root  of  the  differential  pressure. 
The  mean  ordinate  of  such  a  curve  gives  the  mean  square  root 
of  the  ditt'erential,  properly  averaged  for  use  in  the  formula? 
given  in  the  paper.  The  static  pressure  is  also  to  be  measured 
independently.  The  computation  work  is  slightly  simpler  if 
this  is  taken  rather  than  impact  pressure. 


IMPACT  TUBE   FOR   MEASURING   PIPE    PRES.SURE 

When  a  l]ui<l.  either  liquid  or  gas,  is  flowing  in  a  pipe,  it  is 
frequently  desirable,  for  general  purposes,  to  use  the  impact 
pressure  rather  than  the  static  pressure.  An  example  of  this 
is  pressure  in  a  pipe  preceding  a  venturi  meter  or  other  form 
of  orifice  in  a  pipe  line.  The  ordinary  formulte  invohe  this 
pressure  as  well  as  the  pressure  at  the  throat  or  orifice  end, 
and  include  a  very  troublesome  corrective  term  for  the  initial 
velocity  at  the  point  where  the  initial  static  pressure  is 
measured.  If,  however,  this  initial  pressure  is  measured  by 
use  of  an  impact  tube,  the  velocity  head  at  this  point  is  auto- 


Shihc 
Pressure 


Impaci- 
Pressure 


5hific 
Pressure 

Fig.  13    OiiiFirE  Discharging  into  an  Enclosed  Eegion 

The  static  pressure  of  region  into  wliicb  jet  discharges  must  be  taken 
in  a  number  of  places,  such  as  A,  B  and  C,  and  seen  to  be  exactly 
the  same. 

If  the  orifice  is  supplied  from  the  atmosphere,  the  impact  pressure  B 
will  be  zero. 


charge  pipe  of  such  a  machine  is  very  large,  the  velocity  head 
in  it  is  negligible,  and  the  pressure  produced  is  the  static 
pressure.  If,  however,  the  pipe  is  small  enough  to  give  an 
appreciable  velocity  head,  as  is  often  the  case  with  fan  blowers 
and  centrifugal  coini)ressors  producing  a  pressure  of  2  or  3  lb. 
per  sq.  in.,  the  energy  actually  put  into  the  air  by  the  machine 
is  completely  shown  by  the  impact  pressure.  It  is  really  correct 
to  compute  the  efficiency  of  the  machine  on  the  basis  of  impact 
pressure.  The  arrangement  is  shown  in  Fig.  10.  A  similar 
arrangement  can  be  used  in  the  case  of  centrifugal  jsumps. 
If  the  inlet  and  discharge  pipes  are  both  of  the  same  size, 
impact  tubes  give  the  same  difference  as  static  holes.  If, 
however,  the  inlet  pijie  is  larger  than  the  discharge  pipe,  as 
is  often  the  case,  impact  tubes  in  both  pipes  automatically 
take  account  of  tlie  difference  in  velocitv  lieads.     The  differ- 
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Fig.  14    Ventuki  Meter  with  Iimpact  Tube  and  Extra 
Tubes  for  Experimental  Purposes 


Fig.  15    Orifice  Calibuation  by  Traverse  of  an  Exploring 
Impact  Tqbe 


matically  added  to  the  static  pressure  and  a  net  pressure 
obtained,  equal  to  the  pressure  which  would  have  been  ob- 
tained if  the  pipe  preceding  the  orifice  had  been  large  enough 
to  render  the  velocity  head  in  it  negligible.  The  formulas  for 
this  ease  (given  m  paper)  are  very  much  simpler  than  those 
usually  given,  in  which  the  initial  velocity  has  to  be  taken  into 
account.  Of  course,  if  there  is  any  foreign  matter  in  the 
stream,  it  is  likely  to  clog  the  impact  tube,  in  which  case  this 
arrangement  can  not  be  used.  In  such  a  case,  initial  ]iressure 
must  be  measured  by  means  of  a  hole  in  the  pipe  wall,  and  the 
ordinary  fovmnlir  which  take  account  of  initial  velocity  must 
be  used. 

Another  ease  in  which  it  is  convenient  to  measure  the  im- 
pact pressure  is  in  finding  the  total  pressure  rise  produced 
by  a  centrifugal  pump  or  centrifugal  compressor.    If  the  dis- 


enee  in  the  pipe  pressures  as  shown  by  the  impact  tubes,  plus 
the  head  equal  to  the  vertical  height  differences,  gives  the  total 
work  done  by  the  pump.  The  arrangement  is  shown  in  Fig. 
11.  These  remarks  do  not  apply  to  the  case  of  pulsating  flow, 
as  with  a  reciprocating  machine. 

In  all  cases,  the  impact-tube  center  should  be  about  0.3  of 
the  pipe  radius  from  the  pipe  wall. 

As  an  additional  advantage  in  the  use  of  the  impact  pressure 
rather  than  the  static  pressure,  it  should  be  noted  that  the 
pressure  is  obtained  more  accurately.  The  tapping  of  a 
pressure  hole  in  the  pipe  wall  is  very  uncertain  and  it  is  often 
easier,  particularly  in  the  case  of  field  tests,  to  insert  an 
impact  tube  which  is  certain  to  give  correct  pressure,  than  it 
is  to  take  the  necessary  iirecautions  to  make  sure  that  a  hole 
in  the  pipe  wall  is  free  from  burrs  and  projections. 
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SHAPE   OF   ORIFICES   FOR  MEASURING   FLOW   OF   FLUIDS 

The  "  orifice "  frequently  discussed  in  this  article  is  a 
smoothly  formed,  convergent  passage.  Such  an  orifice  is  used 
at  the  entrance  of  a  venturi  meter,  or  for  measurement  of  fluid 
discharged  into  the  atmosphere,  as  discussed  later.  The  exact 
shape  by  means  of  -n-hich  the  convergent  portion  is  secured 
is  not  very  important.  The  writer  prefers  the  general  shape 
shown  in  Fig.  18,  formed  by  circular  arcs.  A  cone  with 
straight  sides,  however,  is  probably  equally  satisfactory,  if  the 
angle  is  gentle  and  if  there  is  a  smooth  circular  arc  connecting 
with  a  straight  portion  at  the  end  of  the  orifice. 

It  is  highly  essential  that  there  be  a  parallel  portion  at  the 
end  of  the  convergent  portion,  of  sufficient  length  properly  to 
size  the  jet.  At  the  end  of  the  convergent  portion  there  may 
be  a  contraction  of  the  jet,  due  to  the  fact  that  the  orifice  is 
not  shaped  to  avoid  contraction.  The  existence  of  such  an 
effect  can  never  be  known  except  by  an  actual  experiment,  as 
indicated  in  Fig.  12.  If,  however,  we  have  an  orifice  of  the 
shape  of  Fig.  18,  or  a  venturi  meter  with  the  shape  of  Fig. 
14,  the  parallel  portion  insures  that  the  jet  whose  measure- 
ment is  sought  has  the  exact  diameter  of  this  parallel  portion. 
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Fig.  14  also  shows  some  additional  readings  which  the 
writer  has  found  convenient  in  the  case  of  venturi  meters  used 
for  experimental  testing.  The  readings  will  check  as  follows, 
if  all  pipes  are  tight  and  the  apparatus  properly  set  up.  (See 
Fig.  14.) 

If  B  and  C  are  above  atmosphere,  the  difference  between  B 

and  AC  will  equal  the  difference  between  C  and  BA. 
If  B  is  below  atmosphere  and  C  above,  the  sum  of  B  and  AC 

will  equal  the  difference  between  C  and  BA. 
If  B  and  C  are  below  atmosphere,  the  sum  of  B  and  AC  will 
equal  the  sum  of  C  and  BA. 


PRESSURE    OF    A    JET    DISCHARGING    FROM    AN    ORIFICE    INTO 
THE  ATMOSPHERE 

The  only  case  discussed  in  this  paper  is  that  in  which  the 
final  pressure  is  greater  than  about  half  the  initial  pressure,  so 


Fig.  16    Curve  op  Orifice  Calibration  by  Impact  Tube 
Traverse 


Fig.  17 


Measurement  op  Quantity  of  Flow  by  Means  of 
Orifice  and  Impact  Tube 


The  length  of  such  a  parallel  portion  should  be  from  half 
diameter  to  diameter  of  the  parallel  portion.  Greater  length 
might  introduce  appreciable  friction  drop. 

A  minor  point,  of  practical  importance,  is  the  chamfering 
of  the  outer  end  of  an  orifice.  This  prevents  the  edge  from 
being  burred  or  dented  during  handling  and  so  preserves  the 
diameter  of  the  parallel  portion  everjrwhere.  The  parallel 
portion  must,  of  course,  be  carefully  machined  so  as  to  be 
exactly  parallel  and  round. 


venturi  meter  with  impact  tube 

The  general  arrangement  is  shown  in  Fig.  14.  The  use  of 
such  an  impact  tube  avoids  the  computation  work  necessary 
to  take  account  of  the  initial  velocity  head  and  the  necessity 
for  care  in  drilling  a  static  hole. 


that  the  theoretical  orifice  is  wholly  convergent.  In  such  a 
case,  the  static  pressure  of  the  jet  discharged  from  an  orifice 
is  exactly  equal  to  the  pressure  of  the  region  into  which  it 
discharges.  This  law  applies  primarily  to  the  discharge  of  an 
orifice  into  the  atmosphere.  However,  it  also  applies  to  dis- 
charge of  an  orifice  into  an  enclosed  region,  such  as  is  shown 
in  Fig.  14,  provided  there  is  ample  room  all  around  the  orifice 
for  a  free  discharge  of  jet  and  no  restrictions  such  as  would 
be  likely  to  cause  a  venturi-meter  effect.  The  static  pressure 
of  the  region  into  which  a  jet  discharges  must  be  measured  in 
a  nmnber  of  places,  such  as  A,  B  and  C,  Fig.  13,  and  seen  to 
be  exactly  the  same.  If  the  orifice  is  supplied  directly  from 
the  atmosphere,  the  impact  pressure,  D,  will  be  zero.  The  ac- 
curacy of  the  above  law  is  really  the  basis  of  all  the  impact- 
tube  work  here  discussed.  So  far  as  known,  the  law  has  never 
received  any  valid  criticism. 
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If  the  orifice  has  a  parallel  portion  of  appreciable  length 
at  the  end,  the  streams  of  the  jet,  as  they  discharge  into  the 
atmosphere,  necessarily  proceed  in  straight  Hnes.  This  can 
also  be  seen  by  watching  the  jet  discharging  from  a  water  or 
wet-steam  orifice  of  the  proper  shape,  or  by  feeling  the  surface 
of  an  air  jet.  The  jet  preserves  a  solid  parallel  column  for 
quite  a  distance.  If,  now,  a  stream  at  the  edge  of  the  jet  and 
a  stream  in  the  interior  of  the  jet  are  proceeding  in  parallel 
directions,  there  can  be  no  possibility  of  pressure  difference 
between  them.  If  there  were  any  pressure  difference,  the 
flow  would  be  in  curved  lines.  A  stream  at  the  edge  of  the  jet, 
proceeding  in  a  straight  Line,  is  obviously  at  the  pressure  of 
the  region.  Hence,  the  same  pressure  exists  throughout  the 
cross-section  of  the  jet. 

The  paper  here  describes  an  interesting  experiment  giving 
additional  verification  of  the  above  point. 


curate  to  within  y2  of  a  per  cent,  so  that  the  eoeflScient  may 
be  somewhere  between  0.985  and  0.995.  It  seems  probable 
that  the  larger  the  orifice  the  greater  the  coefficient. 

It  should  be  noted  that  this  method  gives  cm  accurate  cali- 
bration of  any  orifice  ivithout  measurement  of  flow  by  means 
of  tanks,  weirs,  gas  holders,  etc. 

Calibration  with  water  orifices  and  the  same  general  system 
were  made  by  John  R.  Freeman,  Mem.Am.Soc.M.E.,  and  are 
described  in  the  Transactions  of  the  American  Society  of 
Civil  Engineers.' 

EXPLORATION  OF  IRREGULAR  JETS 

The  same  general  methods  have  been  used  by  the  writer 
to  find  velocities  of  various  types  of  jets,  such  as  those  from 
the  nozzles  and  stationary  buckets  of  steam  turbines. 
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Fig.  18    Dimensions  op  Some  Measuring  Orifices 
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orifice  calibration  by  means  of  impact  tubes 

Many  calibrations  of  orifices  discharging  high-velocity  jets 
of  air  have  been  made  by  the  writer  with  the  apparatus  of 
Fig.  15.  This  consists  of  a  stationary  impact  tube  placed  in 
the  center  of  the  jet,  slightly  beyond  the  plane  of  the  orifice 
end,  and  a  very  small  movable  impact  tube  which  can  make 
a  traverse  across  the  edge  of  the  jet  covering  a  space  of  % 
to  y^  in.  The  differential  pressure  between  the  two  tubes  is 
read  by  means  of  a  vertical  water  U-tube,  or  some  more  deli- 
cate instrument,  as  circumstances  warrant.  The  impact  pres- 
sure is  constant  everywhere  in  the  jet,  except  for  a  naiTow 
ring  around  the  edge  which  is  traversed  by  the  small  im]iact 
tube.  An  impact  tube  about  1/32  in.  outside  diameter  has 
been  used  with  a  4-in.  orifice,  traversing  a  space  of  about  ^4 
in.,  and  proportionally  with  larger  orifices.  The  results  are 
plotted  in  Fig.  16.  The  ratio  of  the  area  of  the  small  corner  C 
to  the  area  AB,  of  the  large  rectangle,  gives  the  velocity  loss. 
By  subtracting  this  from  unity,  the  velocity  coefficient  of 
the  orifice  is  obtained.  Many  such  tests  indicate  a  velocity 
coefficient  of  about  0.99.     These  experiments  have  been  ac- 


measurembnt  of  discharge  op  high-pressure  air  by  means 
op  an  orifice  and  impact  tube 

The  general  arrangement  is  shown  in  Fig.  17.  The  dis- 
charge pipe  of  the  machine  wliich  is  being  measured  is  con- 
nected up  with  a  considerable  length  of  straight  pipe  to  the 
orifice.  It  is  usually  desirable  to  have  a  throttle  valve  in  the 
pipe  so  that  various  amounts  of  flow  giving  various  loads  on 
the  machine  can  be  measured  by  means  of  a  single  orifice. 
It  is  necessary  that  there  be  at  least  10  diameters  of  straight 
pipe  between  the  throttle  valve  and  the  orifice.  If  it  is  desired 
to  measure  the  discharge  pressure  produced  by  the  machine, 
it  is  necessary,  in  addition,  to  have  about  10  diameters  of 
straight  pipe  between  the  machine  itself  and  the  throttle  valve. 
An  impact  tube  inserted  in  this  pipe  gives  the  net  pressure 
rise  which  the  machine  under  test  produces,  while  the  impact 
tube  on  the  orifice  gives  the  volume  or  quantity  passing 
through.  The  orifice  should  be  selected  by  the  use  of  formula 
given  in  the  paper, 

V.  21,   Nov.,  1889  ;  No.  479,  v.  24.  Juno,  1891 ;  and  v.  13, 
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Tlie  impact  tube  is  to  be  stationary  and  in  the  center  of  the 
jet.  slightly  outside  the  plane  of  the  orifice  end.  The  tube 
is  in  plain  view  throughout  the  test  so  that  it  can  always  be 
seen  to  be  properly  in  line  and  free  from  obstructions.  This 
is  one  of  the  advantages  of  this  method. 

The  general  metliod  here  described  has  been  used  on  centrif- 
ugal pumps  and  fire  streams.  It  is  just  as  convenient  with 
high-velocity  jets  of  air  or  other  gases. 

The  flow  is  to  be  comjjuted  by  formula  given  in  the  jaaper. 

Tlie  parallel  jiortion  at  the  end  of  the  orifice  should  have  a 
diameter  at  least  one-third  of  the  diameter  of  the  straight  pipe 
preceding  the  orifice.  The  orifice,  of  course,  may  be  smaller 
than  one-third  pipe  diameter  without  any  effect.  It  is  prob- 
able that  the  coefficient  does  not  differ  greatly  from  0.99,  even 
if  the  orifice  is  but  one-half  of  pipe  diameter.  In  all  such  cases, 
the  effect  of  the  varying  velocity  at  different  radii  in  the  pipe 
is  not  transmitted  through  the  orifice,  and  the  discharge  jet 
has  the  same  velocity  at  all  points,  except  at  a  narrow  band 
close  to  the  edge.  For  cases  where  the  orifice  diameter  is 
greater  than  about  one-half  pipe  diameter,  it  is  probable  that 
the  variation  of  pipe  velocity  has  some  effect  on  the  discharge 
jet. 

The  impact  tube,  as  here  discussed,  can  only  be  used  with 
continuous  flow,  such  as  is  given  by  centrifugal  machinery. 
Pulsating  flow,  such  as  is  given  by  reciprocating  machinei-j-. 
can  not  be  integrated  by  the  impact  tube. 

In  order  to  compute  the  quantity  or  flow,  it  is  also  necessary 
to  know  the  temperature  in  the  pipe  preceding  the  jet.  This 
must  be  secured  by  the  insertion  of  a  thermometer  through 
the  pipe  wall.  However,  as  already  pointed  out,  a  practically 
identical  reading  will  be  given  by  a  thermometer  inserted  in 


the  jet  outside  the  orifice.  In  all  cases,  for  accurate  work, 
the  bare  bulb  of  the  thermometer  should  be  in  the  jet,  and 
wells  or  metal  casings  should  be  avoided. 

The  above-  methods  have  been  used  for  measurement  of 
many  million  cubic  feet  of  air  discharged  by  various  types  and 
sizes  of  fan  blowers  and  centrifugal  air  compressors  in  the 
Lynn  Works  of  the  General  Electric  Co.,  since  1904.  Fig.  18 
shows  some  of  the  orifices  which  have  been  used. 


ADVANTAGES   OF  THE   ORIFICE  METHOD 

If  a  macliine  whose  flow  is  to  be  measured  can  be  arranged 
so  that  its  discharge  can  be  wasted,  the  use  of  an  orifice  in 
the  discharge  pipe  is  the  only  method  of  flow  measurement 
which  should  be  considered.  The  reason  is  that  nearly  the 
entire  pressure  rise  produced  by  the  machine  can  be  utilized 
in  causing  discharge  through  the  orifice.  This  gives  a  reading 
of  such  magnitude  that  accurate  observations  can  be  made. 
For  instance,  if  the  machine  being  tested  gives  an  air  pressure 
of  1.3  lb.  per  scj.  in.,  the  reading  from  which  the  flow  is  com- 
puted will  be  about  30  in.  of  mercury.  If  the  machine  gives 
an  air  pressure  of  about  1  lb.  per  sq.  in.,  the  reading  will  be 
27  Ln.  of  water.  Such  magnitudes  are  easily  measured  and 
do  not  require  the  use  of  inclined  gages,  hook  gages,  or  other 
means  of  getting  small  differentials. 

The  use  of  the  impact  tube  gives  the  advantages  of  sim- 
jilicity  of  formula  in  connection  with  initial  velocity  head,  and 
ease  of  proper  arrangement,  over  the  use  of  a  static  hole  in 
the  pipe  wall  preceding  the  orifice. 


VALUATION   PAPERS 

nriHE  Valuation  Session  of  the  Annual  Meeting  zcill  he  devoted  to  a  discussion  of  engineers'  ideas  of 
J.        principles  and  methods  in  the  valuation  of  industrial  properties.     The  Committee  on  Meetings  hopes 
that  the  information  brought  out  will  form  a  valuable   supplement  to  the  large  amount  of  material  already 
available  on  the  subject  of  economic  theories  of  values  and  their  application  to  public  utilities. 


PRODUCTIVE  CAPACITY  A  MEASURE  OE 
VALUE  OF  AN  INDUSTRIAL  PROPERTY 

By   H.   L.   GANTT,   NEW   YORK,   N.   Y. 

Meml)er  of  the  Society 

O  OME  months  ago  a  professor  of  political  economy  in  one 
of  our  most  conservative  universities  admitted  to  me  that 
the  economists  had  been  obliged  to  modify  manj'  of  their  views 
since  the  outbreak  of  the  European  war.  My  comment  was, 
that  the  professors  of  political  economy  were  not  the  only 
people  who  had  been  obliged  to  modify  their  economic  and 
industrial  views. 

The  wai-  has  taught  everybody  something.  Military  meth- 
ods have  undergone  radical  changes,  but  industrial  methods 
are  undergoing  changes  which  promise  to  be  even  more  radical 
than  the  military  developments  have  been. 

If  there  is  any  one  thing  which  has  been  made  clear  by  the 
war  it  is  that  the  most  important  asset  which  either  a  man  or 


For  presentation  at  the  Annual  Meeting  o£  The  American  Society 
OP  Mechanical  Engineers,  New  York.  December  "i  to  S  191i; 
Advance  copies  of  tlie  complete  paper  may  be  obtained  gratis  upon 
application.     All   papers  are  subject  to   revision. 


nation  can  have  is  the  ability  to  do  things.  Our  industrial 
and  economical  developments  have  in  the  past  been  largely 
based  on  the  theory  that  the  most  important  quality  a  man 
can  possess  is  his  ability  to  buy  things;  but  the  war  has  dis- 
tinctly shown  that  this  quality  is  secondarj-  to  the  ability  to  do 
things.  The  recognition  of  this  fact  is  having  a  most  far- 
reaching  effect,  for  it  makes  clear  that  the  real  assets  of  a  na- 
tion are  properly  equipped  industries  and  men  trained  to 
operate  them  efficiently.  The  money  which  has  been  spent  on 
an  industrial  property,  whether  it  has  been  spent  wisely  or 
unwisely,  and  the  amount  of  money  needed  to  reproduce  it  are 
both  secondary  in  importance  to  the  ability  of  that  plant  to 
accomijlisli  the  object  for  which  it  was  constructed,  and  hence 
cannot  be  given  the  first  place  in  determining  the  value  of  the 
]u-operty. 

Inasmuch  as  every  industrial  plant  is  built  to  produce  some 
article  of  commerce  at  a  cost  which  will  enable  it  to  compete 
with  other  producers,  the  value  of  a  plant  as  a  producing  unit 
must  depend  upon  its  ability  to  accomplish  the  object  for 
which  it  w-as  created. 

To  determine  the  \alue  of  an  industrial  property,  therefore, 
we  must  be  able  to  know  with  accuracy  the  cost  at  which  it 
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can  produce  its  product,  and  the  amount  it  can  produce.  To 
compare  two  factories  on  this  basis,  their  cost  systems  must 
be  alike;  for,  if  there  is  a  lack  of  agi-eement  as  to  methods  of 
cost  accounting,  there  will  necessarily  be  a  lack  of  ag-reement 
as  to  the  estimated  value  of  the  properties.  There  are  many 
methods  of  cost  accounting;  but  there  are  only  two  leading 
theories  as  to  what  cost  consists  of.    They  are : 

First,  that  the  cost  of  an  article  must  include  all  of  the  ex- 
pense incurred  in  producing  it,  whether  such  expense 
actually  contributed  to  the  desired  end  or  not. 

Second,  that  the  cost  of  an  article  should  include  only  those 
expenses  actually  needed  for  its  production,  and  any 
other  expenses  incurred  by  the  producers  for  any  reason 
whatever  must  be  charged  to  some  other  account. 

The  first  theory  would  charge  the  expense  of  maintaining  in 
idleness  that  portion  of  a  plant  which  was  not  in  use  to  the 
cost  of  the  product  made  in  that  portion  of  the  plant  which 
was  in  operation;  while  the  second  theory  would  demand  that 
such  expense  be  a  deduction  from  profits.     When  plants  are 


posed  of,  and  the  money  received,  and  the  space  occupied,  put 
to  some  useful  purpose. 

A  little  consideration  of  the  method  of  getting  the  data  on 
this  chart  will  make  its  value  more  apparent.  It  is  a  logical 
outgrowth  of  the  paper  1  read  at  the  Buffalo  meeting  on  The 
Relation  Between  Production  and  Costs,'  and  is  based  on  the 
fact  that  simple  ownership  of  a  machine  costs  money,  inas- 
much as  it  takes  away  from  available  assets.  For  instance,  if 
we  buy  a  machme  for  $1000  we  lose  the  interest  on  that  $1000, 
say  at  5  per  cent  per  year,  then  we  have  taxes  on  that  machine 
at  2  per  cent  and  insurance  of  1  per  cent.  Further,  the  ma- 
chine probably  depreciates  at  a  rate  of  20  per  cent  per  year, 
and  we  must  pay  $50  or  more  per  year  for  the  rent  of  the 
space  it  occupies.  All  these  expenses,  together  $330,  go  on 
whether  we  use  the  machine  or  not.  Thus,  the  simple  fact  of 
our  having  bought  this  machine  and  kept  it  takes  from  our 
available  assets  approximately  one  dollar  per  day. 

If  now  the  cause  for  idleness  is  ascertained  each  day  we  can 
find  the  expense  of  each  cause  of  idleness  as  shown  on  the 
chart.     That  part  which  is  due  to  lack  of  orders  points  out 
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Fig.  1    Idleness  Expense  Chaet 


operated  at  their  full  capacity,  both  theories  give  the  same 
cost.  When,  however,  they  are  operated  at  less  than  their  full 
capacity,  the  expense  of  carrying  the  idle  machinery  is,  under 
the  first  theory,  included  in  the  cost  of  the  product,  making 
the  cost  greater;  while  under  the  second  theory,  this  expense 
of  idle  machinery  is  carried  in  a  separate  account  and  de- 
ducted from  the  profits,  leaving  the  cost  constant.  It  is  most 
interesting  to  note  that,  when  costs  are  figured  on  the  second 
basis,  great  activity  immediately  ensues  to  determine  why  ma- 
chinery is  idle,  and  to  see  what  can  be  done  to  put  it  in  opera- 
tion. It  is  realized  at  once  that  this  machinery  had  better  be 
operated,  even  if  no  profits  are  obtained  from  its  operation 
and  only  the  expense,  or  even  part  of  the  expense,  of  main- 
taining that  machinery  is  earned. 

Fig.  1  illustrates  this  subject  most  clearly,  and  is  an  indica- 
tion of  the  efficiency  of  the  management  as  contrasted  with 
that  of  the  workmen,  about  which  we  hear  so  much.  It  is  in- 
teresting to  note  that  charts  of  this  nature,  which  are  being 
made  monthly  in  several  large  plants,  have  already  had  a  very 
educational  influence  on  the  managers  of  those  plants.  They 
show  that  idle  machinery  which  cannot  be  used  should  be  dis- 


that  our  selling  policy  is  wrong,  or  that  the  plant  is  larger 
than  it  should  be — in  other  words,  that  somebody  in  building 
the  plant  has  overestimated  the  demand.  It  is  clear,  however, 
that  no  conclusion  should  be  based  on  the  figures  for  one 
month,  but  on  the  results  for  a  series  of  months  during  which 
the  problem  has  been  carefully  studied.  If  a  mistake  has  been 
made  in  building  too  large  a  plant,  an  effort  should  be  made 
to  determine  the  proper  disposal,  or  utilization,  of  the  excess 
in  order  that  the  expense  of  idleness  may  be  taken  care  of, 
even  if  no  profit  can  be  made. 

The  next  column  shows  the  expense  due  to  a  lack  of  help, 
which  means  that  we  must  investigate  the  labor  policy. 

The  next  column,  showing  the  expense  due  to  lack  of,  or 
poor,  material,  is  an  indication  of  the  efficiency  of  the  pur- 
chasing policy  and  storekeeping  system.  The  next  column 
reflects  the  repair  and  maintenance  department. 

If  in  any  case  the  expense  of  idleness  is  greater  than  can  be 
attributed  to  all  of  these  causes  together,  it  must  go  in  the 
last  column  as  poor  planning. 


'  Trans.  Am.Soc.M.E.    vol.  37,  p.  109. 
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We  eaii  hardly  claim  that  siii'li  a  chart  gives  us  a  measure  of 
the  efficiency  with  which  the  above  fnuctions  are  performed, 
but  it  certainly  does  give  us  an  indication  of  that  efficiency. 

In  several  cases,  the  first  of  such  charts  gotten  out  resulted 
in  the  scrapping  of  machinery  which  had  been  idle  for  years. 
The  space  thus  saved  was  used  for  a  purjjose  for  which  the 
superintendent  had  felt  lie  needed  a  new  building. 

In  another  case  it  resulted  in  the  renting  of  temporarily  idle 
machinery  at  a  rate  which  went  far  toward  covering  the  ex- 
pense of  carrying  that  machinery. 

Under  the  first  system  of  cost  accounting  the  facts  brought 
out  by  this  method  are  not  available,  and  the  increased  cost 
that  a  reduced  output  must  bear  is  a  great  source  of  confu- 
sion to  the  salesman.  The  newer  system,  with  its  constant 
cost,  shows  that  non-producing  machinery  is  a  handicap  to 
the  industry-  of  a  company,  just  as  workmen  who  do  not  ser\-e 
some  useful  purpose  in  a  plant,  or  industry,  are  a  handicap 
to  that  plant  or  industry.  Similarly,  jAants  or  people,  there- 
fore, tcho  do  not  serve  some  useful  purpose  to  a  community 
are  a  handicap  to  that  community,  for  idle  plants  represent 
idle  capital,  and  idle  people  are  not  producers,  but  consumers 
mily.  The  warring  nations  have  recognized  these  facts,  and 
put  both  idle  plants  and  idle  people  to  work  wherever  possible. 

The  statements  so  far  made  concern  principally  the  opera- 
tion of  industrial  plants  and  the  production  of  articles  of  com- 
merce; but  they  are  none  the  less  true  concerning  the  construc- 
tion of  industrial  plants. 

We  may  ask  the  same  question  about  construction  that  we 
ask  about  operation ;  for  instance,  should  the  cost  of  a  rail- 
road include  all  the  money  spent  by  the  people  engaged  in 
building  it,  or  should  it  include  only  such  money  as  contrib- 
uted to  the  building  of  the  road?  As  an  illustration,  is  the 
cost  of  a  piece  of  road  which  was  built  and  then  abandoned 
for  a  sujjerior  route  a  part  of  the  cost  of  the  railroad  built, 
or  is  it  an  expense  due  to  improper  judgment  on  the  jiart  of 
the  builders? 

I  am  not  discussing  the  question  as  to  whether  the  public 
should  be  called  upon  to  pay  interest  on  the  money  uselessly 
spent  through  improper  judgment,  but  I  do  think  that  in 
all  construction  it  should  be  possible  to  separate  those  ex- 
penses which  contributed  to  the  desired  result  from  those  which 
did  not  so  contribute.  A  comparison  of  these  amounts  will 
give  a  measure  of  the  efficiency  of  the  builders.  On  this 
knowledge  proper  action  can  ultimately  be  taken. 

Still  another  factor  enters  into  the  value  of  a  "  going  plant." 
We  all  have  known  cases  where  the  same  plant  operated  under 
one  manager  was  a  failure,  and  under  another  a  very  decided 
success.  The  value  of  a  going  plant,  therefore,  consists  of  two 
elements,  namely,  the  value  of  the  physical  real  estate  and 
equipment,  and  the  value  of  the  organization  ojierating  it.  In 
considering  the  value  of  an  organization  we  should  realize 
that  it  lies  not  so  much  in  the  personality  of  the  managers  or 
leaders  (who  may  die  or  go  elsewhere)  as  in  the  permanent 
results  of  their  training  and  methods,  which  should  go  on  with 
the  business,  and  are  therefore  an  asset  and  not  an  accident. 

We  have  the  authority  of  no  less  a  person  than  Andrew 
Carnegie,  Hon.Mem. Am.SocM.E.,  for  the  statement  that  his 
organizations  were  of  more  value  to  him  than  his  plants.  Be- 
fore we  can  determine  exactly  the  value  of  a  going  plant, 
therefore,  we  must  find  some  means  of  measuring  the  value  of 
the  organization  which  operates  it,  for  this  is  an  integral  fac- 
tor in  the  valuation  of  an  industrial  property,  which  is  just  as 
real  as  the  more  tangible  brick  and  mortar  of  which  build- 
ings are  composed. 

Our  charts  showing  the  expense  of  idleness  give  us  at  least  a 


rough  indication  of  this  value,  for  they  show  the  expense  of 

inefficient  management. 

If  the  above  premises  are  correct,  the  following  factors  are 

important  elements  in  determining  the  value  of  an  industrial 

property : 

The  cost  of  the  product 

The  capacity  of  the  plant 

The  portion  of  the  plant  operated,  and 

The  expense  of  maintenance  of  the  idle  portion. 

ACCURATE    APPRAISALS    BY    SHORT 
METHODS 

By  JOHN  G.  MORSE,'  BOSTON,  MASS. 
Non-Member 

AS  the  Factory  Mutual  Companies  developed  their  methods 
of  making  plans  and  inspections  and  their  tests  of  fire- 
preventing  ajjpliances,  to  the  complete  forms  in  use  today,  so 
also  did  they  develop  the  making  of  insurance  appraisals.  At 
present  these  consist  of  inventories  in  as  much  detail  as  neces- 
sary to  determine  accurate  values,  while  a  system  has  been 
adopted  for  obtaining  a  reasonable  estimate  of  all  the  minor 
items  without  going  into  elaborate  detail.  These  appraisals 
are  made  without  cost  to  the  assured  and  have  been  appre- 
ciated to  such  an  extent  that  they  are  constantly  used  as  a 
basis  for  bookkeeping  and  cost  systems,  for  mergers  and  other 
business  uses. 

In  explaining  this  method  by  which  a  large  manufacturing- 
plant  can  be  accurately  appraised  in  a  short  time  and  with  a 
comparatively  small  amount  of  work,  I  shall  endeavor  to  show 
how  useless  it  is  to  waste  time  on  more  laborious  detail.  No 
appraisal  can  be  made  without  incorporating  many  figures 
that  are  based  simply  on  estimate.  It  is,  therefore,  needless  to 
carry  the  detail  in  any  direction  where  it  will  not  add  to  the 
accuracy  of  the  final  result. 

Disregarding  new  factories,  where  records  of  actual  cost  are 
easily  available,  let  us  consider  an  older  plant  and  particularly 
one  where  no  records  of  cost  have  been  preserved.  A  building 
may  be  measured  so  carefully  that  the  exact  amount  of  each 
material  is  known.  The  market  price  of  each  material  may 
be  obtained.  Yet  the  amount  of  waste  must  be  estimated  and 
the  amount  for  labor  and  all  contingent  expenses  must  be  esti- 
mated. 

The  inventory  of  machinery  may  be  made  to  the  last  trifling 
detail,  yet  the  exact  value  can  be  obtained  only  for  standard 
machines.  Every  special  machine,  as  well  as  the  cost  for  erect- 
ing every  machine,  must  be  estimated.  Constant  changes  in 
market  values  always  affect  the  accuracy  of  the  result,  but, 
aside  from  that,  the  amount  of  depreciation  on  both  buildings 
and  machinery  must  be  estimated  (or  largely  guessed  at)  be- 
fore the  actual  present  value  is  found. 

A  METHOD  OP  APPROXIMATION 

The  method  developed  by  the  appraisal  department  of  the 
Factory  Mutual  Companies  is  ba,sed  entirely  on  the  theory 
that  if  the  larger  factories  are  carefully  appraised,  the  less 
important  items  may  be  estimated  in  groups. 
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The  property  to  be  appraised  is  divided  into  two  parts — 
buildings  and  machinery.  The  buildings  are  considered  as 
empty  structures,  and  anything  that  can  be  removed  without 
altering  the  building  is  classed  under  machinery.  In  insurance 
appraisals,  foundations  and  other  underground  work  are  ig- 
nored, but  the  method  would  be  practically  the  same  were  they 
included.  Machinery  is  divided  into  machines  proper,  shaft- 
ing, belting,  piping,  electric  wiring  and  furniture  and  miscel- 
laneous apparatus.  Special  small  tools,  dies,  patterns,  draw- 
ings, molds,  lasts  and  any  objects  of  similar  nature  that  exist 
in  large  quantities  in  the  plant  under  consideration,  are  treated 
independently.  The  subject  "  miscellaneous  apparatus  "  cov- 
ers all  objects  of  minor  value  not  easily  classitied  under  any  of 
the  other  heads. 

The  price  values  used  for  buildings  and  all  the  subdivisions 
of  machinery  are  based  on  replacing  new  at  today's  market 
(regardless  of  original  cost),  and  these  price  values  are  then 
depreciated  as  judgment  dictates. 


BUILDINGS 

In  appraising  we  use  the  scjuare  foot  of  floor  area  as  a  basis. 
Many  architects  and  engineers  use  a  factor  based  on  the  cubic 
foot  of  contents,  but  it  is  iioor  area  that  gives  manufacturing- 
facility,  and  the  figures  thus  obtained  are  also  useful  in  otiier 
parts  of  the  appraisal,  as  will  be  shown  later.  As  a  ground- 
work we  use  the  tables  prepared  by  Charles  T.  Main.  Mem. 
Am.Soc.M.E.  These  must,  of  course,  be  changed  for  different 
heights  of  stud,  degrees  of  finish,  thickness  of  walls,  etc.,  and 
also  for  constant  fluctuations  in  the  market  value  of  labor 
and  materials.  As  new  factors  are  obtained  for  reinforced 
concrete  and  other  modern  forms  of  construction,  the  tables 
form  a  guide  for  consistency  as  lengths  and  widths  vary. 

It  is  in  appraising  buildings  that  the  uselessness  of  extended 
detail  is  strikingly  apparent.  Suppose  two  identical  build- 
ings are  constructed,  one  by  the  highest  bidder  and  one  by 
the  lowest.  They  may  be  more  than  ten  thousand  dollars 
apart.  Is  the  actual  cost  of  either  a  fair  appraisal  figure  ? 
An  estimate  based  on  the  square  foot  of  floor  area  that  showed 
a  figure  halfway  between  the  extremes  would  give  a  much 
more  reasonable  value.  Indeed,  Mr.  Main  states  that  several 
contractors  have  told  him  that  they  use  his  tables  as  a  check 
before  submitting  bids. 

The  actual  cost  of  foundations  is  far  more  unsafe  to  use 
for  ajjpraisal  purposes.  A  building  resting  on  extremely  ex- 
pensive foundations  in  quicksand  is  worth  no  more  than  a 
duplicate  building  resting  on  a  ledge.  A  fair  estimate  for  the 
cost  of  sufficient  foundations  in  average  ground  would  be  a 
better  figure  to  use  for  either  when  appraising  an  industrial 
property.  With  appraisals  of  public  service  corporations  con- 
ditions are  different,  but  that  comparison  is  not  to  be  discussed 
here. 

MACHINES 

It  is  our  custom  to  make  a  complete  inventory  of  all  fixed 
machines,  not  only  producing  machines  but  those  used  for 
power  and  for  maintenance.  This  inventory  also  includes  all 
elevators  and  cranes.  There  is  no  hard  and  fast  rule,  but  the 
practice  is  to  list  everything  (exclusive  of  furniture,  small 
tools,  etc.)  that  has  enough  value  to  be  worth  considering  sep- 
arately. In  making  this  inventory,  the  shortest  descri])tion 
that  will  identify  a  machine  is  used.  As  an  example,  for  a 
cotton  spinning  frame,  "  one  ring  frame  256  sp.  3"  met.  bds. 


Sep."  means  a  ring  frame  with  2.56  spindles  3-in.  gag'e,  with 
metallic  thread  boards  and  separators.  "  One  engine  lathe  14 
X  6  comp.  taper"  means  an  engine  lathe  with  14-in.  swing, 
6-ft.  bed  over  all,  screw  cutting,  without  special  gearing,  with 
compound  rest  and  taper  attachment.  Other  special  features 
that  materially  affect  the  cost  are,  of  course,  noted.  In  each 
i-iise  the  above  brief  notes  are  all  that  are  necessary  to  deter- 
mine tlie  value  of  the  machine  in  question.  By  adhering  to 
this  method  the  fixed  machines  in  a  large  factory  can  be  in- 
ventoried in  a  much  shorter  time  than  would  be  deemed  suf- 
ficient by  one  not  acquainted  with  the  work. 

Having  completed  the  inventory,  it  is  a  simple  matter  to 
appraise  standard  machines  either  directly  from .  price  lists 
or  from  data  compiled  from  individual  quotations  and  actual 
costs  obtained  when  making  other  apjiraisals.  Of  course,  all 
such  larices  are  given  in  confidence  and  are  used  without  the 
source  of  the  information  being  divulged.  In  the  same  way 
machines  built  o'l  order  or  by  the  owner  can  be  appraised  as 
data  on  similar  machines  accumulate.  Allowance  is  made  in 
all  cases  for  the  cost  of  freight,  cartage  and  labor  of  erection. 
It  should  be  understood  that  no  prices  are  fixed  arbitrarily  by 
the  appraiser.  On  the  contrary,  the  figures  are  discussed  with 
the  owner  or  manager  and  as  much  assistance  as  possible  ob- 
tained from  their  records. 


APPROXIMATION  ON  MINOR   ITEMS 

The  ap|)raisal  of  buildings  and  machines  forms  the  most 
important  part  of  the  work,  both  in  time  consumed  and  in 
results  obtained.  It  would,  therefore,  be  inconsistent  to  de- 
vote a  greater  amount  of  effort  to  the  smaller  part  of  the 
value.  It  is  here  that  accurate  "  short  cut  "  methods  have  been 
developed  in  the  appraisal  department  of  the  Factory  Mutuals. 

Shafting.  By  figuring  in  detail  representative  lines  of 
shafting,  with  couplings,  hangers  and  pulleys  included,  va- 
rious factors  per  lineal  foot  erected  have  been  obtained.  Ex- 
perience soon  teaches  which  factor  to  apply  when  examining 
lines  of  shafting  in  actual  use.  Opportunities  are  repeatedly 
presenting  themselves  to  comi)are  the  results  obtained  with 
those  of  a  detailed  aiq)raisal,  and  the  accuracy  of  the  ajjproxi- 
mate  method  is  confirmed. 

Belting.  The  most  satisfactory  method  by  which  belting 
may  be  rapidly  inventoried  is  to  measure  the  main  belts  by 
eye.  The  machine  belts  can  then  be  classified  in  groups,  as 
similar  machines  will  require  about  the  same  amount  of  belt- 
ing. Individual  motor  drives  are  lessening  the  amount  of 
belting  in  a  modern  factory,  and  wiiere  the  machines  are  scat- 
tered and  the  belts  vary  greatly,  it  is  usually  easier  to  list  them 
by  using  eye  measurement  than  to  attempt  to  apply  any 
shorter  method. 

Piping.  A  detailed  inventory  of  piping  and  i)ipe  fittings 
would  require  an  amount  of  time  out  of  all  proportion  to  that 
devoted  to  the  remainder  of  the  work.  To  obtain  a  "  sliort 
cut "  method  has  not  been  easy,  due  to  the  great  variety  in 
the  material  to  be  considered,  much  of  which  is  hidden.  The 
different  uses  to  which  the  piping  is  put  enable  the  appraiser 
to  divide  the  subject  into  classes  and  these  classes  can  be 
treated  by  different  methods. 

Automatic  sprinkler  piping  can  be  appraised  at  a  price  per 
sprinkler  head  or,  by  what  amounts  to  the  same  thing,  by  a 
jiriee  per  square  foot  of  sprinkled  floor  aiea.  This  applies  to 
the  piping  inside  the  buildings  only. 

Steam  heating,  where  consistent  throughout  the  plant,  can 
also  be  appraised  on  a  floor  area  basis.     Where  the  amount 
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of  steam  heat  varies  a  price  per  lineal  foot  of  coil  or  per  ra- 
diator can  be  easily  ascertained.  The  heating  pipe  in  dry 
rooms,  lumber  dry  kilns,  paper  dry  lofts,  etc.,  can  be  treated 
similarly. 

Gas  lighting  can  be  appraised  at  a  price  per  light.  Where 
a  building  has  gas  lights  at  frequent  intervals,  a  factor  per 
square  foot  of  floor  area  can  easily  be  estimated. 

The  piping  used  for  manufacturing  purposes  presents  the 
gi-eatest  difficulty.  The  steam  and  water  pipe  in  a  steam 
power  plant  will  vary  little  from  a  standard  figure  per  hoi-se- 
power  of  boiler  rating.  For  long  runs  of  covered  steam  pipe 
through  rooms  where  there  are  few  or  no  outlets,  a  price  per 
lineal  foot  can  be  used. 

In  plants  where  there  is  a  great  quantity  of  piping,  par- 
ticularly in  bleaeheries  and  paper  mills,  small  factors  cross- 
checked by  large  factors  can  be  used.  These  factors  are  ob- 
tained from  time  to  time  when  actual  costs  in  a  new  plant  are 
available.  In  all  cases  the  large  factor  for  steam  is  based  on 
the  horsepower  rating  of  the  boiler  plant.  In  a  bleachers-  the 
large  factor  for  water  is  based  on  the  number  of  kiers;  in 
pulp  and  paper  mills,  for  water  and  stock  piping,  on  the 
number  of  pulp  grinders,  digesters,  wet  machines  and  paper 
machines,  as  the  -case  may  be.  The  small  factors  in  all  cases 
are  varied  with  the  pieces  of  apparatus.  By  using  both  meth- 
ods in  estimating  a  plant  a  suileieutly  accurate  total  can  be 
obtained.  With  factories  making  dyes,  chemicals,  soaps,  etc., 
the  same  method  can  be  employed. 

Air  piping,  though  quite  extensive  in  modern  machine  shops, 
never  amounts  to  more  than  a  very  small  fi-action  of  the  value 
of  the  plant.  The  rims  of  pipe  are  easily  followed  and  a  fac- 
tor per  lineal  foot  or  per  machine  supjDlied  can  be  ascertained. 

Fuel-oil  and  gas  or  gasoline  piping  is  of  still  less  impor- 
tance from  a  value  standpoint  and  can  be  easily  estimated  in  a 
manner  similar  to  that  used  with  air  piping. 

Furniture  and  Apparatus.  In  every  plant  there  is  a  large 
amount  of  equipment  (exclusive  of  small  tools,  dies,  etc.,  which 
will  be  considered  later)  that  cannot  be  classified  under  the 
head  of  machines  and  yet  does  not  belong  to  any  special  class. 
Tliis  equipment  is  covered  under  the  very  elastic  term  "  fur- 
niture and  apparatus."  All  furniture,  benches,  racks,  trucks 
and  scales  come  under  this  heading.  In  a  textile  mill  all  bob- 
bins, spools,  etc.,  in  a  metal-working  plant  all  boxes,  trays  and 
cans,  indeed,  every  miscellaneous  article  that  cannot  be  in- 
cluded under  any  other  definite  title,  can  be  covered  under  this. 

To  list  all  of  these  items  in  detail  would  be  arduous.  Many 
would  be  destroyed  and  new  ones  added  before  the  list  could 
be  completed.  The  value,  however,  would  be  insignificant 
when  compared  with  the  total  value  of  the  plant.  It  is  not 
•difficult,  however,  to  obtain  a  fairly  accurate  estimate. 

In  a  cotton  mill  a  factor  per  spindle  can  be  used,  and  in  a 
woolen  mill  a  factor  per  set  of  cards.  In  any  textile  mill, 
however,  it  is  possible  to  obtain  from  the  different  foremen  the 
approximate  number  of  bobbins,  spools,  roving  cans,  filling 
boxes  and  trucks,  while  the  appraiser  can  easily  estimate,  room 
by  room,  the  value  of  what  other  miscellaneous  apparatus 
there  is.  In  a  metal-working  plant  the  benches  and  racks  can 
be  appraised  by  a  factor  per  lineal  foot;  the  number  of  tote 
boxes,  cans  and  trucks  can  be  obtained  from  the  foremen,  and 
the  other  miscellany  can  be  estimated  as  above.  A  similar 
method  can  be  applied  to  any  plant.  Office  furniture  can  be 
appraised,  without  listing,  by  using  judgment. 

Small  Tools  and  Dies.  All  machine  shops  contain  an  equip- 
ment of  small  tools  and  all  metal-working  plants  an  equipment 
of  dies.    The  proportion  that  the  value  of  these  bears  to  the 


value  of  the  whole  varies  greatly  with  the  class  of  work.  In 
many  concerns  fairly  accurate  records  are  kept  of  the  cost 
of  such  small  tools  and  dies.  Experience  has  shown  that  fac- 
tors per  producing  machine  can  be  used  that  will  give  a  fairly 
accurate  appraisal.  Where  a  closer  estimate  is  needed,  the 
tool  and  die  storerooms  can  be  examined  and  fairly  repre- 
sentative shelves  or  drawers  can  be  appraised  to  obtain  a  fac- 
tor or  factors  to  be  used  for  the  remainder. 

Patterns  and  Drawings.  Depreciation  plays  an  important 
part  in  finally  determining  the  value  of  pattenis  and  draw- 
ings. To  obtain  the  new  value  of  patterns  it  may  be  possible 
to  study  the  pattern-shop  pay  roll  for  a  given  period  and  add 
a  proper  amount  of  overhead  expense.  So  many  patterns 
are  obtained  from  outside,  however,  that  the  most  satisfactory 
method  is  to  examine  the  shelves  in  the  pattern  storage, 
classify  them  into  a  few  groups  and  estimate  a  price  per 
square  foot  of  shelf  area  for  each  gi-oup. 

With  drawings  the  pay  roll,  plus  overhead  expense  covering 
the  entire  time  since  the  drawings  began  to  accumulate,  gives 
the  most  accurate  basis.  For  replacing  cost  the  present  rates 
of  pay  should  be  used,  but  a  deduction  should  be  made  for 
time  spent  in  experimental  work  in  either  case.  A  good  cross- 
check is  to  obtain  from  the  head  draftsman  the  total  number 
of  drawings,  divided  into  several  groups  for  size  and  cost. 

Molds,  Lasts,  etc.  Molds,  used  both  for  hard  and  soft  rub- 
ber and  in  several  other  classes  of  manufacture,  are  usually 
ean'ied  on  accurate  inventory  by  the  owner,  but  if  not,  they 
can  be  appraised  by  methods  similar  to  those  used  for  small 
tools  and  dies.  Lasts  in  shoe  factories,  copper  shells  in  print 
works,  print  rolls  in  wallpaper  factories  and  dandy  rolls  in 
paper  mills  are  almost  invariably  carried  on  inventory.  In 
the  rare  cases  where  not  so  listed  they  can  be  easily  counted, 
divided  into  classes  and  an  average  price  to  be  used  for  each 
class  readily  obtained. 

Miscellaneous.  The  above-mentioned  subjects  are  the  ones 
most  commonly  found.  Occasionally  the  appraiser  ^-isits  a 
manufacturing  establishment  which  is  out  fit  the  ordinary  and 
special  auxiliary  apparatus  is  found  in  large  quantity.  By 
using  some  of  the  methods  described  for  appraising  small  tools, 
patterns,  etc.,  the  value  of  these  extras  can  be  obtained. 

Stocks  and  Supplies.  In  making  insurance  valuations  the 
Factory  Mutual  appraisal  department  almost  invariably  relies 
on  the  inventories  of  the  assured  to  obtain  the  value  of  stock 
and  supplies.  In  rare  instances,  however,  where  such  are  not 
obtainable,  a  rough  average  obtained  from  previous  appraisals 
of  similar  plants  can  be  used. 

ROUGH  APPROXIMATION 

The  methods  described  above  enable  the  appraiser  to  make 
an  accurate  estimate  of  the  value  of  buildings  and  machinery 
in  a  much  shorter  time  than  would  be  used  were  all  items  listed 
in  detail.  To  obtain  quickly  an  approximate  valuation  a  com- 
parison can  be  made  with  other  appraisals  on  a  basis  of  the 
square  foot  of  floor  area  or  of  the  number  of  producing  ma- 
chines. In  specific  instances  the  comparison  can  be  made  per 
spindle,  per  set  of  cards,  per  kier  or  per  paper  machine. 

DEPRECIATION 

There  is  a  wide  difference  of  opinion  as  to  the  amount  of  de- 
preciation that  should  be  allowed  on  buildings  and  various 
classes  of  machinery  and  as  to  the  method  of  caring  for  such 
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depreciation  in  the  book  accounts.  Indeed,  another  argument 
in  favor  of  the  "  short  cut "  method  of  making  valuations  is 
the  fact  that  two  competent  appraisers  would  show  more  dif- 
ference in  the  value  of  a  plant  on  account  of  varying  opinions 
as  to  the  amount  of  dejjreeiation  to  be  allowed  than  in  errors 
made  in  estimating  the  new  value. 

Depreciation  for  Insurance.  A  building  that  houses  a  go- 
ing concern  or  a  machine  tliat  is  turning  out  a  salable  product 
deserves  less  depreciation  from  an  insurance  standpoint  than 
from  any  other.  It  is  the  intention  of  the  Factory  Mutual 
Insurance  Companies  to  deduct  for  depreciation  what  judg- 
ment shows  is  deserved  for  actual  wear  and  tear  and  for  ob- 
solescence. The  methods  used  in  estimating  tliis  depreciation 
vary  with  buildings  and  with  different  kinds  of  machinery.  In 
some  cases  a  sliding  scale  can  be  applied  and  in  others  an 
average  figure. 

Depreciation  of  Buildings.  A  building  badly  out  of  repair 
naturally  deserves  fairly  heavy  depreciation.  A  building  in 
good  repair,  but  so  antiquated  in  size  and  shape  that  it  is 
manifestly  unsuited  for  the  uses  to  which  it  is  being  put.  also 
deserves  a  reasonably  heavy  deduction.  When,  however,  a 
building  is  of  such  dimensions  that  it  perfectly  answers  its 
purpose,  has  remained  plumb  and  is  constantly  kept  in  repair, 
actual  age  has  little  influence  on  judgment.  It  is  considered 
that  about  five  per  cent  of  the  new  value  is  enough.  In  other 
words,  buildings  are  not  depreciated  a  certain  per  cent  a  year, 
but  have  a  flat  amount  deducted  on  account  of  condition  and 
not  on  account  of  age. 

Depreciation  of  Machinery.  Machmes  vary  greatly  both 
in  the  manner  in  which  they  wear  out  and  in  the  rapidity  with 
which  they  go  out  of  date.  In  rare  eases  where  a  machine  has 
been  practically  superseded  in  the  market  by  one  that  will 
cost  much  less,  it  is  better  to  use  for  a  new  value  the  cost  of 
the  less  expensive  machine  rather  than  show  an  excessive  de- 
preciation. As  a  rule,  the  amount  deducted  applies  chiefly  to 
wear. 

With  machines  that  need  repairs  at  all  points  from  time  to 
time,  a  day  arrives  after  a  jieriod  of  years  when  it  is  better 
to  throw  tliem  out  altogether  and  replace  with  new  rather  than 
continue  to  repair  them.  Practically  all  textile  machines  come 
in  this  class,  as  do  engines  and  other  power-plant  machines, 
and  also  some  machine  tools,  wood-working  and  paper-work- 
ing machines.  To  all  of  that  nature  a  depreciation  table  is 
applied,  allowing  2,  21/2,  3,  4  or  5  per  cent  a  year,  deducted 
from  the  net  and  not  from  the  gross.  If  a  machine  is  en- 
tirely rebuilt  it  is  usually  considered  to  be  worth  at  that  time 
within  five  per  cent  of  new  value,  and  the  table  is  applied  for 
succeeding  years.  In  either  case,  the  probable  average  life  is 
ascertained  and  the  table  that  best  fits  is  used,  but  seldom  is 
the  depreciation  carried  to  a  point  beyond  fifty  per  cent. 

There  are  many  kinds  of  machines  where  the  main  portion, 
sometimes  as  much  as  eighty  per  cent  of  the  total  value,  re- 
mains for  years  with  practically  no  wear.  The  small  moving 
parts,  however,  wear  so  rapidly  that  they  are  constantly  being 
replaced.  This  is  true  of  a  great  variety  of  machine  tools, 
metal-,  wood-  and  paper-working  machines.  With  these  it  is 
considered  that  the  wearing  parts  are  always  in  a  state  of 
fifty  per  cent  depreciation,  and  the  amount  deducted  is  half  of 
the  percentage  the  value  of  the  wearing  parts  bears  to  the 
total  value  of  the  machine.  This  method  also  applies  to  roll- 
ing mills,  rubber  mills  and  calenders  where  the  frames  and 
gearing  remain  intact  for  years  and  the  rolls  constantly  wear 
down  and  are  replaced. 

There  is  another  class  where  neitlier  the  depreciation  table 


nor  the  definite  average  described  above  can  be  used.  This 
includes  most  of  the  machinery  in  paper  mills,  bleacheries  and 
dye  works  where  wet  processes  are  used.  These  machines  wear 
rapidly  and  are  frequently  rebuilt.  Paper  machines  in  par- 
ticular are  composed  of  a  train  of  parts,  and  from  time  to  time 
dilt'erent  sections  are  either  rebuilt  or  removed  entirely  and 
replaced.  The  depreciation  in  such  cases  depends  upon  the 
condition  at  the  time  of  the  appraisal  and  is  not  influenced  by 
the  age  of  what  remains  of  the  original  machine. 

Depreciation  of  Shafting,  etc.  It  is  quite  apparent  that  to 
obtain  the  age  of  shafting,  belting,  piping,  etc.,  would  nearly 
always  be  impossible,  so  that  general  figures  for  depreciation 
are  safest.  Shafting  shows  such  slight  wear  that  depreciation 
is  seldom  recognized.  It  is  becoming  the  custom,  however,  to 
show  either  a  slight  deduction  or  else  purposely  record  the 
new  value  at  a  conservative  figure  when  on  account  of  poor 
arrangement  an  amount  in  excess  of  what  is  needed  is  in  use. 

Main  belts  wear  slowly,  while  machine  belts  will  always 
average  50  per  cent  wear,  so  that,  as  a  rule,  the  total  amount 
of  belting  is  depreciated  331  per  cent. 

Piping  will  last  for  years,  except  where  exposed  to  acid 
fumes.  Pipe  covering  and  valves  show  wear,  but  piping  as  a 
whole  is  seldom  depreciated  more  than  ten  per  cent. 

The  miscellaneous  equipment  classed  under  the  head  of 
"  furniture  and  apparatus  "  is  made  up  of  objects  most  of 
which  are  constantly  wearing  out.  The  amount  is,  therefore, 
usually  depreciated  from  twenty  to  fifty  per  cent. 

Small  tools,  dies,  print  rolls  and  electrotypes  wear  out,  but 
they  are  affected  to  a  great  extent  by  obsolescence.  Patterns, 
drawings,  molds  and  lasts  are  subject  to  depreciation  for  the 
latter  reason  only.  In  determining  the  amount  to  be  deducted 
from  the  new  value  of  any  of  these  the  appraiser  must  ascer- 
tain what  proportion  of  the  equipment  is  indispensable  or 
practically  new. 

APPRAISAL    COMPANIES 

Having  explained  the  method  by  which  an  accurate  ap- 
in-aisal  can  be  made,  expending  the  minimum  amount  of  time, 
the  writer  may  well  refer  briefly  to  the  method  of  making  an 
appraisal  by  laborious,  painstaking  detail,  best  illustrated  by 
the  work  of  the  appraisal  companies.  The  finely  prepared 
volumes  are  found  to  contain  a  list  of  substantially  everything 
on  the  premises.  They  are  overburdened  with  extended  de- 
scriptions of  buildings  and  machinei-y,  far  more  than  is  neces- 
sary to  determine  value  and  decidedly  confusing  to  the 
searcher  for  individual  items.  The  usual  proportion  of  the 
total  value  recorded  is  based  on  estimate  only,  and  invariably 
there  are  errors  large  enough  to  counterbalance  whole  pages 
of  minor  items  so  carefully  noted.  The  law  of  averages  usually 
balances  these  errors,  so  that  the  final  result  is  approximately 
correct,  but  no  more  so  than  that  of  an  appraisal  made  by  the 
shorter  method  already  described. 


CONCLUSION 

This  so-called  approximate  or  "  short  cut "  method  of  mak- 
ing appraisals  has  been  employed  by  the  Factory  Mutuals  for 
years  and  foundations  and  other  uninsurable  properties  are 
omitted,  while  the  depreciation  charged  off  is  for  insurance 
purposes  only.  It  should  be  emphasized  that  the  figures  thus 
obtained  are  not  intended  for  other  uses,  though  safe  enough 
for  proportioning  a  cost  system.  But  the  method  described 
ciui   be  emjiloycil    in   making  an   appraisal  for  any  purpose. 
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'I  1  HE  Sub-Committee  on  Railroads  has  been  fortunate  this  year  in  securing  for  presentation  and  dis- 
J.  cussion  at  the  Annual  Meeting  papers  of  interest  both  to  locomotive  engineers  and  to  passenger- 
car  men.     I'he  session  in  charge  of  this  committee  will  therefore  be  of  wide  interest. 


MECHANICAL    DESIGN    OF    ELECTRIC 
LOCOMOTIVES 


I 


.  By  A.  F.  BATCHELDER,  SCHENECTADY,  N.  Y. 
Memlier  of  the  Society 

MPORTANT  features  in  the  mechanical  design  of  electric 
locomotives  are,  in  the  order  of  their  imiiortaiiee: 

1  Snfety  of  oi^eration 

2  Adaptability  to  service  conditions 

3  Reliability  in  service 

4  Convenience  of  arrangement  as  affecting  safety  and  efli- 

eiency  of  operation 

5  Power  efficiency  (affected  by  mechanical  design) 

6  Service  time  factor   (ratio,  time  available  for  service  to 

total   time) 

7  Cost  of  maintenance  of  permanent  way 

8  Cost  of  maintenance  of  locomotives 

9  First   cost. 

SAFETY    OP    OPERATION 


The  steam  locomotive  has  been  developed  to  such  a  state 
of  perfection  that  it  can  operate  at  near  80  m.p.h.  with 
perfect  safety;  but  no  one  would  think  of  operating  at  this 
speed  backwards.  With  the  coming  of  the  electric  loco- 
motive, the  railroad  operator  is  not  content  with  single- 
end  operation,  but  must  have  a  locomotive  that  will  operate 
equally  well  in  either  direction.  This  does  not  impose  any 
serious  difficulties  in  the  design  of  locomotives  for  speeds 
under  50  m.p.h.,  but  for  higher  speeds  it  requires  very  care- 
ful consideration  of  running-gear  details,  to  obtain  the  most 
satisfactory  results  as  to  tracking  and  effect  on  rails  and  road- 
bed. 

The  steam  locomotive  lias  what  now  seem  to  be  natural 
characteristics  to  allow  high-speed  operation  in  one  direction. 
These  characteristics  are  low  center  of  gravity  at  the  front 
end  carried  on  tlie  center  pin  of  a  2-asle  guiding  truck  tend- 
ing to  prevent  rolling  over  and  having  but  little  effect  on  the 
guiding,  and  high  center  of  gravity  at  the  rear  end  with  in- 
side journal  bearings  allowing  the  locomotive  to  roll  and 
increasing  the  time  element,  which  thus  reduces  and  dis- 
tributes the  lateral  pressure  against  the  rail  over  a  longer 
distance  and  increases  the  vertical  pressure  on  the  rail,  thus 
holding  the  locomotive  more  firmly  in  place.  These  same 
characteristics  can  be  obtained  in  electric  locomotives  by  the 
sacrifice  of  double-end  operation. 

The  advantages  gained  in  operating  the  electric  locomotive 
in  either  direction  are  so  important  that  means  should  be 
provided  for  satisfactory  double-end  operation.  One  way 
of  doing  this  is  by  using  a  4-wheel  guiding  truck  at  each 
end  of  the  locomotive.  With  the  use  of  the  extra  truck, 
however,  the  importance  of  a  high  center  of  gravity  largely 
disappears.  The  lateral  pressure  against  the  rail  at  the 
rear  end  now  appears  at  the  truck  flanges  rather  than  at  the 

For  presentation  at  the  .Vnnual  Meeting  of  The  .American  Societt 
OF  Mechanical  Engineee.s,  New  Xork,  December  5  to  S,  1916.  The 
paper  is  here  printed  in  abstract  form,  ana  artvance  copies  of  the 
complete  paper  may  be  obtained  gratis  upon  application.  All  papers 
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fiange.<  of  the  dri\-ing  wheels,  and  the  liigh  center  of  gravity 
no  longer  provides  the  same  increased  vertical  pressure  on  the 
outer  rail  at  the  point  of  the  maximum  lateral  pressure. 
The  lateral  stresses  from  guiding  the  main  frame  being 
taken  at  the  center  pin  of  the  two  guiding  trucks,  the  ad- 
ditional vertical  pressure  on  the  outer  rail  is  dependent  upon 
the  height  of  these  center  pins  rather  than  upon  the  height 
of  the  center  of  gravity  of  the  main  frame  above  the  wheel 
hubs,  thus  leaving  less  advantage  to  be  derived  from  a  high 
center  of  gravity. 

The  paper  shows  that  while  the  swivel  truck  is  desirable 
as  a  guiding  agent  at  the  front  end,  it  is  not  so  desirable  at 
the  rear  end,  and  means  must  be  pro\'ided  to  prevent  oscil- 
lation of  the  truck  and  to  accomplish  the  same  results  as  the 
high  center  of  gravity  in  a  single-end  locomotive.  For  this 
it  is  necessary  to  reduce  the  momentum  effect  and  to  repro- 
duce the  equivalent  of  the  time-element  factor  and  of  in- 
crease of  vertical  pressure  on  the  outer  rail  that  is  character- 
istic of  the  high-center-of-gravity  single-end  locomotive. 

The  momentum  effect  can  be  reduced  by  introducing  re- 
sistance against  swiveling,  thus  restricting  the  truck  from 
oscillating  from  one  side  to  the  other  of  the  track.  The 
amount  of  this  resistance  is  determined  by  the  allowable 
amount  that  can  safely  be  applied  to  the  truck  when  leading. 
To  rejiroduce  the  time-element  factor,  lateral  movement  can  be 
given  to  the  truck  center  pin  by  any  of  the  several  methods 
for  giving  lateral  movement  to  the  leading  truck  center  pins 
on  locomotives.  However,  the  writer  has  obtained  the  best 
results  with  the  method  that  is  the  nearest  to  constant  pres- 
sure and  dead  beat,  as  it  also  tends  to  prevent  oscillating. 

To  increase  the  vertical  pressure  on  the  outer  rail,  the  center 
bearing  of  the  truck  can  be  made  wide,  thus  allowing  the 
\ertical  component  of  the  lateral  pressure  at  the  center  of 
gravity  to  lie  transferred  through  the  bearing  to  the  wheel, 
or,  with  the  narrow  center  bearing,  the  height  may  be  made 
such  that  the  lateral  pressure  at  that  point  will  result  in  an 
increased  vertical  component  independent  of  the  height  of 
the  center  of  gravity. 

It  is  the  writer's  opinion  that  the  double-end  locomotive, 
while  its  characteristics  are  different,  can  be  designed  for  high 
speed  with  safety  equal  to  the  single-end  locomotive,  and  this 
recardless  of  the  height  of  the  center  of  gravity. 


.ADAPTABILITY    TO    SERVICE    CONDITIONS 

The  electric  locomotive,  besides  being  required  to  operate 
in  either  direction,  is  often  also  required  to  be  adapted  for 
operating  high-speed  passenger  trains  and  heavy  low-speed 
freight  trains  o\-er  main-line  tracks,  to  negotiate  sharp  curves, 
and  to  be  easy  on  light  track  and  bridge  structures. 

With  locomotives  having  geared  motors,  the  requirement  of 
operating  the  passenger  and  freight  trains  can  often  be  met  by 
changing  the  gearing  to  obtain  the  proper  speed  and  drawbar 
pull. 

The  running  gear  can  be  made  with  trucks  of  short  wheel 
base  and  coupled  together,  the  number  of  trucks  depending 
upon  the  required  weight  of  the  locomotive  for  its  maximum 
drawbar   pull,   and   also   on   the   allowable  weight   per   axle. 


November 
1916 


CLASP  BRAIvES  FOR  HEAVY  PASSENGER  EQUIPMENT  CARS,  T.  L.  BURTON 


883 


With  such  a  design  curves  of  very  short  radius  can  be  oper- 
ated over,  and  the  weight  per  axle  can  be  such  as  to  allow 
operation   over  light  structures. 


design     of     the     locomotive     and     the     ease     with     whicii 
its  parts  can  be  inspected,  adjusted,  repaired,   or  replaced. 

COST  OF   MAINTENANCE  OF   PERMANENT   WAY 


RELIABILITY   IN   SERVICE 

When  the  design  is  such  that  it  is  safe  to  operate  at  the 
required  speeds  and  is  proper  for  the  curves  and  other  serv- 
ive  requirements,  and  liberal  factor  of  safety  is  provided 
for  the  parts  subjected  to  strain,  reliability  in  service  af- 
fected by  the  mechanical  part  of  the  locomotive  depends 
mainly  upon  the  bearings,  their  lubrication,  and  the  method 
of  power  transmission  from  the  motors  to  the  drivers.  It 
is  necessary  therefore  to  provide  effective  lubrication  and  as 
few  bearings  and  as  simple  driving  mechanism  as  the  design 
of  the  motors  will  allow. 


CONVENIENCE     OF     ARRANGEMENT     AS     AFFECTING     SAFETY     AND 
EFFICIENCY    OF    OPERATION 

After  providing  all  the  safety  appliances  recommended  by 
the  Interstate  Commerce  Commission,  it  is  important  to  ar- 
range for  the  most  convenient  location  of  the  operator  to 
allow  him  an  unobstructed  view  of  the  track  and  signals,  to 
place  within  his  easy  reach  the  air-brake  valve  and  loco- 
motive-signal-de^-ice  handles,  as  well  as  the  reverse  and  power- 
controller  handles,  keeping  in  mind  the  importance  of  making 
them  so  free  from  complication  that  the  operator  will  require 
the  least  amount  of  thought  to  manipulate  any  of  the  devices 
and  be  left  free  to  respond  to  signals  and  look  out  for 
emergencies. 

The  arrangement  for  housing  the  electrical  apparatus  and 
its  jjosition  in  the  cab  must  be  governed  largely  by  its 
design,  but  it  is  important  to  arrange  it  so  that  its  operating 
parts  are  accessible  and  easy  to  inspect,  and  at  the  same 
time  are  protected  against  persons  coming  in  contact  with 
any  live  parts. 


POWER  EFFICIENCY 

The  power  efficiency  as  affected  by  mechanical  design  is 
governed  largely  by  the  type  of  traction  motors.  It  is  ap- 
parent that  the  gearless  motor  mounted  directly  on  the  axle 
allows  the  design  of  maximum  efficiency  on  account  of  its 
few  bearings  and  absence  of  gearing  and  moving  parts.  The 
gearless  motor  mounted  on  a  quill  and  driving  through 
springs  to  the  wheels  may  be  considered  second  in  its  pos- 
sibilities for  high-efficiency  design,  it  having  additional  bear- 
ings and  a  gi-eater  number  of  moving  parts.  The  single- 
reduction  geared  motor  with  its  additional  bearings  and  gear 
losses  can  be  given  third  place  in  eflBciency  design ;  the 
single-reduction  geared  motor  driving  through  gears  and  side 
rods  to  the  wheels  may  be  placed  fourth,  and  the  gearless 
motor  driving  through  side  rods  and  jackshaft  to  the  wheels 
fifth. 


SERVICE  TIME  FACTOR 

The  service  time  factor  is  dependent  upon  the  ability  of  the 
locomotive  to  operate  under  all  service  conditions  and  without 
undue  strains,  which  requires  a  liberal  design  of  its  wearing 
parts.     In  addition  to  this  it  depends  on  the  simplicity  of 


Tlie  cost  of  maintenance  of  permanent  way  can  be  increased 
or  reduced  by  the  design  of  the  locomotive.  The  lowest 
cost  is  obtained  when  the  locomotive  meets  its  service  re- 
quirements without  undue  strains,  when  the  rotating  parts  are 
balanced,  the  weights  per  axle  are  suitable  for  the  structures, 
a  suitable  equalizing  system  provided  to  maintain  the  proper 
weight  distribution,  and  provision  made  to  protect  against 
flange  wear. 


COST    OP    MAINTENANCE    OF    LOCOIIOTIVES 

The  cost  of  maintenance  of  the  locomotive  is  dependent 
upon  safety  of  operation,  adaptability  to  service  conditions, 
reliability,  convenience  of  arrangement,  and  the  same  items 
that  enter  into  its  service  time  factor.  It  is  also  governed 
by  the  same  conditions  as  affect  the  maintenance  of  permanent 
way. 

The  care  with  which  the  material  is  selected,  the  quality  of 
workmanship,  ease  with  which  the  parts  can  be  inspected,  ad- 
justed, repaired  or  replaced,  and  simplicity  of  design  govern 
maintenance  cost. 

FIRST   COST 

This  will  depend  largely  upon  the  design  chosen,  but  its 
impoi-tance,  except  at  the  time  of  purchase,  becomes  of  little 
moment  when  taking  into  consideration  the  eight  foregoing 
features.  With  two  locomotives  designed  for  the  same  service, 
the  cost  of  the  difference  in  efficiency  and  locomotive  main- 
tenance alone  for  one  year  may,  when  capitalized,  amounts  to 
a  considerable  proportion  of  the  first  cost  of  one  of  the 
locomotives. 

Too  much  importance  cannot  be  given  to  developing  to 
the  utmost  the  mechanical  part  of  the  electric  locomotive. 
From  the  present  outlook,  the  locomotive  for  high-speed  pas- 
senger service  with  gearless  motor  with  armature  mounted 
directly  on  the  axle,  and  the  locomotive  for  freight  and 
switching  service  with  single-reduction  geared  motor  mounted 
on  and  geared  to  the  axle,  lend  themselves  best  to  simple 
design  and  low  cost  of  maintenance. 

In  making  these  comments  the  writer  does  not  criticize 
tlie  work  of  any  other  designer.  The  conclusions  he  has 
reached  are  drawn  from  experience  with  his  own  designs  of 
the  various  types  referred  to. 

CLASP  BRAKES  FOR  HEAVY  PASSENGER 
EQUIPMENT  CARS 

By  T.  L.  BURTON  \  ST.  LOUIS,  MO. 
Non-Member 

THE  first  requirements  of  a  power  brake  are  to  stop  the 
vehicle  to  which  it  is  applied  in  the  shortest  possible  dis- 
tance, consistent  with  maximum  rail  adhesion,  during  emer- 
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geney  braking,  and  in  the  minimum  distance,  consistent  with 
accuracy  and  smoothness,  during  service  braking,  all  of  which 
is  largely  dependent  upon  the  type  of  equipment  employed,  the 
manner  in  which  it  may  be  operated  and  the  braking  ratio 
(percentage  of  brake  power)  that  can  be  successfully  used. 

The  braking  requirements  for  present-day  heavy  steel  pas- 
senger-car equipment  can  best  be  appreciated  by  a  careful 
analysis  of  the  records  of  a  number  of  passenger-train  brake 
tests  with  the  earlier  light  wooden  cars  and  the  heavy  steel 
equipment  of  today,  and  for  those  who  care  to  make  such 
an  analysis  the  paper  which  was  presented  by  S.  W.  Dudley 
at  the  February,  1914,  meeting  of  the  Society  is  unqualitiedly 
recommended.  For  ready  reference,  however,  it  might  be  in- 
teresting to  state  that  in  1902  an  exhaustive  series  of  brake 
tests  were  made  on  the  Pennsylvania  Railroad,  under  the 
supervision  of  A.  W.  Gibbs,  with  trains  consisting  of  one 
locomotive  and  comparatively  light  wooden  ears,  in  which 
stops  were  made  from  a  speed  of  60  m.p.h.  with  emergency- 
brake  applications  in'  approximately  1000  ft. 

In  1903  similar  tests  were  made  on  the  Central  Railroad  of 
New  Jersey,  under  the  writer's  supervision,  in  which  passenger 
trains  consisting  of  what  was  then  considered  modern  equip- 
ment were  stopped  fi-om  a  speed  of  60  m.p.h.  in  an  average 
distance  of  970  ft. 

Early  in  1905  another  series  of  tests  was  made  on  the  Penn- 
sylvania Railroad  with  equipment  similar  in  weight  and  con- 
struction to  that  used  in  the  1902  and  1903  tests,  with  sub- 
stantially the  same  results. 

The  emergency  braking  ratio  in  the  Pennsylvania  Railroad 
and  the  Central  Railroad  of  New  Jersey  tests  did  not  exceed 
125  per  cent  of  the  car  weight,  and  a  reducing  mechanism 
was  employed  for  automatically  reducing  the  braking  ratio 
during  the  stops,  so  that  the  mean  effective  ratio  was  approxi- 
mately 100  per  cent. 

Based  upon  results  obtained  in  the  three  brake  tests  just 
referred  to,  a  distance  of  1000  ft.  was  considered  a  desirable 
theoretical  emergency  stop  from  a  speed  of  60  m.p.h.  for  a 
passenger  train  having  the  ordinary  "  high-speed  brake." 

In  the  fall  of  1905,  closely  following  the  second  test  of  the 
Pennsylvania  Railroad,  similar  tests  were  made  on  the  New 
York  Central  Railroad,  under  the  supervision  of  C.  H. 
Quereau.  The  locomotive  and  care  used  in  this  test  weighed, 
however,  considerably  more  than  the  ones  used  in  previous 
tests,  and  the  emergency  stops  from  60  m.p.h.  were  over  1200 
ft.,  in  cases  where  the  air-brake  equipment  and  braking  ratio 
were  substantially  the  same  as  had  formerly  produced  ap- 
proximately 1000-ft.  stops  with  lighter  equipment. 

Results  of  the  New  York  Central  test  immediately  estab- 
lished the  fact  that  as  the  weights  of  the  individual  vehicles 
of  which  the  train  was  composed  increased,  the  braking  ratio 
would  have  to  be  increased  if  the  length  of  the  stop  was  to 
be  no  greater  than  was  formerly  made  with  lighter  equipment, 
and  to  meet  the  requirements  of  the  heavier  locomotives  and 
cars  the  air-brake  manufacturers  immediately  developed  an 
air-brake  equipment  with  which  could  be  had  a  higher  braking 
ratio  than  was  obtainable  in  previous  tests  with  lighter  loco- 
motives and  ears. 

In  1908  another  exhaustive  series  of  tests  was  made  on  the 
Southern  Pacific  Railroad  with  still  heavier  locomotives  and 
ears,  in  which  it  was  foimd  that  a  distance  of  over  1300  ft. 
was  required  for  stopping  the  heavier  trains  from  a  speed  of 
60  m.p.h.  with  no  gi-eater  emergency  braking  ratio  than  was 
formerly  required  for  making  a  1000-ft.  stop  with  the  ligher 
equipment. 

In  1909,  R.  B.  Kendig,  Mem.Am.SocM.E.,  conducted  still 


another  brake  test  on  the  Lake  Shore  &  Michigan  Southern 
Railroad  with  trains  consisting  of  locomotives  and  cars 
closely  approximating  present-day  equipment  in  weight,  for 
which  was  required  an  emergency  braking  ratio  of  180  to  200 
per  cent  of  the  car  weight  for  producing  approximately  a 
1200-ft.  stop  from  a  speed  of  60  m.p.h.  These  tests  demon- 
strated to  the  entire  satisfaction  of  all  who  participated  in 
them  that  the  emergency  braking  ratio  for  heavy  steel  cars 
would  have  to  be  not  less  than  180  per  cent  of  the  car  weight 
if  the  emergency  stops  were  to  be  made  in  no  greater  distance 
than  formerly  required  for  the  lighter  cars.' 

Realizing  that  180  to  200  per  cent  braking  power  applied 
to  one  side  of  a  ear  wheel  would  probably  produce  ill  effects 
on  journals,  brasses,  trucks,  etc.,  the  writer  had  made  a  careful 
and  thorough  analysis  of  the  force  action  on  car  journals  as 
effected  by  high-braking  forces.  These  analyses  show  conclu- 
sively the  undesirability  of  afiplying  to  one  side  of  the  wheel 
a  braking  ratio  of  sufficient  magnitude  for  stopping  the  mod- 
ern heavy  steel  equipment  in  no  greater  distance  than  for- 
merly required  for  stopping  the  lighter  wooden  equipment.  A 
summary  of  these  analyses  is  given  in  the  text  of  the  paper 
and  in  illustrations. 

In  the  light  of  these  analyses,  it  is  the  writer's  opinion  that  a 
suitable  design  and  make  of  clasp  brake  should  be  used  on 
modern  steel  passenger  equipment,  the  advantages  of  which 
are,  briefly  stated,  as  follows: 

SAFETY 

a  In  case  of  danger,  requiring  an  emergency  brake  applica- 
tion, a  much  shorter  stop  can  be  made  with  the  clasp  brake 
than  with  a  single-shoe  brake,  other  conditions  except  those 
affected  by  the  brake  gear  being  the  same  in  both  cases. 

6  If  properly  designed,  manufactured  and  installed,  there 
is  no  occasion  to  disconnect  any  part  of  the  clasp-brake  rig- 
ring  between  shopping  of  cars.  The  probability  of  the  brake 
becoming  inoperative  through  a  failure  to  properly  replace 
cotters  when  disconnecting  the  brake  with  the  ear  in  transit 
and  the  loss  of  brake  pins  resulting  therefrom  is  reduced  to 
a  minimum. 

c  A  thin  brake  shoe  or  the  loss  of  a  brake  shoe  does  not  in 
all  cases  necessitate  cutting  put  a  brake  to  save  the  brake 
beam. 

d  If  the  clasp  brake  is  properly  designed,  manufactured 
and  applied  to  the  car  it  will  be  practically  impossible  to  ad- 
just the  rigging  so  as  to  impair  its  efficiency  or  interfere  in 
any  way  with  its  proper  operation. 

e  The  axles  and  truck  frames,  in  addition  to  performing 
their  usual  functions,  become  safety  hangers  for  the  major 
portion  of  the  brake  rigging,  thus  reducing  to  a  minimum  the 
possibility  of  derailment  that  might  be  caused  by  brake  rig- 
ring  dropping  on  the  track  in  case  of  failure  of  the  truck 
brake  gear. 

/  While  the  possibility  of  disconnected  brake  parts  drop- 
ping on  the  track  is  greatly  reduced  in  comparison  with  the 
single-shoe  type  of  brake  gear,  the  danger  is  further  reduced 
on  account  of  the  elasp-brake  parts  being  much  lighter  than 
those  of  the  single-shoe  type. 


■  It  is  not  the  intention  to  show  by  the  above  references  to  brake 
tests  the  distance  in  which  trains  may  be  stopped  in  service.  In  con- 
ducting bralve  tests  variations  in  ecjuipment  b.y  which  stopping  dis- 
tances are  effected  are  necessarily  reduced  to  a  minimum,  otherwise 
the  results  would  not  be  comparative.  The  stopping  distances  re- 
ferred to  should,  therefore,  be  used  only  as  a  basis  of  comparison 
for  different  equipments,  and  it  should  not  be  assumed  that  such  stops 
would  be  reproduced  in  actual  train  service.  On  the  contrary,  it  may 
safely  be  assumed  that  the  stops  with  service  trains  should  be  much 
longer  than    test   records  show. 
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HOUGH  VS.  SMOOTH  TRAIN  HANDLING,  ACCURACY  IN  MAKING 
STOPS,   ETC. 

g  Many  modern  passenger  trains  are,  on  account  of  tlie 
inherent  shortcomings  of  the  "  single-shoe "  type  of  brake, 
extremely  difBcult  to  handle  smoothly.  Careful  investigation 
of  the  comjilaints  of  roughly  handled  passenger  trains  indicate 
that  most  of  these  troubles  are  due  largely  to  non-uniform 
braking  power  and  the  time  in  which  it  is  developed,  as  a 
result  of  improper  piston  travel. 

In  sei-vice  braking  at  low  speeds,  whether  for  the  purpose 
of  stopping  from  such  speeds  or  for  completing  stops  from 
high  speed,  such  as  making  a  second  brake  application  as  the 
stopping  point  is  approached,  the  brake  power  should  be  light 
and  the  retardation  resulting  therefrom  must  be  developed 
slowly,  or  simultaneously  on  all  cars,  if  smooth  handling  is 
to  be  insured.  Smooth  service  stops  from  all  speeds  are  also 
contingent  upon  the  flexibility  of  the  brakes. 

The  seriousness  of  slack-action  shocks  is  greater  than  in 
former  years  on  account  of  the  gi'eater  average  weight  of  cars 
and  increased  length  of  trains,  and  the  chances  for  producing 
them  are  much  greater  with  the  single-shoe  brake  than  was 
formerly  the  case  with  lighter  cars  and  shorter  trains. 

Contrasting  the  desired  rate  at  which  the  braking  power 
should  be  developed  at  low  speed,  making  service  or  emer- 
gency stops  from  high  speed  in  a  minimum  distance  necessi- 
tates developing  a  high  nominal  braking  power,  and  in  addi- 
tion tliereto  it  must  be  developed  rapidly. 

The  rate  at  which  both  service  and  emergency  brakmg 
power  are  developed  is  largely  dependent  upon  piston  travel, 
and  with  a  view  to  producing  the  best  results  under  all  condi- 
tions, the  automatic  brake  is  built  on  the  principle  of  maintain- 
ing, as  near  as  practicable,  8  in.  of  piston  travel  at  all  times  and 
under  all  conditions.  As  an  example,  if,  during  service  brak- 
ing at  low  train  speeds,  the  piston  travel  resulting  from  a  10- 
Ib.  brake-pipe  reduction  is  only  5  in.  instead  of  8  in.  (with 
some  brake  riggings  it  is  o  in.  or  less),  the  braking  power  will 
be  fully  100  per  cent  greater  than  with  the  predetermined 
standard  piston  travel  of  8  in. ;  and  with  the  shorter  travel 
a  10-  or  15-lb.  reduction  will  practically  equalize  the  auxiliary 
resenoir  and  brake  cylinder  pressure,  thereby  materially  re- 
ducing the.  flexibility  of  the  brake.  While  the  vibration  of  the 
car  may  cause  the  5-in.  piston  travel  to  increase  to  practically 
normal  before  the  stop  is  completed,  it  will  not  do  so  except 
when  stopping  from  high  speed.  Moreover,  if  the  travel  does 
increase  before  the  stop  is  completed  it  will  contribute  noth- 
ing to  smooth  handling,  as  the  shock  will  have  occurred  while 
the  travel  was  short. 

Other  things  being  equal,  the  clasp  brake  will  develop  a 
higher  percentage  of  braking  jjower  than  the  single-shoe 
brake  during  heavy  service  or  emergency  applications,  but  for 
light  service  braking  at  low  speed  the  brake  power  developed 
from  a  given  brake-pipe  reduction  is  much  less  with  the  clasp 
brake  than  with  the  single-shoe  brake,  and  it  is  developed  at 
a  much  lower  rate,  thereby  insuring  smoother  train  handling 
than  can  be  had  with  the  single-shoe  brake. 

The  results  just  cited  are  due  to  the  fact  that  with  the  single- 
shoe  brake  the  piston  travel  is  practically  proportional  to  the 
cylinder  pressure  developed,  whereas  with  the  clasp  brake, 
with  a  shoe  on  each  side  of  the  wheel,  the  horizontal  wheel  or 
shoe  movement  relatively  to  the  brake  cylinder  is  reduced  to 
a  minimum,  and  such  movement  if  produced  from  any  cause 
will  have  no  efliect  on  the  piston  travel.  Moreover,  with  the 
clasp  brake  the  shoes  are  located  suflSciently  close  to  the 
horizontal  center  line  of  wheel  centers  to  obviate  the  pulling 


down  of  truck  frames  and  variations  in  piston  travel  resulting 
therefrom. 

The  removal  of  worn  shoes  and  their  replacement  by  a  given 
number  of  new  shoes  without  readjustment  of  slack,  as  is  fre- 
quently done  on  long  runs,  will  not  affect  the  piston  travel 
with  the  clasp  type  of  brake  to  the  same  extent  as  would  occur 
with  the  single-shoe  type  of  brake. 

The  only  remedy  that  can  be  offered  for  the  diflSculties 
arising  from  improper  piston  travel,  which  so  seriously  affects 
the  braking  power  resulting  from  a  given  brake-pipe  reduc- 
tion and  the  rate  at  which  it  is  developed,  is  to  apjjly  a  truck- 
and-body  brake  gear  that  will  substantially  insure  uniform 
piston  travel  under  all  conditions  of  speed  and  cylinder  pres- 
sure. The  use  of  the  clasp  type  of  braking  rigging  with  body- 
brake  gear  to  suit  will,  to  a  large  extent,  accomplish  these 
results  and  restore  the  flexibility  of  brake  operation  which 
existed  prior  to  the  adoption  of  extremely  heavy  cars  and 
long  trams  of  the  present  day  equipped  with  single-shoe 
brakes. 


IMPROVES  HIDING   QUALITIES  OF  EQUIPMENT 

h  The  high  brake-shoe  loads  developed  one  one  side  of  the 
wheels  with  a  single-shoe  brake  produce  a  binding  effect  be- 
tween pedestals  and  oil  boxes  which  interferes  with  the 
proper  action  of  the  tiiick  springs  during  an  application  of 
the  brakes,  and  when  the  shoes  are  hung  low,  as  is  necessary 
with  the  ordinary  six-wheel  truck  and  single-shoe  brake,  the 
pulling-down  effect  of  the  truck  defeats  in  many  cases  the 
purpose  of  the  truck  equaUzing  springs.  This  binding  be- 
tween pedestals  and  oil  boxes  and  the  increased  load  on  truck 
springs  causes  the  car  to  ride  hard  when  brakes  are  applied. 
These  evils  do  not  exist  with  the  clasp  brake. 


ELIMINATION  OF  HOT  BOXES 

*  With  the  single-shoe  type  of  brake  rigging  it  will  be 
observed  that  the  high  pressure  exerted  by  the  shoe  on  one 
side  of  the  wheel  causes  the  tilting  of  brasses  sufficiently  to 
lift  one  side  of  the  brass  a  considerable  distance  away  from 
the  journal  (see  Figs.  3  and  4)  so  that  a  wide  space  is  ojien 
for  waste  to  be  caught  between  the  brass  and  the  journal 
when  the  brake  is  released  and  the  brasses  and  journals  re- 
sume their  normal  position. 

Investigation  has  shown  that  waste  has  been  found  wrapped 
around  the  journal,  and  that  the  collars  on  the  axles  are 
forced  against  the  sides  of  the  boxes.  Furtiier,  these  effects 
are  not  confined  to  emergency  apjjlications,  but  will  also  be 
noted  in  service  applications  of  the  brake  and  are  all  in  the 
direction  of  producing  hot  boxes,  while  the  unequal  distribu- 
tion of  braking  power  and  binding  between  boxes  and  ped- 
estals has  a  tendency  to  cause  slid  flat  wheels. 

DECREASE    IN    MAINTENANCE    COST    AND    BRAKE-SIIOE    COST 

j  While  the  principal  advantages  inherent  in  the  clasp 
brake,  of  greater  flexibility  in  service  braking,  etc.,  are  out- 
lined in  the  foregoing,  and  the  primary  consideration  for  its 
adoption  must  be  the  increased  emergency  efficiency  over  the 
single-shoe  type  of  brake,  providing  as  it  does  for  the  pos- 
sibility of  gi'eatly  shortened  stops,  with  a  lesser  tendency  to 
slide  wheels,  and  consequent  increase  in  safety,  the  clasp  brake 
will  also,  due  to  the  principles  involved  in  its  design  and  con- 
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struction,  show  a  decided  decrease  in  cost  of  maintenance,  not 
only  in  the  brake  rigging  itself,  but  a  substantial  decrease  in 
the  cost  of  brake-shoe  material  for  equal  amounts  of  energy 
dissipated. 

COST  OF  TRAIX  OPERATION 

k  Investigation  has  developed  the  fact  that  with  the  single- 
shoe  type  of  brake  on  modern  passenger  equipment  cars  and 
the  piston  travel  adjusted  to  proper  limits,  approximately  35 
per  cent  of  the  available  tractive  effort  of  the  locomotive  was 
consumed  in  pulling  the  train  against  the  eflEect  of  brake  shoes 
dragging  on  the  wheels  with  the  brakes  released/  With  the 
clasp  type  of  brake  and  the  resulting  increased  shoe  clearance, 
this  loss  is  eliminated,  leaving  better  maintenance  of  schedules 
and  corresponding  decreased  cost  of  train  operation. 


COXCLUSIOX 

I  In  considering  the  application  of  clasp  vs.  single-shoe 
brakes  to  the  modern  heavy  steel  passenger  car  of  to-daj-,  the 
advantages  of  the  former  over  the  latter,  as  enumerated 
above,  are  but  secondary  to  the  primarj'  question  to  be  settled. 


'  See  M.C.B..\ssn.   Proceedings.   1910,   page  97.   paragraph   3. 


namely :  Are  the  present-day  trains  to  be  stopped  from 
given  speeds  in  no  greater  distance  than  was  required  ten  to 
fifteen  years  ago  for  stopping  the  lighter  wooden  cars  "I  If  so, 
the  question  of  whether  or  not  an  efficient  clasp  brake  should 
be  used  on  such  trains  is  conclusively  settled. 

The  collision  energy  of  the  heavy  steel  passenger  trains  as 
compared  to  the  lighter  wooden  train  has  increased  directly 
in  proportion  to  the  increased  weight,  and  in  geometrical  pro- 
portion to  the  increased  speed,  in  cases  where  speeds  have 
been  increased,  to  say  nothing  of  the  increased  density  of 
traflSc.  It  would,  therefore,  seem  that  the  use  of  a  clasp 
brake  is  essential  in  successfully  controlling  the  speed  of 
present-day  or  future  passenger  trains,  and  without  regard 
to  nominal  increase  in  first  cost  or  multiplicity  of  parts  of 
brake  gear  resulting  therefrom. 

m  The  foregoing  discussion  ou  the  relative  performance  of 
the  clasp  and  single-shoe  brake  is  with  the  distinct  under- 
standing that  the  former  is-  designed  upon  a  scientific  engi- 
neeiing  basis  and  is  constructed  and  installed  in  accordance 
with  the  isrinciples  involved  in  the  design;  for  while  the 
claims  made  for  the  clasp  type  of  brake  have  been  conclu- 
sively demonstrated  by  exhaustive  tests  and  road  service,  it 
has  likewise  been  demonstrated  that  where  the  clasp  brake  is 
improperly  designed  or  carelessly  manufactured  and  installed 
the  results  obtained  in  service  are  in  many  respects  less  de- 
sirable than  with  the  single-shoe  brake. 


GAS   POWER   PAPERS 


rriHE  Sub-Committee  on  Gas  Power  will  have  charge  of  a  session  at  the  Annual  Meeting  at  which 
J.  important  papers  on  gas  manufacture,  gas  analysis,  comparison  of  steam  and  gas  engines,  internal 
combustion  engines,  and  gas  tractors  tvill  be  presented.     Tivo  of  the  papers  for  this  sessio7i  appear  belo'^v. 


THE   INTERNAL-COMBUSTION   MOTOR 
FOR  TRACTION  ENGINES 

BV    A.    A.    POTTER,    MANHATTAN',    KAN. 

Member  of  the  Society 

and 

W.    A.    BUCK,'   MANHATTAN,    KAN. 

Non-member 

AT  the  present  time,  over  one  hundred  manufacturing  con- 
cerns in  the  United  States  are  building  traction  engines 
driven  by  internal-combustion  motors.  The  designs  differ 
greatly:  some  have  motors  with  horizontal  cylinders,  others 
with  vertical  cylinders.  In  some  designs  the  power  of  the 
motor  is  delivered  to  one  wheel,  in  others  to  two,  and  in  still 
others  to  all  four  wheels;  several  designs  are  of  the  so-called 
"  creeping  grip  "  types. 

The  development  of  the  traction  engine  for  agricultural  pur- 
poses has  been  along  lines  entirely  different  from  those  of  the 
automobile.  The  early  engines  developed  60  to  80  h.p.  on  the 
brake  and  30  to  40  h.p.  on  the  drawbar;  they  were  expensive, 
complicated,  and  unsuited  for  any  but  the  largest  farms  of 
the  country.  The  present  tendencies  of  manufacturers  are  to 
build  smaller  engines  and  to  standardize  the  product. 


'  Assistant  in  Steam  and  Gas  Engrg.,  Kans.  State  Agrl.  Coll. 

For  presentation  at  the  Annual  Meeting  of  The  American  Society 
OF  Mecbasical  Engineers,  New  York.  December  5  to  S,  1916.  The 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the  com- 
plete paper  may  be  obtained  gratis  upon  application.  All  papers  are 
subject  to  revision. 


OBJECT  OP  INVESTIGATION 

The  piu-pose  of  this  investigation  was  to  determine  the  fuel 
economy  and  thermal  efficiency  of  a  great  variety  of  traction- 
engine  designs,  to  find  out  the  practicability  of  the  fuels 
heavier  than  gasoline  for  traction  engine  use,  and  to  compare 
the  rating,  valve  setting,  timing  and  other  details  of  commer- 
cial traction  engines.  Particulars  of  the  motors  tested  and  of 
the  fuels  used  are  given  in  Table  1. 


GENERAL   CONCLUSIONS 

From  the  results  of  this  investigation  the  authors  have  de- 
rived the  following  general  conclusions: 

a  The  four-cylinder  motor  is  better  adapted  for  belt  work 
on  account  of  the  greater  number  of  impulses  per  revo- 
lution. 

b  The  single-cylinder  motor  and  the  two-cylinder  motor  op- 
erate better  than  four-cylinder  motors  with  fuels  heavier 
than  gasoline. 

c  Carburetors  now  used  are  satisfactory  for  gasoline,  but  a 
carburetor  jacketed  with  heat  from  exhaust  gases  should 
be  employed  when  operating  with  kerosene  or  with  the 
heavier  fuels. 

d  The  ordinary  automobile  motor  is  too  light  for  traction- 
engine  work.  The  traction-engine  motor  should  operate 
at  lower  piston  speeds  than  the  automobile  motor.  Mo- 
toi"s  operating  at  piston  speeds  of  700  to  900  ft.  per  min. 
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are  giving  satisfaction. 
e     The  \'ertieal  types  of  motors  are  preferable  on  account  of 

greater  accessibility,  longer  lift  and  better  balance. 
/     Tlie  valve-in-tbe-head  type  of  motor  has  the  more  eflScient 


plicity,  is  the  best  system  of  ignition  for  traction  engines. 

The  fuel-economy  range  is  from  about  1.30  lb.  per  shaft 

h.p.  per  hour  at  one-fourth  load  to  about  0.7  lb.  per  hour 

at  full  load.     The  fuel  consumption  in  lb.  per  shaft  h.p. 


TABLE  1     PARTICULARS  OF  THE  TRACTION-ENGINE  MOTORS  TESTED  AND  THE  FIXELS  USED 


T>-pe 
(all  4-8troke  cycle) 

Ignition 
System 

Lubrication 
System 

Carbu- 
retor 

Cooling 
System 

Governor 

Fuel 

Rat- 
ing, 
b.h.p. 

Bore, 
in. 

1 
03 

En- 
gine 

Gaso- 
line 
or 

Kero- 
sene 

Spe- 
cific 
grav- 
ity 

Heat- 
ing 
Value, 
B.  t.  u. 

per  lb. 

Rev. 
per 

min. 

A 

mech.  op.  sight-feed 
oilers 

/splash  &  mech.  op.  1 
1      sight  feed  '           j 
sight-feed  pump 
St.  feed  pump  splash 
mech.  St.  feed  oiler 
pump  splash 

pump 

throttling! 

K 
K 

\k 

G 
G 
G 
G 
K 
G 
G 
K 

G 

0,809      19,700       fin 

6 

6K 

8 

5 

4Ji 
8 

9 

7 
7 
9 
7 
8 
7 

5H 
12 

7 

B 

(same  motor  as  .\,  but 

vert,  L-head, '  4-cyl. 

vert.,  T-head,  4-cyl.i 
hor.,  opposed,  4-cyl  i 
hor.,  opposed,  2-cyl.i 
vert.,  L-head,  4-cyl.' 
hor.,  L-head,  4-cyl.> 
hor.,  opposed,  2-cyl.' 
vert.,  L-head,  4-cyl.' 
hor.,  siiigle-c>-l.','' 

hor.,L-hd.,  2-cyl.,opp' 

tested  when  new) 

high-tension,8 

high-tension^ 
high-tension^ 
dual 
high-tension^ 

0  800      19_fiS0 

60 

50 
SO 

40 
35 
25 
25 
20 
16 

20 

C 

D 
E 
F 
G 
H 

Bennett 

Bennett 
Kingston 
Rayfield 
Bennett 

pump 

pump 

therm  o-sj-phon 
thermo-sj-phon 

pump 

pump 
thermo-syphon 

pump 

hopper 

pump 

throttling" 

diaphragm' 

throttling^ 

throttling" 

throttling" 

throttling" 

throttling^ 

throttling" 

throttling" 

throttling" 

0.739 
0.786 
0.741 
0.735 
0  730 
0.737 
0.789 
0.747 
0.737 
0.805 

0.738 

19,670 
19,500 
19,000 
17,680 
20,600 
20,000 
19,900 
19,550 
20,000 
19,280 

20,290 

500 

650 
500 
350 
700 
575 

J 
K 

L 

high-tension^                    pump  splash 
high-tension"                 ■  pump  splash 

Kingston 
Bennett 

570 
800 
400 

M 

Kingston  dual  h.-t. 

mech.  St.  feed  oiler 

Kingston 

f  650 
1720 

1  With  mechanically  operated  inlet  and  exhaust  valves. 

"  High-speed  throttling  type  of  governor  that  regulates  the  quantity  of  mixture. 

'  With  K-W  impulse  starter  magneto. 


*  Diaphragm  type,  using  pressure  of  circulating  water  to  control  the  speed. 

■■  Valve  in  the  head. 

8  Make-and-break  system  using  an  Accurate  oscillating  magneto. 


Per  Cen+  o'f  Full  Load 

Fig.  1    Curves  of  Fuel  Consumption  op  Tr.\ction  Engine.s  at  Various  Loads 


combustion  sjiace  and  is  (o  be  preferred  to  the  T-licad  or  per  hour  is  very  nearly  the  same  for  both  gasoline  and 

L-head  types.  kerosene. 

g     The  combination  of  the  forced  feed  and  splash  oiling  sys-  ,/     The  thermal  efficiencies  at  full  load  vary  from  14.88  to 

tem  gives  good  results.  19.41  per  cent  for  gasolme  fuel,  and  from  13.7  to  15.97 

h     The  jump-s]iark  system,  on  account  of  its  mechanical  sim-  per  cent  for  kerosene. 
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RESULTS   OF  TESTS 


The  paper  includes  a  table  giving  results  of  the  tests  relat- 
ing to  fuel  consumption  and  thermal  efficiency  at  various  loads, 
and  from  the  former  the  curves  of  Fig.  1  have  been  plotted. 


TABLE    2    COST   OF    TRACTION-ENGINE    POWER   WITH    GASOLINE 
AND  KEROSENE  AS  MOTOR  FUELS 


Cost  per  Horsepower-Ho0r  in  Cents 

■WITH 

Per  Cent 

60°  Baum^  Gasoline  at  Pricea  per 

45°  Baum^  Kerosene  at  Prices 

Load 

Gallons  (in  Cents)  of 

per  Gallon  ( 

n  Cents)  of 

9 

12 

15 

IS 

21 

5 

7 

■     9 

11 

Group  !■ 

25 

2.72 

3.62 

4.53 

5.43 

6.34 

1.49 

2.10 

2.70 

3.30 

50 

1.68 

2.24 

2.80 

3.36 

3.93 

0.95 

1.33 

1.71 

2.09 

75 

1.38 

1.83 

2.30 

2.75 

3.22 

0.78 

1.10 

1.41 

1.71 

100 

1.25 

1.67 

2.09- 

2.51 

2.93 

0.70 

0.98 

1.26 

1.54 

Group  III* 

25 

2.16 

2.88 

3.59 

4.31 

5.03 

1.37 

1.92 

2.47 

3.02 

50 

1.37 

1.82 

2.27 

2.78 

3.18 

0.89 

1.25 

1.61 

1.97 

75 

l.U 

1.53 

1.90 

2.29 

2.67 

0.76 

1.06 

1.37 

1.67 

100 

1.07 

1.43 

1.78 

2.14 

2.50 

0.73 

1.03 

1.32 

1.61 

"^Motora  developing  15  to  26  b.h.p.  on  full  load. 
^Motors  developing  over  51  b.h.p.  on  full  load. 


TABLE  3     VALVE  TIMING    FOR    MOTORS    OF    TRACTION  ENGINES 


Exhaust  Valve 

Inlet  Valve 

Speed  of 

Motor,  r.p.m. 

Opens  before 

Closes  after 

Opens  after 

Closes  after 

outer  center 

inner  center 

inner  center 

outer  center 

200 

20°  to  25° 

0°to    3° 

0  °  to    3  ° 

15°  to  20° 

300 

22°  to  27° 

0°to    5° 

2°  to    5° 

15°  to  20° 

400 

27°  to  32° 

2°  to    5° 

2°  to    7° 

15°  to  20° 

500 

30°  to  35° 

4°to    8° 

5  °  to  10  ° 

18°  to  23° 

600 

35°  to  40° 

4°  to    8° 

8°  to  12° 

18°  to  23° 

700 

40°  to  45° 

6°  to  10° 

■  10°  to  12° 

20°  to  25° 

800 

45°  to  50° 

6°  to  10° 

10°  to  12° 

20°  to  25° 

CONCLUSIONS  FROM  TESTS 

The  lower  fuel  economy  shown  for  engine  A  as  compared 
with  engine  B  (the  same  engine)  was  due  to  the  gTeater  spark 
advance  used  in  operating  engine  A,  when  more  cooling  water 
had  to  be  injected  into  the  cylinder  with  the  fuel  to  prevent 
pre-ignition.  Water  injection  had  to  be  used  also  during  the 
tests  of  engines  D,  E  and  F  with  gasoline  fuel. 

In  the  case  of  several  engines  the  valve  setting  had  to  be 
changed  before  satisfactory  operating  conditions  could  be  se- 
cured. In  one  case  the  preliminary  tests  indicated  that  the 
carburetor  was  too  smaU  for  the  engine.  Some  companies  in 
such  cases  remove  several  balls  from  the  auxiliary  air  valve, 
a  practice  which  is  followed  by  poor  fuel  economy  of  the 
engine.  These  experiences  indicate  the  poor  inspection  and 
testing  facilities  prevalent  with  some  manufacturers  of  trac- 
tion engines. 

In  order  to  facilitate  comparison  of  various  types,  the  mo- 
tors tested  were  divided  into  the  following  gi'oups,  according 
to  power  developed  at  full  load:  I,  15  to  26  b.h.p.  (motors  H, 
J,  K.  L  and  M) ;  II,  26  to  51  b.h.p.  (D,  E.  F  and  G) ;  III, 
over  51  b.h.p.  (A,  B  and  C).  The  average  fuel  consumption 
at  different  loads  was  then  determined  for  groups  I  and  III, 
and  Table  2  computed.     Group  II  is  not  considered  in   this 


table,  as  the  engines  it  comprises  were  not  operated  on  kero- 
sene. 

Table  2  shows  the  advantages  of  the  kerosene-buming  en- 
gine. Considering  Group  I,  with  kerosene  at  10  cents  per 
gal.  and  gasoline  at  20  cents,  the  cost  with  gasoline  fuel  will 
be  1.99  times  that  with  kerosene  fuel  for  the  same  power  de- 
veloped. For  Group  III,  the  ratio  will  be  1.62  to  1  with  prices 
of  fuel  the  same.  The  advantages  of  the  kerosene  engine  are 
offset  to  a  greater  or  less  degree,  depending  upon  the  operator, 
by  the  added  trouble  in  handling.  The  life  of  the  motor  wiU 
also  be  somewhat  shortened  when  using  kerosene  fuel.  To  this 
should  be  added  the  lower  reliability  with  the  heavier  fuel. 
In  some  work  done  by  traction  engines  reliability  is  the  main 
factor. 

Due  to  the  high  price  of  gasoline  new  carburetors  are  being 
placed  on  the  market  which  handle  kerosene  very  satisfac- 
torily, and  eventually  it  will  be  used  more  as  a  fuel  for  trac- 
tion engines  than  will  gasoline. 

A  study  of  the  valve  timing  of  the  different  motors  in  these 
tests  shows  no  uniformity,  except  that  the  majority  of  the  mo- 
tors are  so  timed  that  the  inlet  valve  does  not  open  until  after 
the  exhaust  valve  is  closed.  The  timing  given  in  Table  3  is 
offered  as  a  result  of  the  authors'  study  and  experience  with 
traction  engines. 

From  Fig.  1  it  is  evident  that  several  of  the  motors  are  not 
rated  at  the  capacity  for  best  efficiency.  The  motors  repre- 
sented by  tests  G,  H,  K  and  M  are  underrated,  E  and  J  are 
overrated,  while  A,  B,  C  and  F  are  properly  rated. 

THE   RATIO  OF  THE   SPECIFIC  HEATS 
AND  THE  COEFFICIENT  OF  VISCOS- 
ITY OF  NATURAL  GAS  FROM 
TYPICAL    FIELDS 

BY   ROBERT   F.    EARHART,'    COLUMBUS,   OHIO 
Non-Member 

THE  present  paper  may  be  considered  an  extension  of  a 
previous  paper  on  the  physical  properties  of  natural 
gas."  The  object  of  the  study  with  which  it  deals  was  to  secure 
measurements  on  the  ratio  of  the  specific  heats  and  the  coeffi- 
cient of  viscosity  of  products  similar  to  those  previously 
studied  in  the  Boyle's  Law  tests. 

A  knowledge  of  the  ratio  of  the  specific  heats  is  necessary 
in  computations  involving  adiabatic  changes  represented  ana- 
Ijiiically  by  the  well-known  formula  PV"  =  constant,  where 
n  =  ratio  of  the  specific  heats.  Physical  tables  give  value 
of  this  constant  for  all  of  the  common  gases.  The  following 
values,  taken  from  the  tables  prepared  by  the  French 
Academy  of  Sciences  in  1913,  are  for  gases  frequently  found 
in  our  natural-ga.s  products.  The  results  apply  to  pure  gases 
in  a  dry  condition. 

Air 1.405      Methane   1..318 

Nitrogen    1 .  410       Carbon  Dioxide 1 .  300 

Carbon  Monoxide. .  .  1.400      Ethane   1.182 

Oxygen 1.398 

The  composition  of  natural  gas,  whUe  fairly  constant  for 
any  field,  varies  gi-eatly  for  different  regions.     The  value  for 

'  Professor  of  Physics,  Obio  State  University. 

'  Deviation  of  Natural  Gas  from  Boyle's  Law.  by  R.  F.  Earhart  and 
S.  S.  Wyer,  read  at  Spring  Meeting  (.\pril,  1910),  Am.Soc.M.E. 

For  presentation  at  the  .^.nnual  Meeting  of  The  American  Society 
OF  Mechanical  Engineers,  New  York.  December  5  to  S,  1916.  The 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the  com- 
plete paper  may  lie  obtained  gratis  upon  application.  .\li  papers  are 
subject  to  revision. 
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n  used  by  engineers  is  usually  derived  from  the  data  supplied 
by  indicator  cards  of  gas  compressors.  Various  assumptions 
in  securing'  these  values  are  made,  and  experience  shows  that 
different  compressors  operating  on  the  same  gas  give  different 
values. 

Tlie  methods  employed  in  the  present  study  involve  no  new 
principles  nor  is  originality  of  method  claimed.  Methods 
commonly  used  on  pure  gases  have  been  merely  adapted  and 
utilized  for  securing  appropriate  and,  it  is  hoped,  accurate 
.  data  on  several  of  these  complex  natural  products.  Gas  from 
ten  localities  has  been  secured.  Three  samples  are  from  Penn- 
sylvania, three  from  Ohio,  two  from  West  Virginia  and  two 
from  Texas.  In  each  case  there  was  made  (a)  a  chemical 
analysis,  (b)  a  density  determination  by  direct  weighing,  (c) 
a  determination  of  n,  and  (d)  a  determination  of  the  coeffi- 
cient of  viscosity. 

DETERMINATION   OF  THE  RATIO  OP  SPECIFIC   HEATS 

The  classical  method  of  Clement  and  Desormes  for  deter- 
mining n,  while  exceedingly  simijle  in  theory  and  giving  abso- 


Letting  N{n)  =  ratio  of  the  specific  heats  for  air  (gas) 
D{d)  =  density  of  air  (gas) 

P  =  pressure 
V(v)  =  velocity  of  sound  in  air  (gas) 
we  have  the  following  ratio : 


V' 


(NP/D) 


{np/d) 
If  the  velocitv  be  determined  in  the  two  media  at  the  same 


pressure,  then 


N 


V'    d 


^iJ 


d  (where  the 


density  of  the  air  equals  unity). 

The  experimental  work  resolves  itself  into  comparing  the 
density  of  gas  with  air  at  the  same  pressure  and  temperature 
and  in  comparing  the  velocity  of  sound  in  gas  with  that  of  air 
for  this  pressure.  The  latter  comparisons  were  made  by  the 
usual  method  employed  in  laboratory  investigations — that  of 
Kundt,  in  which  air  or  gas  is  set  into  longitudinal  vibration 
inside  a  closed  glass  tube,  and  the  nodal  points  of  the  result- 
ing   stationary    waves    are    indicated    by    the    disposition    of 


TABLE  1    DATA  ON  NATURAL  GAS  FROM  TEN  U.  S.  FIELDS 


Sample 


Air 

West  Virginia.  Ravenswood 

West  Virginia  Connecting  Gas  Co 

Ohio,  Sugar  Grove  Field 

Ohio,  Homer  Field,  Licking  County 

Ohio,  Vinton  County  Field 

Penna..  Traflord  City 

Penna.  Wet  Gas,  Ludlow  East  Branch  Intake 

Penna.  Dry  Gas.  Royston,  Penna 

Texas,  Beatty  County 

Texas,  Lone  Star 


Chemical  Analysis 


COi 


0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.0 
0.1 
0.2 
0.1 


0.0 
0.0 
0.0 
0.0- 

o.s 

0.0 
0.0 
0.0 
0.0 
0.0 


CH4 


CiH« 


82.0 
86.1 
82.4 
78.8 
73.0 
95.0 
66.4 
74.4 
55.4 
50.0 


17.5 
12.1 

6.2 
14.2 

5.8 

0.0 
34.6 
21.8 

8.0 
10.0 


0.5 
1.8 

11.4 
7.2 

20.3 
4.9 
0.0 
3.7 

36.4 

39.9 


B.T.U. 

per 

Cu.  Ft.i 

(at  32  deg. 

fahr.  and 

76  cm.) 


1200 
1143 

992 
1099 

885 
1012 
1351 
1198 

739 

718 


Density 
(Air  =  1.0) 


1.000 
0.682 
0.660 
0.660 
0.690 
0.666 
0.585 
0.755 
0.678 
0.755 
0.770 


Ratio 

of  Specific 

Heats, 


405 
238 
214 
209 
210 
259 
285 
293 
220 
1.290 
1.224 


Relative 
Coefficient 

of 
Viscosity 


1.000 
0.770 
0.730 
0.750 
0.735 
0.750 
0.710 
0.760 
0.750 
0.820 
0.830 


Coefficient 

of 

Viscosity 

in 

C.G.S. 

Units 


178  X  10~«. 
137  X  10"' 

130  X  10~« 
133  X  10-« 

131  X  10~« 
133  X  10"« 
126  X  10~f 
135  X  10~« 
133  X  10~» 

146  X  10"' 

147  X  10"' 


'  B.T.U.  calculated  on  Bureau  of  Mines  values  for  CHi  ( =  1065)  and  CiH.  (  =  1861). 


lute  values,  does  not  afford  satisfactory  results  for  the  reason 
that  the  adiabatic  expansion  assumed  is  not  easily  realized. 
This  is  the  fundamental  objection  to  the  indicator-card  method 
to  which  reference  was  made  in  an  earlier  paragraph.  The 
most  complete  approach  to  adiabatic  changes  in  gases  is  found 
in  the  transmission  of  sound  waves. 

The  velocity  of  transmission  of  a  comiDression  wave  tlirough 
an  elastic  medium  is  given  by  the  relation  V  =  \/{E/d), 
where  V  =  velocity  of  propagation,  E  =  elasticity  of  the 
medium,  and  d  =  density  of  the  medium.  When  the  medium 
through  wliich  the  disturbance  passes  is  a  gas,  there  are  two 
cases:  (1)  An  isothermal  compression  in  which  the  previous 
relation  becomes  F=  \/{P/d),  where  P  and  d  are  respect- 
ively the  pressure  and  density  of  the  gas;  (2)  an  adiabatic 
compression.  In  the  latter  case  the  relation  becomes 
V  =  \/(nP/d),  where  w  =  ratio  of  the  specific  heats,  the 
other  symbols  as  before.  In  the  transmission  of  sound  waves 
through  a  gas  the  velocity  of  the  waves  is  so  great  and  the 
character  of  the  medium  such  that  adiabatic  conditions  are  al- 
most perfectly  realized. 

In  order  to  compare  the  value  of  n  for  a  gas  with  the  value 
of  n  for  air,  we  have  to  compare  the  velocity  of  sound  in  the 
two  media  under  the  same  pressure  conditions  and  to  know  the 
relative  density  of  the  gas  to  air. 


lycojiodium  powder  previously  introduced.  The  distance  be- 
tween nodes  equals  a  half  wave  leng-th.  In  a  5-ft.  tube  10  or 
12  nodes  may  be  distinctly  observed,  and  these  may  be  meas- 
ured to  within  an  accuracy  of  1  mm.  The  relation  between 
velocity  V,  frequency  m,  and  wave  length  I  is  V  =  Im.  Also, 
provided  m  is  not  altered  by  temperature  or  by  displacements 
of  apparatus,  V/l^^  =  m  =  v/l^^,  which,  substituted  in  the 
final  equation  of  the  preceding  parapraph,  gives 

n  =  d 

The  following  data  from  the  record  illustrate  the  application 
and  indicate  the  magnitude  of  the  quantities  involved.  The 
value  of  A^  for  air  is  taken  as  1.40.5.  The  results  here  com- 
puted appear  again  in  Table  1. 

May  4,  1911. 

Gas  from  the  Geo.  Secest  farm,  Vinton  County,  Ohio. 

Tank  filled  at  200  lb.  gage  pressure. 

Temperature,  20  deg.  cent.    Barometric  pressure,  29.25  in. 

To  determine  density. 

Weight  of  glass  bulb  exhausted  =  146.370  grams 

Weight  of  glass  bulb  iilled  with  gas       =  146.750  grams 
Weight  of  glass  bulb  filled  with  air       =  146  946  grams 
Weight  of  gas  =  146.750  -  146.370  =      0.380  gram 
Weight  of  air    =146.946-146.370=      0.576  gram 
Relative  density  =  0.380/0.576  =      0.666 
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DETERMINATION    OF    WAVE   LENGTHS 


Tube  Contains  Gas 

Tube  Contains  Air 

Tube  Contains  Gas 

Nodal 

Nodal 

Nodal 

points  on 

Half  wave 

points  on 

Half  wave 

points  on 

Half  wave 

meter 

length 

meter 

length 

meter 

length 

stick 

stick 

stick 

77.4  cm. 

8.5  cm. 

85.6  cm. 

7.3  cm. 

84.6  cm. 

8.6  cm. 

68.9 

8.6 

77.7 

7.3 

76.0 

8.5 

60.3 

8.6 

70.4 

7.4 

67.5 

8.5 

51.7 

8.2 

63.0 

7.4 

59. 0 

8.5 

42.5 

8.5 

55.6 

7.4 

50.5 

8.6 

34.0 

8.6 

48.2 

7.3 

41.9 

S-5 

25.4 

8.5 

40.9 

7.2 

33.4 

8.6 

16.9 

8.5 

35.6 

7.3 

24.8 

8.5 

8.4 

8.4 

26.2 

7.5 

16.3 

8.5 

0.0 

18.7 

7.3 

7.8 

Av.  8.49 

11.4 
4.2 

7.2 
Av.  7.34 

Av.  8.53 

Half  wave  length  in  gas  =  (8.49  +  S.53)/2  =  8.51  cm. 
"=  1-405  X([;J°|:)X0.666=  1.259 

In  obtaining  the  data  just  given,  gas  was  taken  directly 
fi-om  the  sampling  tank  without  drying  or  processing  of  any 
kind.  An  experiment  was  made  upon  one  sample  both  in  the 
raw  state  and  after  passing  through  a  ealciuni-ehloride  tube  to 
remove  water  vapor.  The  density  and  wave-length  measure- 
ments were  modified  by  this,  but  when  combined  in  the  for- 
mula for  determining  n  the  result  was  changed  by  less  than 
one-half  of  one  per  cent,  which  is  about  the  limit  of  accuracy 
of  the  experiment.  The  value  of  n  found  for  the  raw  gas  was 
1.259 ;  for  the  dried  gas  it  was  1.257. 

DETERMINATION   OF  THE   COEFFjrTF.KT  OP  VISCOSITY 

The  coefficient  of  viscosity  is  used  in  cominitations  involv- 
ing the  flow  of  gas  through  pipes  of  considerable  length.  Two 
methods  are  commonly  employed  for  determining  this  con- 
stant.   In  the  method  used  in  this  investigation  gas  is  slowly 


forced  through  a  long  capillai'j'  tube.  The  rale  of  flow  is  a 
function  of  the  coefficient  of  viscosity  and  is  determined  by 
means  of  the  formula' 

_  (p.'  —  P,')  H' 
"■  ~         16  CLp, 

T',  =  volume  of  gas  passing  through  the  capillary 
per  unit  time 

Pa  and  /)(.  =  pressure  of  gas  before  and  after  escape 

R  =  radius  of  capillary 

C  =  coefficient  of  viscosity 

L  =  leng-th  of  tube. 
A  consideration  of  this  formula  shows  that  if  equal  volumes 
of  two  gases  under  similar  pressure  and  temperature  condi- 
tions are  passed  through  a  long  capillary  tube,  the  coefficients 
of  viscosity  are  in  the  ratio  of  the  times  of  efflux.  The  value 
of  the  coefficient  of  aii'  has  been  carefully  studied  during  the 
past  ten  years  on  account  of  its  importance  in  certain  electrical 
measurements.  Calling  Cg  (C,)  the  coefficient  of  \'iscosity  of 
the  gas  (air)  and  t,  (f,)  tlie  time  of  transportation  for  the  gas 
(air), 

_  *^ 

Cg  ^  C,  — 

It  was  customary  to  make  three  measurements  with  dry  air, 
then  a  series  of  three  measurements  on  the  gas.  to  be  fol- 
lowed by  one  or  two  additional  measurements  on  air. 

The  chemical  analyses  were  made  in  the  Mines  Laboratory 
of  the  Ohio  State  University  by  Mr.  E.  G.  Smith. 

SUMMARY 

To  summarize, 

a  Determinations  of  the  exponent  n  in  the  expression  tor 
adiabatie  change  PT'"  =  constant  have  been  made  on  ten 
samples  of  natural  gas.  The  lowest  value  obtained  was 
1.209,  the  highest  1.293.  The  maximum  variation  from 
the  mean  value  (1.243)  is  4  per  cent. 

b  Determinations  of  the  coefficient  of  viscosity  give  values 
ranging  from  126  X  10"°  to  147  X  10"°  CG.S.  units. 


'  For  derivation,  see  Wiillner,  Lehrbuch  der  Pli.vsik,  vol.  1,  p.  629. 
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HEAT  TRANSMISSION  THROUGH   VAR- 
IOUS TYPES  OF  SASH  AND  THE  CAUSES 
AND  PREVENTION  OF  INTERNAL  CON- 
DENSATION IN  DOUBLE-GLAZED 
SASH 

By  ARTHUR  X.  SHELDON,  PROVIDENCE,  R.  I. 
Member  of  the   Society 

IN  the  industrial  plant  of  today,  where  there  is  so  much 
emphasis  placed  upon   maximum  daylight,  exterior  wall 
surfaces  consist  principally   of  windows,   and   the  heat   loss 


is    delated    to    securing   papers    upon    the    mechanical 
lie    industry.       The    Sub-Committee    contributes    three 
one  of  ivhich,  bearing  upon  the  heating  of  mill  build- 
through  them  is  a  very  important  matter.     Indeed  there  may 
be  a  question  in  certain  plants  whether  the  window  area  is 
not  carried  to  excess — that  is  beyond  a  point  where  increased 
daylight  warrants  the  increased  heat  loss.     In  the  absence  of 
authentic  data  on  the  relative  heat  loss  through  various  types 
of  sash,   these  experiments   were   conducted   by   Mr.   W.    S. 
Brown,  under  the  writer's  direction,  to  enable  us  to  logically 
design  and  proportion  the  fenestration  of  industrial  buildings. 


For  presentation  at  the  .\nnual  Meeting  of  The  American  Society 
OF  Mechanical.  Engini-.ers,  New  York,  December  5  to  S,  1916.  The 
papei  is  here  printed  in  abstract  form  and  advance  copies  of  the  com- 
plete paper  may  be  obtained  gratis  upon  application.  .\11  papers  are 
subject  to  revision. 


DESCRIPTION  OF  APPARATUS 

The  sash  tested  were  of  such  a  size  as  completely  to  fill  an 
opening  on  the  face  of  a  test  box  4  ft.  2%  in.  wide  by  7  ft. 
91/2  in.  high,  the  test  box  being  1  ft.  2  in.  deep.  The  box  was 
constructed  of  2-in.  tongiied  and  grooved  white  pine,  covered 
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with  2-in.  eoi'k  boards  and  made  airtight.  Wool  felt  1  in. 
thick  was  placed  between  the  edge  of  the  test  box  and  the  sash 
to  reduce  air  leakage  to  a  minimum.  The  box  rested  on  two 
gj'psum  blocks  as  shown  in  Fig.  1. 

The  test  box  being  set  up  on  end,  an  electric  heater  was 
placed  in  the  bottom.  The  heater  consisted  of  six  sets  of 
resistance  wire  strung  horizontally,  and  arranged  so  that,  be- 
ginning at  the  bottom,  the  first  two  coils  might  dissipate  ap- 
proximately 0.25  kw.  each  of  electrical  energy,  the  next  two 
0.50  kw.  each,  and  the  uppermost  two  0.75  kw.  each.  The 
switching  arrangement  was  designed  to  give  a  total  capacity 
of  3  kw.,  obtainable  in  successive  stages  of  %  kw.  each.  Fig. 
2  shows  the  arrangement  of  the  heater  and  the  i4-i"-  asbestos 
board  plates,  15  in.  high,  which  were  fastened  against  the 
lower  frame  of  the  heater  to  prevent  direct  radiation  of  heat 
to  the  lower  panes  of  glass. 

Air  temperatures  within  the  box  were  recorded  by  twelve 
thermometers,  arranged  opposite  the  various  panes  of  glass, 
and  giving  a  fair  average  of  the  internal  temperatures.  Tlie 
total  average  temjierature  was  obtained  by  averaging  the  in- 
dividual temperatures  behind  each  horizontal  row  of  panes. 
The  Fahrenheit  long-scale  chemical  thermometers  used  pro- 
truded about  7  in.  through  the  back  of  the  box  and  its  cover- 
ing, and  were  tested  for  accuracy  before  and  after  the  experi- 
ments. 

Air  temperatures  outside  the  box  were  observed  by  means 
of  an  accurate  wall  thermometer,  registering  maximum  and 
minimum  temperatures.  A  thermostaticaUy  controlled  steam 
radiator  maintained  a  constant  temperature  outside.  Two  elec- 
tric fans  directed  cunents  of  air  against  the  test  box  at  an 
angle  of  30  deg.,  and  provided  a  positive  and  constant  circula- 
tion over  it.  While  it  was  not  possible  or  necessary  to  repro- 
duce actual  wind  conditions,  11 V2  mi.  per  hr.  for  New  England 
during  the  heating  season,  anemometer  readings  during  the 
tests  showed  that  the  conditions  obtained  were  not  far  from 
the  average  to  be  expected.  Vertical  baffles  protected  the 
back  and  sides  of  the  box  from  the  air  currents. 

Measurements  of  electrical  energy  converted  into  heat  were 
obtained  simultaneously  by  means  of  two  meters,  the  first  a 
standard  indicating  wattmeter,  accurate  within  %  of  one  per 
cent,  and  compensated  for  temperature  changes,  and  the 
other  a  standard  service  watt-hour  meter,  installed  and  ad- 
justed by  the  service  company  furnishing  the  power. 

The  humidity  of  the  air  was  kept  as  constant  as  possible 
throughout  the  series  of  tests  by  means  of  water-saturated  felt, 
and  was  measured  by  a  wet-  and  dry-bulb  hygrometer.  The 
humidity  remained  constant  during  the  period  of  each  indi- 
vidual test. 

METHOD  OF   CONDUCTING  TESTS 

The  average  temperature  of  New  England  during  the  heat- 
ing season  being  36  deg.  fahr.,  it  was  decided  to  make  tests 
at  a  room  temperature  corresponding  to  76  deg.,  or  a  tempera- 
ture difference  of  40  degrees.  For  greater  accuracy,  and  to 
obtain  the  transmission  rate  in  colder  weather,  there  were 
tests  made  at  70  deg.  temperature  difference  as  well. 

To  determine  what  amount  of  heat  was  transmitted  through 
the  sides  and  back  of  the  test  box,  blank  runs  were  made  in 
which  the  opening  in  the  face  of  the  box  was  closed  by  mate- 
rials of  which  the  box  itself  was  made.  These  tests  were 
run  very  carefully  over  an  extended  period  of  time  (at  leas) 
18  hr.)  to  make  sure  that  all  conditions  had  become  constant, 
after  which  hourly  readings  were  taken  for  eight  hours.     The 


temperature  difference  during  the  run  did  not  vary  more  than 
1  deg.  falir.  The  fans  were  not  in  operation  during  the  blank- 
run  tests,  as  the  object  was  to  determine  the  rate  of  transmis- 
sion through  the  box  and  covering  under  the  conditions  of  the 
test;  still  air  on  top,  sides,  back  and  bottom.  In  order  to  re- 
duce any  slight  error  due  to  a  possible  change  in  conductivity 
of  the  box  itself  during  the  experiments,  tests  were  run  to  ob- 
tain these  constants  at  40  deg.  to  70  deg.  heat  head  both  be- 
fore and  after  the  series  of  sash  tests.  It  was  found  that  a 
slight  increase  occurred  due  evidently  to  shrinkage  and  warp- 
ing of  the  boards. 

Sash  tests  were  conducted  in  the  same  manner,  excei)t  that 
the  fans  were  put  in  operation.  In  each  separate  test,  the 
watt-hour  meter  was  calibrated  for  the  load  by  timing  it  for 
ten  minutes  with  the  instantaneous  meter  and  counting  the 


Fig.  1    Sash  in  Front  of  Test  Box 

revolutions  of  the  disk.     During  all  tests,  a  careful  record 
was  kept  of  the  panes  of  glass  on  which  condensation  oceuired. 

computations  of  tests  on  heat  transmission 

The  heat  transmission  through  tlie  sash  has  been  worked  out 
and  expressed  on  the  basis  of  B.t.u.  transmitted  per  24  hr. 
per  deg.  fahr.  per  sq.  ft.  of  opening,  and  is  designated  in  the 
formula  following  as  H,  whence 


n={L  —  l)/ad 


where 


[1] 


L  =  total  heat  loss  through  test  box  and  sash  in  B.t.u. 
per  24  hr.  as  computed  fi'om  wattmeter  meas- 
urements 

I  =  heat  loss  in  B.t.u.  per  24  hr.  through  top,  bottom, 
back  and  sides  of  test  box,  as  determined  from 
blank  run  and  corrected  for  actual  temperature 
difference  during  test 
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a  =  area  of  opening  filled  by  sash  =  33  sq.  ft. 
d  =  temperature  difference  tlirougbout  test 
L  is  found  from  tlie  formula 

L=(wX3412X24)/<  [2] 

where 

iv  =  electrical  energy  dissipated  in  heater  as  measured 

in  kilowatts  at  average  temjierature  d 
t  =  duration  of  test,  hours 
3412  =  the  equivalent  of  1  kw.  in  B.t.u. 
In  the  same  manner  I  is  found  from  the  blank-run  tests  by 
the  formula 

Z  =  i?(toX  3412X24)/?  [3] 

where 

R  =  the  ratio  of  the  toji,  bottom,  sides  and  back  of  the 
bos  exposed  during  the  sash  tests,  to  the  total 
area  of  the  box,  or  that  exposed  during  the 
blank  run.  As  noted  above,  I  should  be  taken 
at  the  same  temperature  as  L  by  interpolation 
from  the  known  results  if  necessary.  The  other 
terms  have  the  same  meaning  as  above. 

DESCRIPTION  OF  THE   SASH   TESTED 

Tests  were  conducted  on  the  following  seven  samples  of 
sash,  all  without  ventilators.     The  word  "  pane  "  refers  to  a 


Pig.  2    Interior  op  Test  Box,  Showing  Thermometers  and 
Three  Asbestos  Plates 

single  sheet  of  glass,  whereas  "  light  "  refers  to  a  section  of 
sash,  or,  in  the  case  of  double-glazed  sash,  two  panes  and  the 
air.space. 

Sample  No.  1  was  standard  single-glazed,  solid,  rolled-steel 
sash  of  20  panes,  each  approximately  12  by  18  in.,  arranged  4 
wide  by  .5  high.  The  panes  were  i/4-in.  rough  wire  glass.  The 
sash  bar  section  was  1%  in.  deep,  the  glass  being  bedded  on 
the  front  side  and  puttied  from  the  inside,  the  putty  having  a 
good  half-inch  body.  The  exposed  glass  area  was  28  sq.  ft., 
or  85  per  cent  of  the  total. 

Sample  No.  2  was  a  double-glazed,  solid,  rolled-steel  sash 
of  same  size  and  arrangement  of  lights  as  Sample  No.  1.  The 
outside  panes  were  Vs-in.  factory  ribbed  glass  (ribs  inside) 
and  the  inside  panes  were  smgle-thiek  plain  glass  separated 
from  the  former  by  a  galvanized-iron  channel  separator,  mak- 
ing a  3/16-in.  air  space.  The  sash  bar  was  1%  in.  deep,  the 
outer  pane  being  bedded  on  the  outside  and  the  inner  pane 
put  on  with  a  good  i^-in.  body  of  putty.  The  glazing  was 
done  from  the  inside. 

Sample  No.  3  was  a  double-glazed,  solid,  rolled-steel  sash 
of  the  same  make,  size  and  arrangement  of  lights  as  Sample 


No.  1.  The  outside  panes  were  i/4-in.  rough  wire  glass,  the 
inside  panes  being  single-thick  plain  glass,  separated  from 
the  former  by  a  galvanized  iron  channel  separator,  making  a 
%-in.  air  space.  The  sash  bar  was  2%  in.  deep,  the  outer 
pane  being  well  bedded  on  the  outside  with  a  11/16-in.  body 
of  putty.     The  glazing  was  done  from  the  inside. 

Sample  No.  4  was  an  ordinary  double-glazed  wood  sash,  of 
same  size  and  arrangement  of  lights  as  Sample  No.  1.  The 
outside  panes  were  %-in.  rough  wii'e  glass,  the  inside  being 
double-thick  plain  glass  separated  from  the  former  by  a  %- 
in.  air  space.  The  sash  was  made  of  1%-in.  stock,  muntin 
bars  being  5/16  in.  The  outer  panes  had  a  5/16-in.  body  of 
putty  and  the  inner  panes  V2-in.  body,  bedded.  Glazing  was 
done  from  both  sides. 

Sample  No.  5  was  a  single-glazed  wood  sash  of  the  same 
size  and  arrangement  of  lights  as  Sample  No.  1,  and  was 
obtained  from  No.  4  by  taking  out  the  inside  panes  of  plain 
glass. 

Sample  No.  6  was  a  double-glazed,  hollow  metal  sash.    The 


40  50 

Degrees  Fahrenheif,  Heat  Head 

Fig.  3    Various  Transmission  Rates,  M,  from  Tests 

lights  were  made  larger  than  those  of  Sample  No.  1,  being 
141/2  in.  by  21  in.  and  arranged  three  wide  and  four  high. 
The  outside  panes  were  Vi-in.  rough  wire  glass,  the  inside  be- 
ing single  thick,  plain  glass,  separated  from  the  former  by  a 
%-in.  air  space.  The  exposed  glass  area  was  23.5  sq.  ft.,  or 
71.5  per  cent  of  the  total.  The  sash  bar  was  2%  in.  deep. 
Muntin  bars  were  1%  in.  in  external  width.  The  outer  panes 
were  bedded  to  the  outside  and  the  inner  panes  were  bedded 
to  both  sides. 

Sample  No.  7  was  a  single-glazed,  hollow  metal  sash,  of  the 
same  arrangement  of  lights  as  Sample  No.  6,  being  obtained 
from  it  by  removing  the  inside  panes  of  plain  glass,  together 
with  the  galvanized-iron-foimed  sections  which  held  them  in 
jdace.     This  left  the  muntin  bars  1%  in.  deep. 

results  or  tests 

A  resume  of  the  comparative  heat-transmission  rates,  JI,  of 
formula  1,  as  deduced  from  the  tests,  is  given  in  Tables  1 
and  2. 

The  results  of  the  tests  have  been  plotted  in  the  form  of 
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curves  (Fig.  3).  It  will  be  noted  that  the  rate  of  transmis- 
sion increases  with  tlie  temperature  difference,  and  that  there 
is  a  greater  increase  for  the  single-  than  for  the  double-glazed 
sash. 

To  ascertain  the  cause  of  the  much  greater  heat-transmis- 
sion rate  through  solid  steel  compared  with  wood  and  hollow 
metal  sash,  a  thermometer  was  inserted  in  a  chamber  in  a  2-in. 
cork  board,  which,  in  turn,  was  placed  against  the  bars  of  tlie 
sash.  These  tests  showed  that  for  a  given  temperature  differ- 
ence the  steel  bars  were  hotter  than  the  wooden,  and  by  their 
greater  conductivity  constituted  a  direct  path  for  the  trans- 
mission of  heat  to  the  outside.  The  hollow  steel  sash  bars 
were  warmer  than  the  wood,  but  cooler  than  the  solid  steel. 
The  steel  bars  also  serve  to  increase  the  temperature  of  tlie 
air  in  the  same  space  between  panes  in  the  double-glazed 
sash,  and  hence  increase  the  transmission  rate  through  the 
panes. 

TYPICAL    PROBLEM    IN    RELATIVE    COSTS 

In  order  to  emphasize  the  practical  application  of  these  ex- 
periments, a  tyincal  problem  is  given.  In  the  design  of  rein- 
forced-concrete  buildings  there  arose  the  question  whether  to 
use  single-  or  double-glazed  steel  sash.  Tlie  following  data 
apply  to  the  problem: 

Wall  openings  to  be  glazed 37,800  sq.  ft. 

Average     inside     temperature,     heating 

season    70  deg.  fahr. 

Average    outside    temperature,    heating 

season    35  deg.  fahr. 

Average  temperature  difference,  70  —  35 

deg.   fahr 35  deg.  fahr. 

Heat   delivered   from   steam   plant   per 

pound  of  coal 8500  B.t.u. 

Length  of  heating  season 4850  hours 

Cost  of  coal  per  2000  lb $4.00 

Assumed  cost  of  hot-water  heating 
plant  i^er  square  foot  of  heating  sur- 
face, including  heater,  based  on  —  10 
deg.  fahr.  outside  temperature $0.60 

Proposition  A,  single-glazed  steel  sash.  From  the  tests,  H 
at  35  deg.  fahr.  =  27.7  B.t.u.  per  degi'ee  difference  in  tem- 
perature per  square  foot  per  24  hours. 

Comparative  yearly  coal  bill ' $1,750.00 

Comparative  initial  investment  cost  of  sash  ei'ected.  15,600.00 
Cost  of  heating  system  to  supply  heating  loss  only, 

based  on  18,400  sq.  ft.  at  $0.60 11,040.00 


TABLE  1    HEAT-TRANSMISSION  RATES  AT  APPROXIMATELY  40  DEG. 
FAHR.  TEMPERATURE  DIFFERENCE 


Total  investment .$26,640.00 

Proposition  B,  double-glazed  steel  sash,  3/16-in.  air  space. 
From  the  tests,  H  at  35  deg.  fahr.  =  22.3  B.t.u.  per  degree 
difference  in  temperature  per  square  foot  per  24  hours. 

Comparative  yearly  coal  bill $1,410.00 

Comparative  initial  investment  cost  of  sash  erected.   21,000.00 
Cost  of  heating  system  to  supply  window  loss  only, 

based  on  12,800  sq.  ft.  at  $0.60 7,680.00 

Total   investment $28,680.00 

Proposition  C,  double-glazed  steel  sash,  3/4-in.  air  space. 
From  the  tests,  H  at  .35  deg.  fahr.  =  20  B.t.u.  jier  degree 
difference  in  temperature  per  square  foot  per  24  houi's. 

'$4.00x37.800  sq.   ft.  x  27.7  B.t.u.  x  4850  hr.  x  35°F._  ,.,—„„„ 
200011).     X  24  hr.  x  8500  B.t.u.  •'H-.jO.OO 


Actual 

H  Com- 

H Cor- 

Heat 

puted 

rected  to 

Rela- 

Head, 

at  Actual 

40  Deg. 

tive 

Condensation 

Sample 

Deg. 

Heat 

Fahr. 

Humid- 

Fahr. 

Head 

Heat 
Head 

ity 

No.  1    Single-glazed  solid 

steel 

44.5 

29.3 

28.5 

36 

None 

No.  2    Double-glazed  sol- 

id   steel,    Ji-in. 

air  space 

37.4 

20.4 

20.5 

34 

None 

No.  3   Double-glazed  sol- 

id   steel,     %-m. 

air  space 

45.7 

22.8 

22.5 

43 

Very  sUght  on 
air-space  side 
of  one  outside 
pane  and  box 
side  of  one  in- 
side pane 

No.  4    Double  -  glazed 

wood,  ^g-in.  air 

47.3 

14  2 

13  9 

49 

No.  5   Single  -  glazed 

wood 

41  2 

2.5.6 

25.5 

44 

Hardly  notice- 
able 

No.  6    Double  -  glazed 

hollow       met.al, 

%-m.  airspace. 

43.9 

15.4 

15.2 

54 

On  air-space, 
side  of  one  of 
outside  pane 

No.  7    Single-glazed   hol- 

low metal , 

46.0 

27.1 

26  4 

43 

All 

TABLE    2      HEAT-TRANSMISSION    RATES     AT   APPROXIMATELY    70 
DEG.  FAHR.  TEMPERATURE  DIFFERENCE 


Actual 

H  Com- 

H Cor- 

. Heat 

puted  at 

rected  to 

Rela- 

Sample 

Head, 

Actual 

70  Deg. 

tive 

Condensation 

Deg. 

Heat 

Fahr. 

Humid- 

Fahr. 

Head 

Heat 
Head 

ity 

No.  1.  Single-glazed  sol- 

id steel 

73.9 

34.2 

33.6 

28 

All 

No.  2   Double-glazed  sol- 

id   steel,    %-\vx. 

air  space 

76.8 

21   8 

21.6 

29 

16  outer  panes 
out  of  20  show- 
ed moisture  on 
air-space  side 

No.  3   Double-glazed  sol- 

id   steel.    %,-\ti. 

air  Space 

76.0 

24.2 

24.0 

30 

One  outer  pane 
showed     mois- 
ture    on     air- 
space side;  one 
inner  pane 
showed     mois- 
ture    on     box 
side.    Three 
lights    showed 
both  above 

No.  4'  Double  -  glazed 

wood,  ^-in.  air 

space 

79.8 

15.5 

15.1 

31 

No.  5  Single  -  glazed 

wood . . . 

67  6 

28  9 

29  3 

29 

12  lights 

No.  6   Double  -  glazed 

hollow      metal, 

^-in.  air  space . 

75.6 

16.6 

16.4 

36 

On  air-space  side 
of  one  outside 
pane 

No.  7  Single-glazed   hol- 

low metal 

77.7 

30.5 

29.7 

25 

All 

1  A  test  upon  this  same  wood  sash  with  the  inside  single-thick,  plain  glass  sub- 
stituted for  the  double-tliick  showed  an  increase  in  //  of  3  per  cent  at  70  deg.  fahr. 
temperature  diflferenee. 
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Comparative  yearly  eoal  bill $1,260.00 

Comparative  initial  investment  of  sash  erected 25,750.00 

Cost  of  heating  system  to  supply  window  loss  only, 

based  on  11,500  sq.  ft.  at  $0.60 6,900.00 


Total  investment $32,650.00 

From  Table  3  it  is  evident  that  an  investment  of  $2040.00 
for  B  over  that  for  A  would  result  in  an  annual  saving  of 
$340.00  worth  of  coal,  or  17  per  cent  gross  on  the  additional 
investment.  Also,  an  additional  investment  of  $6010.00  for  C 
over  that  of  A  would  result  in  an  annual  saving  of  $490.00 
worth  of  coal,  or  only  8  per  cent  gross  on  the  additional  in- 
vestment. The  choice,  therefore,  lies  between  A  and  B;  and 
whether  or  not  B  should  be  preferred  will  depend  largely  upon 


TAB 

LE  3    SUMMARY  OF  RESULTS 

Yearly 
Coal  Bill 

Initial  Expenditures 

Sash 

Heating 
System 

Total 

$1,750.00 
1,410.00 
1,260.00 

$15,600.00 
21,000.00 
25,750.00 

$11,040.00 
7,680.00 
6,900.00 

$26,640.00 

28,680.00 

32,650.00 

what  earning  the  owners  expect  to  make  upon  their  other  in- 
vestments. It  should  be  emphasized  here  that  with  a  different 
unit  cost  of  coal,  a  wai'mer  or  a  cooler  climate,  or  a  different 
heating  system,  the  conclusion  might  be  changed  entirely. 

INTERNAL    CONDENSATION    IN    DOUBLE-GLAZED    SASH 

Where  condensation  occurred  in  the  air  space,  it  was  always 
on  the  outside  pane  of  glass  which  of  coursfe  was  the  cooler  one. 
The  wood  sash  showed  none,  but  it  was  very  marked  in  the 
solid  steel,  and  not  noticeable  in  the  hollow  metal  sash.  To 
determine,  if  possible,  the  cause  for  this  condensation,  holes 
were  bored  in  some  of  the  lights  of  the  solid  steel  sash  which 
had  shown  condensation,  and  in  some  which  had  not.  Each 
light  was  then  tested  by  blowing  smoke  into  the  hole,  and  some 
were  found  to  leak  considerably,  some  to  adjacent  spaces, 
others  to  front  or  back,  and  a  few  showed  combinations  of 
these  conditions.  It  was  observed  that  where  condensation  was 
evident,  the  greatest  leakage  was  to  the  inside  of  the  box, 
and  that  where  there  was  no  condensation,  the  greatest  leak- 
age was  to  the  air  outside  the  box. 

Following  this  clue,  the  entire  sash  was  reglazed,  and  holes 
bored  in  seven  of  the  outer  panes,  and  in  live  of  the  inner 
panes.  Free  communication  was  thus  established  either  to  the 
external  cool  air  or  to  the  warmer  air  inside  the  test  box. 
Each  pane  of  glass  opposite  those  with  holes  was  carefully 
bedded  to  confine  and  control  the  air  leakage  to  the  side  hav- 
ing the  hole.  Smoke  tests  before  and  after  each  nin  showed 
that  the  desired  object  had  been  attained  by  this  means.  The 
remaining  eight  lights  were  made  as  air  tight  as  possible  on 
both  sides  by  careful  bedding  and  setting.  The  sash  was  then 
placed  on  the  front  of  the  box  as  in  the  pre^aous  tests,  the 
temperature  raised  to  about  70  deg.  fahr.  above  that  of  the 
surrounding  room,  and  records  were  kept  as  before  of  tem- 
peratures, relative  humidity,  and  condensation,  this  being  al- 
lowed to  accumulate  for  a  period  of  at  least  eighteen  hours. 
The  relative  humidity  in  the  test  box  was  maintained  at  40 
per  cent,  and  that  of  the  air  outside  varied  from  60  to  90  per 
cent,  apparently  having  little  effect  upon  the  results. 


A  careful  examination  of  the  sash  showed  uniformly  the 
following  results : 

a  Lights  in  which  the  air  space  opened  to  the  outside  or 
cooler  air  only  showed  no  condensation. 

b  Lights  in  which  the  air  space  opened  to  the  warm  air 
inside  the  box  showed  much  condensation. 

The  sash  was  then  reversed  with  its  outer  side  toward  the 
interior  of  the  test  box  and,  after  a  test  of  three  days, 
examination  showed  that  the  air  spaces  in  which  there  had 
been  condensation  diiruig  the  previous  test  were  now  drj-, 
while  abimdant  condensation  appeared  in  those  which  showed 
none  in  the  first  test.  It  was  also  discovered  that  by  varj'ing 
alternately  the  temperature  in  the  test  box,  the  processes  of 
condensation  and  dning  could  be  accelerated.  The  experi- 
ment on  the  reversed  sash,  therefore,  confirmed  conclusions  a 
and  b  above. 

The  explanation  is  simple.  Changes  in  temperature  on 
either  side  of  the  sash  cause  corresponding,  though  less 
marked,  changes  in  the  temperature  of  the  air  space.  The 
pressure  of  the  confined  air,  therefore,  becomes  more  or  less 
than  atmospheric  and  air  is  correspondingly  either  forced  out 
or  admitted  through  the  drilled  holes,  and,  if  the  temperature 
difference  is  alternately  increased  and  decreased,  a  breatliing 
action  obtains  in  the  air  space.  A  similar  action  occurs 
through  leaks  in  actual  practice  and  is  due  to  variations  in 
temperature. 

Air  entering  an  opening  of  this  kind  from  the  inside,  com- 
ing as  it  does  from  the  warm  interior  of  the  test  box  or  build- 
ing, becomes  chilled,  condensation  necessarily  appearing  if  the 
cooling  is  carried  below  the  dew  point.  Breathing,  or  a  repe- 
tition of  this  process,  necessarily  results  in  a  gradual  accumu- 
lation of  condensation. 

Conversely,  air  entering  an  opening  of  this  kind  from  the 
outside  becomes  heated  and  its  relative  humidity  is  correspond- 
ingly decreased,  making  impossible  the  precipitation  of  any 
moisture. 


CONCLUSIONS 

Condensation  in  the  air  space  of  double-glazed  sash  can  be 
eliminated  almost  entirely  by  connecting  the  air  space  directly  to 
the  outside  air,  and  at  the  same  time  effectively  sealing  it  from 
the  entrance  of  warm  air  within  the  building.  In  attempting 
the  design  of  a  double-glazed  sash  according  to  these  i)rin- 
ciples,  it  is  suggested  that  the  following  points  be  considered: 

a  The  opening  should  be  very  small,  say  a  %-in.  hole,  to 
prevent  a  direct  loss  of  heat  by  convection  from  the  air 
space. 

6  The  location  of  the  breathing  hole  is  immaterial,  except 
that  a  consideration  of  heat  economy  makes  the  bottom 
preferable. 

c  The  breathing  hole  should  be  protected  from  the  weather 
and  dirt. 

d  A  high-grade,  elastic  putty  should  be  used.  (In  account 
of  wind  pressure,  difference  of  expansion  between  steel 
and  glass  (about  65  per  cent),  careless  setting,  etc.,  abso- 
lute sealing  of  the  inner  panes  probably  will  not  be  ac- 
complished. However,  these  tests  show  that  a  sufficient 
degree  of  tightness  can  be  obtained,  and  that  the  larger 
part  of  the  breathing  will  occur  through  the  opening  made 
for  this  purpose. 

e     Leaks  between  air  spaces  should  be  eliminated. 
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INDUSTRIAL  SAFETY  PAPERS 


rHE  Sub-Committee  on  Protection  of  Industrial  Workers  has  this  year  received  an  important  proposed 
code  for  safeguarding  industrial  risks  which  it  will  present  for  consideration  and  discussion  at  the 
Annual  Meeting.  The  subject  of  this  code  is  Safety  Standards  for  the  Operation  of  Cranes,  and  it  has  been 
prepared  by  committees  of  thirty-six  representative  ffeiitlemcn  and  companies. 


PROPOSED  CODE  OF  SAFETY  STAND- 
ARDS FOR  OPERATION  OF  CRANES 

For  the   Consideration   of  the   Sub-Committee   on   Protection 

of  Industrial  Workers  of  the  American  Society  of 

Mechanical    Engineers 

Caution:  Employees  shall  not  remove  or  make  ineffective 
any  safeguards  while  same  are  in  use,  except  for  the  purpose 
of  making  repairs,  and  such  safeguards  so  removed  shall  be 
replaced. 

THE  following  Standards  apply  to  cranes  which  are  regu- 
larly used  in  and  form  part  of  a  permanent  industrial 
plant.  In  addition  to  Electric  Traveling  Cranes,  these  regula- 
tions are  to  cover  Jib  Cranes,  Monorail  Cranes,  Hand-Power 
Cranes,  and  other  hoisting  apparatus  of  a  similar  nature,  in 
so  far  as  the  various  sections  apply. 

The  provisions  of  all  Safety  Standards  issued  by  the  Society 
shair  apply  to  all  matters  not  specifically  covered  herein. 

ELECTRIC  TRAVELING  CRANES 
General  Construction 

1  Proper  jjrovisions  for  strength  shall  be  made  for  all 
parts  subject  to  impact  and  rough  usage.  Journals  and  shafts 
shall  be  of  sufficient  size  to  bring  pressure  within  safe  limits. 

2  All  apparatus  shall  hereafter  be  designed  throughout 
with  not  less  than  the  following  factors  of  safety  under  static 
full  rated  load  stresses,  based  on  ultimate  strength  of  material 
used: 

a    All  gears,  and  complete  hoisting  mechanism,  factor  of 

not  less  than  eight  (8). 
b     All  other  j^ai-ts,  factor  of  not  less  than  five  (5). 

3  Calculations  for  wind  pressure  on  outside  cranes  shall 
be  based  on  not  less  than  tliirty  pounds  per  square  foot  of 
exposed  surface. 

4  Cranes  should  be  of  what  is  known  as  "  All-Steel  Con- 
struction ;"  no  east  iron  should  be  used  except  for  such  parts 
as  drums,  bearings,  brackets,  etc.  No  combustible  material 
should  be  used. 

5  All  bolts  should  be  of  the  through  type,  and  be  equipped 
with  approved  lock  nuts  or  lock  washers. 

6  Where  access  to  the  crane  is  necessary,  steps  or  staiis 
with  hand  rails  should  be  used. 

7  Platforms  should  be  provided  for  changing  and  repairing 
truck  wheels  on  end  trucks  and  provided  with  stairways  lead- 
ing to  them. 

8  A  platform  or  footwalk  to  give  access  to  crane  shall  be 
provided  accessible  from  one  or  more  fixed  ladders  or  stair- 
ways, and  shall  be  not  less  than  twenty  (20)  inclies  in  width. 

9  A  footwaUv  shall  be  placed  along  the  entire  length  of 
bridge  on  the  motor  side  except  when  the  construction  of  the 
crane  prevents  or  when  such  platform  would  not  ordinarily  be 


'  The  word  "  SH.\LL  "  where  used  is  to  be  understood  as  mandatory 
and  "  SHOULD  '■  as  advisory. 

For  presentation  at  the  .\nnual  Aleeting  of  The  .\merican  Society 
OF  Mechanical  Engineers,  New  Yorlt.  December  .")  to  8,  1910. 


used  for  the  re|)air  or  maintenance  of  crane,  and  should  be  at 
least  six  feet  six  inches  (6'  G")  below  the  bottom  of  the  over- 
head trusses. 

10  Footwalks  should  be  placed  across  the  ends  of  the 
trolleys  at  right  angles  to  the  bridge  walks  and  shall  be  not  less 
than  twelve  (12)  inches  in  width. 

11  Footwalks  shall  be  of  substantial  construction,  rigidly 
braced. 

12  On  cranes  hereafter  erected  no  openings  shall  be  per- 
mitted between  bridge  footwalks  and  crane  girder.  When 
wire  mesh  is  used  the  mesh  ojiening  must  not  be  greater  than 
one-half  (V2)  inch. 

1.3  Each  footwalk  shall  have  a  standard  metal  railing  and 
toe  guard  at  all  exposed  edges  wherever  practicable. 

14  Not  less  than  twelve  (12)  inches  actual  clearance  should 
be  allowed  between  highest  point  of  crane  and  overhead 
trusses,  and  not  less  than  two  (2)  inches  between  any  part  of 
crane  and  building,  column,  or  other  stationarj'  structure. 
Where  there  are  more  than  two  crane  runways  in  parallel  there 
should  be  a  clearance  of  not  less  than  twenty-four  (24)  inches 
between  the  extremities  of  the  cranes. 

15  Means  of  escape  shall  be  j^rovided  for  operators  of  hot- 
metal  cranes. 

16  Operator's  cage  shall  be  located  at  a  place  from  which 
signals  can  be  clearly  distinguished  and  be  securely  fastened 
in  place  and  be  well  braced,  to  minimize  vibration.  It  shall  be 
large  enough  to  allow  ample  room  for  the  control  equipment 
and  the  operator.  The  operator  shall  not  be  required  to  step 
over  an  open  space  of  more  than  eighteen  (18)  inches  when 
entering  or  leaving  the  crane. 

A  pail  filled  with  sand  or  an  approved  fire  extinguisher 
shall  be  carried  in  the  crane  cage  for  use  in  case  of  fire. 

17  %.n  approved  foot-  or  hand-operated  gong  or  other  effec- 
tive warning  signal  shall  be  |)laced  in  a  location  convenient 
to  operator  and  be  securely  fastened. 

18  Ladle  and  other  cranes  subjected  to  heat  from  below 
sliould  have  a  steel-plate  shield  not  less  than  one-eighth  (%) 
inch  thick  and  placed  not  less  tlian  six  (6)  inches  below  the 
bottom  of  floor  of  cage. 

19  The  cages  of  cranes  hei-eafter  erected  shall  be  of  fire- 
resisting  construction. 

20  All  gears  on  cranes  hereafter  erected  shall  he  provided 
with  standard  guards.  This  should  ai)ply  to  all  existing 
cranes  where  practical. 

21  No  overhung  gears  shall  be  used  unless  provided  with  an 
effective  means  of  keeping  them  in  place,  and  keys  shall  be 
secured  in  an  approved  manner  to  prevent  gears  working 
loose. 

22  Unjirotected  keys  shall  not  be  left  iirojecting  from 
ends  of  shafts. 

23  The  construction  of  the  crane  shall  be  such  that  all 
parts  may  be  safely  lubricated  when  the  crane  is  not  in  op- 
eration. 

24  The  installation  of  switchboard,  wiring  and  all  electrical 
equipment  must  fully  comply  with  the  Industrial  Board  Stan- 
dards. 

25  There  shall   be  ;i   main-line  switch  or  its  eciuivalent  so 
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arranged  as  to  cut  off  all  power  from  crane,  and  so  constructed 
that  it  may  be  locked  in  its  open  position. 

26  Open-type  controllers  shall  have  asbestos-lined  steel 
guards  over  the  movable  contact  parts,  both  to  protect  oper- 
ator's eyes  and  prevent  articles  falling  on  contact  parts. 

27  An  approved  hoist-limiting  device,  should  be  provided 
for  each  hoist. 

28  Suitable  brakes  shall  be  provided  for  the  hoist  and 
bridge  travel.  Each  hoist  shall  be  equipped  with  effective 
brakes  which  shall  be  capable  of  sustaining  at  least  one  and 
one-half  (1^2)  times  the  full  rated  load. 

29  The  drums  on  cranes  hereafter  erected  shall  have  a 
flange  at  each  end  to  prevent  the  ropes  from  getting  off  the 
dram,  and  be  so  designed  that  there  will  be  not  less  than  two 
full  wraps  of  hoisting  cable  in  the  grooves  when  hook  is  at 
its  lowest  position. 

30  Hook  block  shall  be  of  a  type  so  arranged  that  it  will 
lift  vertically  without  twisting. 

31  Bottom  sheaves  shall  be  protected  by  close-fitting 
guards,  to  prevent  rope  from  becoming  misplaced. 

32  Crane  bumpers  shall  be  provided  and  shall  be  at  least 
one-half  of  the  diameter  of  the  truck  wheel  in  height.  Both 
tinack  wheel  and  trolley  bumpei-s  should  be  fastened  to  the 
girder  and  not  to  the  rails.  Bumpers  shall  be  built  up  of 
plates  and  angles,  or  made  of  cast  steel. 

33  Truck  fenders  shall  be  installed  which  extend  below  top 
of  rail  and  project  in  front  of  all  bridge  and  trolley  track 
wheels,  and  shall  be  attached  to  trolley  or  bridge  and  frame. 
They  shall  be  of  a  shape  and  form  that  will  tend  to  push 
and  raise  a  man's  hand,  arm  or  leg  off  the  rail  and  away 
from  wheel. 

34  Heavy  safety  lugs  or  brackets  shall  be  placed  on  trolley 
frames  and  bridge  end  carriages,  to  limit  drop  to  one  inch  or 
less  if  a  wheel  or  axle  should  break. 

35  A  capacity  plate  showing  the  maximum  capacity  of 
each  hoist  in  pounds  shall  be  placed  on  each  crane  girder  in 
such  a  manner  as  to  be  clearly  legible  from  the  floor. 

36  A  metal  tool  box  or  receptacle  shall  be  permanently 
secured  in  the  cage  or  on  the  runway  for  the  storing  of  oil 
cans,  tools,  etc.  * 

37  Trolley  should  be  completely  floored. 

38  Cranes  in  outside  service  shall  have  the  following  addi- 
tional provisions: 

a  Floore  of  footwalks  to  be  so  constructed  as  to  provide 
projjer  drainage. 

6  Cage  shall  be  enclosed  and  of  fire-resisting  construction; 
there  shall  be  windows  on  three  sides  of  cage;  windows 
in  front  and  side  opposite  door  to  be  full  width  of  cage. 

c  Floor  of  cage  on  outdoor  cranes  should  be  extended  to  an 
entrance  landing  which  shall  be  equipped  with  handrail 
and  toeguard  of  standard  construction. 

d  Where  there  are  no  members  over  crane  suitable  for  at- 
taching blocks  for  repair  work,  a  structural-steel  out- 
rigger should  be  arranged  on  the  crane  of  sufficient 
strength  to  lift  the  heaviest  part  of  the  trolley. 

39  All  gantry  cranes  should  be  equipped  with  automatic 
warning  signals. 

40  The  truck  wheels  of  gantry  cranes  shall  be  ]irovided 
with  guards  or  fenders. 

OPERATION  OF  CRANES 
Rules  for  Operators 
1    Cranes  shall  be  operated  only  by  regular  crane  operators, 


authorized  substitutes,  crane  repairmen  or  inspectors;  no  one 
else  should  enter  crane  cage. 

2  Hands  shall  be  kept  free  when  going  up  and  down 
ladders.  Articles  which  are  too  large  to  go  into  pockets  or 
belts  should  be  lifted  to  or  lowered  from  crane  by  hand  line 
(excepting  where  stairways  are  provided). 

3  Cages  shall  be  kept  free  of  clothing  and  other  personal 
belongings.  Tools,  extra  fuses,  oil  cans,  waste  and  other 
articles  necessary  in  the  crane  cage  shall  be  stored  in  a  tool 
box,  and  not  left  loose  on  or  about  crane. 

4  Operator  shall  familiarize  himself  fully  with  all  crane 
rules  and  with  the  crane  mechanism  and  its  proper  care.  If 
adjustments  or  repairs  are  necessary,  he  shall  report  the  same 
at  once  to  the  proper  authority. 

5  Operator  should  not  eat,  smoke  or  read  while  on  duty 
nor  operate  crane  when  he  is  physically  unfit. 

6  Operator  or  some  one  specially  designated  shall  j^roperly 
lubricate  all  working  parts  of  crane. 

7  Cranes  shall  be  examined  daily  for  loose  parts  or  defects. 

8  Cranes  shall  be  kept  clean. 

9  Operators  shall  avoid,  as  far  as  possible,  carrying  loads 
over  workmen ;  it  nuist  be  absolutely  avoided  when  carrying 
molten  metal  or  with  magnet. 

10  AVhenever  operator  finds  main  or  emergency  switch 
open,  he  shall  not  close  it,  even  when  starting  on  regular  duty, 
until  he  has  made  sure  that  no  one  is  on  or  about  the  crane, 
and  shall  not  oil  or  repair  crane  unless  main  switch  is  locked 
open. 

11  Before  closing  main  switch,  operator  shall  make  sure 
that  all  controllers  are  in  "  OFF  "  position. 

12  If  jiower  goes  off,  operator  shall  immediately  throw  all 
controllers  to  "  OFF  "  position  until  power  is  again  available. 

13  Operator  should  not  reverse  a  motor  until  it  has  come 
to  a  full  stop,  except  to  avoid  accidents. 

14  Operator  shall  pay  special  attention  to  the  block  when 
long  hitches  are  made,  to  avoid  tripping  limit  switch  or  run- 
ning block  upon  the  drum. 

15  Operator  shall  recogiiize  signals  only  from  the  one  man 
who  is  supei-vising  the  lift.  Operating  signals  should  follow 
an  approved  standard;  they  should  be  manual,  never  verbal. 
Whistle  signals  may  be  used  where  one  crane  only  is  in  oper- 
ation. 

16  Before  starting  to  hoist,  operator  shall  place  trolley 
directly  over  the  load  to  avoid  swinging  it  when  being  hoisted. 
This  precaution  is  especially  important  when  handling  molten 
metal. 

17  Operator  shall  not  make  side  pulls  with  crane  except 
when  especially  instructed  by  proper  authority. 

18  When  handling  maximum  loads,  particularly  ladles  of 
molten  metal,  operator  shall  test  hoist  brakes  after  load  has 
been  lifted  a  few  inches;  if  brakes  do  not  hold,  load  should  be 
lowered  at  once  and  the  brakes  adjusted  or  repaired. 

19  Bumping  into  runway  stops  or  other  cranes  shall  be 
avoided.  When  operator  is  ordei'ed  to  engage  with  or  push 
other  cranes,  he  shall  do  so  with  special  care  for  safety  of 
persons  and  cranes. 

20  When  lowering  a  load,  operator  shall  proceed  carefully 
and  make  sure  that  he  has  the  load  under  safe  control. 

21  When  leaving  cage,  operator  shall  throw  all  controllers 
to  "  OFF  "  position  and  open  main  switch. 

22  If  crane  is  located  outdoors,  operator  shall  also  lock 
crane  in  secure  position  to  prevent  it  from  being  blown  off  or 
along  the  track  by  severe  wind. 
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Rules  tor  Floormen 

1  Floormen  shall  give  all  signals  to  the  operator  in  aeeord- 
anee  with  approved  standards,  preferably  manual. 

2  Floormen  shall  be  responsible  for  the  condition  and 
selection  of  all  hoisting  accessories  and  for  all  hitches. 

3  Before  operator  moves  crane  upon  which  an  empty  chain 
sling  is  hanging,  floorman  should  hook  both  ends  of  sling  to 
block. 

4  Floormen  where  necessary  should  walk  ahead  of  moving 
load  and  warn  people  to  keep  clear  of  it.  They  shall  see 
that  load  is  carried  high  enough  to  clear  all  obstructions. 

5  Floormen  shall  notify  the  foreman  in  advance  when  an 
extra  heavy  load  is  to  be  bandied. 

6  Floormen  shall  not  ride  or  allow  others  to  ride  on  hook 
or  load. 

Rules  for  Repairmen 
1     Rejjairmen  should  have  crane  that  is  to  be  repaired  run 


to  a  location  where  the  repair  work  will  least  interfere  with 
other  cranes  and  with  operations  on  floor. 

2  Before  starting  repairs,  repairmen  shall  see  that  all 
controllers  are  thrown  to  "  OFJ^ "  position ;  that  main  or 
emergency  switches  are  opened,  one  of  which  shall  be 
locked. 

3  Repairmen  shall  immediately  place  warning  signs  or 
"  OUT  OF  ORDER  "  signs  on  crane  to  be  repaired  and  on 
floor  beneath.  If  other  ci'anes  are  operated  on  the  same  run- 
way, he  should  also  place  rail  stops  at  a  safe  distance  or  make 
other  safe  provision. 

4  When  repairing  iijnways,  repairmen  shall  place  rail 
stops  or  warning  signs  or  signals  so  as  to  prote.ct  both  ends 
of  section  to  be  repaired. 

5  Repairmen  shall  take  care  to  prevent  loose  parts  from 
falling  or  being  thrown  upon  floor  beneath. 

6  Repairs  shall  not  be  considered  complete  until  all  guards 
and  safety  devices  have  been  put  in  place  and  block  and 
tackle  and  other  loose  material  been  removed. 
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VERTICAL  VS.  HORIZONTAL  OIL  ENGINES 

To  THE  Editor  : 

The  paper  on  heavy-oil  engines  by  Mr.  Daugherty  in  the 
October  Journal  contains  a  discussion  on  the  relative  merits 
of  horizontal  and  vertical  engines,  to  the  conclusions  of  which 
I  cannot  subscribe.  As  far  as  Mr.  Daugiierty's  figures  go, 
there  is  apparently  nothing  wrong,  and  his  conclusions  would 
be  perfectly  correct  if  we  were  interested  only  in  the  maximum 
side  pressures  that  act  upon  the  piston  and  cylinder.  How- 
ever, this  is  not  a  question  of  strength;  we  all  know  that  no 
horizontal  engine,  any  more  than  a  vertical  one,  ever  broke  to 
pieces  on  account  of  the  side  pressures  exerted  upon  the  pis- 
ton, or  by  the  piston  upon  the  cylinder.  We  do  know,  however, 
that  under  the  same  conditions  the  cylinders  and  pistons  of 
horizontal  engines  wear  out  much  more  rapidly,  and  require 
more  attention  and  cleaning,  than  those  on  vertical  engines. 

Wear  is  the  result  of  friction  load  and  rubbing  speed  which, 
ajiplied  to  the  case  before  us,  necessitates  an  investigation  into 
the  piston  speed  and  the  pressures  exerted  upon  piston  and 
cylinder  walls  during  the  whole  cycle  of  operation.  The  max- 
imum side  pressure,  which  occurs  at  one  instant  only  during 
the  four  strokes  of  a  complete  working  cycle,  is,  as  we  shall 
see,  only  one  of  the  contributing  causes  to  the  serious  operat- 
ing conditions  imposed  upon  horizontal  engines. 


pressure  diagrams  for  vertical  engines 

Figs.  1^  and  IB  apply  to  a  vertical  four-cycle  trunk  pis- 
ton engine  of  a  cylinder  size  somewhat  larger  than  that  on 
which  Mr.  Daugherty's  figures  are  based.  As  may  be  readily 
seen,  this  difference  in  cylinder  sizes  is  of  little  consequence, 
since  the  final  result  is  a  matter  of  relative  values  rather  than 
absolute  figures. 

Fig.  1^  shows  in  full  heavy  lines  the  indicator  diagram  de- 


veloped mto  the  four  consecutive  strokes  of  the  complete 
working  cycle.  The  pressures  during  the  exhaust  and  suction 
strokes  are  so  small  (not  exceeding  lYo  lb.  sq.  in.  in  a  well- 
designed  engine)  that  they  could  be  just  barely  indicated. 
The  inertia  effect  of  each  stroke  is  shown  in  heavy  dashed 
lines.  For  vertical  engines,  especially  larger  units  and  mod- 
erate speeds,  this  inertia  effect  should  be  corrected  for  the 
weight  of  the  reciprocating  parts.  Since  this  weight  of 
course  is  constant,  the  correction  consists  in  merely  drawing  a 
parallel  to  the  inertia  curve,  as  shown  by  the  heavy  full  lines. 

It  will  be  noticed  that  m  this  particular  case  the  correction 
amounts  to  just  ±  10  per  cent  of  the  maximum  inertia  effect. 
In  applying  this  correction  it  must  be  remembered  that  at  the 
bsginning  of  the  downward  strokes  the  weight  reduces  the 
inertia  effect,  wliile  the  opposite  is  true  at  the  beginning  of 
the  upward  strokes.  Combining  the  corrected  inertia  effects 
with  the  absolute  pressures  of  the  indicator  card  produces  the 
net  forces  acting  in  the  direction  of  piston  travel.  These 
forces  are  designated  by  the  lines  enclosing  the  cross-sectional 
area.  All  pressures  or  forces  in  Fig.  lA  are  reduced  to  lb. 
sq.  in.  piston  area;  those  tending  to  impart  motion  to  the  pis- 
ton are  plotted  above  the  0-line  and  are  designated  -j-,  while 
those  producing  the  opposite  effect  are  designated  —  and  are 
plotted  below. 

The  side  pressures  resulting  from  the  net  piston  forces  are 
shown  in  Fig.  IB,  those  acting  on  one  side  of  the  cylinder 
are  again  designated  -f  and  are  plotted  above,  while  those 
acting  on  the  opposite  cylinder  side  are  designated  —  and  are 
plotted  below  the  0-line.  The  absolute  value  of  these  side 
pressures  is  given  (this  seems  preferable  over  the  presenta- 
tion used  by  Mr.  Daugherty,  Ib.sq.in.  piston  area,  which  is 
not  representing  any  actual  working  conditions  and  is  there- 
fore misleading). 

Throughout  the  expansion  stroke  the  side  pressures  are  pos- 
itive, their  maximum  being  12,750  lb.  On  the  following  ex- 
haust  and   suction   strokes   the   side   pressures   first   reach   a 
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positive,  then  a  negative  maximum,  the  respective  values  be- 
ing given  on  the  diagram.  On  the  compression  stroke  the  side 
pressures  are  entirely  negative,  their  maximum  of  4660  lb. 
being  but  little  higher  than  that  of  the  exhaust  and  suction 
strokes,  in  spite  of  the  great  difference  of  work  done  in  the 
cylinder.  By  integration  of  all  the  values  above  the  0-line 
we  obtain  a  mean  pressure  of  2500  lb.  acting  along  one  side 
of  the  cylinder,  while  on  the  other  side  the  mean  pressure 
amounts  to  1340  lb.  Thus  these  side  pressures  are  within  33 
per  cent  of  being  equally  divided  between  the  two  cylinder 
sides,  and  what  is  more  important,  at  least  once  in  every 
stroke  this  pressure  reverses  from  one  side  to  the  other,  there 
being  a  total  of  six  reversals  during  a  complete  cycle  of  op- 
eration. 

DIAGRAMS  FOE  HORIZONTAL  ENGINES 

Figs.  2A,  2B  and  26'  apply  to  a  horizontal  foiu'-cyde  en- 
gine of  the  same  bore  and  stroke.     Fig.  2A  gives  again  the 


at  a  distance  equal  to  the  weight  of  the  moving  parts.  (The 
inertia  effect  of  the  swinging  connecting  rod,  both  in  the  ver- 
tical and  horizontal  engine,  would  not  be  sufficient  visibly  to 
affect  the  diagram.)  All  the  values  given  to  the  diagram  are 
measured  from  this  actual  0-line. 

Thus  corrected  it  appears  that  with  the  exception  of  four 
very  short  intervals  the  side  pressures  are  continuously  acting 
downwards,  their  mean  pressures  during  all  four  strokes  being 
4400  lb.  It  is  very  questionable  whether  the  remaining  nega- 
tive pressures  will  be  sufficient  in  the  short  time  interval  to 
overcome  the  friction  at  the  piston  rings  and  adhesion  be- 
tween ])iston  and  cylinder  wall ;  in  all  probability  the  piston 
is  continuously  held  in  contact  with  the  underside  of  the  cylin- 
der. This  is  even  more  likely  to  be  the  ease  where  the  con- 
necting rod  is  made  longer,  as  shown  in  Fig.  2C,  where  the 
length  is  increased  by  one  L^rank  over  that  in  Fig.  2B.  This 
increasing  the  connecting  rod  length  not  only  has  the  effect  of 
decreasing  the  maximum  pressures,  as  pointed  out  by  Mr. 
Daugheity;  it  also  decreases  the  mean  pressures  to  just  about 
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Fig.  1     Pressure  Diagrams  for  Vkrtk-al  On,  Engine 


developed  indicator  card  and  the  inertia  effects;  these  latter 
do  not  require  any  correction  here  since  in  horizontal  engines 
the  weight  of  the  reciprocating  parts  acts  at  a  right  angle  to 
the  direction  of  piston  travel.  Note  how  the  resulting  forces 
differ  from  those  of  the  vertical  engine  in  magnitude  as  well 
as  location  (point  of  reversal  from  +  to  —  forces,  which 
imder  certain  conditions  may  be  of  considerable  importance, 
as  I  expect  to  show  in  the  near  future). 

Fig.  2i?  shows  again  the  side  pressures,  with  the  connecting 
rod  length  the  same  as  on  the  vertical  engine.  These  side 
pressures  are  plotted  about  the  abscissa  X-X,  pressures  acting 
downwards  being  shown  above  X-X  and  designated  +,  while 
those  acting  upwards,  tending  to  lift  the  piston,  are  — .  To 
these  side  pressures  must  Jt»e  added  the  weight  of  the  recipro- 
cating parts,  which  of  course  acts  continuously  downward. 
The  true  0-line  therefore  runs  parallel  to  the  abscissa  X-X 


the  same  magnitude  as  the  sum  of -|-  and  —  mean  pressures  of 
the  vertical  engine. 

The  friction  work  in  both  these  engines  would  therefore  ap- 
pear to  be  practically  the  same.  There  is  this  fundamental 
difference,  howeverj  that  in  vertical  engines  the  side  pres- 
sures cause  the  piston  continuously  to  shift  its  contact  from 
one  cylinder  side  to  the  other,  while  in  horizontal  engines  ap- 
proximately the  same  or  larger  side  pressures  are  keeping  the 
piston  continuously  pressed  down  against  the  same  side  of 
the  cylinder.  The  significance  of  this  shifting  of  pressures 
and  contact  is  clearly  shown  in  Mr.  Daugherty's  description 
of  the  superior  process  of  lubrication  hi  the  main  bearings  of 
horizontal  engines,  in  the  last  paragraph  on  page  786  of  the 
Journal.  (Incidentally,  this  applies  to  a  dot  to  the  bear- 
ings of  vertical  engines,  to  prove  which  it  is  only  necessary 
to  remove  the  bearing  caps  from  an  engine  in  operation  and 
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wateh  the  results.)  What  has  been  found  to  be  necessary  on 
bearings  with  their  ideal  rubbing  surfaces  and  operating  con- 
ditions in  general,  certainly  is  of  no  less  importance  for 
pistons,  where  east  iron  slides  on  cast  iron  at  a  maximum 
rubbing  sjDeed  three  times  as  high  as  in  bearing's,  and  at 
temperatures  which  would  prove  disastrous  to  the  latter. 

In  view  of  the  foregoing  facts,  the  "  feature  of  superiority  " 
attributed  to  the  single  oil  feed  on  the  upper  side  of  horizontal 
cylinder  does  not  become  so  apparent ;  in  fact,  noticing  that  the 
oil  has  to  find  its  way  by  gravity  to  the  under  side  of  a  surface 
continuously  under  pressure,  it  looks  to  be  decidedly  a  feature 
of  inferiority.  At  best  it  seems  little  else  than  capillary  attrac- 
tion which  would  permit  a  trace  of  oil  to  get  to  the  under- 


lower  than  that  of  vertical  ones.  This  friction  work  is  eon- 
verted  into  heat  and  must  be  dissipated  through  the  adjoin- 
ing walls.  The  amount  of  heat  which  from  this  source  might 
have  to  be  dissipated  through  the  underside  of  piston  and 
cylinder  walls  of  a  horizontal  engine  can  easily  nm  uj)  to 
from  30  to  40  per  cent  of  that  transmitted  through  this  same 
channel  from  the  combustion  chamber. 


STRESSES  IN   CBANKSHATT 

Mr.  Daugherty  has  failed  to  give  positive  reasons,  in  fig- 
ures or  graphically,  why  there  should  be  a  "  b©tt«r  distiibu- 
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side  of  the  piston  during  the  short  intervals  of  light  pressure 
against  the  cylinder  wall;  this,  however,  is  far  from  having 
the  lubricating  system  under  such  control  as  to  meet  varying 
operating  conditions,  and  which  is  so  thoroughly  accom- 
plished on  vertical  engines.  In  the  latter  the  oil  is  not  only 
more  evenly  supplied,  but  the  continuous  change  of  contact  of 
the  piston  from  one  cylinder  side  to  the  other  spreads  the 
lubricant  over  the  wliole  circumference  and  ensures  the  main- 
tenance of  an  even  oil  film.  The  friction  work  is  thus  ma- 
terially reduced  and  what  remains  is  distributed  over  twice 
as  large  a  surface  as  in  horizontal  engines.  It  is  entirely  due 
to  this  increased  friction  work  between  piston  and  cylinder 
walls  that  the  mechanical  efficiency  of  horizontal  engines  is 


tion  of  stresses  on  the  crankshaft  and  main  bearings "  of 
horizontal  engines  than  of  vertical  engines.  Without  desir- 
ing to  go  into  a  useless  word  argument,  I  am,  however,  pre- 
pared to  prove  that  the  ojiposite  is  true.  As  in  the  case  of 
side  pressures,  it  is  not  sufficient  merely  to  determine  the  max- 
imum load  by  means  of  some  ready  baked  formula.  The 
question  of  distribution  of  stresses  in  crankshafts  and  bear- 
ings involves  a  careful  analysis  of  the  affected  parts  for  rigid- 
ity and  magnitude  of  deflections,  which  may  very  easily 
greatly  augment  the  stresses  set  up.  If  Mr.  Daugherty  is 
willing  to  present  in  these  pages  an  exposition  of  his  method 
of  computation  for  a  horizontal  engine,  including  the  under- 
lying facts  as  to  dimensions  and  weights  to  facilitate  check- 
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ing,  I  sball  be  glad  to  follow  suit  with  the  nearest  size  vertical 
engine  on  which  I  am  able  to  get  the  necessary  information. 
Such  a  presentation  given  for  a  twin  cylinder  engine  would 
be  particularly  interesting,  since  on  this  type  it  can  be  shown 
even  better  than  on  a  single  cylinder  unit  how  unfavorable 
the  conditions  are  as  compared  with  vertical  engines. 

Of  all  the  arguments  that  Mr.  Daugherty  has  presented  in 
favor  of  the  horizontal  engines,  that  of  "  easy  survey  and 
convenient  attendance  "  is  the  only  one  I  regard  as  having 
merit.  Although  the  valves  and  valve  gear  are  at  least  as 
accessible  on  vertical  engines  as  on  any  horizontal  one 
brought  out  so  far,  particularly  in  the  larger  sizes,  the  neces- 
sity for  first  having  to  moimt  a  platform  in  order  to  get  at 
these,  as  well  as  at  the  fuel  pumps,  or  for  starting  and  stop- 
ping, is  a  "feature  which  it  would  seem  desirable  to  do  away 
with  on  vertical  engines.  An  engine  with  this  in  view,  as 
well  as  containing  a  number  of  other  features  to  make  the 
vertical  type  better  adapted  to  American  conditions,  both 
from  the  operating  and  particularly  the  manufacturing 
standpoint,  is  being  brought  out  by  myself  at  the  present 
time.  I  am  merely  mentioning  this  now  to  give  Mr.  Daugh- 
erty time  for  the  preparation  of  new  weighty  arguments  in 
favor  of  horizontal  engines. 

H.  R.  Setz. 

St.  Louis,  Mo. 

ENGINEERING  SOCIETIES  AND  PUBLIC 
AFFAIRS 

To  the  Editor: 

I  noted  with  interest  the  comments  of  Mr.  Henry  Hess  on 
the  relation  of  engineering  societies  to  public  affairs,  on  page 
641  of  the  August  issue  of  The  Journal.  With  due  recogni- 
tion of  the  strength  of  the  "  consultant "  attitude,  is  it  not 
pertinent  to  inquire  whether  the  "  wait-tUl-they-ask-me  "  posi- 
tion does  not  also  have  its  weakness? 

Admittedly  this  is  the  safest  course  from  the  engineers' 
standpoint,  but  suppose  the  engineer  is  not  consulted.  To  get 
things  done  it  is  often  advisable  to  step  down  from  the  pedes- 
tal of  dignity  and  go  to  work.  Whether  or  not  there  is  a  real 
loss  of  dignity  is  determined  largely  by  what  work  is  under- 


taken and  hoiv  well  it  is  done.  If  our  engineering  societies 
are  afraid  they  cannot  measure  up  to  the  requirements  of  such 
a  progressive  attitude,  then  by  all  means  let  us  stay  on  oui- 
pedestal  where  we  will  not  encounter  the  difficulties  of  con- 
structive, aggressive  work. 

There  is  much  talk  about  the  engineer  not  getting  the  recog- 
nition that  his  ability  deserves.  We  can  sit  back  and  tell  each 
other  that  the  crying  need  in  our  community  affairs  is  the  more 
active  participation  of  engineers  with  their  analytical  and  con- 
structive abilities.  I  venture  to  say  that  the  fundamental  cause 
of  the  condition  referred  to  is  this  same  dignified,  "  stand- 
pat  "  attitude  which  leaves  the  field  to  the  professional  politi- 
cian. 

If  our  engineering  societies  do  not  have  sufficient  wisdom 
in  the  management  of  their  affairs  to  guard  against  misuse  of 
their  powers  when  taking  up  constructive  community  activities 
then  let  them  stay  out  or  improve  their  managements. 

Anything  worth  having  is  worth  working  for.  If  we  would 
have  the  standing  in  the  community  our  ability  warrants,  we 
must  perform  the  work  that  this  same  ability  fits  us  for.  The 
same  is  true  of  the  society  as  of  the  individual. 

W.  Herman  Greul. 
New  York,  N.  Y. 


OUR   INDUSTRIES   AND    CITIZENSHIP 

To  THE  Editor  : 

Referring  to  Mr.  Glynn's  letter  on  page  644  of  the  August 
issue  of  The  Journal,  I  think  the  salvation  of  our  Industries 
and  Citizenship  lies  in  the  direction  of  scientific  management, 
under  which  all  factories  become  in  effect  laboratories  for  the 
education  of  employees.  There  is  no  education  comparable  in 
efficiency  and  thoroughness  with  that  of  "  learning  by  doing." 
You  cannot  learn  to  ride  a  bicycle,  for  instance,  by  reading  a 
book,  nor  can  you  do  anything  worth  while  in  any  direction 
imtil  you  take  hold  of  the  work  and  apply  yourself  to  it ;  and, 
to  obtain  the  best  results,  every  worker  must  have  the  incentive 
and  the  ambition  to  excel  in  what  he  undertakes. 


Wilfred  Lewis. 


Ilaverford,  Pa. 


WORK  OF   THE  BOILER  CODE  COMMITTEE 


rHE  Boiler  Code  Committee  meets  monthly  for  the 
purpose  of  considering  communications  relative  to 
the  Boiler  Code.  Any  one  desiring  information  as  to  the 
application  of  the  Code  is  requested  to  comtmmicate  with  the 
Secretary  of  the  Committee,  Mr.  C.  W.  Obert,  29  West  39th 
St.,  New  York  City. 

Interpretation  meetings  of  the  Boiler  Code  Committee  have 
been  continued  through  the  summer  months,  two  meetings  hav- 
ing been  held,  one  July  27,  and  another  August  24,  for  the 
consideration  of  inquiries  received  concerning  the  rules  in  the 
Boiler  Code.  The  interpretations  rendered  in  the  Cases  there 
considered  have  been  passed  by  the  Council  and  are  published 
below.  The  interpretations  rendered  by  the  Boiler  Code  Com- 
mittee have  been  published  in  the  January,  April,  and  Sep- 
tember, 1916,  issues  of  The  Journal,  as  follows:  January 
issue,  Cases  Nos.  1-36  inclusive;  April  issue,  Cases  Nos.  45, 
and  47-48  inclusive;  September  issue,  Cases  Nos.  49a  and  59- 
88  inclusive. 

The  procedure  of  the  Committee  in  handling  the  cases  is 


as  follows :  Ail  inquiries  must  be  in  written  form  before  the^' 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  anyone  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  as 
appi-oved  by  the  Council  on  October  13,  1916,  in  Cases  Nos. 
86  and  89-103  inclusive.  In  this  report,  as  previously,  the 
names  of  inquirers  have  been  omitted. 


Case  No.  86 

Inquiry:      (a)    How   is   the  lowest   permissible   water  level 
determined    imder    Pars.    291-294    of    the    Boiler    Code,    for 
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vertical  fire  tube  boilers  botb  with  and  without  submerged  tube 
sheets? 

(b)  Are  fire  engine  boilers  subject  to  the  requirements  of 
the  Boiler  Code,  and  if  so,  what  should  be  the  lowest  water 
level? 

Reply:  (a)  With  vertical  fire  tube  boilers  where  the  toi) 
tube  slieet  forms  the  top  of  the  boiler,  the  lowest  permissible 
water  level  shall  be  one-third  the  lengtli  of  the  tubes,  measured 
from  the  crown  sheet  or  the  top  of  the  lower  tube  sheet.  With 
vertical  fire  tube  boilers  constructed  with  submerged  tube 
sheets,  the  lowest  permissible  water  level  shall  be  the  top  of 
the  upper  tube  sheet.  According  to  Par.  291,  the  lowest  visible 
part  of  the  water  glass  or  the  lowest  gage  cock  shall  be  not 
less  than  2  in.  above  the  lowest  permissible  water  level. 

(b)  Fire  engine  boilers  are  necessarily  of  highly  sjiecial 
construction  and  more  of  the  general  type  of  flash  boilers  and 
are  not  absolutely  subject  to  all  the  recjuirements  of  the  Code. 
Unless  special  provision  is  made  to  keeji  the  water  above  the 
fire  box  crown  sheet  other  than  by  the  natural  water  level,  the 
lowest  gage  cock  should  be  at  least  .3  in.  above  the  top  of 
the  fire  box  crown  sheet. 


Case  No.  89 

Inquiry:  Will  it  be  desirable  for  a  State,  in  administerintr 
the  A.S.M.E.  Code,  to  submit  all  inquiries  that  arise  concern- 
ing the  rules  to  the  Boiler  Code  Committee  for  interpretation  ? 

Reply:  Where  there  is  a  question  respecting  the  interpre- 
tation of  the  Code,  or  where  constructions  apparently  are  not 
covered  by  the  Code,  it  will  be  most  desirable  to  have  the  mat- 
ter referred  to  the  Boiler  Code  Committee.  Unless  this  pro- 
cedure is  followed,  the  aim  to  obtain  uniformity  in  the  appli- 
cation of  the  Code  will  be  defeated.  Naturally,  there  will  be 
inquiries  where  it  is  self-evident  that  there  can  be  no  question 
as  to  how  the  Code  should  be  interpreted,  and  such  inquiries 
evidently  need  not  be  referred  to  the  Boiler  Code  Committee. 
The  Boiler  Code  Committee  desires  to  cooperate  to  the  limit 
of  its  ability  in  assisting  in  the  application  of  the  Code,  and 
will  take  pleasure  in  considering  all  matters  where  there  is  any 
question  of  doubt  that  may  be  brought  upi  to  it  by  the  various 
states  and  municipalities  that  adopt  the  Code. 

Case  No.  90 
(lu  the  hands  of  the  Committee) 

Case  No.  91 

Inquiry:  Will  it  not  be  desirable  to  require  the  stamping 
of  the  allowable  working  pressure  on  all  boilers  built  to  the 
A.S.M.E.  Code  as  is  required  by  the  rules  for  some  localities? 

Reply:  To  make  any  disposition  of  this  suggestion  would 
involve  an  addition  to  the  Code.  The  Boiler  Code  can  be 
changed  only  after  suggestions  for  changes  are  considered  at 
a  hearing  before  the  Committee,  where  all  interested  parties 
may  be  heard.  The  Committee  recommended  in  the  Code  that 
hearings  to  consider  revisions  be  held  at  least  once  in  two 
years,  and  the  time  for  the  first  hearing  is  now  near  at  hand. 

Case  No.  92 

Inquiry:  In  the  cone  top  of  a  vertical  submerged  tubular 
boiler  that  under  Par.  231  requires  staying  as  a  flat  surface, 
where  should  the  stays  be  located,  and  what  length  should  be 
taken  for  calculating  the  pressure  allowable? 

Reply:  Where  a  cone  top  requires  staying  over  a  portion 
of  its  surface  as  permitted  by  Par.  231,  the  top  row  of  stay 
bolts  must  be  at  a  point  where  the  cone  top  is  not  over  30  in. 
in  diameter. 

In  calculating  the  pressure  permissible  on  the  unstayed 
portion  of  the  cone,  the  vertical  distance  between  the  hori- 
zontal planes  passing  through  the  center  of  the  rivets  at  the 
cone  top,  and  through  the  center  of  the  top  row  of  stay  bolts 
shall  be  used  as  L  in  Par.  239,  and  D  in  that  paragraph  shall 


be  the  inside  diameter  at  the  center  of  the  top  row  of  stay 
bolts. 


Case  No.  93 

Inquiry:  Exemption  is  requested  from  Pars.  186  and  187 
of  the  A.S.M.E.  Code,  which  apply  to  the  welding  of  boiler 
joints,  where  the  electric  metal-electrode,  or  so-called  "  pencil- 
tyj)e  "  of  autogenous  welding  is  used,  as  this  process  is  claimed 
to  be  greatly  superior  to  any  form  of  gas  welding. 

Reply:  This  inquiry  is  answered  by  the  reply  made  in 
Case  No.  80,  as  follows : 

The  Committee  has  since  its  inception  had  under  constant 
observation  all  sorts  of  welding  of  pressure  vessels,  and  has 
gone  so  far  as  to  ask  some  of  the  welding  experts  of  this 
country  to  write  pajiers  for  the  Society  to  bring  out  further 
information  regarding  this  particular  process.  Suggestions 
for  changes  will  be  considered  at  a  hearing  before  the  Com- 
mittee, where  all  interested  parties  may  be  heard.  The  Com- 
mittee recommended  in  the  Code  that  hearings  to  consider  re- 
visions be  held  at  least  once  in  two  years,  and  the  time  for  the 
first  hearing  is  now  near  at  hand. 


Case  No.  94 

Inquiry:  As  there  seems  to  be  some  misunderstanding  of 
the  interpretation  rendered  in  Case  No.  43,  an  interpretation 
is  requested  of  the  application  of  Par.  223  as  interpreted  by 
Case  No.  43,  to  the  details  of  construction  of  diagonal  boiler 
braces. 

Reply:  This  inquiry  is  answered  by  the  reply  made  in 
Case  No.  69,  as  follows : 

In  previous  cases  of  this  kind  (See  Case  No.  29)  the  Com- 
mittee has  said  that  all  braces  used  in  A.S.M.E.  Code  boilers 
should  conform  to  the  Code  in  every  detail.  Difficulty  has 
Ijeen  experienced  in  interpreting  Par.  223,  which  applies  to 
such  braces,  and  the  Committee  tlierefore  submits  the  follow- 
ing to  exjjlain  how  this  paragraph  should  be  applied : 

The  requirements  in  Par.  223  are  based  on  the  "  required 
cross-sectional  area  of  the  brace."  To  apply  Par.  223,  pro- 
ceed as  follows : 

1  Determine  the  "  required  cross-sectional  area  of  the 
brace  "  by  first  computing  the  total  load  to  be  carried  by  the 
brace,  and  dividing  the  total  load  by  the  values  of  stresses 
for  unwelded  stays  given  in  Table  4. 

2  Design  the  body  of  the  brace  so  that  the  cross-sectional 
area  shall  be  at  least  equal  to  the  "  required  cross-sectional 
area  of  the  brace  "  for  unwelded  braces.  Where  the  braces 
are  welded,  the  cross-sectional  area  at  the  weld  shall  be  at  least 
as  great  as  that  computed  for  a  stress  of  6000  lb.  per  sq.  in. 
(See  Table  4.) 

3  Make  the  area  of  pins  to  resist  double  shear  at  least 
three-quarters  of  the  "  reciuired  cross-sectional  area  of  the 
brace." 

4  Make  the  combined  cross-section  of  the  eye  at  the  side 
of  the  pin  (in  crowfoot  braces)  at  least  25  per  cent  greater 
than  the  "  required  cross-sectional  area  of  the  brace." 

5  Make  the  combined  cross-sectional  area  of  the  rivets  at 
each  end  of  the  brace  at  least  II4  times  the  "  required  cross- 
sectional  area  of  the  brace." 

6  Design  each  branch  of  a  crowfoot  to  caixy  two-thirds 
the  total  load  on  the  brace. 

7  Make  the  net  sectional  areas  through  the  sides  of  the 
crowfeet,  tee  irons,  or  similar  fastenings  at  the  rivet  holes  at 
least  equal  to  the  required  rivet  section,  that  is,  at  least  equal 
to  lYi  times  the  "  required  cross-sectional  area  of  the  brace." 

8  The  cross-sectional  areas  through  the  blades  of  diagonal 
braces  where  attached  to  the  shell  of  the  boiler  shall  be  at 
least  equal  to  the  required  rivet  section,  that  is,  at  least  equal 
to  11/4  times  the  "  required  cross-sectional  area  of  the  brace." 


Case  No.  95 

Inquiry:  (a)  What  value  of  C  should  be  used  in  the  for- 
mula in  Par.  19!)  to  determine  the  thickness  of  tube  sheets  and 
sjiacing  of  staybolts  or  braces,  wliere  the  staybolts  or  braces 
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are  screwed  through  the  plate,  or  made  a  taper  fit  and  the 
heads  formed  on  the  staybolts  or  braces  before  installing  them 
and  not  riveted  over,  said  heads  being'  made  to  have  a  true 
bearing  on  the  plate,  and  where  the  diameters  of  the  heads 
are  not  less  than  1.4  times  that  of  the  ends  of  the  staybolts 
or  braces? 

(b)  In  Par.  203,  can  C  be  taken  in  the  proportion  of  160 
to  135  for  forms  of  stays  which  allow  a  greater  value  of  C 
than  13.5,  based  on  the  pitch  measured  between  stays'? 

Reply:     (a)   The  value  of  C  should  be  150. 

(b)  Yes.  The  maximum  spacing  between  the  rivet  sur- 
face of  the  shell  and  lines  parallel  to  the  surface  of  the  shell 
passing  through  the  centers  of  the  stays  or  braces  shall  be  de- 
termined by  the  formula  in  Par.  199,  using  for  C  the  value 
for  regular  siiacing  multiplied  by  the  ratio  of  160  to  135. 

Case  No.  96 

Inqiiini:  An  interpretation  is  requested  relative  to  the 
actual  number  of  stamps  required  under  Par.  36  of  the  Boiler 
Code.  Is  it  essential  that  the  plate  manufacturer's  stamp  ap- 
pear in  three  places  on  the  plate  if  the  physical  and  chemical 
properties  meet  the  requirements  of  the  Code? 

Reply:  It  is  the  intent  of  the  Code  that  one  of  the  several 
stamps  be  visible  on  each  sheet  after  the  boiler  has  been 
fabricated,  which  is  evidenced  by  the  fact  that  the  word 
"  stamp "  in  the  last  line  of  Pai-.  36a  is  in  the  singular. 
Where  the  plate  manufacturer  has  placed  the  stamp  or  stam]>s 
on  the  plate  in  an  insutTicient  number  of  places  or  in  improper 
])laces.  such  plates  may  be  restamped  by  the  plate  manufac- 
turer, or  his  authorized  agent,  so  that  at  least  one  stamp  per 
plate  shall  be  visible  after  the  boiler  is  completed. 

Case  No.  97 

Inquiry:  (a)  Where  can  the  manhole  required  by  Par. 
264  of  the  Boiler  Code  be  located  in  a  Scotch  type  boiler  with 
dome,  that  has  no  available  space  in  the  heads  or  shell  outside 
the  dome? 

(b)  An  interpretation  is  requested  of  Par.  194  of  the  Boiler 
Code  relative  to  a  dome  larger  than  24  in.  with  the  joint  lap- 
riveted  and  under  a  working  pressure  of  100  lb. 

(c)  Referring  to  the  requirement  of  the  Boiler  Code  for 
reinforcements  for  threaded  openings  to  give  the  proper  num- 
ber of  threads,  is  there  an  exception  in  the  case  of  water 
column  connections? 

Reply:  (a)  Relative  to  the  location  of  the  manhole,  this  is 
answered  by  Par.  264  of  the  Boiler  Code,  which  permits  a 
manhole  in  the  head  of  the  dome.  Make  the  opening  in  the 
shell  directly  under  the  dome  sufficiently  large  for  access,  and 
reinforce  such  opening  in  the  shell  with  manhole  frame  as 
called  for  in  Par.  261. 

(b)  With  regard  to  the  riveting  of  domes,  attention  is  called 
to  the  interpretation  rendered  in  Case  No.  75,  which  states: 
"  The  intent  of  Par.  194  is  that  all  domes  24  in.  or  over  in 
diameter  shall  have  butt  and  double  strap  longitudinal  joints 
irrespective  of  the  pressui-e  used." 

(e)  With  respect  to  the  reinforcements  of  openings  for 
water  coluimi  connections,  there  is  no  exception  in  the  Code 
to  the  number  of  threads  required  in  openings  for  pipe 
fittings. 

Case  No.  98 

Inquiry:  (a)  Is  it  permissible  under  Par.  272  of  the  Code 
to  use  a  pop  valve  with  0.15  in.  lift,  basing  the  capacity  on 
0.15  in.  lift  and  replacing  a  Code  valve  larger  than  this  valve 
having  the  maximum  discharging  capacity  as  given  in  the 
table? 

(b)  Is  it  permissible  with  a  500  h.p.  water  tube  boiler 
having  5000  sq.ft.  of  heating  surface  that  will  evaporate 
30,000  lb.  of  water  per  hr.  to  use  at  100  lb.  pressure,  six  3  in. 
pop  valves  (bevel  seat)  lifting  0.15  in.,  each  having  a  dis- 
charge capacity  of  5660  lb.  of  steam  per  hr.? 

(c)  Is  it  permissible  to  increase  by  40  per  cent  the  maxi- 
mum discharge  capacity  as  given  in  tables  in  the  Code  when 


using  flat  seat  pops  and  may  six  3  in.  flat  seat  pops  be  used 
as  outlined  under  Inquiry  (b) 

Reply:  (a)  According  to  Par.  274,  if  the  marked  relieving 
capacity  of  the  valve  exceeds  that  given  in  Table  8  of  the 
Boiler  Code,  the  maximum  relieving  capacity  given  in  Table 
8  governs  in  determining  the  minimum  capacity  of  safety 
valve  or  valves  to  be  placed  on  a  boiler.  The  maximum 
capacity  given  in  Table  8  for  a  21/2  in.  bevel  seat  p(>]i  valve 
at  100  lb.  pressure  is  2516  lb.  per  hr. 

(b)  A  water  tube  boiler  with  5000  sq.  ft.  of  heating  surface 
evajjorating  30,000  lb.  of  water  per  hr.  at  100  lb.  pressure 
will  require  at  least  eight  3  in.  bevel  seat  poja  safety  valves. 

(c)  It  is  permissible  to  increase  the  maximum  discharge 
capacity  given  in  Table  8  by  40  per  cent  when  using  fiat  seat 
pop  safety  valves,  provided  the  flat  seat  valves  have  the  same 
lift  as  tliat  given  in  the  table,  and  six  3  in.  flat  seat  valves  will 
be  sufficient  for  the  boiler  referred  to  under  (b). 

Case  No.  99 
(In  the  hands  of  the  Committee) 

Case  No.  100 

Inquiry:     (a)    Does  Par.  264,  which  requires  a  manhole  Ln 

the  front  head  below  the  tubes  of  a  horizontal  return  tubular 
Ijoiler  ajiply  to  the  regiilar  brick  set  type  of  boiler  only,  or  to 
portable  types  of  boilers  also? 

(b)  Is  it  permissible  where  two  or  more  safety  valves  are 
used  on  a  boiler,  to  attach  each  safety  valve  directh'  to  the 
boiler  by  a  forged  steel  flange? 

(c)  In  the  hands  of  the  Committee. 

Reply:  (a)  Par.  264,  respecting  the  location  of  a  manhole 
in  the  front  head  below  the  tubes,  applies  to  horizontal  return 
tubular  boilers  only. 

(b)  In  the  use  of  two  or  more  safety  valves  on  a  boiler, 
each  may  be  attached  directly  to  the  boiler  by  a  forged  steel 
flange. 

(c)  (In  the  hands  of  the  Committee). 

Case  No.  101 

Inquiry:  What  dimensions  are  permissible  mider  the  A.S. 
M.E.  Boiler  Code  for  brass  or  bronze  pipe  fittings? 

Reply:  In  the  absence  of  any  other  special  standard,  the 
Boiler  Code  Committee  endorses  the  use  of  brass  or  bronze  fit- 
tings designed  for  a  factor  of  safety  of  five  and  with  diam- 
eters of  bolt  circles,  and  numbers  and  sizes  of  bolts  to  corre- 
spond with  those  given  in  Tables  15  and  16  of  the  Boiler  Code. 

Case  No.  102 

Inquiry:  Is  welding  by  the  acetylene  process  permissible 
for  the  welding  of  heads  and  connecting  nipples  on  headers 
used  for  furnaces  of  the  down-draft  type? 

Reply:  The  Committee  has  since  its  inception  had  under 
constant  obsenation  all  sorts  of  welding  of  pressure  vessels 
and  has  gone  as  far  as  to  ask  some  of  the  welding  experts 
of  this  countrj'  to  write  papers  for  the  Society  to  bring  out 
further  information  regarding  this  particular  process.  Sug- 
gestions for  changes  will  be  considered  at  a  hearing  before 
the  Committee,  where  all  interested  parties  may  be  heard. 
The  Committee  recommended  in  the  Code  that  hearings  to 
consider  re^•isions  be  held  at  least  once  in  two  years  and  the 
time  for  the  first  healing  is  now  near  at  hand. 

Case  No.  103 

Inquiry:  Under  Par.  29a  of  the  Code,  should  deductions 
in  the  percentages  of  elongation  be  made  pro  rata  or  in  steps 
to  correspond  to  the  increase  in  size  of  %  in.  above  a  thick- 
ness of  94  in.? 

Reply:  It  is  the  opinion  of  the  Committee  that  deductions 
in  the  percentages  of  elongation  should  be  made  in  steps  as 
specified  in  the  Code. 
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A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

AflFairs  of  Interest  to  the  Membership 


SECRETARY'S  CHAT  WITH  THE  MEMBERS 


As  a  further  development  of  the  new  National  Defense  Act, 
military  education  for  college  students,  particularly  the 
reserve  officers  training  corijs,  was  discussed  by  nearly  a 
score  of  university  and  college  presidents  meeting  witli  the 
officials  of  the  U.  S.  War  Department  in  Washington  on 
Tuesday,  October  17. 

Besides  President  Howell,  of  Harvard  University,  and  Pres- 
ident Hadley,  of  Yale  University,  our  own  engineer-president, 
Dr.  Drinker,  of  Lehigh  University,  participated  in  the  con- 
ference. This  movement  will  tie  in  the  reserve  corps  of  civil- 
ian engineers  about  which  I  have  already  spoken. 

The  outcome  of  this  movement  will  probably  be  the  assump- 
tion of  a  complete  course  in  military  drill  by  practically  all 
the  Land  Grant  Colleges  and  many  of  the  other  colleges  in 
this  country.  President  Wilson  has  announced  the  personnel 
of  the  Civilian  Advisory  Commission  to  the  National  Defense 
Council,  as  follows :  Daniel  Willard,  President  of  the  B.  au'd 
0.  Railroad ;  Samuel  Gompers,  President  of  the  American 
Federation  of  Labor;  Dr.  Franklin  H.  Martin,  of  Chicago; 
Bernard  Baruch,  of  New  York ;  Howard  E.  Coffin,  Mem. Am. 
Soe.M.E.,  of  Detroit;  and  Dr.  Hollis  Godfrey,  Mem.Am.Soc. 
M.E.,  president  of  Drexel  Institute.  The  appointment  of  Mr. 
Coffin  to  represent  Industries  is  a  direct  recogniton  of  his  ser- 
vices and  that  of  the  engineering  societies  to  the  nation  in  the 
Industrial  Census  just  completed. 

Speaking  of  the  importance  of  this  work,  Secretary  of  War 
Baker,  in  an  address  on  September  26  before  the  Cleveland 
Chamber  of  Commerce,  said  of  Mr.  Coffin  that  he  "  has  done 
perhaps  the  greatest  service  that  has  been  done  for  America 
by  any  private  citizen  in  the  last  fifty  years." 

The  committee  of  five,  of  which  the  Secretarj'  is  secretary, 


appointed  to  report  on  a  form  of  organization  for  a  Scien- 
tific Civil  Alliance  to  make  permanent  the  organization  of 
State  Directors  of  the  Industrial  Census,  made  their  report 
on  Tuesday,  October  17,  at  a  meeting  held  in  the  rooms  of  the 
Society. 

The  Secretary  recently  addressed  the  public  meeting  of  the 
City  Planning  Committee  of  the  Cleveland  Engineering  So- 
ciety, and  took  occasion  to  compliment  that  society  and  its 
public-spirited  secretary  on  the  many  ways  in  which  the  so- 
ciety is  serving  the  public.  The  national  engineering  societies 
have  their  duties  to  the  nation,  as  in  the  census  and  reserve 
corps  above  mentioned,  and  the  local  societies  and  the  branches 
have  in  turn  their  obligations  to  the  locality  which  they  serve, 
and,  still  further,  the  individual  engineer  must  always  be  a 
good  citizen,  serving  in  all  possible  ways  for  the  common  good 
of  his  community. 

The  so-called  "  recognition  "  of  the  engineer  will  follow  in 
direct  proportion  as  he  serves  imselfishly  the  welfare  of  the 
public.    The  emphasis  should  always  be  on  service. 

Similar  good  movements  to  that  at  Cleveland  are  in  prog- 
ress in  Atlanta,  Minneapolis,  St.  Paul  and  San  Francisco. 
The  difficulty  is,  however,  the  desire  to  officially  couple  the 
name  of  the  national  society  with  regulation.  If  the  branches 
of  the  Society  can  keep  the  two  distinct,  they  will  relieve 
the  Council  and  themselves  of  embarrassment. 

The  proper  scope  of  the  local  as  well  as  the  national  soci- 
eties is  to  furnish  technical  information  in  those  realms  where 
the  society  is  a  recognized  authority,  and  to  stop  where  the 
society  ceases  to  have  no  more  authority  than  others. 

CUiViN  W.  Rice, 

Secretary 


COUNCIL  NOTES 


A  MEETING  of  tlie  Council  was  held  on  October  13.  The 
following  were  present:  D.  S.  Jacobus,  President;  3. 
Sellers  Bancroft,  John  H.  Barr,  Arthur  M.  Greene,  Jr.,  Henry 
Hess,  Frederick  R.  Hutton,  W.  B.  Jackson,  Charles  T.  Mahi, 
H.  de  B.  Parsons,  Jesse  M.  Smith,  John  A.  Stevens,  Max 
Toltz,  E.  H.  Whitlock,  and  Calvin  W.  Rice,  Secretary;  and  by 
invitation  Charles  Whiting  Baker,  member  of  the  Joint  Con- 
ference Committee  of  the  National  Engineering  Societies;  H. 
L.  Gantt,  Chairman  of  the  Committee  on  Meetings;  I.  E. 
Moultrop,  chairman  of  the  Publication  Committee,  and  Her- 
man Aaron,  Esq.,  counsel  for  the  Society. 

Boiler  Code  Committee.  Interpretations  of  this  Committee 
Nos.  89  to  103,  were  approved  with  slight  corrections  and 
ordered  published.  They  are  published  elsewhere  in  this  issue 
of  The  Journal. 

A  Conference  Committee  to  the  Boiler  Code  Committee  was 
created  to  consist  of  representatives  of  the  states  and  munici- 
palities that  adopt  the  Code,  and  it  was  voted  to  invite  each 


such  state  and  municipality  to  appoint  a  representative  to  act 
on  this  committee.  All  discussions  will  be  confined  to  the  tech- 
nical field  of  boiler  construction  and  installation. 

It  was  voted  to  send  invitations  to  all  interested  parties  to 
the  proposed  public  hearing  on  the  Boiler  Code  to  be  held  dur- 
ing the  forthcomuig  Annual  Meeting  of  the  Society. 

Power  Test  Committee.  Prof.  R.  H.  Fernald  and  James  W. 
Parker  were  appointed  members  of  this  Committee. 

Sections.  A  Section  was  approved  in  New  Orleans,  La.,  to 
include  all  membei-s  residing  within  sixty  miles  of  tliat  city. 
W.  B.  Gregory,  chairman;  H.  L.  Hutson,  secretary-treasurer; 
R.  T.  Burwell  and  E.  W.  Kerr  were  appointed  as  executive 
committee  of  the  new  Section. 

A  Section  was  also  approved  in  Indianapolis,  Ind.,  to  in- 
clude all  members  residing  within  sixty  miles  of  the  city  and  in 
Lafayette  and  TeiTe  Haute. 

Max  Toltz  was  elected  a  member  of  the  executive  committee 
of  the  Minnesota  Section,  in  place  of  Prof.  W.  H.  Kavanaugli. 
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resigned  because  of  removal  from  the  territory  of  the  Seetiou. 

Increase  of  Membership.  C.  B.  Davis  was  appointed  chair- 
man of  the  Birmingham,  Ala.,  sub-committee  on  Increase  of 
Membership. 

Section  Affiliations.  It  was  voted  to  appoint  a  committee, 
with  E.  H.  Whitloek,  Chairman  of  the  Sections  Committee,  and 
the  Chairmen  of  the  Sections  who  have  been  in  touch  with 
plans  for  local  organizations,  to  present  a  statement  covering 
the  rightful  afflliations  of  the  Sections  with  such  organiza- 
tions. 

Junior  and  Student  Prizes.  Recommendations  of  the  Com- 
mittees on  Award  of  Junior  and  Student  Prizes  by  Jimior- 
Members  and  by  members  of  Student  Branches,  respectively, 
during  the  year  ending  June  30,  1915,  were  approved,  and  the 
prizes  were  awarded. 

Cooperation  in  American  Engineeritit/  Standards.  An  in- 
vitation was  received  from  the  American  Institute  of  Electrical 
Engineers  to  appoint  three  representatives  from  our  Society 
on  a  joint  committee  of  the  national  engineering  societies  to 
consider  ways  and  means  of  bringing  about  cocij  eration  in 
American  engineering  standards,  the  representatives  on  this 
committee  to  report  back  to  their  respective  societies. 

The  Committee  on  Standardization  was  empowered  to  ap- 
point thi-ee  of  its  members  to  represent  the  Society  on  this 
joint  conference  committee. 


American  Association  for  the  Advancement  uf  Science. 
President  Jacobus  was  appointed  to  represent  the  Society  on 
the  council  of  this  association,  with  W.  B.  Jackson,  previous 
appointee. 

Alterations  to  Building.  Recommendations  of  the  House 
Committee  for  the  alterations  required  in  the  Society's  rooms 
to  carry  columns  through  them  for  the  additional  stories  to 
accommodate  the  Civil  Engineers  were  approved. 

Spring  Meeting,  1917.  The  date  of  the  Spring  Meeting  of 
the  Society  was  fixed  for  May  22  to  25,  1917. 

Biographies.  It  was  voted  that  a  Biographies  Committee 
be  appointed  in  connection  with  a  plan  to  prepare  or  edit 
biographies  of  notable  American  engineers. 

Cotnmunications.  The  U.  S.  Navy  Department  advised  the 
Society  of  its  formal  adoption  of  the  recommendations  of  The 
American  Society  of  Mechanical  Engineers  for  Machine  Screw 
Standards. 

The  secretary  of  the  John  Fritz  Medal  Board  of  Award  ad- 
vised that  the  award  had  this  year  been  made  to  Prof.  Elihu 
Thomson,  of  Swampscott,  Mass.  The  ceremonies  of  presenta- 
tion of  the  medal  will  take  place  at  a  general  meeting  of  the 
American  Institute  of  Electrical  Engineers,  in  Boston,  on  De- 
cember 8,  1916. 

Calvix  W.  Rice, 

Secretary. 


OFFICERS  OF  THE  SOCIETY  VISIT  CENTERS 


PRESIDENT  JACOBUS  and  Secretary  Rice  have  just 
completed  a  tour  to  some  of  the  centers  at  which  mem- 
bers have  under  consideration  the  advisability  of  forming  Sec- 
tions, and  have  also  been  able  to  visit  some  of  the  Student 
Branches.  They  were  gratified  to  find  everywhere  splendid 
interest  in  the  affaii'S  of  the  Society  and  a  spirit  of  willingness 
to  cooperate  in  its  various  activities. 

The  Secretary's  first  visit  was  to  Meriden,  Conn.,  where  a 
meeting  of  members  of  the  Society — the  first  gathering  of 
mechanical  engineers  to  be  called  in  that  vicinity — was  held 
on  October  3.  Engineers  were  present  from  Wallingford, 
Middletown  and  Southington.  The  Committee  in  charge  of 
the  meeting  was  C.  K.  Decherd,  chairman;  R.  S.  Brotherhood, 
secretary;  J.  H.  Hutchinson,  George  A.  Home,  C.  N.  Flagg, 
Jr.,  and  Frank  Roundtree.  The  Meriden  members  are  am- 
bitious to  form  a  permanent  organization  for  holding  regular 
meeting's,  and  in  this  way  develop  the  Society  in  that  locality. 

On  October  16  the  Secretary  visited  the  Carnegie  Institute 
of  Technology  Student  Branch,  Pittsburgh,  and  told  of  recent 
developments  in  the  work  the  Society  is  undertaking,  and 
outlined  for  them  the  part  they  are  expected  to  take  in  pro- 
mulgating the  objects  of  the  Society. 

Proceeding  to  Cleveland  on  October  17,  Mr.  Rice  met  the 
Cleveland  local  committee  at  luncheon  at  the  Cleveland  En- 
gineering Society,  when  F.  A.  Scott,  Mem. Am.Soc.M.E.,  gave 
his  views  on  the  industrial  pi-eparedness  movement. 

At  six  p.m.  the  Secretary  met  the  members  of  the  Student 
Branch  at  Case  School  of  Applied  Science.  The  meeting  was 
held  at  the  Case  Club,  and  a  number  of  Cleveland  members 
of  the  Society  joined  with  the  students  in  the  meeting.  Mr. 
E.  H.  Whitloek,  Chairman  of  the  Committee  on  Sections, 
Dr.  Ambrose  Swasey,  Honorai-y  Member  and  Past-President 
Am.Soc.M.E.,  Dr.  C.  S.  Howe,  Mem.Am.Soc.M.E.,  president 
of  Case  School,  and  Mr.  P.  W.  Ballard,  president  of  the  Cleve- 
land Engineering  Society,  were  present. 

In  the  evening  the  Secretary  addressed  a  pul)lic  meeting  held 


in  the  rooms  of  the  Cleveland  Engineering  Society  under  the 
auspices  of  the  City  Planning  Committee  of  the  Society. 

Dr.  Jacobus  met  Mr.  Rice  at  Buffalo  on  October  18,  and 
they  participated  in  an  informal  luncheon  given  by  a  group 
of  Buffalo  members  of  the  Society.  Matters  relating  to  So- 
ciety affairs  and  to  the  engineering  profession  in  general 
were  discussed. 

In  the  evening  the  members  of  the  Buffalo  Engineering 
Society  joined  our  Buffalo  Section  at  a  formal  dinner  at  the 
Hotel  Statler.  President  Jacobus  afterwards  addressed  the 
meeting  on  the  relations  existing  between  the  parent  Society 
and  its  Sections,  and  on  cooperation  between  the  Sections  and 
local  engineering  societies  and  clubs.  The  Secretary  described 
recent  developments  in  the  many  broad  movements  in  which 
engineers  are  participating  and  in  which  the  Society  is  taking 
a  leading  part. 

The  next  center  visited  was  Erie,  Pa.,  where  active  members 
have  been  considering  the  advisability  of  organizing  a  Sec- 
tion. These  members  organized  a  meeting  which  was  held  at 
the  Hotel  Lafayette,  under  the  auspices  of  the  Engineers' 
Society  of  Northwestern  Pennsylvania,  Mr.  Hays  H.  Clemens, 
president.  Mr.  F.  J.  Wadsworth  was  instrumental  in  arrang- 
ing the  details  which  led  up  to  this  meeting. 

Dr.  Jacobus,  Mr.  Whitloek,  and  Mr.  Rice  were  present  at 
this  meeting  and  explained  the  benefits  which  accrue  to  those 
members  who  are  willing  to  contribute  their  time  and  energy 
to  conduct  a  Section.  They  showed  also  how  the  establish- 
ment of  an  Am.Soc.M.E.  Section  tends  to  develop  the  local 
engineering  organization  because  of  the  close  cooperation  it 
affords  with  vital  engineering  developments. 

As  a  result  of  this  meeting,  the  members  at  Erie  are  pro- 
ceeding to  petition  the  Council  for  the  authority  to  conduct 
meetings. 

Marked  progress  has  been  made  by  the  members  at  Indian- 
apolis, Lafayette  and  Ten-e  Haute,  Indiana,  in  their  plans 
for  cooperative  meetings  of  all  branches  of  engineers,  and  a 
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large  and  enthusiastic  audience  greeted  Messrs.  Jacobus,  Rice 
and  Wliitlock  at  the  organization  meeting  of  the  Indianapolis 
Section  which  was  held  on  October  20. 

At  its  October  meeting  the  Council  approved  the  recom- 
mendation of  the  Committee  on  Sections  that  an  Indianapolis 
Section  be  authorized,  and  the  Section  is  now  established. 
All  members  residing  at  Lafayette,  Ten-e  Haute  or  witliin  a 
radius  of  60  miles  of  Indianapolis  will  be  included  in  this 
Section,  and  the  members  at  Rose  Polytechnic  Institute  and 
Purdue  University  will  constitute  part  of  the  organization. 
The  manner  in  which  the  newest  Section  carried  through  its 
first  meeting  gives  promise  of  rapid  development. 

From  Indianapolis  Mr.  Rice  proceeded  to  the  Student 
Branch  at  the  Kansas  State  Agricultural  College,  Manhattan, 
Kansas,  where  he  was  very  graciously  received  by  Prof.  A.  A. 
Potter  and  the  undergraduate  body.  He  was  similarly  enter- 
tained at  the  University  of  Kansas,  Lawrence,  Kansas,  by 
the  members  of  the  Student  Branch  there  and  its  Honorary 
Chairman,  Prof.  P.  F.  Walker.  At  both  of  these  colleges 
Mr.  Rice  made  addresses  similar  to  those  he  made  at  the  Car- 
negie Institute  and  at  Case. 

On  the  evening  of  October  23,  the  Secretary  bad  the  pleas- 
ure of  meeting  some  of  the  active  members  of  the  Society  in 
Kansas  City  who  are  looking  forward  to  the  establishment 
of  a  Section,  and  to  them  he  explained  the  work  which  is  be- 
ing done  by  Sections  and  the  great  good  resulting  therefrom 
to  the  engineering  profession  and  in  turn  to  each  individual 
member  who  takes  part  in  Section  activities. 

Washington  University  Student  Branch  at  St.  Louis  wel- 
comed the  Secretary  on  October  24. 

Proceeding  from  St.  Louis  to  Baltimore,  Mr.  Rice  again 
met'  Dr.  Jacobus,  where  they  attended  a  meeting  of  the  me- 
chanical engineering  students  of  Johns  Hopkins  University 
for  the  purpose  of  organizing  a  Student  Branch.  On  October 
25  they  were  present  at  an  organization  meeting  held  by  the 
members  of  the  Society  in  Baltimore  and  vicinity,  when  it 
was  voted  to  file  a  petition  to  the  Council  for  the  establish- 
ment of  a  Baltimore  Section.  At  this  meeting  a  paper  was 
read  by  Mr.  W.  L.  DeBaufre,  of  the  Naval  Academy  at 
Annapolis  describing  the  work  of  the  U.  S.  Naval  Experiment 
Station  there. 

On  his  return  journey  to  New  York,  the  Secretary  visited 
the  recently  established  Student  Branch  at  Bucknell  College 
and  also  the  Student  Branch  at  the  Pennsylvania  State  Col- 
lege. 


JOINT    SECTION    MEETING  TO   BE   HELD 
AT  NEW  LONDON 

Boston,    New  Haven,    New  York    and  Worcester 

Sections  and  Providence  Engineering  Society 

to  Visit  Submarine  Base  and  Engine 

Works  There  on  November  1 1 . 

As  The  Journal  goes  to  press  plans  are  being  perfected 
for  an  excui-sion  which  is  unique  in  the  annals  of  the 
Society.  In  view  of  the  current  interest  in  submarines,  and 
of  the  expressed  desire  of  a  number  of  members  to  inspect  a 
plant  where  submarine  engines  are  built,  special  ijcrmission 
has  been  secured  by  the  Society  for  a  party  of  members  to 
visit  the  works  of  the  Electric  Boat  Company  at  New  London, 
Conn.,  on  Saturday  afternoon,  November  11,  and  arrange- 
ments made  for  the  participation  of  the  Sections  at  Boston. 


New  Haven,  New  York,  Worcester,  and  the  Providence  En- 
gineering Society,  affiliated  with  our  Society,  in  the  trip. 

Some  of  the  largest  Diesel  Engines  manufactured  in  this 
country  have  been  designed  and  built  at  the  Electric  Boat 
Company's  plant,  and  the  party  will  have  the  unusual  op- 
portunity of  witnessing  the  processes  and  methods  of  con- 
struction of  this  class  of  prime  mover  for  submarine  service. 
A  special  test  will  be  run  on  a  high-power  8-eylinder,  4- 
eyele  Diesel  Engine.  A  large  number  of  submarine  and 
other  oil  engines  will  be  seen  in  various  stages  of  construc- 
tion, and  such  operations  as  the  boring  of  torpedo  tubes, 
cylinders  and  other  equipment  for  submarines  examined. 

Through  the  courtesy  of  Rear-Admiral  A.  W.  Grant,  in 
command  of  the  submarine  arm  of  the  United  States  Navy, 
the  visitors  will  be  given  a  special  exhibition  at  close  range 
of  several  submarines  submerging,  and  will  also  be  shown 
a  surface  attack  by  a  submarine.  This  exhibition  will  take 
place  at  the  submarine  base  and  training  school,  near  New 
London. 

SCHEDULE 

Boston  members  will  leave  South  Station  on  Train  No.  7, 
at  8:30  a.m.  on  Saturday,  November  11.  Those  coming  from 
Providence  will  boai'd  this  train  at  9:36  a.m.,  and  these  con- 
tingents will  arrive  at  New  London  at  11 :13  a.m. 

Worcester  members  will  leave  on  Train  No.  715  at  8 :36  a.m., 
arriving  at  New  London  at  10:58  a.m. 

The  New  York  party  will  leave  Grand  Central  Terminal 
at  8:.31  a.m.  on  Train  No.  8.  This  train  will  leave  New 
Haven  at  10 :30  a.m.  and  arrive  at  New  London  at  11 :39  a.m. 

Each  group  will,  upon  arrival,  proceed  directly  to  the 
Mohican  Hotel,  where  luncheon  will  be  served  promptly  at 
11.45  a.m.,  enabling  the  party  to  leave  for  the  plant  of  the 
Electric  Boat  Company  promptly  at  1 :00  p.m.  The  inspec- 
tion trip  through  this  plant  will  require  about  one  and  a 
half  hours. 

The  party  will  then  be  taken  out  into  the  Sound,  where 
the  submarine  exhibit   and   attack   will  take  place. 

The  party  will  return  in  time  to  make  one  of  the  following 
connections : 
Fur  Boston  and  Providence. 

Leaving  at  4:07  and  (i:00  p.m.  and  arriving  at  Boston  at 
7:00  and  8:43  p.m.  respectively. 
For  New  Haven  and  New  York. 

Leaving  at  3:57  and  5:41  j^.m.  and  arriving  at  New  York 
at  7 :11  and  8 :45  p.m.  respectively. 
For  Worcester. 

Leaving  at  4:20  p.m.  and  arriving  at  Worcester  at  8:00  p.m. 

Members  of  the  Society  residing  within  radius  of  New 
Lotidon  and  not  receiving  a  personal  invitation  to  this  meeting 
but  seeing  this  announcement  are  cordially  invited  to  par- 
ticipate. 

Members  of  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Electrical  Engineers,  the  American 
Institute  of  Mining  Engineers,  the  Boston  Society  of  Civil 
Engineers,  the  Brooklyn  Engineers  Club,  the  New  York  En- 
gineers Club,  the  Providence  Engineering  Society,  the  Phila- 
delphia Engineers  Club,  the  Engineering  students  at  Brooklyn 
Polytechnic  Institute,  Brown  University,  Columbia  University, 
Massachusetts  Institute  of  Technology,  New  York  University, 
Stevens  Institute  of  Technology,  Worcester  Polytechnic  In- 
stitute, Yale  University  and  other  organizations  of  engineers 
living  near  New  London,  will  also  be  welcomed. 


THE   THIRTY-SEVENTH    ANNUAL    MEETING,    NEW    YORK 

CITY,  DECEMBER  5  TO  8 


THE  program  of  the  thirty-seventh  Annual  Meeting  of 
the  Society,  to  be  held  in  the  Engineering  Societies 
Building,  New  York,  December  5  to  8,  1916,  is  announced 
below  in  as  complete  a  form  as  is  possible  at  this  early  date. 

No  less  than  eleven  professional  sessions  have  been  ar- 
ranged, with  papers  on  similar  subjects  grouped  in  so  far  as 
practicable.  This  large  number  of  sessions  and  the  great 
variety  of  topics  are  the  result  of  many  months  of  work  on 
the  part  of  the  Committee  on  Meetings  and  its  sub-committees. 

Elsewhere  in  this  issue  advance  publication  is  made  of  a 


mittee  on  Meetings  has  taken  special  pains  to  secure  in  order 
that  such  live  subjects  as  appraisal  of  industrial  property  and 
industrial  vs.  public  utihty  valuation  may  be  discussed  at  a 
general  meeting  of  the  Society  for  the  purpose  of  bring:ing 
out  facts  of  value  to  engineers. 

A  Safety  Code  for  Cranes  to  be  presented  by  the  Sub-Com- 
mittee on  Protection  of  Industrial  Workers  is  published  in  this 
issue.  The  field  of  work  of  this  committee  is  a  large  one, 
and  is  also  an  important  one  since,  through  this  committee, 
the  Society  is  endeavoring  to  effect  an  approach  to  uniform 


Plan  of  Fifth  Flook  of  Engineering  Societies  Building,  New  York,  Showing  Alterations  for  Social  . 

Functions  op  Founder  Societies 


number  of  the  papers  to  be  presented  and  discussed,  and  oth- 
ers will  follow  in  the  next  issue  of  The  Journal.  The  papers 
are  published  in  the  form  of  abstracts,  prepared  in  collabora- 
tion with  authors  and  as  complete  and  comprehensive  as  pos- 
sible. Work  on  the  printing  of  the  complete  jjapers  in  pam- 
phlet form  has  been  proceeding  satisfactorily,  and  copies  of 
any  of  these  papere  will  be  sent  to  members  of  the  Society 
gratis  upon  application   in  advance  of  the  meeting. 

In  view  of  these  special  efforts  on  the  part  of  the  Com- 
mittee on  Meetings  and  the  Publication  Committee  to  get  the 
material  of  the  papers  in  the  hands  of  every  member  well  in 
advance  of  the  meeting,  it  is  anticipated  that  the  opportunity 
for  contributing  discussion  will  be  widely  taken  advantage  of. 

The  first  Annual  Meeting  pajsers  printed  in  this  issue  are 
those  selected  for  presentation  at  one  or  other  of  the  three 
Miscellaneous  Sessions.  These  are  the  papers  not  secured  by 
sub-committees,  but  presented  to  the  Society  directly  by  their 
respective  authors. 

These  are  followed  by  papers  on  valuation,  which  tlie  Corn- 


requirements  in  the  matter  of  safeguards.  The  committee 
cooperates  in  its  activities  with  state  bureaus,  insurance  inter- 
ests, organized  societies,  departments  of  industrial  concerns 
and  individuals,  and  has  already  discussed  a  number  of 
standards. 

The  Sub-Committee  on  Gas  Power  will  have  charge  of  an 
important  session,  and  two  of  its  papers  are  published  this 
month. 

A  strong  feature  of  the  meeting  will  be  the  session  in  charge 
of  the  Sub-Committee  on  Railroads.  This  committee  is  a  very 
representative  one,  and  at  the  sessions  at  general  meetings  in 
its  charge  a  large  amount  of  valuable  material  has  been 
brought  out.  Two  of  this  committee's  papers  are  included  in 
this  issue. 

The  remaining  Annual  Meeting  paper  published  this  mouth 
is  one  of  the  three  papers  contributed  by  the  Sub-Committee 
on  Textiles.  It  reports  the  results  of  an  important  investiga- 
tion upon  the  transmission  of  heat  through  window  frames  in 
mill  buildings. 
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Papers  to  be  presented  at  the  Machine  Shop  Session  and 
the  session  in  charge  of  the  Boiler  Code  Committee,  as  well  as 
the  remaining  papers  of  the  sessions  noted  above,  will  be 
published  next  month. 


ENTERTAINMENT     FEATURES 

As  usual,  the  social  features  of  the  meeting  will  be  opened 
with  the  president's  reception  on  Tuesday  evening.  This  will 
follow  Dr.  Jacobus'  presidential  address  in  the  Auditorium, 
and  instead  of  being  held  in  the  Society's  rooms  on  the 
eleventh  floor,  which  have  long  since  been  inadequate  for  the 
purpose,  will  be  held  on  the  fifth  floor,  where  with  the  altera- 
tions now  in  progress  there  will  be  splendid  provision  for  such 
affairs. 

The  Engineering  Societies  Building  has  always  lacked  suit- 
able accommodations  for  the  social  functions  of  the  Founder 
Societies.  The  larger  room  on  the  fifth  floor  was  not  large 
enough  for  such  functions  and  the  floor  was  not  suited  for 
dancing.  For  some  time  there  has  been  under  consideration 
the  arranging  for  the  two  assembly  rooms  on  this  floor  to 
be  tlu'own  together  and  the  laying  of  a  bard  wood  polished 
floor  in  both.  This  improvement  was  agreed  upon,  and  is  now 
being  carried  out,  and  will  be  completed  by  the  time  of  the 
Annual  Meeting. 

It  was  not  feasible  to  make  the  partition  between  the  two 
rooms  entirely  removable  on  account  of  the  ventilating  shafts 
and  the  necessity  of  having  nearly  sound-proof  isolation  of 
the  two  rooms  when  they  are  used  independently,  so  the  three 
double  doorways  are  being  increased  to  twice  their  former 
width  as  indicated  on  the  accompanying  plan.  This  will  give 
ample  means  of  commimication  between  the  two  rooms  for 
such  purposes  as  dances,  receptions  and  reunions.  Any  meet- 
ings that  require  the  seating  capacity  of  the  two  rooms  com- 
bined will  still  be  held  in  the  Auditorium. 

In  addition  to  the  president's  reception,  the  two  luncheons, 
Wednesday  and  Thursday  noon,  the  smoker  on  Wednesday 
night,  and  the  dance  and  reunion  following  the  lecture  on 
Thursday  evening,  will  also  be  held  on  this  newly-adapted  fifth 
floor.  It  is  not  a  little  satisfaction  to  the  committee  in  charge 
of  the  social  arrangements  that  it  will  be  possible  this  year 
for  the  first  time  to  hold  all  of  the  Annual  Meeting  social 
events  in  the  Engineering  Societies  Building. 


TENTATIVE  PROGRAM 

Tuesday  Evening,  December  3 
Presidential  Address  and  Reception 

President's  address  on  the  Relation  of  Education  to  Engi- 
neering, by  Dr.  D.  S.  Jacobus,  President  of  the  Society.  This 
will  be  followed  by  the  annual  rejiort  of  the  Tellers  of  Elec- 
tion of  OflBcers,  the  introduction  of  the  President-elect,  and 
a  reception  to  the  President,  President-elect,  ladies,  members 
and  guests.    This  gathering  will  be  informal. 

Wednesday  Morning,  December  6 

Opening  Session 
Busine.ss  Meeting. 

Reports  of  the  Council,  Standing  Committees  and  Special 
Committees,  Constitutional  Amendments  and  new  business. 
Award  of  Junior  and  Student  Prizes. 


John  E.  Sweet  Memorial 
Following  the  regular  business  of  this  session,  there  will 
be  memorial  exercises  in  honor  of  the  memory  of  John  E. 
Sweet,  Past-President,  Honorary  Member  and  founder  of  the 
Society. 

Miscellaneous  Session 

The  Proportioning  of  Surface  Condensers,  George  A.  Or- 
rok 

The  Testing  of  House-Heating  Boilers,  L.  P.  Breekenridge 
and  D.  B.  Prentice 

Water  for  Steam  Boilers — Its  Significance  and  Treat- 
ment, Arthur  C.  Scott  and  J.  R.  Bailey 

Industrial  Safety  Session 

Under  the  auspices  of  the  Siib-C ommittee  on  Protection  of 

Industrial  Workers 

Report  on  Safety  Standards  for  the  Operation  of  Cranes. 

Wednesday  Afternoon 

Miscellaneous  Session 

The  Utilization  of  Waste  Heat  for  Steam  Generating 
Purposes,  Arthur  D.  Pratt 

Graphic  Methods  of  Analysis  in  the  Design  and  Opera- 
tion of  Steam  Power  Plants,  R.  J.  S.  Pigott 

Power  Plant  Efficiency,  Victor  J.  Azbe 

Textile  Session 

Under  the  auspices  of  the  Sub-Committee  on  Textiles 

Heat  Transmission  Through  Various  Types  of  Sash, 

Arthur  N.  Sheldon 
Other  papers  will  be  presented  on  the  question  of  moisture 
and  humidity  in  the  textile  industry;   and   on   the  effects  of 
vibrations  in  textile  mill  buildings. 

Machine  Shop  Session 

Under  the  auspices  of  the  Sub-Committee  on  Machine  Shop 

Practice 

This  session  will  be  devoted  to  the  discussion  of  papers  on 
the  standardization  of  machine  tools  and  on  a  classification  of 
machine  shop  practice  and  a  proposed  plan  of  work  of  the 
Sub-Committee  on  Machine  Shoji  Practice. 

Wednesday  Evening 
Smoker 

The  success  of  last  year's  smoker  has  decided  the  repeating 
of  this  form  of  entertainment  for  Wednesday  evening.  En- 
tertainment will  be  provided,  and  a  feature  will  be  a  short 
talk  by  Frank  B.  Gilbreth,  Mem.Am.Soc.M.E.,  on  his  experi- 
ences in  Europe  during  the  war. 

Thursday  Morning,  December  7 
Valuation  Session 

It  is  expected  that  this  session  will  continue  both  morning 
and  afternoon. 

Accurate  Appraisals  by  Short  Methods,  J.  G.  Morse 
Productive  Capacity  a  Measure  of  Value  of  an  Industrial 
Property,  H.  L.  Gantt 

Other  authors  will  present  papers  on  tiie  relation  between  in- 
dustrial valuation  and  utility  valuation;  on  the  interest  of 
the  public  in  valuation;  on  the  relation  between  perpetual 
inventory  value  and  appraisal  value,  and  on  amortization  and 
depreciation. 
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Thursday  Afternoon 
Besides   the   eontiiniation   of   the    Vahiation    Session,    there 
will  be  a  Gas  Power  Session. 

Gas  Power  Session 
Under  the  auspices  of  the  Sub-Committee  on  Gas  Power 
A  Gas  Producer  for  Bituminous  Coal,  O.  C.  Berry 
Commercial  Sampling  and  Gas  Analysis,  P.  W.  Swain 
An  Investigation  of  the  Internal-Combustion  Engine  as 
Applied  to  Traction  Engines,  A.  A.  Potter  and  W.  A. 
Buck 
The  Ratio  of  the  Specific  Heats  and  the  Coefficient  of 
Viscosity  of  Natural  Gas  from  Typical  Fields,  Rob- 
ert F.  Earhart. 
Illustrated  Review  op  the  Werkspooe  Marine  Diesel  En- 
gines, Thomas  0.  Lisle 

Thursday  Evening 
Lecture  and  Annual  Reunion 

The  Committee  is  making  arrangements  for  a  popular  lec- 
ture to  be  given  in  tlie  Auditorium  on  Thursday  evening. 

Following  the  lecture,  the  members  and  guests  are  invited 
to  adjourn  to  the  fifth  floor  of  the  Engineering  Societies 
Building  for  the  annual  reunion  and  dance. 

Friday  Morning,  December  8 

Miscellaneous  Session 

The  Impact  Tube,  Sanford  A.  Moss 

Heat  Treatment  of  "Wrought  Iron  Chain  Cable,  F.  G. 

Coburn,  W.  W.  Webster  and  E.  L.  Patch. 
The  Flow  of  Air  and  Steam  Through  Orifices,  Herbert  B. 

Reynolds 

Railroad  Session 

Under  the  auspices  of  the  Sktb-Committee  on  Bailroads 

Clasp  Brakes  foe  Heavy  Passenger  Equipment  Cars,  T.  L. 

Burton 
Mechanical  Design  of  Electric  Locomotives,  A.  F.  Bach- 
elder 

Steam  Boiler  Session 

Under  the  auspices  of  the  Boiler  Code  Committee 
An  Analysis  of  the  Working  Parts  op  Safety  Valves 

Met  with  in  Marine  Practice,  with  Suggestions  for 

Repairs  and  Improvements,  E.  F.  Maas 
The  Talbot  Boiler,  Paul  A.  Talbot 

Friday  Afternoon 
Public  Hearing  by  the  Boiler  Code  Committee. 

Saturday  Morning,  December  9 
Public  Hearing  bv  Boiler  Code  Committee  continued. 


PLAN   OF   ACTIVITIES   FOR   THE 

SEASON    1916-17 

Below  is  a  continuation  of  the  announcement  in  the  last 
issue  of  The "  Journal,  of  the  proposed  activities  for  the 
season  of  Sections  and  Student  Branches.  At  some  of  the  col- 
leges where  the  work  of  the  term  in  the  engineering  depart- 
ment does  not  begin  until  the  middle  of  October,  the  opening 


meeting  of  the  Student  Branch  has  not  yet  been  held,  and  in- 
formation regarding  plans  for  the  year  has  not  come  to  hand. 


SAN    FRANCISCO    SECTION 

The  San  Francisco  Section,  through  0.  F.  Braun,  Secretary,  re- 
ports that  the  coming  season  will  be  a  really  active  one.  In  order 
to  get  the  members  together  an  informal  smoker  was  held  at  the 
Engineers'  Club  during  the  first  week  of  October. 

In  the  fourth  week  of  October  the  Section  held  a  joint  meeting 
with  the  A.I.B.E.  Some  of  the  members  of  the  latter  section  pre- 
sented iiapers  on  the  Propulsion  of  Ships. 

On  November  16  a  second  joint  meeting  with  the  A.I.E.E.  will 
be  held,  and  W.  W.  Thompson  will  present  a  paper  on  The  Trum- 
bull Process  of  Refining  Oil.  .\nother  social  gathering  is  also 
planned  for  about  the  26th  of  the  month. 

In  the  first  week  of  December  the  section  will  hold  a  meeting 
at  which  W.  J.  Davis,  Mem.Am.Soc.M.E.,  will  present  a  paper  on 
Turbine  Blowers. 

At  a  meeting  to  be  held  in  February  the  Chairman,  F.  W.  Gay, 
will  present  his  paper  on  Engineering  Economics  of  Partial  Con- 
struction. 

Besides  these  above  meetings  two  other  formal  meetings  and 
three  smokers  will  be  held  during  the  season ;  at  each  of  the 
latter  some  subject  will  be  discussed  informally. 

Mr.  A.  C.  Paulsmeier,  Mem..\m.Soc.M.E.,  has  signified  his  will- 
ingness to  serve  on  the  local  committee  and  one  other  member  will 
also  be  appointed  on  this  committee,  to  fill  vacancies  caused  by  the 
resignations  of  Messrs.  Terwilliger  and  Meredith.  E.  A.  Rogers 
will  act  as  Section  Correspondent. 


NEW    HAVEN    SECTION 

The  New  Haven  Section  will  follow  its  previous  plan  of  holding 
two  meetings  during  the  season  with  afternoon  and  evening  sessions 
and  a  dinner  between  them.  The  first  of  these  meetings  will  be 
held  on  Wednesday,  November  15,  in  the  Hammond  Mining  Labora- 
tory when  the  subjects  of  Applied  Metallography,  Prof.  C.  H. 
Mathewson  and  Testing  of  Metals.  Prof.  William  Kent  Shepard. 
will  be  presented.  These  papers  will  be  followed  by  discussion. 
Following  this  session  dinner  will  be  served  in  the  hall  of  the  Yale 
Dining  Club.  The  evening  session  will  be  held  in  the  Mason 
Laboratory  and  two  papers  will  be  presented  and  discussed.  The 
first  of  these  is  Recent  Developments  in  Time-Study  Devices,  by 
Frank  B.  Gilbreth.  Mem.Am.Soc.M.E.,  and  the  second.  Processes  of 
Facsimile  Reproduction  with  demonstrations,  by  Samuel  J.  Berard, 
of  the  Mechanical  Engineering  Department  of  the  SheSield  Scien- 
tific School.  The  local  membership  of  the  Section  has  increased 
greatly  and  interest  in  the  Society  is  very  keen.  The  Section  has 
the  cooperation  of  the  Sheffield  Scientific  School  and  the  service  of 
its  faculty  on  the  Section  Committee. 


STUDENT    BR.INCHES 

The  Vniversity  of  Colornrlo  Student  Branch  plans  to  hold  two 
meetings  each  month  during  the  school  year.  One  meeting  each 
month  will  be  in  charge  of  the  students,  and  at  the  other  pro- 
fessional men  will  be  invited  to  speak. 

The  program  for  the  year  will  include  a  trip  to  the  smelting 
works  at  Pueblo,  at  least  two  trips  to  large  plants  in  Denver,  be- 
sides visits  to  sugar  plants  and  power  stations  around  Boulder. 

The  Branch  held  its  first  meeting  on  October  4,  and  an  account 
of  this  is  given  elsewhere  in  this  issue. 

The  State  Vniversity  of  Iowa  Student  Branch  will  also  hold 
semi-monthly  meetings  throughout  the  college  year.  It  is  proposed 
that  at  a  majority  of  these  meetings  students  shall  present  papers 
upon  subjects  of  their  own  choosing.  Excursions  will  be  made  to 
manufacturing  plants  in  the  vicinity  of  the  University,  and  ar- 
rangements for  these  excursions  will  be  discussed  at  the  next 
meeting. 

The  Branch  began  the  year  with  a  business  meeting  on  October 
11,  when  plans  were  discussed.  Many  new  men  have  signified  their 
intention  of  enrolling,  and  a  banner  year  is  looked  for. 

The    Vniversity   of    ^yiscons^n    Student    Branch    will    hold   both 
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social  and  technical  meetings  during  the  year.  In  the  former,  it 
will  participate  with  other  engineering  clubs  at  the  college  and 
will  also  take  part  in  the  annual  sophomore  smoker.  At  the  tech- 
nical meetings  engineering  subjects  will  be  presented  and  dis- 
cussed, as  well  as  topics  of  general  engineering  history. 

Meetings  are  held  the  first  and  third  Thursdays  of  every  month. 

The  increase  in  membershij)  of  the  Brooklyn  Polyteuhnic  Student 
Branch  will  serve  as  an  incentive  toward  the  increase  in  social  and 
technical  activities  for  the  coming  year.  A  unique  feature  of  the 
program  for  the  meetings  is  that  the  speakers  will  be  members 
of  the  alumni.  The  graduates  are  employed  in  such  varied  and 
interesting  phases  of  the  mechanical  engineering  profession  that  an 
attractive  list  of  papers  is  assured. 

The  usual  trips  to  places  of  interest  to  the  future  engineer  will 
be  continued  with  added  zest.  The  Program  Committee  is  now- 
corresponding  with  the  executives  of  many  of  the  manufactories, 
power  plants  and  office  buildings  situated  in  or  near  New  York 
City. 

A  great  endeavor  will  be  made  this  season  to  focus  attention  on 
the  social  side  of  our  activities.  While  heretofore  it  has  been 
customary  after  meetings  to  turn  to  general  discussion,  it  has 
not  been  customary  to  have  an  informal  dance.  A  canvass  will  be 
made  and  if  opinion  approves  of  the  idea,  there  is  no  reason  why 
such  events  cannot  be  held. 

The  Pcnn  State  Chapter  opened  their  season  with  a  preliminary 
naeeting.  at  which  the  new  committees  were  announced,  followed  by 
a  social  meeting  at  which  the  new  faculty  members  were  introduced 
and  made  addresses.  These  members  are  Professor  E.  A.  Fes- 
•senden,  J.  W.  Ilaney,  J.  O.  Keller  and  R.  C.  Fielding. 

The  program  for  the  year  includes  the  following  addresses  by 
faculty  members  and  others  and  discussions  by  student  members : 

Calvin  W.  Rice,  Secretary,  Am.Soc.M.E.,  on  Work  of  the  Student 
Chapters. 

R.  L.  Sackett,  Mem.Am.Soc.M.E.,  Dean.  School  of  Engineering, 
•on  Revision  of  Steam  Power  Plants. 

E.  A.  Fessenden,  Mem.Am.Soc.M.E.,  Professor  of  Mechanical 
Engineering,  on  How  Scientific  Investigation  is  Attacked. 

Hugo  Diemer,  Mem.Am.Soc.M.E.,  Professor  of  Industrial  En- 
gineering, on  The  Scientific  Determination  of  Processing  Standards. 

J.  A.  Mease,  Mem.Am.Soc.M.E.,  Associate  Professor  of  Machine 
Design,  on  The  Steel  Industry,  from  Ore  to  Finished  Product. 

E.  N.  Bates.  Assistant  Professor  of  Mechanical  Engineering,  on 
Development  of  the  Gas  Engine. 

J.  P.  Calderwood.  Mem..\m.Soc.M.E.,  Associate  Professor  of 
Mechanical  Engineering,  on  The  Use  of  Kerosene  in  Gas  Engines. 

On  October  13,  H.  L.  Swift,  Mem.Am.Soc.M.E.,  addressed  the 
Chapter  on  Electric  RaUroad  Operation, 

The  I'niicrsity  of  Maine  Student  Branch  is  anxious  to  make 
this  year  the  best  in  its  history.  Tentative  plans  are  under  con- 
sideration for  meetings  to  be  held  once  a  month.  It  is  hoped  that 
the  Society  will  make  it  possible  this  year  for  the  Branch  to  receive 
"visits  from  some  of  its  speakers. 

The  Case  School  of  Applied  Science  Student  Branch  will  hold  its 
first  meeting  on  October  17.  Secretary  Rice  has  very  kindly  con- 
sented to  address  this  meeting,  and  a  number  of  Cleveland  mem- 
bers of  the  Society  have  accepted  an  invitation  to  be  present.  This 
generous  cooperation  of  the  Secretary  and  the  local  members  of 
the  Society  will  assist  the  Branch  in  attaining  the  proper 
momentum   for    the   year. 

Other  meetings  of  the  Branch  will  be  held  on  November  1. 
December  6,  January  10,  February  7,  March  7,  April  4  and  May  2. 
The  last  meeting  is  designated  as  the  Annual  Meeting. 

The  usual  procedure  will  be  to  hold  a  dinner  at  six  p.m.  on 
Tneeting  nights,  the  meeting  to  follow  the  dinner. 

The  program  for  these  meetings  includes  papers  on  salesman- 
ship, advertising,  and  also  some  papers  on  special  engineering 
topics  by  Cleveland  members  of  the  Society  who  have  kindly 
offered  their  assistance.  One  meeting  wUl  be  given  over  to  a  dis- 
cussion of  technical   subjects  by   various  members  of  the   Branch. 

The  local  branch  is  now  very  happily  situated  in  being  able  to 
use  the  new  Case  Club  for  its  meetings. 

Regular  meetings  of  the  Worcester  Polytechnic  Student  Branch 
will  be  held  on  the  first  Friday  of  each  month.  The  several  pro- 
fessors in  charge  of  the  work  of  the  department  of  mechanical  en- 
gineering have  been  assigned  one  meeting  each,  and  will  assist  the 
student  officers  in  securing  speakers  and  making  other  arrange- 
ments. 

The  October  meeting  will  be  devoted  to  Steam  Engineering ; 
^November  to  Shop  Engineering;   December  to  Heat  Treatment  of 


Steel ;  January  to  Machine  Design  and  Materials  of  Construction  ; 
February  to  Hydraulic  Engineering,  and  March  to  AutomobUe 
Engineering.  The  regular  time  for  the  April  meeting  coming  this 
year  during  the  Spring  recess,  a  Joint  Meeting  will  be  held  under 
the  auspices  of  the  Electrical  Engineering  Society.  In  May  wiU 
occur  the  annual  meeting  of  the  Branch  for  the  election  of  officers 
and  reports  by  members  from  the  senior  class  on  their  thesis 
work. 

The  friendly  rivalry  between  the  several  sub-departments  in 
arranging  for  the  meetings  results  in  a  series  of  well-balanced  and 
most  interesting  lectures  as  each  professor  tries  to  secure  the  best 
talent  possible  for  his  special  meeting. 

It  is  expected  that  the  meetings  will  be  well  attended  judging 
from  the  way  this  arrangement  has  worked  in  the  past. 

The  meetings  are  open  to  the  public  and  special  invitations  are 
sent  each  month  to  those  interested. 

The  newly  organized  Branch  at  the  Louisiana  State  University 
and  Auduhon  Sugar  School  plans  to  make  a  special  campaign  early 
in  the  season  for  increasing  its  membership. 

The  programs  of  the  meetings  will  include  several  addresses  by 
practising  engineers,  and  a  strong  effort  will  also  be  made  to  get 
well-prepared  papers  by  students.  The  University  has  lately  ac- 
quired a  motion  picture  machine,  and  the  Branch  will  secure  a 
number  of  films  on  engineering  subjects.  Inspection  trips  will  be 
made,  particularly  to  sugar  factories  and  oil  refineries  in  the 
vicinity  of  the  college. 

In  carrying  out  its  program  for  the  year,  the  Carnegie  Institute 
of  Technology  Student  Branch  will  hold  meetings  the  second  Wed- 
nesday of  each  month.  The  Branch  expects  to  obtain  addresses 
from  Elmer  K.  Hiles.  Mem.Am.Soc.M.E.,  George  H.  Neilson,  W.  C. 
Bates,  F.  W.  Winter,  II.  F.  Ferguson,  Frederick  H.  Parke  and  J. 
C.  Hobbs,  Mem.Am.Soc.M.E.,  and  also  some  of  its  own  alumni. 

Light  refreshments  will  be  served  at  each  meeting. 

The  business  session  and  Dutch  Lunch  will  be  held  in  May, 
1917. 

The  U?iiversity  of  Minnesota  Student  Branch  plans  for  the  com- 
ing year  contemplate  improvements  on  past  methods.  For  in- 
stance, during  the  past  year  many  regular  meetings  were  given 
over  to  addresses  and  talks  of  a  general  nature.  All  were  excellent, 
but  the  students  were  not  taking  part,  and  it  is  proposed  that  each 
one  shall  be  up  and  doing  and  therefore  a  greater  number  of 
reviews  and  discussions  will  form  the  basis  for  future  meetings. 

An  open  debate  upon  some  live  engineering  question  will 
furnish  material  for  one  or  more  meetings.  It  is  hoped  that  the 
Branch  may  be  able  to  get  motion  pictures  of  manufacturing  pro- 
cesses and  to-the-point  lectures  to  accompany  each  set  of  films. 
It  is  proposed  to  keep  in  closer  touch  with  the  other  student 
branches  and  try  out  a  plan  for  the  interchange  of  ideas  and 
methods. 

The  annual  "  Get-together  "  is  the  best  scheme  yet  evolved  for 
getting  up  enthusiasm  in  the  work  and  attracting  prospective  me- 
chanical engineers  to  the  Branch. 

It  is  further  proposed  to  give  a  dinner-dance  just  before  the 
Christmas  vacation  in  order  that  the  Branch  members  and  guests 
may  have  an  opportunity  to  get  better  acquainted. 

The  first  meeting  of  the  Branch  will  consist  'of  discussions  of 
plans  to  govern  future  activities,  and  at  that  meeting  there  wiU 
undoubtedly  be  proposed  further  means  to  make  the  Branch  of 
greater  service  to  the  members  and  to  the  University. 

The  Buclcnell  University  Student  Branch  has  decided  to  follow 
its  plan  of  last  year.  About  once  each  three  months  the  Branch 
expects  to  have  some  outside  engineer  give  an  address,  and  other 
meetings  will  be  devoted  to  expositions,  given  by  seniors,  of  work 
done  during  the  summer  months.  These  expositions  wUl  be  fol- 
lowed by  discussions. 

The  general  idea  of  the  Branch  is  to  acquaint  its  members  with 
the  various  branches  of  the  engineering  profession,  and  the  leading 
thought  in  all  discussions  will  be  that  of  instruction  as  to  processes, 
methods  and  efficiency  in  system. 

The  Colorado  State  Agricultural  College  Student  Branch  will 
hold  regular  meetings  twice  every  month.  The  programs  will  be  ar- 
ranged by  the  officers  of  the  Branch  and  topics  assigned  to  members 
for  presentation.  Topics  are  to  be  chosen  from  The  Journal,  from 
other  technical  papers  and  from  practical  experience.  It  is  also  the 
aim  of  the  Branch  to  arrange  for  addresses  by  men  of  the  engineer- 
ing profession.  The  Branch  plans  to  get  in  touch  with  the  engi- 
neers of  the  under  classes  and  keep  them  interested  in  the  mechani- 
cal engineering  professit)n.  Some  time  during  the  year  it  is  pro- 
posed to  have  a  joint  meeting  with  the  other  technical  organizations. 
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The  Lchii/h  Ininrsitu  Student  Branch  will  hold  muntU.v  meet- 
ings as  heretofore  the  second  Thursday  of  each  month.  At  each  of 
these  meetings  there  will  he  two  addresses,  one  given  by  a  student- 
member  of  the  Society,  and  the  other  by  a  graduate,  prominent  in 
engineering  circles.  Among  the  list  of  speakers  scheduled  for  the 
coming  year  are  Dr.  J.  AV.  Kichards,  of  the  American  Electro- 
chemical Society,  whose  talk  will  deal  with  the  work  of  the  newly- 
organized  Naval  Advisoi-y  Board,  of  which  he  is  a  member ;  R.  E. 
Anderson,  1st  Assistant  General  Superintendent  of  The  Win- 
chester liepeating  Arms  Co.,  who  will  speak  on  the  Taylor  System 
as  it  is  in  vogue  where  he  is  working.  Then  there  will  be  an  ad- 
dress on  the  Schwab  Bonus  System  by  some  prominent  member  of 
the  Bethlehem  Steel  Co.  In  an  endeavor  to  bring  about  closer 
cooperation  betw-een  the  several  engineering  societies  of  the  Univer- 
sity, there  w'ill  be  a  combined  meeting  of  these  societies  in  the 
near  future. 

The  president  of  the  Armour  Institute  of  Tcclinoloyy  Student 
Branch  reports  that  it  has  repeatedly  been  brought  before  the  at- 
tention of  engineering  students  that  engineers  in  general  are  greatly 
lacking  in  the  presentation  of  papers  or  as  factors  in  a  general 
discussion.  The  absence  of  debating  societies  and  declamation 
contests  in  the  present  day  engineering  colleges  has  led  the  student 
members  of  the  Society  at  Armour  Institute  of  Technology  to  adopt 
a  different  procedure  in  meetings  for  lOlG-17  than  has  been  fol- 
lowed in  years  previous.  At  each  semi-monthly  meeting,  three  or 
four  members  will  be  called  upon  for  5-minute  talks  on  subjects 
as  they  themselves  shall  select.  After  each  talk  a  general  discussion 
on  the  speaker's  topic  will  take  place.  During  the  discussion 
every  member  will  be-  called  upon  for  a  short  extemporaneous  speech 
on  one  or  other  of  the  5-miuute  talks. 

The  addresses  by  prominent  engineers  and  lecturers  for  the  year 
will  be  attended  by  the  Civil,  Chemical,  Electrical,  Fire  Protection 
and  Mechanical  societies  cooperatively. 

The  A.S.M.E.  smoker  given  in  honor  of  the  mechanical  en- 
gineering students  of  the  class  of  '18  was  very  successful.  A  ban- 
quet to  be  given  before  the  Christmas  holidays  is  contemplated. 

The  Student  Branch  of  the  Society  at  the  Vniversitij  of  Kcn- 
tucltij  will  hold  bi-monthly  meetings  throughout  the  college  year. 
Technical  magazines  will  be  closely  studied  by  all  the  members, 
each  of  whom  will  report  on  the  contents  of  the  particular  maga- 
zine assigned  to  him.  In  this  way  a  large  number  of  the  engineer- 
ing problems  that  confront  the  technical  graduate  will  be  brought 
into  discussion. 

A  smoker  to  which  the  freshmen  will  be  invited  is  contemplated 
for  the  near  future  as  an  informal  hut  effective  means  of  arousing 
their  interest  in  the  work  of  the  Mechanical  Engineering  depart- 
ment. 

The  officers  for  the  Student  Branch  of  the  A.S.M.E.  of  Cornell 
University  for  the  coming  school  year  are  as  follows  : 

R.  C.  Carpenter.  Honorable  Chairman,  Sibley  College ;  W.  C. 
Bliss,  President ;  R.  O.  Compton,  Vice-President :  S.  M.  Barr,  Sec- 
retary ;  W.  W.  Robertson,  Treasurer. 

It  was  decided  to  have  as  a  program  of  meetings  for  the  year 
a  combination  of  lectures,  social  meetings  and  debates.  The  first 
lecture  will  be  given  on  the  subject  of  the  Quebec  bridge  disaster, 
by  Prof.  H.  S.  Jacoby,  in  the  fir.st  week  in  November.  The  other 
meetings  will  be  arranged  for  later.  A  canvass  of  all  the  students 
will  be  made  immediately  to  secure  active  members  for  the  Branch. 

The  Yale  University  Student  Branch  is  planning  to  have  Mr. 
Rice  speak  at  its  first  meeting  to  be  held  November  3  and  have  it 
an  organization  meeting  open  to  members  only.  No  other  definite 
dates  have  been  arranged  as  yet.  but  the  Branch  has  had  many 
good  offers  from  some  of  the  best  men  in  the  country  on  labor 
questions,  from  manufacturers  wishing  to  send  moving  pictures  of 
their  business,  and  well-known  engineers.  It  is  its  policy  to  have 
as  many  demonstrations  as  possible  of  recent  developments  in  the 
mechanical  engineering  field.  One  2-hour  recitation  period  each 
month  has  been  given  the  Branch,  in  which  time  the  heads  of  the 
other  engineering  schools  of  Yale  are  coming  in  to  talk.  This  time 
will  also  be  used  for  debates  among  the  members  and  with  other 
Engineering  Student  Organizations  here. 

In  the  winter  term  an  exhibition  in  the  laboratory  to  promote 
interest  in  Mechanical  Engineering  will  be  held.  All  the  apparatus 
and  machines  will  be  run  by  the  students  and  the  opportunity  to 
see  what  is  being  done  in  the  Mechanical  Engineering  Department 
will  be  afforded  to  everyone. 

There  seems  to  be  an  unusual  amount  of  interest  in  the  Branch 
as  is  shown  by  a  large  increase  in  membership  and  the  Branch  is 
looking  forward  to  a  most  successful  year. 


The  oflicers  for  lOllJ-lDlT  are  Graham  M.  Brush  of  Greenwich, 
Conn..  President,  and  Irving  C.  Shepard  of  New  Ilavcn.  Secre- 
tary and  Treasurer. 


ROLL  OF  HONOR 

Lists  of  those  members  enlisted  or  contemplating  enlist- 
ment in  the  National  Guard,  the  Begular  Army,  the  Naval 
Militia,  the  Navy,  and  in  other  capacities  in  the  services  of  the 
country,  have  been  published  mo-nthh/  in  The  Journal  since  the 
August  issue.  Further  names  of  such  members  received  since 
the  publication  of  the  last  list  appear  below. 

CLUETT,  SANFORD  L.,  Major,  Signal  Corps,  National  Guard,  New 
York 

H.VNSELL,  WILLIAM  H.,  Private,  Company  B,  Engineer  Battalion, 
National  Guard,  Pennsylvania 

MERSEY,  MAYO  DYER,  Investigation  of  Aviation  Instruments,  U.  S. 
Bureau  of  Standards 

KRAUS,  SIDNEY  M.,  Lieutenant,  U.  S.  N. 

OTTO,  HENRY  S.,  Private,  Squadron  A,  National  Guard,  New  York 

PERRY,  FRANK  B.,  Civilian  Volunteer  Training,  Cruise  U.  S.  Navy 

SIIA.\D,  GEO  C,  Associate-Member  of  Naval  Consulting  Board,  Mem- 
ber of  Kansas  State  Committee  on  Industrial  Preparedness 

STEEL,  REGINALD  \.,  Master  Engineer  of  1st  Battalion,  22nd  Regi- 
ment of  Engineers,  National  Guard,  New  York 

STRAHLMANN,  O.  E,,  Aeronautical  Engineer,  Office  of  Chief  Signal 
Officer 

TREAT,  SIDNEY  W.,  Sergeant,  7th  Infantry,  U.  S.  National  Guard 
TRUSCOTT,  HAROLD  S.,  Captain,  Company  I,  4th  Infantry  Regiment, 
National  Guard,  Hawaii 


AMERICAN  CHEMICAL  EXPOSITION 

The  Chemical  Exposition  at  the  Grand  Central  Palace  in 
New  York  City  in  October  emphasized  the  surprising  adapt- 
ability of  American  industries  to  exceptional  conditions,  as 
well  as  the  equally  surprising  fact  that  it  required  these 
very  exceptional  conditions  to  give  the  American  chemists  a 
chance  to  show  what  they  could  do. 

This  exposition  has  also  shown  that,  contrary  to  the  im- 
pression still  held  by  a  good  many  people,  this  country  is 
entitled  to  a  full  share  of  credit  for  certain  splendid  work  done 
in  industrial  chemistry.  While  it  is  true  that  until  lately  Ger- 
many led  the  world  in  the  development  of  synthetic  dyes,  in  the 
field  of  heavy  chemicals,  and  especially  in  petroleum  tech- 
nology, American  chemists  have  done  highly  creditable,  if  not 
quite  so  spectacular,  work.  The  oil-refining  and  cracking 
process  and  the  creation  of  "  casing-head "  gasoline  are  es- 
sentially American  achievements.  The  war  has  found  Ameri- 
can industries  dependent  for  some  staple  articles  of  vital  im- 
portance on  foreign  markets  which  for  one  reason  or  an- 
other could  not  continue  to  supply  us.  In  a  time  measured 
by  months  problems  were  solved  which  would  take  years 
under  any  ordinary  conditions. 

That  America  led  the  world  in  the  production  of  heavy  steel 
materials  was  shown  many  years  ago  by  Captain  WiUiam 
Jones  at  the  now  historical  meeting  of  the  British  Association, 
but  until  1914  the  highest  grades  of  automobile  steel  used 
still  came  from  Europe.  Some  of  these  were  secret  steels  made 
aeeordmg  to  carefully  preserved  recipes.  In  a  surprisingly 
short  time  leading  companies  in  this  covmtry  have  developed 
the  production  of  these  special  steels  so  that  their  physical 
characteristics  are  in  no  wise  inferior  to  the  imported  articles. 

The  spectacular  development  of  the  production  of  munitions 
in  this  country  is  too  widely  known  to  need  more  than  jjassmg 
mention.  Less  is  known  of  the  fact  that,  for  example,  this 
country  is  now  leading  in  the  production  of  radium  and  is 
likely  to  continue  to  do  so.  Even  in  the  production  of  dyes, 
photographic  chemicals  and  pharmaceutical  products  remark- 
able advancement  has  been  made,  especially  remarkable  if  we 
consider  the  shortness  of  the  time  during  which  it  was  made. 


A   PAST  PRESIDENT'S   AVIATION    EXPERIENCES 


A  Letter  from  James  Hartness  Describing  His  Interesting  Experiences    in   Aviation   and 
Emphasizing  the   Importance   of    This  New   Field    to    Engineers 


To  THE  Editor: 

My  vanity  or  sometliiug  else  lias  suggested  to  me  that  Jour- 
nal readers  might  be  interested  to  know  one  of  the  uses  to 
which  es-Presjdents  may  be  put.  After  my  term  of  service  I 
tried  aviation  and  found  it  fully  as  preoccupying  as  the  duties 


when  the  opportunity  afforded  by  a  flight  in  a  Burgess-Dunne 
seaplane  at  Marblehead  and  about  half  a  dozen  flights  iu  the 
Heinrich  tractor  at  Garden  City.  Then  I  entered  on  a  course 
of  instruction  with  the  Wright  school  which  was  established 
at  Garden  City  last  spring.     The  usual  length  of  time  for  the 


James  Hartnes.s.  Past-President    Am.Soc.M.E.,  as  Aero- 
naut AND  Pilot 


of  President  of  the  Am.Soc.M.E.  I  think  it  is  one  of  the  ways 
by  which  ex-Presidents  may  be  kept  busy. 

Seriously,  I  consider  the  question  of  aeronautics  one  of  vital 
importance  to  the  members  of  our  Society.  It  is  distinctly 
an  engineering  problem.  The  aeroplane  at  the  present  stage 
needs  the  engineer  more  than  anything  else.  I  am  looking 
forward  to  a  great  development  in  this  direction  within  the 
next  five  years,  and  in  view  of  the  importance  of  the  subject 
believe  it  should  be  kept  prominently  before  our  members. 

One  of  the  results  of  my  experience  in  learning  to  fly  has 
demonstrated  the  fact  that  it  is  possible  for  a  man  of  my 
age  to  reach  a  point  where  he  can  handle  a  machine  with  rea- 
sonable safety.  The  Canadian  Government  does  not  take  any 
men  for  training  for  war  service  who  are  over  23  years  old. 
Some  authorities  think  that  good  flyers  cannot  be  made  out  of 
timber  that  is  over  35  years  of  age,  and,  as  a  matter  of  record, 
I  believe  few  men  have  learned  after  passing  the  fiftieth  mark. 
I  am,  as  you  know,  55  years  old,  and  I  have  gone  through  my 
course  at  the  Wright  school  and  passed  the  examination  for 
aviator's  certificate  which  is  issued  under  the  rules  of  the 
Federation  Aeronautique  Internationale,  with  the  authority 
of  the  Aero  Club  of  America.  I  have  had  in  all  over  60  flights 
and  have  been  intrusted  with  a  machine  without  a  pilot  for  six 
flights. 

I  became  interested  in  the  matter  of  flying  when  taking  my 
first  flight  in  a  Zeppelin  at  Leipsic  during  our  joint  meeting 
with    the   Verein    deutscher    Ingeuieure.      This    was    followed 


regular  students  runs  from  one  to  two  months,  but  my  les- 
sons were  drawn  out  over  a  longer  period  because  I  spent 
alternating  weeks  at  home. 

I  am  told  that  the  usual  course  of  instruction  in  other 
schools  begins  with  familiarizing  tlie  student  with  the  working 
of  the  engine  and  the  various  controls  of  the  aeroplane  and 
the  general  behavior  of  the  machine  while  on  the  ground.  A 
number  of  runs,  at  first  short  and  then  longer,  are  taken  in 
the  machine  on  the  ground  without  rising  into  the  air.  This 
is  followed  by  jumps,  during  which  the  machine  is  allowed 
to  rise  from  the  ground  for  short  distances.  After  that  actual 
flights  of  gradually  increasing  duration  are  attempted. 

The  machine  uised  was  a  slow-flying  type  known  as  their 
Type  B  biplane,  which  is  practically  the  same  as  the  Wright 
machine  of  eight  years  ago,  with  the  wings  warped  to  effect 
the  banking  and  lateral  lever  control.  The  course  was  com- 
pleted, however,  with  another  machine,  in  which  both  wings 
were  rigidly  braced  and  flaps  or  ailerons  were  used  for  the 
lateral  control. 

But  the  instructor,  Mr.  Howard  Rinehart,  did  not  follow 
that  method.  He  started  the  student  first  with  a  "joy  ride." 
After  that  he  allowed  the  student  gradually  to  assume  the  con- 
trol. The  art  of  getting  the  machine  off  the  ground  and 
alighting  was  left  to  the  latter  part  of  the  course.  In  my  own 
experience,  the  order  of  my  acquisition  of  the  various  ele- 
ments of  the  art  of  flying  might  be  summarized  as  follows : 

I  first  gained  the  ability  to  keep  the  machine  in  lateral  bal- 
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ance  in  flying  straight  away;  then  followed  the  use  of  rudder 
and  warp  for  turning  in  a  large  circle ;  next  the  smaller  circles 
in  both  right  and  left  turns,  making  tigiire  8's,  and  during 
these  flights,  which  vai-y  from  2  to  10  min.,  I  was  permitted 
gradually  to  assume  more  and  more  of  the  control  during  the 
get-away.  But  the  art  of  controlling  the  angle  of  climb  and 
the  art  of  landing  were  the  last  and  the  most  difficult. 

Barring  unsteady  air  currents  and  machine  troubles,  the 
amateur's  danger  seems  to  lie  chiefly  in  stalling  in  gettmg 
away  and  in  flying,  and  in  the  general  problem  of  landing. 

The  stalling  is  due  to  trying  to  climb  too  fast,  for  this  re- 
tards the  speed  of  the  machine  through  the  air  and  renders 
the  control  ineffective. 

In  steady  air  the  experienced  pilot  is  able  to  make  his  land- 
ing by  swooping  down  and  nicely  leveling  his  course  just 
to  clear  the  gTound,  and  let  the  wheels  touch  at  the  slowest 
speed  at  which  the  controls  are  effective. 

The  machine  used  is  shown  in  the  photograph.  It  is  a  slow- 
flying  Wright  biplane  known  as  their  Type  B.  It  is  prac- 
tically the  same  as  the  Wright  machine  of  eight  years  ago. 
with  the  wings  warped  to  effect  the  banking  and  lateral  con- 
trol. The  course  was  completed,  however,  with  another  ma- 
chine, in  which  both  wings  were  rigidly  braced  and  flaps  or 
ailerons  were  used  for  the  lateral  control. 

In  these  machines,  the  dual  control  with  instructor  and 
student  sitting  side  by  side,  the  conditions  seem  ideal,  for 
each  may  see  what  the  other  is  doing.  This  not  only  makes 
it  possible  for  the  instructor  to  direct  the  student  by  pre- 
arranged signals,  but  it  also  leaves  no  doubt  in  the  student's 
mind  of  the  extent  of  control  exercised  by  the  instructor.  In 
the  machines  in  which  the  two  sit  in  tandem  position,  the 
student  is  not  always  sure  that  the  instructor  has  not  gently 
changed  the  control. 

The  machines  were  driven  with  a  35-h.p.  Wright  en- 
gine. I  have  no  accurate  data  as  to  the  speed,  but  I  under- 
stand it  would  get  away  from  the  ground  at  less  than  30  miles 
an  hour  and  could  not  fly  over  45  miles  an  hour.  This  is  a 
training  biplane,  different  from  the  high-speed  tractors  which 
the  Wright  Company  is  building  for  other  purposes.  The 
slow-speed  machines  fly  so  close  to  a  stall  that  they  must  be 
handled  properly  or  they  go  wrong.  A  stall  of  the  machine 
does  not  necessarily  indicate  a  stall  of  the  engine.  It  simply 
means  that  the  aeroplane  loses  its  speed  in  the  air  below  a 
point  at  which  the  controls  are  effective.  Then  it  is  liable  to 
side  slip  or  do  any  one  of  the  number  of  things  that  invite 
trouble. 

The  type  of  control  used  is  a  modification  of  the  Wright  sys- 
tem which  bring-s  it  nearer  to  the  Deperdussin  control,  called 
"  Dep  "  control,  but  the  Wright  does  not  use  the  foot  control 
rudder.  For  lateral  balance  the  "  Dep  "  control  uses  a  wheel 
located  about  the  same  as  an  automobile  steering  wheel,  only 
in  normal  position  it  is  vertical  instead  of  inclined.  Turning 
the  wheel  to  the  right  or  left  tips  the  machine  in  similar  direc- 
tions. The  wheel  is  pivoted  to  the  frame,  on  which  it  may  be 
moved  forward  and  back,  and  this  motion  controls  the  elevator  ^ 
which  raises  or  lowers  the  course  of  the  machine.  The  Wright 
rudder  is  a  lever  on  this  hand  wheel  which  is  similar  to  the 
throttle  of  an  automobile. 

This  letter  may  seem  very  elementary,  especially  to  the  aero- 
nautical members  of  the  Society,  but  in  view  of  the  newness 
of  the  art  I  think  we  should  not  hesitate  to  set  forth  the  sub- 
ject in  a  way  to  benefit  those  who  have  not  entered  into  it. 

I  am  sending  a  photograph  showing  the  two  seats  of  the 
aeroplane  occupied  by  the  youngest  and   oldest  members  of 


the  class.  Mr.  Mott  from  Winnipeg  is  the  younger  man.  He 
is  one  of  the  many  Canadians  who  have  come  to  this  school 
to  train  preparatory  to  entering  the  British  aviation  service. 

Yours  sincerely, 

James  Haetness. 

BIRMINGHAM  SECTION  INSPECTION  TRIP 

Our  new  Section  at  Birmingham  has  formed  the  opinion 
that  not  only  is  the  "  inspection  trip  "  type  of  meeting  bene- 
ficial to  the  members,  but  that  it  has  also  a  gi-eat  value  in  the 
stimulating  of  interest  among  the  manufacturers  and  managers 
of  large  works  and  will  do  much  toward  bringing  the  engineer- 
ing profession  into  public  notice  and  recognition. 

The  first  meeting  of  the  Section  for  this  season,  held  on 
September  16,  was  of  the  nature  of  an  inspection  trip 
through  two  of  the  local  manufacturing  establishments,  and 
R.  E.  Brakeman,  chairman,  considers  that  the  meeting  was 
one  of  the  best  the  Section  has  had  and  reports  that  the  nest 


Vacuum  Pans  Paetiallt  Erected  at  Works  of  Coyne  and 
JouBERT  Foundry  Co. 

trip  is  looked  forward  to  with  interest.     In  Mr.  Brakeman's 
own  words: 

The  members  of  the  Section  met  at  1:30  p.m.  at  the  Tut- 
wiler  Hotel,  where  automobiles  were  in  waiting  to  carry  them 
for  the  trip. 

The  first  stop  was  made  at  the  Avondale  Works  of  the 
Continental  Gin  Company,  which  has  two  factories  and  its 
central  office  in  Birmingham.  Mr.  R.  S.  Munger,  a  pioneer 
developer  of  ginning  machinery,  and  his  two  sons  met  the 
members  and  escorted  them  through  the  plant.  We  first  vis- 
ited the  experimental  laboratorj',  where  a  four-gin  unit  was 
set  up  for  our  inspection.  The  principal  features  of  con- 
struction and  design  were  explained  to  us,  the  imit  was  put 
into  operation,  and  the  members  were  given  an  opportunity 
to  see  cotton  ginned  and  baled. 

From  the  laboratory  we  were  taken  through  the  factory 
and  shown  how  the  saws  were  stamped  out,  how  the  fine  teeth 
were   made   and   how   these   teeth   were   filed   and   sharpened. 

The  next  factory  visited  was  the  plant  of  the  Coyne  & 
Joubert  Foundry  Company.  This  company  makes  a  spe- 
cialty of  large  loam  castings  and  at  present  is  engaged  al- 
most entirely  on  orders  for  sugar-making  machinery.  The 
illustration  shown  gives  an  idea  of  the  large  size  of  castings 
made  in  this  shop;  these  vacuum  pans  range  from  12  to  15  ft. 
in  diameter.  The  general  manager,  Mr.  Goslin,  conducted 
our  party  through  his  shop  and  showed  every  part  of  the 
works  to  us. 


APPLICATIONS  FOR  MEMBERSHIP 


MEMBERS  are  requested  to  scrutinize  with  eare  the  fol- 
lowing list  of  candidates  who  have  filed  applications 
for  membership  in  the  Society.  These  are  subdivided  accord- 
ing to  the  grades  for  which  their  ages  qualify  them,  and  not 
with  regard  to  professional  qualifications,  i.e.,  the  ages  of 
those  under  the  first  heading  place  them  under  either  Member, 
Associate  or  Associate-Member,  those  in  the  next  class  under 
Associate-Member  or  Junior,  and  those  in  the  third  under 
Junior  grade  only.  Applications  for  change  of  grading  are 
also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 


the  members  to  assume  their  share  of  the  responsibility  of  re- 
ceiving these  candidates  into  membership  by  advising  the 
Secretary  promptly  of  any  one  whose  eligibility  for  member- 
ship is  in  any  way  qucslioned.  All  correspondence  in  regard 
to  such  matters  is  strictly  confidential,  and  is  solely  for  the 
good  of  the  Society,  which  it  is  the  duty  of  every  Member 
to  promote.  Unless  objection  is  made  to  any  of  the  candi- 
dates posted  by  December  10,  1916,  and  providing  satisfactory 
replies  have  been  received  from  the  required  number  of  refer- 
ences, these  candidates  will  be  balloted  upon  by  the  Council. 
Those  elected  will  be  notified  about  January  15,  1917. 


NEW  .\PPLIC.4TI0NS 


WILSON,  Joseph  H.,  Assistant  to  General  Superintendent, 

The  American  Rolling  Mill  Co.,  Middletown,  Ohio 


FOR    CONSIDERATION     AS     MEMBER.     ASSOCIATE    OR    ASSOCIATE-MEMBER 


AKIMOFF,  N.  W..  Mechanical  Engineer, 
Dynamic  Balancing  Machine  Co., 

BROWN,  Lewi.s  K.,  Vice-President, 
The  Burtou-Townsend  Co., 

BRYAN,  -Albert  H.,  Supervising  Chemist, 
Arbuckle  Bros., 

CARRELL,  William  A.,  In  charge  of  Tractor  Motors. 
International  Harvester  Co., 

CASHEN,  Henry  C,  Master  Mechanic, 
The  Bradley  &  Hubbard  Mtg.  Co., 

CHISHOLM,  Charles  R., 

Cristobal  Shops,  Panama  Canal, 

CROCKER,  Ernest  B.,  Mechanical  Engineer, 
The  Ashcrott  Mtg.  Co., 


Philadelphia,  Pa. 

Beverville,  Ohio 

New   York 

Milwaukee,  Wis. 

Meriden,  Conn. 

Cristobal,  C.  Z. 


FLYNN,  CHARLE.S  A.,  Superintendent, 


Bridgeport,  Conn. 
Park  Row  Building,  New  York 


HEKNON,  Joseph  L.,  Superintendent  o£  Engineering,  Repair  Dept., 

Douglas  Robinson,  Charles  S.  Brown  Co.,  New  York 

IMESON,  Charles  V.,  Resident  Engineer  for 

"  The  Quebradas  Co.,"  La  Quebradas,  Guatemala,  C.  A. 

JACKMAN,  Chester  C,  Factory  Manager, 

Massachusetts  Saw  Works,  Springfleld,  Mass. 

KEND.\LL,  Myron  A.,  Chief  Engineer  and  Superintendent, 


.\urora.  111. 

Nyack,  N.  Y. 

,  Squad  Foreman,  Drawing  Room, 
Cambria  Steel  Co.,  Johnstown,  Pa. 

McJILTON,  John  P.,  Designing  and  Inspecting  Engineer, 


Stephens-.\damson  Mfg.  Co., 

LANDFEAR,  GEORGE  H..  Works  Engineer, 
Kathodion  Bronze  Works. 

LINKER.  Harrison  S.,  Squad  Foreman,  Drawing  Room, 
Cambria  Steel  Co., 

IILTON,  John  P.,  Designing  i 
Locomotive  Superheater  Co.. 


MUELLER.  Hermann.  Manager  Laidlaw  Sales  Dept., 
Worthington    Pump   &   Machinery   Corp., 

PERRY',  Oliver  N.,  Mechanical  Engineer, 
Ashcroft  Mfg.  Co., 

PUGH,  Achilles  H.,  President. 
The  A.  H.  Pugh  Printing  Co., 

R.4.DDANT,  Walter  C,  Chief  Engineejr, 
Ella  Sugar  Co., 

1{.\NDEL.  B.  F.,  Mechanical  Engineer, 
Los  Angeles  Gas  &  Electric  Corp., 

KENKIN    William  O.,  Chief  Engineer, 
A.  M.  Byers  Co., 

SCH,\TZ,  William  J..  Lubrication  Engineer, 
Piatt  &  Washburn  Co., 

SH.\RPE,  George  H..  Mechanical  Engineer, 
New  York  Central  Railroad, 

SHAW,  John  C,  In  charge  Special  Design, 
Keller  Mechanical  Engraving  Co., 

STEVENS,   Edson  M.,   Consulting  Engineer, 
Stevens  &  Stiles, 

STINSON   Irving  J.,  Chief  Draftsman, 
American  Steel  &  Wire  Co., 

STRENG.  Lewis  S..  Superintendent  Electric  Dept, 
Louisville  Gas  &  Elec.  Co., 


New  York 

Cincinnati,    Ohio 

Bridgeport,  Conn. 

Cincinnati.  Ohio 

Ella,  Province  de  Camguay,  Cuba 

Los  Angeles,  Cal. 

Pittsburgh,  Pa. 


New  York 

New  York 

Brooklyn,  N.  Y. 

Kansas  City,  Mo. 

New  Haven,  Conn. 


WAGENSEIL,  Edgar  W., 


Louisville,  Ky. 
with  Burke  Furnace  Co.,  Chicago,  111. 


for   consideration   as   associate-member  or   jdnior 

B.\CHMEYER,  Walter  G.  C,  formerly  with  Walter  Kidder, 

Engineer  and  Constructor,  New  York 

B.VKER,   Donald  A.,  Chief  Tool   Designer, 

Williams  Mfg.  Co.,  Ltd.,  Montreal,  Canada 

BARKELEW,    James   T., 

Engineer  and  Patent  Attorney,  Los  Angeles,  Cal. 

B.\DMG.VRTNER,  Arthdr  A.,  Draftsman, 

Thomas  Devlin  Mfg.  Co..  Burlington.  N.  J. 

BAYLIS,  John  R.,  Manager  Water  Works,  Jackson,  Miss. 

BIGELOW,  Carle  M.,  Efficiency  Engineer, 

Cooley  &  Marvin  Co.,  Boston,  Mass. 

BREWER.  Allen  F.,  Inspector,  Appraisal  Dept., 

Board  of  Public  Utility  Commissioners,   State  of  New  Jersey, 

Newark,  N.  J. 


CHUC.iN,  John,  Designer,  Tractor  Works, 
International  Harvester  Corp., 

ELSTON,  Sidney  B.,  Chief  Draftsman, 
Climax  Mfg.  Co., 

FINN,  Stephen  M.,  Assistant  Engineer, 
.\merican  Engineering  Co., 

IlEEKIN,   Daniel  M.,   Superintendent, 
The  Heekin  Can  Co., 

HUXFORD,  George  T.,  Designing  Engineer, 
Builders  Iron  Foundry, 

JOHNSON,  Ashmore  C, 

With  Coatesville  Boiler  Works, 

KEEN.\N.  Walter  M.,  .\ssistant  to  Mechanical  Engineer, 
New  York  Edison  Co., 

KOSSIF,  Nissm,  Engineer  of  Tests, 
Schaum  &  Uhlinger,  Inc., 

MARSH,  Francis  G.,  Lieut.   (Jr.  Grade).  U.  S.  Navy, 
Post  Graduate  Course,  Columbia  University, 

SHANLEY',  Frederick   R.,  Efficiency  Engineer, 
Staff  of  L.  v.  Estes,  Inc., 


WOLFF,  William   S.,  Graduate. 
University  of  Minnesota,  1916, 


Chicago,  111. 
Corry,  Pa. 
Philadelphia,  Pa. 
Cincinnati,  Ohio 
Providence,   R.  I. 
Philadelphia,  Pa. 
New  York 
Philadelphia,  Pa. 
New  Y'ork 
Chicago,  HI. 
St.  Paul,  Minn. 


for  consideration  as  jdnior 


A.\GA.\RD.    .\rthur    H.,    Instructor,    Steam    &   Gas    Engineer, 

College   of    Mechanics   and    Engineering,    University^^ot  ^  Wis- 
consin, 


WILLIUS,  Gu.sTAV,  Jr..  Mechanical  Engineer, 
Robinson,  Cary  &  Sands  Co., 


St.  Paul,  Minn. 


.\MES,  John  H..  Engineering  Division, 
The  Lunkenheiraer  Co., 

B.A.RKER.   George   S.,   Draftsman, 
Niles-Bement-Pond  Co., 

DIETRICH,  Fred  C,  Assistant  to  Chief  Engineer, 
Standard  .-American  Dredging  Co., 

EBERHARDT,  JOHN  D.,   Draftsman,  Plan  Dept., 
Associated  Factory  Mutual  Ins.  Cos., 

EHRH.^RDT,   John  J.,  Assistant  Engineer, 
-American    Sugar   Refining  Co., 

HENLEY,  Erl  K.,  2nd  Assistant  Engineer, 

Naval  -Auxiliary  Service,  U.  S.  S.  "  Nereus," 

HOBART.  James  C.  Jr., 

The  Le  Blond  Machine  Tool  Co., 

HORN,   Norman  E., 

On  staff  of  Walter  R.  Snow  &  Staff, 


Madison,   Wis. 

Cincinnati.   Ohio 

New  York 

Oakland,  Cal. 

Boston,  Mass. 

Brooklyn,   N.   Y. 

New  York 

Cincinnati,  Ohio 

Boston,  Mass. 
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HULBURT,   Wynne   D..   Itale  Setter, 
German-American  Button  Co., 

IvENT,  Robert  W..  Industrial  Engineer, 
Cooley  &  Marvin  Co., 


Rochester,   N.  Y. 
Boston,  Jlass. 


KRAMPE,  Hugo  J.,  ,     „ 

With  Armstrong  Corl<  &  Insulation  Co.  ot  Pittsburgli,  Pa.,  _ 

Cincinnati,  Ohio 


PROZAX,  Moses,   Draftsman, 

Brunswick  Refrigerating  Co., 


New   Brunswick,  N.   J. 


SHETLAND,  Walter  A..  Industrial  Engineer, 

Remington  Arms  &  Ammunition  Co.,  Bridgeport,  Conn. 

WOOD,  Chari.es  E.,  In  charge  Erection  New  Foundry. 

Lunkenheimer  Co.,  Cincinnati,   Ohio 

WOODCOCK,  William  E.,  Special  Apprentice, 

New  York  Central  R.  R.,  West  Albany,  N.  Y. 

WOODWARD,  Hiram  W.,  with  Alex.  Brown  &  Sons,        Baltimore,  Md. 


APPLICATIONS    FOR    CHANGE    OF    GRADING 


promotion    from    associate-member 

LUNDGREN,    Frederick   G..   Master   Mechanic   &   Efficiency   Engineer. 
American  Car  &  Fdy.  Co.,  Milton,  Pa. 


promotion   from  jonior 


BAILLIERE.  Marion  V.,   Mechanical  Engineer, 
New  York  Central  R.  R.  Co., 

DAXJCHY,   Samuel  E..  General  Superintendent, 
Worcester    Mfg.    Co., 

GILLAN,  Howard  A.,  Assistant  Engineer  with  Consulting  Engineer, 
Union  Pacific  System,  New  York 

KOCH,    William    H.,    Jr.,    Consulting    Engineer, 
Staff  witli  Meyer,  Morrison  &  Co.,  Inc., 

RICHARDSON,  George  P.,  Assistant  Engineer, 
Isbell-Porter  Co., 

RUPPBL,  Richard,  Chief  Engineer. 

J.  Byers  Holbrook   (Griggs  &  Holbrook),  Consulting  Engineer, 

New  York 

UNDERWOOD,  Charles  N.,  Head  Time  Study  Department, 

Remington  Typewriter  Works,  Ilion,  N.  Y. 

SUMMARY 


Cleveland,  Ohio 


Worcester,    Mass. 


New  York 
Newark,  N.  J. 


New  Applications    

Applications  for  change  of  grading  : 

Promotion   from   Associate-Member. 

Promotion   from  Junior 


Total 


SUMMARY      SHOWING     AVERAGE     AGE     AND     POSITIONS     OF 
.\PPLICANTS    ON    BALLOT    CLOSING    SEPTEMBER    2fi,    1916 

Average  .-^ge  of  Applicants  : 

Members    44 

Associates    40 

.\ssociate-Members 34 

Juniors    24 

Classifications  of  Positions   Held  : 

Cadet   Engineer 1 

Chemical    Engineers 2 

Chemical  Engineer   (.Asst.) 1 

Chief   Engineers 15 

Chief  Engineer    (Asst.) 1 

Commercial  Engineer 1 

Construction   Engineers 5 

Construction    Engineer    (Asst.) 1 

Consulting    Engineers 7 

Cons.   Marine   Engineer 1 

Designers 10 

Draftsmen    ; 15 

Draftsmen    (Chief) 4 

Draftsmen   (.Asst.  Chief) 3 

Efficiency   Engineers ~ 

Electrical    Engineers 2 

Experimental  Engineer 1 

Engrg.   Examiner 1 

Executives  (Pres.,  Vice-Pres..  Treas.,  Secys.,  Mgrs.) 34 

Head  Educational  Dept 1 

Industrial  Engineers 2 

Inspectors   ^ 

Inspector    (Asst. ) 1 

Laboratory  Asst 1 

Mechanical  Engineers 28 

Mechanical    Engineers    (Asst.) 14 

Operating  Engineer f- 

Production   Engineer. 1 

Professors    (Asst.) .' „ 

Sales    Engineers 

Sales  Engineer   (.Asst.) 

Students    

Superintendents    

Superintendents    (Asst.) 

Safety   Engineers 

Steam    Engineers 

Supervising  Engineers 

Service    Engineer 

Spcl.   Exper.   Engineer ^ 

Utility    Engineer | 

Works   Manager 

Works    Manager    (Asst.) 

Ballistic   Engineer    (Asst.) 

Advisory    Engineer 

Master   Mechanic 

Manufacturer   

Junior  Mechanical  Engineer 

Miscellaneous    

Unemployed    


1 
9 

15 
7 
2 
4 

4 
1 
1 


California 

Los  Angeles — Barkelew,  J.  T. 

Randel,  B.  F. 
Oakland — Dietrich,   F.   C. 

Canal  Zone 

Ciistohnl — Chisholm.  C.  R. 

Canada 

Montreal — Baker,  D.  A. 

Central  America 

Las  Quebradas — Imeson,  C.  V. 

Connecticut 

Bridrjcporf — Crocker.  E.  B. 

IVrrv.  (1.  N. 

Shetland.  W.  .\. 
Mcriden — Cashen,   11.   C. 
Kcw  Haven — Stinsou,  I.  J. 

Cuba 

Elia — Raddant,  W.  C. 

Illinois 

Aurora — Kendall,  M.  A. 
Chicayo — Chucan.  J. 

Shanlev.  F.  R. 

Wagenseil,  E.  W. 

Kentucky 

Louisville — Streng,  L.  S. 

Maryland 

Kaltimorc — Woodward.   H.  W. 


GEOGRAPHICAL   LIST 
iApi)lieations  for  promoti07i   will  be  indicated   hif   tlic   initinl 

Massachusetts 

Uosion — Bigelow,  C.  M. 

Eberhardt.  J.  D. 

Horn,  N.  E. 

Kent,   R.   W. 
Springfield — Jackman.  C.  C. 
Worcester — Dauchy,    S.   E.    (J) 

Minnesota 

St.  Paul — Willius.   0.   Jr. 
Wolff,  W.  S. 


of   the   grade) 


Mississippi 

Jackson — Baylis,   J.   R. 

Missouri 

Kansas  City — Stevens,  E.  M. 

New  Jersey 

Burlington — Baumgartner,  A.  A. 
New  Brimsmck — Prozan,  M. 
Newark — Brewer,  A.  F. 

Richardson,   G.   P. 

New  York 

Brooklyn — Ehrhardt,  J.  J. 

Shaw,   J.  C. 
Ilion — Underwood,  C.  N.    (J) 
New  York — Bachmeyer,  W.  G.  C. 

Barker,  G.   S. 

Brvan,  A.   H. 

Flvnn,  C.  A. 

Gillan,  H.  A.   (J) 

Henley.  E.  K. 

Hernon,  J.   L. 

Kecnan.  W.  M. 


Koch,  W.  H.  Jr.    (J) 
McJilton.   J.    P. 
Marsh.  F.  G. 
Ruppel,   R.    (J) 
Scbatz,   W.  J. 
Sharpe.  G.  H. 

\iiark — Landfear,  G.  H. 

Rochester — Hulburt.  W.   D. 

IF.  Albany — Woodcock.  W.  E. 


Beverville — Brown,  L.  K. 
Cincinnati — .\mes.  J.  H. 

Heekin,   D.  M. 

Hobart.  J.  C,  Jr. 

Krampe,  H.  J. 

Mueller.  II. 

Pugh,  A.  II. 

Wood.  C.  E. 
Cleveland — Bailliere,  M.  V.  (J) 
Middletown — Wilson,   J.   II. 

Pennsylvania 

Carry — Elston,  S.  B. 
Johnstown — Linker.  H.  S. 
Milton — Lundgren,  F.  G.  (.\.  M.) 
Philadelphia — AkimoCf,  N.  W. 

Finn,  S.  M. 

Johnson.  A.  C. 

Kossif.  N. 
Pittsburgh — Renkin,    W.    O. 

Rhode  Island 

Providence — Huxford,  G.   T. 

Wisconsin 

Madison — .-Vagaard.  A.   H. 
Milwaukee — Carrell.  W.  A. 


PERSONALS 


/iV  these  columns  are  inserted  items  concerning  members  of 
the  Society  and  their  professional  activities.  Members 
are  always  interested  in  the  doings  of  their  fellow-members, 
and  the  Society  welcomes  notes  from  members  and  concerning 
members  for  insertion  in  this  section.  All  communications  of 
personal  notes  should  be  addressed  to  the  Secretary  and  items 
should  be  received  by  the  18th  of  the  month  in  order  to  appear 
in  the  succeeding  issue  of  The  Journal. 


Will  H.  Baltzell,  formerly  with  llio  Crucible  Steel  Company, 
Aetna  Explosives  Company  and  lately  with  the  Mackintosh,  Hemp- 
hill Company,  Pittsburgh,  Pa.,  has  been  appointed  rhief  engineer  of 
the  Canadian  Steel  Corporation,  Ltd.,  at  Ojibway,  Ontario,  Canada. 


Joseph  Esheeick  has  resigned  as  manager  of  the  valve  and  spec- 
ialty department  of  the  Yarnnll- Waring  Company  of  Philadelphia, 
Pa.,  to  become  the  Philadelphia  represenlative  of  The  D.  Connelly 
Boiler  Company,  National  Steam  Pump  Company  and  the  Foxboro 
Company. 


CHANGES  OF  POSITION 

J.  S.  Kerixs,  formerly  draftsman  with  the  New  York  Edison  Com- 
pany, New  York,  has  become  affiliated  with  The  Dayton  Power  and 
Light  Company,  Dayton,  O. 

E.  W.  Keru,  professor  of  mechanical  engineering  at  the  Louisiana 
State  University.  Baton  Rouge.  La.,  has  become  identified  with  the 
Cuba  Cane  Sugar  Corporation,  Havana,  Culm. 


Claude  M.  Bahron,  who  tor  the  past  five  years  has  been  study- 
ing and  cultivating  the  Australa.siau  market  for  railway  supplies,  ma- 
chine tools  and  raw  materials,  has  assumed  the  duties  of  consulting 
and  purchasing  engineer  with  Charles  M.  Terry,  Inc.,  ot  Sydney.  Aus- 
tralia, with  cfEces  in  New  York.  Mr.  Barron  was,  until  recently,  as- 
sociated with  R.  W.  Cameron  and  Company,  New  Y'ork,  in  the  capacity 
ot   consulting  engineer. 

ANNOUNCEMENTS 


Thomas  Richardson  has  entered  the  employ  of  Franco-Swiss  Dyes, 
Inc.,  New  York.  He  was  formerly  connected  with  W.  S.  Barstow  and 
Company  ot  New  York,  in  the  capacity  of  chief  draftsman. 

R.  W.  Rogers,  formerly  in  the  employ  ot  the  Erie  Railroad  Com- 
pany, New  York,  has  accepted  the  position  of  chief  engineer  of  The 
Superuo    Company.    New   York. 

J.  11.  Tdvin,  formerly  identified  with  the  Scientific  Materials  Com- 
pany, Pittsburgh.  Pa.,  has  become  manager  of  The  Tuvin  Company, 
sales  engineers  of  the  same  city. 

John  IT.  Wv.vne,  formerly  identified  with  the  Montreal  Locomotive 
Works,  Ltd.,  Montreal,  Que.,  Canada,  in  the  capacity  of  manager,  has 
become  associated  with  the  .\morican  Locomotive  Company,  New  Y'ork. 

Herbert  C.  IIlxter  has  resigned  his  position  with  the  Otis  Eleva- 
tor Company,  Harrison,  N.  J.,  as  shop  engineer  of  escalators,  to  accept 
the,  position  of  manager  of  the  printing  and  engraving  business  ot 
Walter  Hunter. 

-^LLEN  V.  Mover  has  resigned  his  position  as  mechanical  engineer 
with  The  Geo.  T.  Ladd  Company,  Pittsburgh,  Pa.,  to  assume  the  duties 
of  chief  draftsman  and  assistant  chief  engineer  of  Struthers-Wells 
Company.  Warren,  Pa. 

Frank  .\.  BruR  has  resigned  from  his  position  as  professor  in 
power  plant  economics  and  design  at  Pennsylvania  State  College,  to 
assume  the  responsibilities  of  director  of  a  school  of  automoljlle  engi- 
neering in  Brooklyn,  N.  Y. 

Robert  W.  Morse  has  resigned  as  assistant  examiner  in  the  United 
States  Patent  Office,  Washington,  D.  C,  and  has  accepted  a  position 
as  patent  attorney  with  the  firm  ot  Foster,  Freeman,  Watson  and 
Colt,  Washington,  D.  C. 

W.  L.  Bean,  formerly  mechanical  engineer  with  the  Oxweld  Rail- 
road Service  Company,  Chicago,  111.,  has  accepted  the  position  of  ex- 
pense and  method  analyst  with  the  New  York,  New  Haven  and  Hart- 
ford Railroad  Company,  Boston,  Mass. 


Morris  Kind  has  become  associated  with  the  Hercules  Cement 
Corporation    ot   Philadelphia,    Pa. 

Crosby  Field-Frank  announces  that  in  accordance  with  a  recent 
court  decision,  his  legal  name  is  Crosby  Field. 

A.  W.  Foote,  president  of  the  Foote-Burt  Company,  Cleveland,  0., 
builders  ot  drilling  machinery,  has  been  elected  president  of  the  H.  A. 
Lozier  Company,  automobile  builders  of  Cleveland,  O. 

Ross  Anderson,  manager  of  production  of  the  Poole  Engineering 
and  Machine  Company,  Baltimore,  Md.,  has  assumed  general  manage- 
ment of  the  shops  and  has  been  given  the  title  ot  works  manager. 

Robert  E.  Hall,  vice-president  of  the  Goulds  Manufacturing  Com- 
pany, located  formerly  at  Seneca  Falls,  N.  Y.,  is  now  in  charge  of  the 
Chicago  office  and  Northwestern  territory,  with  oflices  at  12  S.  Clinton 
St.,  Chicago,  111. 

Robert  R.  McKechnie,  who  has  acted  for  many  years  as  mechani- 
cal engineer  and  assistant  to  the  general  manager  of  The  Variety  Iron 
and  Steel  Works  Company,  Cleveland,  O.,  has  resigned  his  services  with 
that  company. 

Cart  T.  Hutchinson  has  been  selected  as  the  executive  secretary 
of  the  Engineering  Foundation  to  represent  the  engineering  professions 
in  the  organization  of  the  National  Research  Council  proposed  by  the 
National  Academy  of  Sciences. 

George  S.  Hessenbruch  has  left  the  employ  of  the  Union  Electric 
Light  and  Power  Company  and  the  St.  Louis  County  Gas  Company.  St. 
Louis,  Mo.,  and  has  opened  offices  in  the  same  city  for  the  practice  ot 
gas  engineering,  with  special  attention   to  the  by-product  end. 

Guy  L.  Bayley,  who  was  chief  of  the  mechanical  and  electrical  de- 
partments of  the  Panama-Pacific  International  Exposition,  has  opened 
an  oflice  as  consulting  engineer  in  the  First  National  Bank  Building, 
San  Francisco,  Cal.  Mr.  Bayley  is  at  present  engaged  In  building  an 
hydroelectric  plant  tor  the  Department  ot  the  Interior  in  the  Yosemlte 
Valley  on  the  Merced  river. 


H.  S.  Dickerson,  until  recently  assistant  professor  of  mechanical 
engineering  at  Purdue  University,  Lafayette,  Ind.,  has  been  appointed 
professor  of  mechanical  engineering  at  the  School  of  Mines  and  Jletal- 
lurgy  of  the  University  ot  Missouri,  Rolla,  Mo. 

Harry  .\.  .\twater  has  assumed  the  position  of  fuel  engineer  with 
the  Central  Coal  and  Coke  Company,  Kansas  City.  Mo.  He  was  until 
recently  in  the  employ  of  the  Union  Stock  Y'ard  and  Transit  Company, 
Chicago,  111.,  in  the  capacity  ot  mechanical  engineer. 

Alex.  Vallance  has  accepted  the  position  ot  assistant  professor  of 
experimental  engineering  at  the  Georgia  School  ot  Technology,  Atlanta, 
Ga.  He  was  until  recently  instructor  ot  theoretical  and  applied 
mechanics  at  the  University  ot  Illinois,  Urbana,  111. 


W.  P.  Barba,  vice-president  ot  the  Midvale  Steel  Company,  Phila- 
delphia, Pa.,  has  severed  a  many  years'  connection  with  that  company, 
during  which  he  has  occupied  many  positions  ot  responsibility.  He 
plans  to  spend  some  time  in  travel  and  later  will  engage  in  special 
work  for  which  his  long  experience  has  fitted  him.  such  as  the  manu- 
facture of  ordnance,  guns,  armor  plate  and  high  grade  shell  products. 


Carl  L.  Svensen  opened  an  evening  school  of  drafting,  on  October 
3,  to  be  known  as  the  Ohio  Technical  Drawing  School,  in  Columbus,  O. 
The  purpose  of  the  school  is  to  furnish  an  opportunity  for  draftsmen, 
machinists,  pattern  makers,  molders  and  others  engaged  in  mechanical 
lines  to  study  drawing  as  a  means  to  increasing  their  earning  power. 
The  addition  ot  courses  in  mechanism,  mechanics  and  strength  ot 
materials  and  machine  design  is  planned  for  the  near  future. 
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Ford  W.  Harris  of  Los  Angeles,  Cal.,  wlio  has  been  Acting  Secre- 
tary of  the  Los  Angeles  Section  of  this  Society  since  its  incepti'^n.  was 
on  October  5,  1916,  admitted  to  practice  law  before  the  courts  of  the 
State  of  California.  Mr.  Harris  is,  therefore,  in  addition  to  being  a 
member  of  this  Society  and  a  Fellow  of  the  American  Institute  of 
Electrical  Engineers,  an  attorney-at-law.  Mr.  Harris'  practice  is,  how- 
ever, limited  to  patent  causes,  which  generally  involve  In  a  large 
measure  engineering  questions. 


APPOINTMENTS 

Hazex  G.  Tyler  has  been  appointed  instructor  in  mechanical  en- 
gineering at  the  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y. 

Chabi.es  M.  Reed  has  been  appointed  instructor  in  marine  engi- 
neering at  the  United  States  Naval  Academy,  Annapolis,  Md. 

Walter  MacGregor  has  been  appointed  general  manager  of  Plant 
No.    4   of   the  Timken    Detroit   Axle    Company,    located    in    Canton,    O. 

S.  R.  WiLLOCK,  who  has  been  assistant  general  manager  of  sales  of 
The  William  Tod  Company,  Youngstown,  0.,  since  June.  1915,  has 
been  appointed  general  manager  of  sales,  vice  R.  D.  Day. 


AUTHORS    OF    PAPERS,    ETC. 

William  Knight  has  contributed  an  article  on  The  Mechanical 
Design  of  Turbo-Generators  to  the  October  17  issue  of  Power. 

John  Yodnger  has  contributed  a  brief  article  on  Inspecting  High- 
Grade  Gears  to  the  October  5  issue  of  the  American  Machinist. 

W.  E.  Moore  has  contributed  an  article  on  One-Man,  Light-Welght 
Electric  Railway  Cars,  to  the  October  number  ot  The  Electric  Journal. 

W.  H.  Timeie  is  co-author  with  H.  H.  Higbie  of  a  book,  recently  Is- 
sued, on  Alternating  Current  Electricity  and  its  Applications  to  In- 
dustry 

C.  F.  Hirshfeld  and  T.  C.  Ullricht  are  joint  authors  of  a  book 
on  Steam  Power.  This  is  one  of  the  John  Wiley  and  Sons'  technical 
series  of  books  for  vocational  schools. 

Walton  Clark,  president  of  The  Franklin  Institute,  is  the  author 
of  A  Century  of  Light,  graduating  address  of  the  Institute's  school,  in 
the  October  Journal  of  The  Franklin  Institute. 

John  E.  Ericson,  city  engineer  of  Chicago,  was  among  the  speak- 
ers at  the  October  6  "  membership  booster  dinner  "  of  the  American 
Association  of  Engineers,  held  at  the  City  Club,  Chicago,  111. 

Joseph  A.  Steinmetz,  president  of  the  .\ero  Club  of  Pennsylvania, 
presented  a  paper  on  .\erial  Warfare  and  Some  Devices  Terrestrial  and 
Submarine  at  the  October  26  meeting  of  the  Engineers'  Club  of  Tren- 
ton. 

Frank  B.  Gilbreth,  expert  on  management  and  time-study  work 
gave  an  illustrated  lecture  on  Motion  Study — The  Science  of  Obtaining 
Least  Waste,  at  the  October  20  meeting  of  the  Detroit  Engineering 
Society. 

William  C.  L.  Eglin  presented  a  paper  entitled  Power  Company's 
Problem  in  the  Electric  Supply  for  Large  Single-Phase  Loads  at  the 
October  13  meeting  of  the  American  Institute  of  Electrical  Engineers 
held  in  Philadelphia,  Pa. 

G.  Laurence  Knight  presented  a  paper  at  the  October  12  meeting 
of  the  Brooklyn  Engineers'  Club  on  The  Construction  ot  the  Founda- 
tions for  Two  Large  Turbo  Generator  Sets  and  for  a  Building  under 
Similar  and  Difficult  Sub  Surface  Conditions. 

Morris  L.  Cooke,  acting  director  of  the  Utilities  Bureau,  Phila- 
delphia, Pa.,  delivered  an  address  before  the  City  Club  of  Chicago  on 
October  10,  on  The  City  and  Its  Public  Utilities,  in  which  he  showed 
the  need  for  the  bureau  and  its  work  and  made  a  plea  for  its  support. 

Edwin  D.  Dreyfus  is  the  author  of  Graphic  .\nalyses  of  Manager- 
ial Problems  which  appears  In  the  October  7  number  of  Electrical 
World.  The  author  cites  instances  when  curves  and  diagrams  are  of 
great  practical  value  in  facilitating  the  solution  and  understanding 
of  the  problems  of  investment,  revenue  and  expense. 


NECROLOGY 


HENKY   FISLER   RDGAN 


Henry  Fisler  Rugan  was  bom  m  Philadelphia,  July  7,  1857, 
and  died  in  New  Orleans,  September  3,  1916. 

In  1864,  his  parents  removed  to  Terre  Haute,  Indiana,  where 
he  received  his  education  in  the  public  schools.  Later  he  at- 
tended Smithson  College,  Logansport,  Indiana,  where  he  com- 
pleted his  studies.  He  left  college  to  become  an  employee  of 
the  Terre  Haute  and  Indianapolis  Railroad  in  Terre  Haute  as 
an  apprentice-machinist,  remaining  with  the  company  until 
1880,  in  the  meantime  advancing  to  the  position  of  foreman  of 
one  of  the  erecting  gangs. 

After  two  years,  spent  in  various  parts  of  the  country  work- 
ing for  several  railroads,  he  returned  to  Terre  Haute  to  accept 
a  position  of  instructor  in  the  Rose  Polytechnic  Institute.  He 
remained  with  the  Institute  for  nearly  three  years,  leaving  it 
to  accept  the  position  of  foreman  of  the  railroad  shops  of  the 
Texas  and  Pacific  Railroad  at  Big  Springs,  Texas.  He  con- 
tinued with  this  road  for  five  years,  advancing  to  a  position 
where  he  had  charge  of  a  division  and  was  located  in  Long- 
view  and  Marshall,  Texas,  and  in  Gouldsboro,  Louisiana. 

Leaving  railroad  work,  he  became  identified  with  the  sugar 
industry  as  chief  engineer  and  superintendent  on  several  large 
plantations  of  Louisiana. 

In  1895,  Professor  Rugan  accepted  the  position  of  Instructor 
in  Mechanic  Arts  at  Tulane  University  of  Louisiana,  in  New 
Orleans.  Here  he  spent  the  la.st  twenty-one  years  of  his  life. 
He  was  soon  advanced  to  the  grade  of  Assistant-Professor, 
later  to  that  of  Associate-Professor  and  finally  to  that  of  Pro- 
fessor of  Mechanic  Arts. 

He  spent  the  year  1898-9  in  Europe,  most  of  the  time  at 
Manchester  University,  where  he.  in  collaboration  with  Pro- 
fessor Carpenter  of  tliat  institution,  conducted  extensive  re- 
search work  upon  The  Growth  of  Cast  Irons  After  Repeated 
Heatings.  The  results  of  the  work  were  published  in  the 
Journal  of  the  Iron  and  Steel  Institute,  1909.  A  further 
paper  in  the  same  Journal  in  1912  was  devoted  to  details  of 
this  work.  Professor  Rugan  was  also  a  contributor  to  the 
discussion  of  similar  problems  in  this  Society. 

Mr.  Rugan  was  devoted  to  the  Masonic  order,  and  received 
many  honors  from  that  organization. 

He  became  a  member  of  the  Society  in  1900. 


ROBERT    CAIRO 

Robert  Caird,  a  managing  director  of  the  old  family  ship- 
building and  engineering  company  of  Caird  &  Co.,  Greenock, 
Scotland,  was  born  on  May  22,  1852.  He  was  educated  at 
the  Grange  School,  Sunderland,  at  the  Greenock  Academy, 
and  at  Glasgow  University.  He  entered  his  father's  works  as 
an  apprentice-engineer,  continuing  at  this  time  for  eleven 
years  in  the  business.  The  years  of  1881-2  he  spent  with  the 
Maritime  Construction  Co.,  of  Havre,  and  in  the  two  follow- 
ing years  was  engineer-in-charge  of  construction  for  the  Pull- 
man Co.  of  Chicago.  In  1888  he  returned  to  his  father's  busi- 
ness and  became  one  of  the  managing  directors,  taking  special 
charge  of  the  engineering  department. 

Dr.  Caird  was  a  member  of  the  Royal  Society  of  Edinburgh, 
the  Institute  of  Metals,  the  Philosophical  Society  of  Glasgow 
and  the  Philosophical  Society  of  Greenock,  and  became  a 
member  of  the  Institution  of  Civil  Engineers  in  1900.  From 
1899-1901  he  was  president  of  the  Institution  of  Engineers 
and  Shipbuilders  in  Scotland. 
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In  1900  Glasgow  University  conferred  upon  him  the  hon- 
orary degree  of  Doctor  of  Laws.  This  was  a  well-merited  dis- 
tinction, and  in  bestowing  it  upon  him  the  Faculty  of  Law 
gave  the  following  reason :  "  His  eminence  as  a  shipbuilder 
has  already  won  for  him  the  gold  medal  of  the  Institution  of 
Engineers  and  Shijibuilders  in  Scotland  and  the  president- 
ship of  that  important  body.  The  University  which  jiossesses 
the  only  British  Chair  of  Naval  Architecture  may  well  asso- 
ciate herself  with  the  Royal  Society  of  Edinburgh  in  marking 
her  appreciation  of  Mr.  Caird's  valuable  contributions  to  this 
brand)  of  applied  science.  We  cannot  keep  out  of  view  the 
interest  which  Mr.  Caird  has  displayed  in  the  present  move- 
ment for  the  improvement  and  extension  of  the  scientific  side 
of  the  Univei-sity.  Mr.  Caird  is  not  merely  a  practical  man. 
Following  the  early  traditions  of  Scots  students,  Mr.  Caird 
completed  on  the  Continent  the  education  he  began  here.  In 
the  course  of  several  years'  residence  abroad  he  acquired  an 
intimate  and  extensive  acquaintance  with  the  language  and 
literature  of  France,  Germany,  and  Italy,  and  he  was  also 
privileged  to  carry  on  important  investigations  in  the  domain 
of  history  and  art  under  the  direction  of  Mr.  Ruskin.  His 
labors  in  this  department  were  recognized  in  1895,  when  he 
was  created  a  Knight  of  the  Crown  of  Italy.  His  papers,  lec- 
tures and  addresses  on  the  subject  in  which  he  is  interested 
display  not  merely  solid  erudition,  but  marked  literary 
charm." 

Dr.  Caird  was  a  close  student  of  the  work  of  James  Watt, 
and  in  1910  delivered  the  Watt  Anniversary  Lecture  before 
the  Greenock  Philosophical  Society.  This  lecture  was  a  cliar- 
acteristically  scholarly  memoir  of  Watt's  contributions  to  the 
advancement  of  engineering.  Dr.  Caird  was  much  interested 
in  technical  education,  and  was  the  author  of  several  mono- 
graphs on  this  subject,  including  The  Study  of  Science  in  Re- 
lation to  Education  and  Technical  Education. 

He  was  an  active  supporter  of  institutions  in  the  city  of 
Greenock.  He  was  prominent  in  the  founding  of  the  James 
Watt  Memorial  School,  and  took  the  part  of  a  captain  of  in- 
dustry in  connection  with  a  number  of  local  business  and  phil- 
anthropic institutions. 

He  was  elected  to  membership  in  the  Society  in  1884.  He 
died  at  his  home  at  Greenock  on  December  1,  1915. 


Mr.  Stacy  was  a  member  of  the  Sigma  Xi  and  the  Tan  Beta 
Pi  Fraternities.  He  became  a  member  of  the  Society  in  1911. 
He  died  on  September  9,  1916. 

KOBERT  COCHRAN  MCKINNEY 

Col.  Robert  Cochran  McKinney  was  born  at  Troy,  N.  Y.,  on 
January  20,  1852,  and  died  on  October  3,  1916.  His  parents 
moved  in  1861  to  (.'incinnati,  where  he  attended  the  public 
schools  and  Woodward  High  School  until  18  years  of  age. 
In  1872  he  entered  Cornell  University  and  took  a  partial  course 
in  mechanical  engineering.  Following  this  he  was  employed  at 
Hamilton  in  the  drafting  room  and  office  of  a  company  manu- 
facturing steam  pumping  machinery. 

In  1877,  Mr.  McKinney  became  associated  with  the  Niles 
Tool  Works.  Within  two  years  he  was  elected  secretary  of 
the  company  and  a  little  later  treasurer  and  general  manager. 
Under  his  skillful  management  the  company  grew  until  the 
business  was  recognized  and  capitalized  at  $2,000,000.  Shortly 
after  this,  when  it  was  necessary  to  secure  additional  property, 
the  plant  and  the  business  of  the  Cope  and  Maxwell  Manu- 
facturing Company  whose  products  were  steam  pumps  was 
bought  by  the  Niles  Tool  Works  Company ;  later  the  machinery 
and  business  of  the  Cope  and  Maxwell  Company  was  sold  to 
another  corporation  and  became  a  part  of  the  International 
Steam  Pump  Company. 

In  1898  the  Niles  Tool  Works  Company  purchased  control 
of  the  Pond  Machine  Tool  Company  of  Plaiufield,  N.  J.,  the 
purchase  being  supplemented  by  options  on  the  works  of 
Bement,  Niles  &  Company  of  Philadelphia,  Pa.,  as  well  as  the 
Philadelpliia  Engineering  Works.  The  company  thus  created 
is  known  widely  as  Niles-Bement-Pond  Company,  of  which 
Colonel  McKinney  was  president. 

Other  purchases  have  been  made  by  this  company  including 
the  Pratt  &  Whitney  Company  of  Hartford,  the  Bertram  Com- 
pany of  Canada  and  the  Ridgway  Machine  Company  of  Ridg- 
way.  Pa. 

Colonel  McKinney  was  a  member  of  the  Union  League  Club, 
Sotos,  Engineers'  and  Cornell  Clubs  of  New  York,  the  Hart- 
ford Club  of  Hartford,  and  the  Queen  City  Club  of  Cincin- 
nati, and  was  president  of  the  Machinery  Club  of  New  York. 
He  became  a  member  of  the  Society  in  1890. 


ELMER   NEILL    STACY 

Elmer  Neill  Stacy  was  born  on  December  11,  1876,  in  Min- 
neapolis, Minn.  He  received  his  early  education  at  the  District 
School  and  the  Central  High  School,  Minneapolis,  and  was 
graduated  from  the  College  of  Engineering,  University  of  Min- 
nesota, in  1907.  Before  entering  college  he  spent  about  three 
years  in  the  drafting  department  of  thq  Piano  Manufacturing 
Company  at  West  Pullman,  111.  After  graduation  he  was  em- 
ployed by  the  Minneapolis  Threshing  Machine  Company  as 
draftsman  and  designer,  and  did  considerable  work  on  the  test- 
ing floor.  About  June,  1908,  he  associated  himself  with  the 
Decarie  Incinerator  Company  as  assistant  to  the  general  man- 
ager, and  in  March,  1909,  he  became  general  manager  of  the 
company,  directing  the  design  and  construction  of  refuse  dis- 
posal plants. 

In  April,  1914,  the  Stacy  Bates  Company  was  organized 
with  Mr.  Stacy  as  president,  and  arranged  for  the  exclusive 
sale  of  the  Deeaiie  Incinerator  Company's  plants.  He  joined 
this  company  and  performed  the  same  work  as  with  the  Decarie 
Company. 


FRANKLIN   MCMILLAN   STANTON 

Franklin  McMillan  Stanton  was  born  in  New  York  City 
on  May  23,  1865,  and  died  on  September  12,  1916. 

Following  a  course  of  public  school  instruction,  he  entered 
Columbia  University,  graduating-  from  the  School  of  Mines  in 
1887.  He  immediately  took  up  his  profession,  working  as  a 
surveyor  and  assayer  for  about  two  years,  when  he  decided  to 
embark  in  the  mining  field  on  his  own  account.  The  under- 
taking proved  successful  and  led  to  his  long  connection  with 
the  Superior  companies. 

After  a  few  years  he  was  offered  a  position  with  the  Atlantic 
Mining  Company,  which  he  accepted,  soon  advancing  to  the 
post  of  superintendent.  He  served  in  that  capacity  for 
twenty-three  years,  improving  mining  methods  and  creating 
wliat  was  considered  one  of  the  best  organizations  in  the  min- 
ing field. 

Because  of  failing  health,  Mr.  Stanton  retired  in  1910, 
visited  most  of  the  European  countries  and  availed  himself  of 
the  opportunity  to  study  the  mines  of  the  Continent. 

In   1914  he  became  treasurer  and  director  of  the  Mohawk 
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Mining  Company,  the  Wolverine  Copper  Mining  Company, 
which  controls  some  of  the  best  territory  in  America's  principal 
copper  district  and  the  Michigan  Copper  Mining  Company. 
He  was  also  treasurer  of  the  White  Pine  Extension  Copper 
Company  whicli  has  recently  been  organized. 

In  addition  to  his  activities  iu  the  mining  field,  Mr.  Stanton 
was  identified  with  several  other  enterprises.  He  was  jiresi- 
dent  and  a  director  of  the  Ft.  Mountain  Talc  Company,  which 
operates  a  mine  in  northern  Georgia,  where  tale  abounds,  and 
was  also  a  director  of  the  First  National  Bank,  Houghton, 
Mich.,  the  Ohio  and  Kentucky  Railroad,  which  penetrates  the 
coal  region  of  those  states,  the  Copper  Range  Co.,  etc. 

A  large  numlier  of  professional,  social  and  patriotic  organ- 
izations included  Mr.  Stanton  in  their  membership.  He  was  a 
member  of  the  American  Society  of  Civil  Engineers,  American 
Chemical  Society,  American  Forestry  Association,  American 
Institute  of  Mining  Engineers,  American  Revolver  Association, 


American  Mining  Congress,  Life  Membership ;  American  So- 
ciety for  Prevention  of  Cruelty  to  Animals,  American  Museum 
of  Natural  History,  Burns  Society,  American  Automobile  As- 
sociation, Psi  Upsilon  Fraternity.  Lambda  Chapter;  Washing- 
ton Contmental  Guards,  The  Navy  League  of  the  United  States, 
Life  Membership;  Seventh  Infantry  N.  G.  N.  Y.,  Regimental 
Mess,  Life  Membership;  Seventh  Regiment  Veteran  and  Active 
League,  Society  of  Upper  Eighties  of  Columbia  University, 
St.  George's  Society,  Sons  of  the  Revolution,  Society  of 
Colonial  Wars,  United  Engineering  Society,  Columbia  College 
Alumni,  Houghton  Life  Infantry,  Horticultural  Society  of 
New  York,  Lake  Superior  Mining  Institute,  Michigan  State 
Rifle  Association,  Life  Membership ;  National  Security  League, 
Life  Membersliip ;  National  Rifle  Association  and  the  Columbia 
University  Athletic  Association.  He  was  also  a  member  of  a 
number  of  social  clubs.  He  became  a  member  of  the  Society 
in  1892. 


SOCIET\^  MEETINGS 


Mi'", KTINGS  of  the  Society  are  now  being  held  regadarly 
at  established  Sections  at  Atlanta,  Birmingham,  Bos- 
ton, Buffalo,  Chicago,  Cincinnati,  Detroit,  Indianapolis,  Los 
Angeles,  St.  Paul  and  Minneapolis  (Minnesota  Section),  New 
Haven.  New  Orleans,  New  York,  Pliiladelphia,  St.  Louis,  San 
Francisco  and  Worcester;  also  the  Providence  Engineering 
Society,  which  is  affiliated  with  our  Society,  holds  regular 
meetings.  Sections  are  in  prospect  at  Baltimore,  Erie,  Kansas 
City,  Meriden  and  Rochester. 

ORGANIZING    A    SECTION 

The  Committee  on  Sections  is  anxious  to  have  the  number 
of  Sections  extended  to  all  centers  where  the  membership  is 
sufficiently  large  to  warrant  the  holding  of  regular  meetings. 
In  the  places  where  Sections  are  now  established,  those  par- 
ticipating in  the  work  find  it  interesting  and  beneficial,  and 
much  good  has  resulted  to  the  individual  members  as  well  as 
to  the  Society, 

A  Section  of  the  Society  may  and  preferably  should  coojj- 
erate  with  and  help  build  up  the  local  engineering  organiza- 
tions by  the  holding  of  joint  meetings,  and  invite  all  members 
of  such  organizations  and  all  engineers  generally  to  its  meet- 
ings. This  phase  of  Section  work  has  been  specially  well  de- 
veloped at  several  large  cities  represented  on  our  Section  list. 

The  Society  is  willing  to  assist  groups  of  members  in  the 
organizmg  and  developing  of  Sections,  both  by  appropriation 
to  cover  fixed  expenses  and  by  advice  regarding  lines  of  aetiv- 
ity. 

It  is  suggested  that  iu  places  in  wliich  the  membership  in 
the  Society  is  over  twenty  some  member  or  members  take  the 
initiative  in  organizing  a  meeting  to  discuss  the  advisability 
of  petitioning  the  Council  for  the  formation  of  a  Section. 

STUDENT    BRANCHES 

The  Society  has  now  affiliated  with  it  forty  Student 
Branches,  which  are  independent  organizations  of  students  in 
the  following  educational  institutions : 

Armour  Institute  of  Teclinology Chicago.  111. 

Bucknell  College  Lewisburg.  Pa. 

Carnegie  Institute  of  Technolog.v Pittsburgh,  Pa 

Case  School  of  Applied  Science Cleveland,  Ohio 


Colorado  State  Agricultural  College.  .  .Fort  Collins.  Colo. 

Columbia   Universit.v    New   York 

Cornell  University Ithaca,  N.  Y. 

Georgia   School   of  Technology Atlanta.   Ga. 

Kansas  State  Agriculture  College Manhattan,  Kan. 

Lehigh  University   So.  Bethlehem,  Pa. 

Leland  Stanford  Jr.  University.  Stanford  University.  Cal. 

Louisiana  State  University Baton  Rouge.  La. 

Massachusetts  Institute  of  Technology,  Cambridge,  JIass. 

New  York  University New  York,  N.  Y. 

Ohio  State  University Columbus,  Ohio 

Pennsylvania  State  College State  College,  Pa. 

Polytechnic  Institute  of  Brooklyn Brooklyn,  N.  Y. 

Purdue  LTniversity   Lafayette,  Ind. 

Kensselaer   Polytechnic    Institute Troy,    X.    Y. 

State  University  of  Iowa Iowa.  la. 

State  University  of  Kentucky Lexington.  Ky. 

Stevens  Institute  of  Technology Hoboken,  N.  J. 

Syracuse  University  Syracuse,  N.  Y. 

Throop   College  of  Technology Pasadena.   Cal. 

L'niversity  of  Arkansas , . .  Fayetteville.   Ark. 

University  of  California .Berkeley.   Cal. 

University  of  Cincinnati Cincinnati.   Ohio 

University  of  Colorado Boulder.  Colo. 

University  of  Illinois Urbana,   111. 

University  of  Kansas Lawrence,   Kan. 

University  of  Maine Orono    Me. 

University  of  Michigan Ann  Arbor.  Mich. 

University   of    Minnesota Minneapolis.    Minn. 

University  of  Missouri Columbia.  JIo. 

University  of  Nebraska Lincoln,   Neb. 

Universit.v   of   Wisconsin Madison,   Wis. 

Yirginia  Polytechnic  Institute Blacksburg.  Ya. 

Washington  University   St.  Louis.  Mo. 

Worcester  Polytechnic  Institute Worcester.  Mass. 

Yale   University    .  .• New   Haven.   Conn. 

Johns  Hopkins  University  has  recently  held  an  organization 
meeting  with  the  idea  of  establishing  a  Student  Branch. 

Institutions  in  which  the  entrance  requirements  are  ecjuiva- 
lent  to  those  established  by  the  Carnegie  Foundation  are 
eligible  for  Student  Branches.  Bodies  of  students  in  the  en- 
gineering departments  of  such  colleges  are  invited  to  apply  to 
the  Secretary  of  the  Society  for  information  regarding  the 
form  of  petition  to  the  Council  for  a  Student  Branch. 

It  is  of  the  highest  importance  in  the  development  of  the 
monthly  meetings  of  the  Society,  both  of  the  Sections  and  of 
the  Student  Branches,  that  comprehensive  reports  of  these 
meetings  he  published  in  The  Journal  regularly.  Secretaries 
of   the   Sections   and  Student   Branches   are   urged   to   make 
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every  effort  to  get  the  complete  reports  of  their  meetings  to 
the  office  of  the  Society  as  quickly  as  possible  after  the  meet- 
ings are  held,  and  also  where  possible,  copies  of  the  papers 
presented  should  he  sent  in;  if  desired,  the  copy  of  the  paper 
loill  he  returned  after  examination.  Reports  of  meetings  must 
be  received  before  the  18th  of  the  month  in  order  to  apjierir 
in  the  next  issue  of  The  Journal. 

MILWAUKEE,  SEPTEMBER  13 

The  first  meeting  of  the  Milwaukee  Section  for  the  season 
1916-1917  Avas  very  encouraging-.  There  were  183  members 
and  guests  present.  L.  J.  D.  Healey,  chief  chemist  of  the  Fed- 
eral Rubber  Company,  gave  an  interesting  talk  on  Growing 
and  Gathering  of  Rubber  Latex. 

Following  the  talk,  Mr.  Hutchens,  Chairman  of  the  Section, 
arranged  for  those  present  to  be  conducted  through  the  plant 
of  the  Federal  Rubber  Company,  where  they  were  shown  how 
automobile  tires  and  mechanical  rubber  goods  are  made.  The 
party  was  then  sliown  some  very  interesting-  moving  ]iictnres 
of  the  rubber  industry.  A  surprise  supper,  served  in  the  din- 
ing room  of  the  Federal  Rubber  Company,  concluded  the 
meeting. 

Fred  H.  Dorner, 

Section  Secretary. 

MINNESOTA,  SEPTEMBER  14 

The  first  meeting-  of  the  Minnesota  Section  for  the  season 
1916-1917  was  held  in  the  main  engineering  building  of  the 
University  of  Minnesota,  at  Minneapolis.  Prof.  J.  V.  Martenis, 
chairman  of  the  Section,  presided  and  outlined  in  detail  his 
plans  for  the  work  of  the  Section  for  the  coming  season. 
Working-  committees  for  the  ensuing  year  were  also  appointed. 

Eollowing  the  regular  business  meeting,  a  very  interesting 
talk  was  given  by  C.  W.  Obert,  Mem.Am.Soc.M.E.,  and  Sec- 
retary of  the  A.S.M.E.  Boiler  Code  Committee,  Secretary  of 
the  American  Society  of  Heating  and  Ventilating  Engineers 
on  the  plan  of  working  of  the  Society  and  the  method  of 
presenting  and  publishing  papers. 

Fred  A.  Otto, 

Section  Correspondent. 

BIRMINGHAM,   SEPTEMBER   16 

The  first  meeting  of  the  Birmingham  Section  for  the  season 
1916-17  was  held  on  September  16,  and  was  in  the  nature  of 
an  inspection  trip  through  the  Avondale  Works  of  the  Con- 
tinental Gin  Company  and  the  plant  of  the  Coyne  and  Jou- 
bert  Foundry  Company,  which  makes  a  specialty  of  large 
loam  castings  and  at  present  is  engaged  almost  entirely  on 
orders  for  sugar-making  machinery.  A  more  detailed  de- 
scription of  the  trip  appears  elsewhere  in  this  issue. 

Paul  Wright, 

Section  Secretary. 

CINCINNATI,  SEPTEMBER  21 

A  joint  meeting  of  the  Cincinnati  Section  of  the  Society 
and  the  Engineers'  Club  was  held  on  September  21,  at  which 
C.  F.  Kettering,  Mem.Am.Soc.M.E.,  assistant  general  man- 
ager of  the  Dayton  Eng-ineering  Laboratories  Company,  spoke 
on  Some  Present  and  Future  Carburetion  Problems.  Mr. 
Kettering  mentioned  the  enormous  increase  from  year  to  year 


in  power  obtained  from  liquid  fuels,  and  stated  that  the  horse- 
power for  motor  car  engines  at  the  present  lime  runs  into 
many  millions.  He  pointed  to  the  increasing  density  of  the 
liquid  fuels  that  are  used  in  internal  combustion  engines,  par- 
ticularly in  motor  car  engines.  Many  of  the  difficulties  of  car- 
buretion and  of  ignition  that  have  occurred  in  the  past  and 
are  occurring  now  are  due,  he  stated,  to  this  increasing  den- 
sity, which  is  necessitated  by  the  enormously  increasing  use  of 
liquid  fuels.  Manufacturers  who  are  getting  out  a  certain 
model  of  car  will  be  working  with  a  fuel  which  is  representa- 
tive of  the  kind  that  is  available  in  the  market  at  the  time, 
but  by  the  time  the  model  is  manufactured,  the  character  of 
the  fuel  will  have  changed  so  much  as  to  cause  ignition  and 
carburetion  ditficulties.  Mr.  Kettering  gave  specific  instances 
of  this  aud  mentioned  that  such  difficulties  are  liable  to  in- 
crease, rather  than  diminish. 

Mr.  Kettering  traced  the  progress  of  the  mixture,  in  an 
internal  combustion  engine,  from  the  carburetor  through  the 
manifold  into  the  cylinder,  and  throughout  the  operations  of 
compression  and  ignition.  He  showed  the  effect  of  increasing 
density  upon  carburetion.  and  in  rendering  the  fuel  liable  to 
be  precipitated  by  centrifugal  action  at  bends  in  the  mani- 
folds. The  precipitation  of  the  heavier  fuel  upon  the  walls 
of  the  cylinder,  where  it  would  dissolve  the  lubricating  fuel 
and  run  down  past  the  piston,  aud  the  liability,  under  some 
conditions,  of  the  water  of  combustion  to  pass  by  the  piston, 
accounted,  he  stated,  for  some  remai-kable  cases  of  water  in 
the  crank  case,  and  also  for  the  apparent  increase  of  the  quan- 
tity of  lubricating  oil  in  the  crank  case. 

The  speaker  dwelt  upon  the  double  explosion  obtained  with 
some  engines  using  kerosene  and  other  low-density  fuels,  and 
stated  that  the  first  of  these  explosions  occurs  at  lower  tem- 
peratures than  would  ignite  lighter  liquids.  This  apparent 
paradox  he  explained  by  the  catalytic  action  of  carbon  just 
released  from  its  bond  in  a  compound. 

He  predicted  a  great  future  in  this  country  for  the  Diesel 
engine,  because  its  action  is  very  positive  and  many  carbure- 
tion and  ignition  difficulties  inherent  in  other  types  disappear 
in  this.  He  believed  that  improvements  in  workmanship  and 
materials  used  for  Diesel  engines  would  be  necessarj'  befoi-e 
great  success  would  be  obtained. 

He  gave  a  short  account  of  a  recent  visit  to  Fremont,  where 
many  tractors  of  all  sizes  had  been  tested.  He  analyzed  some 
of  the  troubles  encountered  with  these  tractors. 

He  concluded  by  stating  that  the  many  attempts  being  made 
displace  the  horse  with  power-operated  agricultural  tools  were 
extremely  significant,  and  would  undoubtedly  meet  with  suc- 
cess. We  have  progressed  beyond  the  point  where  a  man  will 
be  satisfied  with  the  moderate  amount  of  power  that  a  horse 
can  give,  when  he  is  compelled  to  set  aside  five  acres  of  land 
upon  which  to  raise  the  feed  to  maintain  the  horse.  He  be- 
lieved that  it  was  possible  to  use  the  forces  of  nature  mani- 
fested in  plant  life  and  obtain  jiower  much  more  economic- 
ally. When  our  present  stores  of  fuels  are  exhausted,  he  be- 
lieved we  will  have  progressed  to  a  state  of  knowledge  to 
enable  us  to  utilize  water  power  in  the  manufacture  of  hydro- 
carbons which  can  be  stored  and  used  for  power  generation 
as  required. 

John  T.  Faig, 

Section  Secretary. 

NEW  YORK,  OCTOBER  10 

The  opening  meeting  of  the  New  York  Section  was  held 
on  the  evening  of  October  10,  with  E.  J.  Prindle  in  the  chair. 
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The  chairman  introduced  Dr.  Charles  L.  Reese,  Chemical  Di- 
rector of  the  du  Pont  de  Nemours  Powder  Co.,  who  gave  an 
instructive  address  on  the  subject  of  Explosives. 

Dr.  Reese  described  the  evolution  of  the  art  of  manufactur- 
ing explosives  for  industrial  purposes,  from  the  time  of  the 
commercial  production  of  black  powder  to  the  present.  With 
the  aid  of  samples  of  explosives  and  of  lantern  slides  he 
traced  clearly  the  steps  in  the  manufacture  of  the  nitrocellu- 
lose and  also  of  the  nitroglycerin  classes  of  smokeless  pow- 
ders, and  of  dynamite  and  blasting  gelatin  and  their  modifica- 
tions. He  described  iu  detail  the  various  processes  under 
wliich  modern  types  of  high  explosives  are  manufactured. 

Dr.  Reese  followed  with  descriptions,  particularly  interest- 
ing to  mechanical  engineers,  of  the  methods  of  testing  explo- 
sives for  such  factors  as  velocity  of  detonation,  sensitiveness 
of  high  explosives,  comparative  strengths  of  explosives,  etc. 

He  concluded  with  an  interesting  description  of  the  use  of 
explosives  for  agricultural  jiurposes,  illustrating  particularly 
how  sub-soil  of  hardpan  is  broken  up  with  dynamite,  result- 
ing in  greatly  increased  production  of  crops. 

At  the  close  of  Dr.  Reese's  talk  several  members  present  put 
questions  to  the  sjjeaker,  which  he  answered.  A  unanimous 
vote  of  thanks  was  extended  to  Dr.  Reese  for  his  able  address, 
and  the  meeting  adjourned. 

The  meeting  was  preceded  by  an  informal  dinner  at  Offer's 
Restaurant,  where  tliis  function  will  be  continued  until  further 
notice. 

The  Section  held  a  technical  excursion  on  October  28  to  the 
Ridgewood  Pumping  Station  of  the  Department  of  Water 
Supply,  Gas  and  Electricity,  of  the  City  of  New  York, 

A.  D.  Blake, 

Section  Secretary. 

MINNESOTA,  OCTOBER  12 

The  Minnesota  Section  held  its  second  meeting  of  the  sea- 
son at  the  St.  Paul  Gas  Light  Company's  offices  in  St.  Paul, 
Minnesota,  on  Thursday  evening,  October  12,  1916,  at  which 
a  talk  was  given  by  Charles  Fortner  of  the  Standard  Oil 
Company,  Minneapolis,  on  the  subject  Lubricants.  This  talk 
was  very  interesting  indeed,  and  dealt  not  only  with  manu- 
facturing processes,  but  also  the  conditions  governing  the 
proper  selection  of  an  oil  for  any  given  installation.  It  was 
followed  by  a  lively  discussion,  participated  in  by  most  of 
the  members  present. 

D.  M.  Forfar, 

Section  Secretary. 

DETROIT,  OCTOBER  13 

On  October  13  a  dmner  was  held  by  the  newly-constituted 
Section  of  the  Society  at  Detroit.  There  were  35  members 
present.  The  following  officers  were  chosen  by  the  Section 
to  sen-e  for  the  coming  year:  M.  E.  Cooley,  president:  E.  C. 
Fisher,  T.  H.  Hinchman,  G.  W.  Bissell  and  J.  W.  Parker. 


PROVIDENCE,  OCTOBER  13 

The  Providence  Enguieering  Society  opened  its  new  rooms 
on  Friday,  October  13,  with  a  house-warming.  The  House 
Committee  has  been  busy  all  summer  with  furnishing  and  re- 
decorating the  rooms,  which  are  rented  from  the  Rhode  Island 
School  of  Design.     Their  work  has  been  well  done,  and  with 


the  help  of  the  generous  gift  of  Henry  D.  Sharpe  the  rooms 
and  equipment  are  all  that  could  be  desired  for  a  modem 
club. 

The  President,  Prof.  Brookes,  of  Brown  University,  took 
charge  of  the  formalities  of  the  evening,  and  after  an  address 
of  welcome,  in  w-hich  he  outlined  the  proposed  work  of  the 
club  for  the  coming  winter,  he  introduced  Ex-Lieutenant  Gov- 
ernor Zenas  W.  Bliss,  also  a  member  of  the  Society,  who 
spoke  on  The  Relation  of  Engineering  to  Public  Affairs.  Fol- 
lowing this  a  collation  was  served,  and  a  general  social  time 
concluded  the  evening's  programme.  The  spirit  of  the  meet- 
ing augured  well  for  the  winter's  activities  of  the  Society. 

Albert  E.  Thornley, 
Section  Secretary. 

PHILADELPHIA,  OCTOBER  24 

The  Section  at  Philadelphia  had  its  first  meeting  on  Tues- 
day, October  24.  There  was  an~  excellent  attendance  of  both 
members  of  the  Society  and  of  affiliated  clubs. 

Professor  Wm.  Cathcart,  formerly  of  the  United  States 
Navy,  delivered  a  most  interesting  and  timely  address,  illus- 
trated by  lantern  slides,  upon  the  Development  of  Our  Fleet 
and  Naval  Stations.  He  outlined  at  the  outset  the  engineer's 
relation  to  modern  naval  war;  its  structures  and  mechanisms 
— its  hulls,  turbines,  guns,  dynamos,  wireless,  torpedoes  and 
aircraft — are  his  in  conception  and  construction. 

Professor  Cathcart  pointed  out  that,  while  America  pos- 
sessed many  advantages  due  to  its  geographical  position,  its 
efficient  devices  and  inventions,  its  up-to-date  fighting  faeil- 
ities_  and  its  well-trained  navy,  the  country  was  decisively  at 
a  disadvantage  due  to  the  number  of  its  fighting  units  and  the 
development  of  its  fortification  equipment.  The  speaker  be- 
lieved that  our  dreadnaughts  should  be  as  large  as  our  dry 
docks. 

He  described  in  turn  the  various  strategic  situations  on  our 
coasts,  the  use  of  mines  and  submarines,  marksmanship,  naval 
guns,  and  the  organization  and  personnel  of  the  Navy. 

The  very  spirited  discussion  after  the  meeting  showed  that 
engineers  nowadays  are  giving  a  very  important  place  in  their 
minds  to  the  proper  defense  of  our  seacoasts. 

W.  R.  Jones, 

Section  Secretary. 

STUDENT  BRANCHES 

ARMOUR    INSTITUTE    OF    TECHNOLOGY 

A  business  meeting  of  the  Student  Branch  of  the  Armour 
Institute  of  Technology  was  held  on  September  18.  The 
resignation  of  L.  A.  King,  president  of  the  Branch,  was  ac- 
cepted with  regret  and  C.  R.  Pomeroy  was  elected  vice- 
president. 

On  September  25,  a  meeting  of  the  Branch  was  held  at  which 
several  of  the  members  gave  short  talks.  H.  Luttge  spoke  on 
Carburetors,  0.  W.  Annspach  on  Heating  and  Ventilation  and 
B.  Robecheck  on  the  heating  and  ventilating  system  at  the 
Armour  Institute  of  Technology. 

All  open  meeting  of  the  Branch  was  held  on  October  4  which 
was  devoted  to  social  events. 

E.  W.  Haixes, 

Branch  Secretary. 

bucknell  university 

A  meeting  of  the  Student  Branch  of  Bucknell  University 
was  held  on  October  2.  Plans  for  the  season  were  discussed,  and 
it  was  decided  to  have  a  talk  upon  some  engineering  subject 
by  a  student  at  every  monthly  meeting. 
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Prof.  F.  E.  Burpee,  Mem.Am.Soc.M.E.,  gave  a  very  inter- 
esting talk  on  the  Mechanical  Engineering  Course,  Its  Scope 
and  Advantage. 

C.  M.  Kriner, 

Branch  Secretary. 

CARNEGIE    INSTITUTE    OF    TECHNOLOGY 

The  following  officers  have  been  chosen  to  serve  the  Student 
Branch  of  the  Carnegie  Institute  of  Teclinology  for  the  year 
1916-17:  Harry  A.  Madison,  president;  W.  H.  Sturgeon, 
vice-president;  J.  Davis,  secretary;  A.  L.  Heston,  treasurer. 

Harry  A.  Madison, 

Branch  Chairman. 


LELAND    STANFORD   JUNIOR    UNIVERSITY 

A  meeting  of  the  Leland  Stanford  Junior  University  Student 
Branch  was  held  on  September  13.  Following  the  transaction 
of  business,  R.  W.  Hope,  honorary  secretary  of  the  American 
Institute  of  Electrical  Engineers,  gave  a  very  interesting  talk 
about  liis  early  work  as  assistant  engineer  for  the  project  of 
intercommunication  between  Europe  and  America,  giving  the 
routing  from  New  York  to  San  Francisco,  up  the  Pacific  Coast 
to  Alaska  with  a  short  submarine  cable  across  Behring  Strait 
to  Siberia,  then  to  Saint  Petersburg  and  from  there  to  London. 

A.  L.  Morgan, 
Branch  Corresponding  Secretary. 


PENNSYLVANIA  STATE  COLLEGE 

The  Pennsylvania  State  Chapter  opened  the  1916-17  season 
on  September  26  with  a  preliminary  meeting  at  which  the  sea- 
son's programme  and  committees  were  announced.  This  meet- 
ing was  followed  by  a  social  meeting  at  which  the  new  faculty 
members  were  introduced  and  invited  to  make  addresses.  These 
members  include  E.  A.  Fessenden,  Professor  of  Mechanical 
Engineering;  J.  W.  Haney,  Instructor  in  Mechanical  Engineer- 
ing, and  J.  0.  Keller,  Instructor  in  Industrial  Engineering, 
members  of  the  Society. 

Hugo  Diemer, 
Branch  Corresponding  Secretary. 


POLYTECHNIC    INSTITUTE    OF    BROOKLYN 

The  opening  meeting  of  the  Polj'technic  Institute  of  Brook- 
lyn Student  Branch  was  held  on  October  7.  Arthur  Bielek, 
chairman  of  tlie  Branch,  presided,  and  told  what  the  Branch 
had  accomplished  in  the  year  just  past  and  what  it  expected 
to  do  during  the  coming  year. 

At  the  close  of  the  business  meeting  Arthur  Seubert,  Mem. 
Am.Soc.M.E.,  gave  a  paper  on  Chlorination  and  Water  Puri- 
fication. Mr.  Seuliert  traced  the  history  of  water  supply  from 
the  time  of  the  Roman  Empire  to  the  present  day.  He  said 
that  while  the  Romans  had  built  a  complex  and  reasonably 
sanitaiy  system  of  water  supply,  the  people  of  the  middle  ages 
made  no  attempt  to  purify  the  water  or  investigate  the  source 
of  their  supjily  of  drinking  water. 

He  then  discussed  the  use  of  the  sand  filter  from  the  early 
days  in  London  to  modern  times,  and  also  spoke  of  the  im- 
purities in  water  which  cannot  be  removed  by  filtering.  He 
pointed  out  that  the  best  method  of  removing  these  impurities 
is  by  injecting  fine  particles  of  chlorine  into  the  water. 

The  speaker  described  the  apparatus  designed  by  the  Wallace 
and  Tiernan  Company  for  chlorinating  water,  and  illustrated 
by  the  use  of  lantern  slides  the  application  of  the  apparatus 
to  many  water-supply  systems. 

Frank  R.  Stamer, 

Branch  Secretary. 

PURDUE    UNIVERSITY 

On  September  29,  the  Student  Branch  of  Purdue  University 
held  an  open  meeting  for  the  purpose  of  increasing  ac- 
quaintanceship among  the  new  students  in  mechanical  engi- 
neering. Dean  Benjamin,  Mem.Am.Soc.M.E.,  and  Professor 
Young,    Mem.Am.Soc.M.E.,    discussed     the    relation     of    the 


Student  Branch  to  the  Society  and  the  value  of  The  Journal 
to  members  of  the  Branch. 

G.  A.  RuESS, 
Branch  Corresponding  Secretary. 


XINIVERSITY    OF    ILLINOIS 

The  University  of  Illinois  Student  Branch  opened  the 
semester's  work  on  Thursday  evening,  September  28.  About 
seventy-five  members  were  present,  which  is  an  indication  of 
activity. 

Dean  Goss,  Past-President  Am.Soc.M.E.,  addressed  the 
meeting,  his  theme  being  A  High  Standard  for  the  Engineering 
Profession.  He  urged  the  members  to  be  active  in  the  affaii-s 
of  the  Branch,  pointing  out  that  the  activity  of  each  member 
would  be  reciprocal  in  benefiting  both  the  Branch  and  the 
member. 

A  new  recording  secretary,  H.  0.  Isaacson,  was  chosen  to 
succeed  R.  N.  Foster,  and  R.  Rahn  was  appointed  representa- 
tive to  the  Technograph,  the  Engineering  Societies'  publication, 
tion. 

The  treasurer's  report  showed  a  membership  of  over  a  hun- 
dred and  a  substantial  account  in  the  bank  in  the  Branch's 
name.  Two  committees  were  appointed,  for  advertising  meet- 
ings and  for  soliciting  subscriptions  for  Branch  pins  respec- 
tively. 

Plans  are  being  formulated  for  the  delivery  of  several 
student  lectures,  so  that  the  work  of  the  Branch  for  the 
semester  is  very  promising. 

V.  S.  Day, 

Branch  Chairman. 

WORCESTER    POLYTECHNIC    INSTITUTE 

At  the  last  meeting  of  the  school  year  of  the  Worcester 
Polytechnic  Institute  Student  Branch  held  on  June  1,  the  fol- 
lowing officers  were  elected  for  the  year  1916-17 :  John  A.  C. 
Warner,  chairman ;  Charles  Hollerith,  vice-chairman ;  Earl  R. 
Knight,  treasurer  and  Franklin  T.  Holmes,  recording  secre- 
tary. Following  the  election,  abstracts  of  several  of  the 
students'  theses  were  read  and  discussed.  Arthur  Nutt  pre- 
sented a  paper  on  Thermostatic  Control  of  Jacket  Water  in 
Automobiles,  Aurelio  E.  Zamberano  on  Automobile  Accelera- 
tion, and  Arthur  K.  Ingraham  on  Tests  of  Ammonia  Safety 
Valves. 

The  first  regular  meeting  of  the  Branch  for  1916-17  was 
held  on  October  6,  at  which  F.  E.  Stanley,  of  the  Stanley 
Motor  Caniage  Co.,  Newton,  Mass.,  gave  an  illustrated  lecture 
on  Steam-Propelled  Vehicles. 

Mr.  Stanley  related  how  he  first  became  convinced  of  the 
possibility  of  driving  a  4-wheeled  carriage  by  steam  propulsion, 
and  told  of  overcoming  the  various  difficulties  which  presented 
themselves  at  the  fii-st  trials  of  his  steam-driven  automombiles. 
He  described  fully  the  functions  and  details  of  the  fire  regu- 
lator, fuel  pump,  steam  and  water  gages,  as  well  as  other  major 
mechanisms  of  the  ear,  each  mechanism  illustrating  the  solution 
of  the  engineering  problems  which  he  and  his  company  en- 
countered in  the  car's  early  career.  He  also  described  the  com- 
pany's new  ear,  in  which  the  engine  is  run  condensing,  and 
gave  figures  showing  its  efficiency.  He  concluded  with  slides 
illustrating  the  main  points  of  difference  between  the  latest 
model  of  the  Stanley  Steamer  and  its  predecessors. 

Mr.  Stanley  then  read  extracts  from  a  biogi-aphical  paper 
of  the  life  and  accomplishments  of  George  Stevenson,  who  is 
credited  with  having  designed  the  first  practical  locomotive. 

H.  P.  Fairfield, 

Branch  Secretary. 


The  American  Association  for  the  Advancement  of  Science 
and  some  thirty  national  scientific  societies  affiliated  with  it 
will  meet  in  New  York  City  during  the  last  week  in  Decem- 
ber, 1916,  under  the  auspices  of  Columbia  University,  New 
York  University,  the  College  of  the  City  of  New  York,  the 
American  Museum  of  Natural  Historj'  and  other  scientific  and 
educational  institutions.  Dr.  C.  R.  Van  Hise,  president  of 
the  University  of  Wisconsin,  will  preside. 


EMPLOYMENT  BULLETIN 

rHE  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Society 
tlie  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with  special  oppor- 
tunities for  ic'hich  their  training  and  experience  qualify  them,  and  for  helping  anyone  desiring  engineer- 
ing services.      The  Society  acts  only  as  a  clearing  house  in  these  matters. 


POSITIONS   AVAILABLE 

In  forwnrilinij  oi>i>!iriitifi}i>!,  stamps  should  be  enclosed  for  transmittal 
to  adnrtisers;  applic'ttions  jruni  non-mrmhers  should  he  accompanied 
by  a  letter  of  reference  or  introduction  from  a  member,  such  reference 
letter  to  be  filed  with  the  Society.  Copy  for  notices  must  be  in  hand 
by  the  isth  of  the  month. 

ASSISTANT  ENGINEER  for  preparation  of  plaus  and  specifications 
and  supervision  of  installation  of  electric  ligtiting,  steam-heating  and 
ventilating  systems  in  buildings  of  Eastern  University.  Some  installa- 
tions are  in  new  buildings  and  others  involve  remodeling  of  present 
buildings.  Wide  variety  of  work  and  position  offers  excellent  oppor- 
tunities tor  experience.  Salary  $75  to  $90,  depending  on  experience. 
559 


SUPERINTENDENT   of  construction  for  power  house, 
pends  on  man.     Location  New  York.     592 


Salary  de- 


YOUNG  MAN  for  engineering 
ing  engineering  correspondence, 
tion  Massachusetts.     560 


computation  department  and  answer- 
Technical  education  preferable.  Loca- 


PRACTICAL  ENGINEER  experienced  in  handling  machinists,  pipe 
fitters  and  electricians.  Salary  $1800  to  commence.  Good  opportunity 
for  advancement.     Location  New  York.     562 

EXPERIENCED  MAN  to  take  charge  of  manufacture  of  soap  pow- 
der.    Salary  $30  to  start.     Location  New  Y'ork.     5G3 

DRAFTSMEN  for  Stoker  Department.  Work  involves  making  lay- 
outs of  stoker  installations  and  also  requires  general  knowledge  of 
boiler-room  work  for  concern  manufacturing  specialty.  Good  drafts- 
men with  some  knowledge  of  this  class  of  work  more  valuable 
than  good  designers.  Salary  up  to  $25  weekly  to  start,  depending  on 
ability  and  experience.     Location  Philadelphia.     565 

SUPERINTENDING  OPERATING  ENGINEER,  technical  graduate, 
for  plant  making  pipe  coverings.  State  salary  desired,  experience,  etc. 
Location  N.  J.     Apply  by  letter.     567 


DR.\FTSMAN,   experienced  in   rolling   mill   machinery,   etc. 
$150.    Location  Easton,  Pa.     571 


Salary 


YOUNG  M.\N,  preferably  '15  graduate,  for  general  office,  drafting 
and  purchasing  work,  with  opportunity  to  sell  special  chemical  appara- 
tus. Salary  $20  per  week  to  start,  with  opportunity  to  make  additional 
money  on  proflt-sbaring  basis  on  sales.     Location  New  York.     575 

.\SSISTANT  DIRECTOR  of  shop  laboratories,  department  of 
mechanical  engineering  of  prominent  university.  Salary  $1800.  College 
graduate  who  has  had  some  direct  connection  with  organization  work 
and  development  of  manufacturing  methods  in  thoroughly  modern 
plant;  requires  excellent  personality,  possessing  initiative  and  ability. 
Considerable  possibility  for  future.     570 

INSTRUCTOR  or  ASSISTANT  PROFESSOR  in  mechanical  engi- 
neering, to  teach  thermodynamics,  steam  engines,  boilers  and  power 
plant  design.  Preferably  man  who  has  had  some  experience  in  engi- 
neering in  connection  with  power  plants.  Applicant  must  be  available 
immediately.  Salary  $1200  to  $1500  according  to  experience  and 
training.     Location  Pennsylvania.     577 

CHIEF  DRAFTSMAN,  experienced,  for  manufacturer  of  automobile 
parts.     Location  New  Jersey.     587 


CHECKER    on    drawings    for    manufacturer 
Location  New  Jersey.     5SS 


of     automobile     parts. 


DESIGNER  of  jigs,  tools,  special  machines,  for  manufacturer  of 
automobile  parts.    Location  New  Jersey.     5S9 

MECHANICAL  DRAFSMAN  for  general  factory  work  to  lay 
out  work  of  a  general  character  and  be  a  leader  and  direct  other.* 
in  the  drafting  room.  Familiar  with  conveying  systems,  power  plant 
equipment,  steam  beating  and  electrical  equipment.  Salary  $110  per 
month  to  start,  with  opportunity  for  advancement  for  right  kind  of 
man.     Location  Newark,  N.  J.     590 

ENGINEER,  capable  of  handling  detailers  and  tracers  and  produc- 
tion in  shop ;  experienced  in  manufacture  of  large  machinery.  State 
age,  technical  training,  experience,  salary  expected  and  give  reference. 
Location  New  York.     591 


YOUNG  M.-VN.  ambitious  and  energetic  for  maintenance  and  con- 
struction department  of  large  corporation  in  Middle  West.  Experi- 
enced in  handling  men,  plant  engineering  and  operation,  such  as  in- 
stallation of  machinery  and  shafting,  construction  and  maintenance  of 
buildings,  including  carpentry,  steam  fitting,  painting,  plumbing, 
masonry  and  electrical  work,  as  well  as  power  plant  operation.  Op- 
portunities for  advancement  exceptional.  State  age,  education,  pre- 
vious and  present  employment,  full  details  of  experience  and  salary  ex- 
pected.    All  correspondence  strictly  confidential.     593 

PUBLICITY  ENGINEER,  technically  trained,  with  experience  in 
building  construction  and  if  possible  general  acquaintance  with  power- 
plant  engineering.  Must  have  demonstrated  ability  to  write  technical 
and  popular  matter  for  publication.  Both  editorial  and  reportorial  ex- 
perience desirable.     Permanent  position  assured  to  the  right  man.     594 


ASSISTANT    SUPERINTENDENT    tor    munitions     plant 
high  explosive  shells.     Location  New  York  State.     600 


producing 


DESIGNER  of  machine  tools,  preferably  with  experience  in  design 
of  tools  tor  shell  work.     Location  New  York   State.     601 

YOUNG  ASSISTANT  ENGINEER,  preferably  technical  graduate. 
Christian,  to  act  as  assistant  to  engineer  of  service  department.  Loca- 
tion New  York.     603 

THREE  MEN  competent  to  devise  and  take  charge  of  the  installa- 
tion of  cost  and  production  systems.  Work  near  Boston,  New  York 
and  Chicago.     State  age,  salary,  experience  and  references.     615 

CADET  ENGINEER,  technical  school  graduate  preferred.  Good  op- 
portunity for  young  engineer.     Location  New  Jersey.     616 


YOUNG   MAN   for   drafting 
sey.     617 


and   record   work.     Location   New   Jer- 


ENGINEERS  for  production  department  of  plant  manufacturing 
steel-plate  receptacles  of  all  sizes  and  shapes.  Prefer  men  with  tecn- 
nical  education,  fair  draftsmen,  with  experience  in  industrial  plants  in 
connection  with  production,  working  knowledge  of  routine,  scheduling, 
time  study,  etc.  All  correspondence  strictly  confidential.  In  first  let- 
ter state  age,  experience,  married  or  single,  and  salary  expected.  Loca- 
tion New  York  State.     618 

DISTRICT  SALES  MANAGER.  Established  firm  desires  sales  man- 
ager to  take  charge  of  new  office  In  Cleveland,  O.  Competent  to  sell 
stokers  and  other  steam  equipment.  Salary  and  commission.  Fir.-:t 
letter  must  state — whether  employed  at  present;  experience  and  edu- 
cation :  reasons  for  leaving  last  three  positions  ;  reasons  tor  answer- 
ing this  advertisement ;  age,  married  or  single,  height,  weight  and  com- 
plexion ;  recent  photograph  it  possible  (enclose  stamp  for  retvirn)  ; 
present  salary  ;  knowledge  of  Cleveland  territory,  it  any.     619 

TECHNICAL  EXPERT,  familiar  with  manufacture  of  grindstones. 
Prominent  French  firm  about  to  engage  In  manufacture  of  specially 
shaped  grindstones  as  side  line,  requires  first-rate  technical  man  In 
Its  establishment  in  France.  Must  be  thoroughly  conversant  with 
every  detail  of  the  industry.  Excellent  permanent  position  to  right 
man.  Knowledge  of  French  unnecessary.  State  qualifications,  age, 
salary  desired,  etc.     620 


DRAFTSMAN    on   agricultural   machinery, 
quarters.      Position   in   Santiago,  Cuba.      621 


Salary   $125   and   living 


DR.\FTSM.\N  in  engineering  department  of  paper  mill.  Should 
have  experience  in  machine  work  and  be  able  to  do  any  class  of  draw- 
ing from  notes  or  free-hand  sketches.  Speed  is  the  principal  require- 
ment.    Location  centra!  Massachusetts.     622. 

MECHANICAL  or  ELECTRICAL  ENGINEER,  technical  graduate, 
with  best  personal  qualifications  tor  Integrity  and  sobriety,  good  un- 
derstanding of  principles  of  mechanics  and  general  fundamental  knowl- 
edge of  main  elements  of  electrical  engineering.  Must  also  be  capable 
surveyor.  Work  will  be  in  development  of  range-finding  instruments. 
624 
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GENERAL  SALES  CORRESPONDENT.  Eugiueeriug  aud  corres- 
pondence experience  such  as  involved  in  formulating  proposals  cover- 
ing sale  and  calculation  of  size  adaptation  in  steam  and  power-driven 
pumping  equipment  of  displacement  types,  including  application  of 
steam  engines,  combustion  engines  and  electrical  equipment  that  may 
be  employed.  Applicant  should  supply  references  bearing  upon  a 
record  as  correspondent,  capable  of  formulating  propositions  of  char- 
acter indicated,  proper  closing  of  contracts,  execution  of  orders  and 
closing  of  accounts.     Salary  not  less  than  $2500.     Location  Ohio.     U27 

SUPERINTENDENT,  to  take  active  control  of  modernizing  old  es- 
tablished manufacturing  plant.  Including  pattern  shop,  foundry, 
machine  shop.  etc.  :  unusual  opportunity  for  young  man  .",(>  to  o.j.  with 
thorough  experience  and  strong  personality,  who  can  firmly  and  quietly 
get  results.    Location  Missouri.    62S 

MECHANICAL  DRAFTSMEN  and  DESIGNERS  familiar  with 
power  plant  and  factory  layouts.     Location  Boston.     629 

ENGINEER,  practical  as  well  as  theoretical,  to  have  charge  of 
tubing  mill  manufacturing  .brass  covered  steel  tubes,  welded  steel  and 
brazed  tubing.     Salary  depends  on  man.     Location  New  York.     633 


MEN    AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  puhlished  notices  in 
this  section.  Copy  for  notices  should  be  in  hand  by  the  ISth  of  the 
month,  and  the  form  of  the  notice  should  be  such  that  the  initial  words 
indicate  the  classification.  Notices  are  not  repeated  in  consecutive 
issues. 

MECHANICAL  ENGINEER.  Designer  of  high-speed  automatic 
machinery.  Executive  ability.  Ten  years'  experience.  Desires  posi- 
tion in  vicinity  of  New  York  or  Newark.     At  present  employed.     K-363 

MECHANICAL  ENGINEER  and  DRAFTSMAN.  Chief  draftsman  or 
assistant  superintendent.  Technical  graduate.  Age  36.  Thirteen 
years"  experience.  Familiar  with  manufacture  of  water-gas,  soaps, 
leather  belting,  coal-mining  and  handling  machinery.  At  present  em- 
ployed.    Salary  $1800  to  $2400.    K-364 

SALES  ENGINEER,  mechanical-electrical,  American,  age  34.  Eleven 
years'  experience  in  selling  electrical  and  mechanical  machinery  and 
supplies.  Executive  ability.  Speaks  Portuguese,  Spanish  and  German. 
Just  returned  from  Brazil.  Desires  position  as  representative  or 
branch  manager  for  South  America  or  Cuba.    K-365 

MECHANICAL  ENGINEER,  technical  graduate,  American.  Sixteen 
years'  experience  designing  and  estimating  on  Corliss  engines,  hoisting 
engines,  air  compressors,  gas  engines,  pumps.  Two  years'  experience 
answering  correspondence  and  selling.  Open  for  responsible  position. 
Middle  West  preferred.     K-366 

REPRESENTATIVE.  Engineer  having  his  own  office  in  New  York 
City  desires  to  secure  additional  representation  on  commission  basis  for 
out-of-town  manufacturer.     Graduate  M.  E.  Cornell  University.    K-367 

COMBUSTION  ENGINEER  and  SMOKE  ABATEMENT  EXPERT,  at 
present  completing  4-year  term  as  chief  smoke  inspector  of  large  city, 
wishes  connection  with  stoker  or  boiler  concern  or  on  special  city 
smoke-abatement  work.     K-368 

FUEL  TESTING  ENGINEER.  Graduate,  age  34,  seven  and  a  half 
years'  experience  In  scientific  testing  of  coal  in  industrial  plants,  for 
large  coal  company  in  Middle  West.  Desires  position  as  combustion 
engineer  for  large  user  of  coal.     At  present  employed.     K-369 

COAL  TESTING  and  SALES  ENGINEER.  Graduate,  experienced 
in  scientific  testing  and  selling  of  coal.  Desires  position  as  sales  man- 
ager for  coal-operating  company.    At  present  employed.     K-370 

MECHANICAL  ENGINEER.  Graduate  M.  E.  Four  years'  experi- 
ence in  boiler  design  and  kindred  work.  Seven  years  in  large  rubber 
manufacturing  plant  as  assistant  engineer,  Inaugurating  many  labor- 
saving  schemes,  conveyors  and  plant  layouts.  Familiar  with  shop  man- 
agement along  scientific  lines,  time-study  system.  Tactful,  good  or- 
ganizer and  good  executive.  Capable  of  taking  full  charge  responsible 
work.     K-371 

PRODUCTION  ENGINEER.  Technical  graduate  with  thorough 
shop  training.  Experienced  in  time-study  work  and  investigations. 
Familiar  with  cost-routing  and  store-keeping  systems.  Able  to  obtain 
increased  production  and  decreased  costs.     K-372 

MECHANICAL  SUPERINTENDENT  or  MASTER  MECHANIC. 
Associate-Member,  39.  Extensive  experience  in  entire  charge  of 
machine  shops,  also  erection  and  test  in  field  manufacturing  all  sizes 
surface  and  jet  condensers,  engines,  high-vacuum  air  and  centrifugal 
pumps,    heaters,    etc.      Competent    to    take   entire    control    m'    DiMcliine 


shops  in  any  line  of  manufacture.     Good  executive.     Excellent  refer- 
ences.    Will  go  anywhere.     K-373 

EXECUTIVE  ENGINEER,  familiar  with  experimental  engineering. 
Twelve  years'  practical  experience  in  designing  and  operating  indus- 
trial plants  and  large  power  stations.  Age  34,  married.  Salary  $2500 
to  start.     K-374 

NAVAL  ENGINEER.  Stevens  graduate,  with  fourteen  years'  expe- 
rience in  marine  engine  designing,  steam,  gasoline  and  Diesel  as  well 
as  other  general  designing  required  In  shipyard  work.  Desires  to 
make  change.    K-375 

MECHANICAL  ENGINEER,  ten  years  experience  in  machine  shops 
and  engine  works,  fifteen  years  in  present  position  as  head  of  a  known 
engineering  school,  desires  change.  Summer  vacations  have  been  spent 
on  engineering  staffs  of  prominent  concerns.  Responsible  position  with 
manufacturing  or  consulting  engineering  firm  or  executive  position 
with  high-grade  school  of  technology  will  be  considered.  East  pre- 
ferred.    K-376 

RAILWAY  MECHANICAL  ENGINEER  at  present  employed  as 
mechanical  engineer.  Age  37,  technical  education,  seventeen  years' 
experience  as  railway  machinist,  draftsman,  chief  draftsman  and 
mechanical  engineer  ;  desires  mechanical  engineering  position  with  rail- 
way company,  railway  supply  house  or  Industrial  plant  with  greater 
responsibility  and  opportunity.  Location  immaterial.  Salary  $2400. 
K-377 

CHIEF  ENGINEER  or  CHIEF  DRAFTSMAN.  Technically-trained 
engineer,  sixteen  years'  experience  in  steel  works,  blast  furnace  and 
steam  power  plant  work,  designing,  testing  and  investigating,  seeks 
opportunity  for  advancement.  Age  39.  At  present  employed.  Refer- 
ences  furnished.      K-37S 

PUBLIC  UTILITIES  EXECUTIVE.  Associate-Member.  Technical 
graduate.  Ten  years'  experience  in  designing,  inspecting,  as  con- 
struction superintendent,  operating  superintendent,  assistant  chief  en- 
gineer ;  one  and  a  half  years  as  mechanical  designing  engineer  for  large 
public  utilities  corporations.  Desires  position  as  general  manager  of 
utilities  or  construction  or  designing  engineer  for  large  holding  com- 
pany. At  present  holding  position  with  large  corporation  supervising 
all  mechanical  construction.     Minimum  salary  expected  $3300.     K-379 

MECHANICAL  ENGINEER.  .Tuuior-Member,  Cornell  graduate,  age 
28.  Six  years'  experience  testing,  executive  work  and  selling.  Now 
employed  but  desirous  of  making  change.     Has  good  record.     K-380 

ASSISTANT  TO  EXECUTIVE  or  SALES  MANAGER.  Technical 
graduate,  age  36,  desires  change.  Experience  in  testing,  research,  de- 
signing and  commercial  engineering,  in  connection  with  steam  turbines, 
turbo-blowers  and  centrifugal  pumps,  with  responsible  charge  of  men. 
New  York  City  or  eastern  location  preferred.     K-381 

CHIEF  DRAFTSMAN  or  MASTER  MECIJANIC.  Ten  years'  ex- 
perience in  manufacture  of  interchangeable  parts  :  thoroughly  experi- 
enced in  design  of  punch  and  dies,  jigs,  tools,  fixtures,  special  and 
automatic  machinery  for  manufacturing  parts  on  interchangeable  basis. 
Location  preferred  in  or  vicinity  of  New  York  City  or  Newark.     K-382 

EXECUTIVE  or  MECHANICAL  ENGINEER,  experienced  in  or- 
ganization, design  of  special,  and  elevating  and  conveying  machinery. 
Technical  graduate.  At  present  employed.  Desires  interview  with 
parties  seeking  reliable,  aggressive  man  for  responsible  position.  Loca- 
tion  New   I'ork   or  vicinity.      K-3S3 

MECHANICAL  ENGINEER.  Junior-Member,  technical  graduate, 
age  32,  married.  Five  years'  experience  in  design,  installation  and 
operation  of  mechanical  equipment  of  coal  mines,  including  boiler 
plants,  pumping  and  ventilating  plants  ;  machine  shop  experience.  De- 
sires position  with  a  future.     K-384 

STEAM  ENGINEER.  Can  design,  build  and  operate  first-class 
power  plants.  Age  40.  Can  make  change  about  January  1,  1917. 
K-385 

ASSISTANT  TO  EXECUTIVE  or  CONSULTING  ENGINEER.  Cor- 
nell graduate.  Mechanical  and  electrical  engineer.  Associate-Member. 
Age  31.     Nine  years'  experience,  six  years  in  charge.     K-3S6 

PURCHASING  or  INSPECTING  ENGINEER.  Eight  years'  ex- 
perience in  inspection  and  purchasing  of  all  classes  of  engineering 
material  for  leading  railroads  and  U.  S.  Government;  wide  acquaint- 
ance and  familiar  with  all  largest  industrial  plants  and  sources  of 
supply  throughout  the  country.  Thoroughly  experienced  in  the  pur- 
chasing, testing  and  inspection  of  steel  structures,  railroad  and  indus- 
trial supplies,  etc.     Age  30,  college  graduate,  now  employed.     K-3S7 

SALES  or  ASSISTANT  TO  EXECUTIVE.  Graduate  M.  E.  from 
prominent  university  ;  ten  years  out  of  college,  with  six  years'  experi- 
ence In  general  sales  office  of  steel  foundry.     Desires  responsible  posi- 
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tion   in  general   sales   or  executive   office,    preferably   in    Middle   West. 
E-388 

EXPERIMENTAL  ENGINEER,  for  mechanical  laboratory  and  re- 
search work.  Graduate  M.  E.,  shop  and  long  engineering  experience  In 
Germany  and  United  States.  Last  six  years  in  scientific  experimental 
research  work.  Desires  permanent  position  with  private  firm  or  con- 
sulting engineer.  Specialty  heat  and  combustion,  calorlmetry,  fuel 
economy,  measuring  apparatus.     K-389 

MECHANICAL  ENGINEER,  over  20  years'  experience  on  construc- 
tion, maintenance  and  manufacture  in  connection  with  power  plants, 
mining,  machine  tools,  arms,  ammunition,  engines,  boilers,  gas  machin- 
ery and  engines,  turbines,  paper,  jute.  At  present  finishing  up  power 
construction  work  :  will  be  available  about  December  1.  Location  de- 
sired in   or  near  New  York.      K-390 

ENGINEER-EXECUTIVE,  experienced  in  design,  construction  and 
operating  quarries,  chemical,  and  ore-dressing  plants.  Age  39.  Good 
executive.  Prefers  development  work  in  West  or  South.  Now  em- 
ployed near  New  York.     Salary  $7500  or  equivalent.     K-391 

ROLLING  MILL  ENGINEER.  Technical  graduate.  Ten  years' 
thorough  experience,  having  full  charge  of  design  of  rod  mills,  con- 
tinuous and  looping,  flat,  billet  and  reversing  mills,  also  complete  wire 
mills,  furnaces,  etc.  Desires  position  as  chief  or  assistant  chief  engi- 
neer or  in  other  responsible  capacity.     K-392 


TECHNICAL  GRADUATE,  Junior-Member,  age  27,  experienced  In 
operation,  construction  and  maintenance  of  small  power  plant  with 
test  work  on  boilers  up  to  300  h.  p.     Location  not  essential.     K-393 

MECHANICAL  or  CHIEF  ENGINEER,  fifteen  years'  experience  In 
designing,  shop  and  executive  work.  Systematic  and  reliable.  Capa- 
ble of  assuming  responsibility  and  handling  men.  Inventive  ability. 
Resourceful  designer  of  automatic  labor-saving  machinery.  Research, 
experimental  and  development  work.     Can  report  immediately.     K-394 

MECHANICAL  ENGINEER  and  CONSTRUCTION  SUPERINTEND- 
ENT. Associate-Member.  Graduate  M.  E.,  eight  years  experience 
supervising  complete  layout,  purchase,  construction  and  maintenance 
of  mechanical  and  electrical  equipments  for  factories  and  mercantile 
buildings.  Can  handle  men  and  get  results.  Desires  position  with  in- 
dustrial building  concern.     Middle  West  preferred.     K-395 

MECHANIC.\L  ENGINEER,  age  32.  Ten  years  experience  teach- 
ing machine  design,  safety  inspection  of  factories,  drafting  and  engi- 
neering on  commercial  motor  vehicles.  Desires  position  as  engineer 
or  assistant  engineer  with  manufacturer  of  motor  cars,  accessories,  or 
special  machinery.     New  York  or  vicinity.     K-396 

RESIDENT  ENGINEER,  SUPERINTENDENT  OF  CONSTRUC- 
TION, general  superintendent  or  manager  of  industrial  plants.  Age 
40,  19  years  engineering  and  executive  experience.  Salary  $3,000  to 
S6.000  depending  on  position  offered.  Salary  last  two  years  $6,000 
per  year.     .Available  at  once.     K-397 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the  Society 
and  of  the  United  Engineering  Society,  Engineering  Societies  Building,  New  York 


LIBRARY   NOTES 

The  actual  moving  of  the  library  of  the  American  Society 
of  Civil  Engineers  to  the  United  Enghieeriug  Societies  Build- 
ing awaits  the  purchase  of  additional  shelving. 

The  consolidation  of  this  collection  with  the  joint  library 
will  make  the  latter  the  most  important  of  its  kind  in  the 
world.  In  addition  to  the  many  sets  of  periodicals  which  are 
new  to  the  U.E.S.  Library  and  the  very  important  sets  of 
Government,  State  and  Municipal  reports  which  will  come 
from  the  Civil  Engineers,  there  is  an  extensive  collection  of 
pamphlets,  maps  and  specifications.  Keorganization  of  the 
collection  will  take  some  time,  but  is  being  carefully  planned. 

The  periodicals  and  society  publications  currently  received 
in  the  Library  of  the  Engineering  Societies  now  number  over 
1100,  published  in  32  countries  and  in  11  languages. 

Attention  of  the  membership  is  called  to  the  "  Catalogue  of 
Technical  Periodicals  in  the  Libraries  of  New  York  and  Vi- 
cinity," published  recently  by  the  Library.  This  lists,  with 
full  catalogue  entry,  about  2500  technical  periodicals,  and  tells 
where  they  are  to  be  found.  Changes  of  title,  discontinuances, 
and  indexes  are  noted.  When  it  is  remembered  that  any  ar- 
ticle in  these  periodicals  can  be  furnished  in  an  accurate 
photostat  copy,  the  value  of  the  catalogue  to  the  engineering 
student  is  manifest.  Copies  are  sold  by  the  Library  for  three 
dollars,  postpaid. 

The  Library  is  very  anxious  to  obtain  aU  the  trade  cata- 
log-ues  in  engineering  lines,  and  the  cooperation  of  members  in 
rendering  assistance  in  this  direction  is  requested.  Catalogues 
are  carefully  analyzed  for  the  use  of  readers. 

ADDITIONS   BY   THE   SOCIETY 

AiE  Bbake  Association.     Proceedings  of  23d  annual  convention,  191G. 

Atlanta,  1916.     Gift  of  .iir  Brake  .Association. 
American  Society  ob-  Mechanical  Engineees.    Condensed  Catalogues 

of  Mechanical  Equipment,  with  general  classified  directory.     New 

York,  1916.     Gift  of  A.S.M.E. 


Car.vegie  Endowment  for  Intehnational  Peace.     Year  Book.   1916. 

Wa.^hington,  1916.     Gift  of  Carnegie  Endowment  for  International 

Peace. 
Chemical  and  Biological  Scrvey  of  the  Waters  op  Illinois.     Re- 
port for  year  ending  Dec.  31,  1914.     Water  Survey  Series  no.  12. 

Urbana,  1916.     Gift  of  A.S.M.E. 
Citizenship  Syllabds.     Reprinted   from  12th   Annual  Report  of  the 

N.     Y.     State   Department   of   Education.      Albany,   1916.      Gift   of 

C.  W.  Rice. 
Climatic  and  Living  Conditions  at  Various  Ce.nters,  Geo.  H.  Davis. 

New  Orleans,  1916.     Gift  of  G.  H.  Davis. 
FowLBR'.s   Mechanical  Engineer's   Pocket   Book,   1916.     Eighteenth 

annual   edition.      Manchester,   Englarul,   Scientific   Publishing    Co., 

1916.     Price  2s.  9d.,  post  free.     Gift  of  publisher. 
Fowler's    Electrical    Engineer's    Pocket    Book,    1916.      Sixteenth 

annual   edition.      Manchester,  England,  Scientific  Publishing   Co., 

1916.     Price  2s.  lOd.,  post  free.     Gift  of  publisher. 
These  two  little  pocketbooks  of  about  500  pages  each   have  a  large 
sale    in    England,   and    should    appeal    from    their   varied    contents   and 
their  low  price  to  engineers  in  this  country. 

W.   P.   C. 
Linear  IIot-Wire  Anemometer  and  Its  Applications  in  Technical 

Physics,  L.  V.  King.     Reprinted  from  Franklin  Institute  Journal, 

Jan.  1916.     Philadelphia,  1916.     Gift  of  author. 
Looking    Squarely    at    the    Waterpower    Problem,    H.    J.    Pierce. 

Gift  of  A.S.M.E. 
New  Jersey.     Board  of  Public  Utility  Commissionebs.     Financial 

and    miscellaneous    statistics    compiled    from    the   annual   reports 

made  by  Public  Utilities,  1914.     Union  Hill,  1316. 

Annual  Report,  1915.     Trenton,  1916.     Gift  of  Board  of  Public 

Utility  Commissiouers. 

New  York  City.  Board  of  Water  Supply.  Contract  174 — Informa- 
tion for  bidders,  forms  of  proposal,  contract,  bond  and  certificates, 
specifications  and  drawings  for  furnishing,  delivering  and  install- 
ing riser-valve  controlling  mechanisms  and  appurtenances  in  the 
shafts  of  the  city  tunnel  of  the  Catskill  Aqueduct.     1916. 

Contract    178 — Information    for    bidders,    forms    of    proposal, 

contract,  bond  and  certificates,  specifications  and  drawings  for 
grouting  a  portion  of  the  Eastview  Tunnel  of  the  Catskill  Aque- 
duct, In  the  town  of  Mount  Pleasant,  Westchester  County,  N.  Y. 
Gift  of  Board  of  Water  Supply. 

New  York  State  Engineeh  and  Surveyor,  bupplement  to  the  Annual 
Report,  Vol.  IL  1915.  Albany,  1916.  Gift  of  New  York  State  En- 
gineer and  Surveyor. 

Ownership  of  Invested  Earnings  or  Invested  Surplus,  Samuel  S. 
Wyer.     Gift  of  author. 

On  Some  Proposed  Electrical  Methods  of  Recording  Gas  Flow 
in  Channels  and  Pipes  Based  on  the  Linear  Hot-Wire  Ane- 
mometer, L.  V.  King.  Philadelphia,  1916.  Reprinted  from  Frank- 
lin Institute  Journal,  .Vugust  1916.     Gift  of  author. 
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Railway  Regulation  and  Locomotor  Ataxia,  Frank  Trumbull.  New 
York,  1916.     Gift  of  Railway  Executive  Advisory  Committee. 

A  Work  on  the  Conservation  or  Water  by  Storage,  Geo.  F  Swain. 
Gift  of  A.S.M.E. 


EXCHANGES 
Brooklyn    Engineers'   Cldb.      Proceedings,    1915.      Brooklyn,   lois. 


TRADE    CATALOGUES 

i^LANXEUY   Bolt  Co.,   Pittsburgh,  Pa.      Staybolts.      Septemher,   1916. 
Greenfield   Tap   &    Die    Corporation,    GreenfieUl,    Mans.      Catalogue 

no.  37.     Gages,  taps,  dies. 
Greenfield  Tap  &  Die  Corporation,  Greenfield,  Mas.<!.     The  "  Gun  " 

tap.     12  pp. 
Leschen,  a.   &   Sons   Rope   Co.,   St.  Louis,  Mo.     Lesclicn's   Hercules. 

September,  1916. 
Sleeper  &  Hartley,  Inc.,  Worcester,  Mass.     Bulletin  no.  252.    Helical 

bed  spring  coiling  machine.      Mareh,  1915. 
—. 254.     No.  2  Universal  coller.     April,  1915. 

264.      Spring  setting  machines.     April,  1916. 

267.      Automatic  tube  straightening   machines.     June,  101.',. 

26.S.      Helical  cutting  and  hooking  machine.     March,  1S15. 

269.     Wire  nail  machines.     December,  191i. 

270.     Torsion  spring  machines.     July,  1916. 

272.  Music  wire  straightening  and   bundling  machines.     June 

1915. 

275.  No.   1  wire  rolling  and  flattening  mill.     November,  1915. 

277.  Spring  hooking  machines.     November,  191i. 

280.  Special  spring  coiling  machines.     June,  1916. 

287.  Furniture  spring  coiler.     June,  1916. 

288.  No.  0  and  No.  1  Universal  collers.     May,  1916. 

. 306.  No.   4   Universal   coiler.     August,  1916. 

308.  Flexible  shaft   coiling  machine.     May,  1916. 

309.  Flexible  metallic  tube  colling  machines.     May,  1916. 

318.  No.  3  Universal  coller.     January,  1916. 

319.  Flexible  casing  coiler.     May,  1916, 

326.     No.  5  Universal  coiler,     August,  1916. 

List  of  standard  machines  offered  to  the  trade. 

TEXA.S  Company,  New  York  City.     Lubrication.     September,  1916. 
Walworth  Mfg.  Co.,  Boston,  Mass.     Walworth  Log.     September,  1916. 
Whiting   Foundry    Equipment   Co.,   Harvey,  III.      A   model   foundry, 
no.  125. 


ADDITIONS  BY  THE  UNITED  ENGINEER- 
ING  SOCIETY 


Abstracts  of  Current  Decisions  on  Mines  and  Mining,  Reported 
from  January  to  April  1916.  tJ.  S.  Bureau  of  Mines.  Bulletin 
126,   Washington,  1916. 

American  Express  Co.mpany.  Foreign  Trade  Building.  October 
1915.     Gift  of  American  Express  Co. 

American  Foundrymen's  Association.  Year  Book,  1910.  Cleveland, 
1916. 

American  Iron  &  Steel  Institute.  Annual  Statistical  Report,  1915. 
New  York,  1916. 

ANTI.M0NY  Deposits  of  Alaska.  U.  S.  Geological  Survey.  Bulletin 
649.     Washington,  1916. 

Bibliography  of  North  American  Geology  for  1915.  U.  S.  Geolog- 
ical Survey.     Bulletin  no.  645.     Washington,  1916. 

Black  Damp  in  Mines.  U.  S.  Bureau  of  Mines.  Bulletin  105.  Wash- 
ington^ 1916. 

Carnegie  Steel  Company.  Bulb  Sections.  Ship  building  bulb  angles, 
British  standard  and  miscellaneous  sections,  car  building  bulb 
angles  and  bulb  Ijeams.     ed.  3.     Pittsburgh,  1916. 

Chisana-White  River  District,  Alaska.  U.  S.  Geological  Survey. 
Bulletin  630.     Washington,  1916. 

Coal  Resources  of  the  Clintwood  and  Bucu  Quadrangles,  Vir- 
ginia. Bulletin  no.  XII,  Virginia  Geological  Survey.  Charlottes- 
ville, 1916. 

Colorado  River  and  Its  Utilization.  U.  S.  Geological  Survey.  Wa- 
ter Supply  Paper  393.     Washington,  1916. 

Competition  in  Electricity.  No.  5 — The  "  Block "  heating  and 
electric  plant.  Evidence  tbat  groups  of  buildings  under  same  or 
different  ownership  can  obtain  heat  and  electricity  from  one  pri- 


vately owned  central  utility  plant.  No.  6 — How  many  of  New 
York's  greatest  factories  are  supplied  with  power  from  private 
power  plants.  No.  7 — How  many  of  Chicago's  "  Notable  Build- 
ings "  are  supplied  with  electricity  from  private  power  plants. 
Gift  of  Charles  Meigs  Ripley. 

Construction  of  Roads  and  Pavements,  T.  R.  Agg.     New  York,  1916. 

Continuous  and  Alternating  Current  Machinery,  J.  H.  Morecroft. 
New  York,  1915. 

Dependable  Concrete,  Hydrated  Lime  and  Its  Effect  on  Worka- 
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Economic  Geology,  Heinrich  Rics.  ed.  4.  New  York,  J.  Wiley  <t 
Sons,  1916.     Gift  of  publishers.     Price  ,$4.00  net. 

The  third  edition  was  published  in  1910,  and  advances  in  the 
knowledge  of  economic  geology  since  that  date  have  been  so  great 
as  to  require  quite  complete  revision.  In  addition,  descriptions 
of  the  more   important  mineral  deposits   of  Canada   have   been   added. 

The  work  is  notable  tor  the  completeness  of  the  lists  of  references 
given  at  the  end  of  each  chapter,  for  the  excelh^nce  of  its  numerous 
illuslrations,   and   for  its  extensive  index. 

W.   P.   C. 

Elements  of  Chart  Making.     U.  S.  Coast  and  Geodetic  Survey,  Spe- 
cial publication  no.  38.     Washington,  1916. 
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issued  give  problems  in  the  application  of  mathematics  to  hydraulics, 
thermodynamics,  mechanics  of  materials,  and  electrical  engineering,  re- 
spectively. ^    p    ^ 

Engineers'  Hand  Book  of  Tables,  Charts  and  Data  on  the  Appli- 
cation OF  Centrifugal  Fans  and  Fan  System  Apparatus.  New 
York,  Buffalo  Forge  Co.,  1914.     Gift  of  publishers. 

Fifty  Years  of  a  Business  Man's  Life.  Reminiscences  by  Frederick 
A.  RiehlS.  Philadelphia,  1916.  Gift  of  Riehlfe  Bros.  Testing  Ma- 
chine Co. 

Frontier  Forts  of  Pennsylvania.  Report  of  the  Commission  to 
locate  the  site.     ed.  2.     vols.  1-2.     Harrisburg,  1916. 

Handbook  for  Highway  Engineers,  W.  G.  Harger  and  E.  A.  Bonney. 
ed.     2.     New  York,  McOraw-Hill  Book  Co.,  1916. 

Health  Conservation  at  Steel  Mills.  U.  S.  Bureau  of  Mines. 
Technical  Paper  102.     Washington,  1916. 

History  and  Development  of  Gold  Dredging  in  Montana.  U.  S. 
Bureau  of  Mines.     Bulletin  no.  121.     Washington,  1916. 

History  of  Manufacturers  in  the  United  States,  1607-1860,  V  .S. 
Clark.     Washington.  1916. 

Institution  of  Civil  Engineers.  Minutes  of  Proceedings,  vol.  CCI. 
London,  1916. 

5th  International  Congress  on  Inland  Navigation.  1892.  Re- 
ports  (4  folios).     Paris,  189S. 

International  Engineering  Congress,  1915.  Vol.  IX — Metallurgy. 
San  Francisco,  1915. 

Iron  &  Steel  Institute.     Journal,     vol.  XCIII.     London,  1916. 

Lignite  Field  of  Northwestern  South  Dakota.  U.  S.  Geological 
Survey.     Bulletin  627.     Washington,  1916. 

Lower  Eocene  Floras  of  Southeastern  North  America.  U.  S.  Geo- 
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National  Association  of  Cotton  Manufacturers.  Transactions 
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Pittsburgh  Experiment  Station,  Bureau  of  Mines.  Library  Bulle- 
tin, Oct.  1,  1916.  Author  index  of  U.  S.  Bur.  Mines  publica- 
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merce, port  charges,  and  administration  at  68  selected  ports. 
(Miscellaneous  Series — No.  33,  Department  of  Commerce).  Wash- 
ington, 1916.     Gift  of  U.  S.  Dept.  of  Commerce. 
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C.  M.  Jansky  and  D.  C.  Faber,     New  York,  1916. 
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Quebec.      1915.      Quebec,  1016. 
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FOR  Industrial  Use,  S.  S.  Wyer.    Columbus,  1916.    Gift  of  author. 

Rhodesia  Munitions  and  Resources  Committee.  Interim  Report 
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Refractories. 
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ary Boilers. 
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nace. 
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Diesel  Engines  with  Low  Compres- 
sion. 
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Liquid  Measuring   Pumps. 
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Transmission. 
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Transmission, 

Initial  Strains  in  Steel  Rails. 
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Thermodynamic  Terms   Defined. 

Transmission  of  Compound  Walls. 

Conduction  Through  .\ir  Spaces. 

Small  Cooper  System  Cold  Storage 
Plant. 
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IN  Pipes. 
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search. 
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In  this  issue  of  the  Engineering  Survey  will  be  found  two 
groups  of  articles  related  not  inherently  but  by  their  bearing 
on  the  existing  situation.  Howard  E.  Coffin's  article  on  muni- 
tions manufacture  on  the  one  hand  and  several  articles  on 
scientific  research  in  relation  to  industries  on  the  other  would 
have  been  regarded  three  years  ago  as  relating  to  entirely  in- 
dependent subjects.  Today  military  preparedness  for  the  de- 
fense of  the  country  against  armed  aggression,  and  industrial 
preparedness  vitally  necessary  to  assure  a  country  its  due 
place  in  the  world's  market,  have  brought  them  into  essentially 
the  same  class. 

It  is,  however,  more  and  more  full}'  realized  that  no  indus- 
trial progress,  which  is  the  corner  stone  of  industrial  pre- 
paredness, is  possible  without  the  closest  congelation  between 
the  developments  of  science  and  their  application  to  industrial 
engineering.  Unless  the  achievements  attained  today  in  the 
laboratory  in  any  countiy  are  transferred  to  the  shop,  it  is 
fairly  certain  that  some  other  country  will  avail  itself  of 
them  and  secure  a  hold  on  the  market. 

Events  of  the  last  two  years  have  taught  this  lesson  in  a 
very  striking  manner.  The  world's  industries  have  suddenly 
found  themselves  lacking  not  only  sources  of  supply  of  some 
staple  materials,  but  even,  in  many  instances,  knowledge  of 
how  these  staples  are  produced.  No  country  intends  to  re- 
peat this  error,  and  the  papers  by  Coffin  and  Carty  prove 
conclusively  that  in  this  country  there  is  a  full  realization  of 
this  fact. 

Those  interested  in  the  present  industrial  problems  here  will 
also  be  interested  in  how  matters  stand  abroad,  and  in  this 
issue  will  be  found  two  highly  authoritative  statements  on  the 
situation  in  France  by  A.  Blondel,  Member  of  the  French 
Academy  of  Sciences,  and  on  the  work  and  prospects  of  the 
National  Physical  Laboratory  in   England  by  Walter  Rosen- 


hain,  chief  of  one  of  the  departments  and  a  metallurgist  of 
note.  Bearing  on  this  same  sub.ject,  is  a  paper  by  Charles  P. 
Steinmetz,  chief  consulting  engineer  of  the  General  Electric 
Co.,  read  on  October  18,  1916,  before  The  Franklin  Institute 
at  Philadelphia,  delivered  too  late  to  be  abstracted  in  the 
Survey.  The  speaker  said  that  since  established  research  insti- 
tutions have  not  been  able  to  furnish  all  the  information  de- 
sired for  use  in  the  industries,  industrial  establishments  have 
recently  gone  into  scientific  research  themselves  with  vastly 
extended  facilities,  with  the  result  that  of  late  the  largest 
number  of  scientific  advances  have  been  made  in  industrial 
research  laboratories.  Germany  was  first  to  realize  that  the 
establishment  of  the  industrial  research  laboratory  was  one 
of  tlie  most  profitable  investments  which  could  be  made  by  the 
large  industries,  but  in  the  last  few  years  American  corpora- 
tions have  also  fully  awakened  to  a  realization  of  this  fact, 
and  the  research  laboratories  established  in  this  country  by 
industrial  corporations  are  doing  scientific  woi-k  of  the  highest 
order  in  chemistry,  physics  and  mechanies. 

THI.S    month's    articles 

In  the  section  Aeronautics  will  be  found  an  interesting  re- 
jiort  of  a  session  of  the  Executive  Committee  of  the  National 
Advisory  Committee  for  Aeronautics,  devoted  mainly  to  the 
discussion  of  means  for  securing  satisfactory  motors  for 
American  aircraft.  The  discussion  brought  out  several  highly 
important  points.  It  showed  that  the  details  of  design  and 
construction  are  far  from  receiving  a  proper  amount  of  at- 
tention. The  wiring  is  in  many  cases  defective.  Installation 
of  magnetos  is  such  as  has  been  long  ago  abandoned,  for  ex- 
ample, on  racing  cars.  Another  important  point  brought  out 
is  the  growing  conviction  of  designers  as  to  the  influence  of 
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engine  vibration  on  the  general  factor  of  reliability  of  the 
machine.  Discussion  has  also  confirmed  the  prevailing  impres- 
sion that  big  motors  of  200,  300  and  perhaps  higher  horse- 
power, will  be  especially  demanded  in  the  near  future. 

A.  R.  Braden  describes  a  method  of  making  cast-ir&n  drop- 
forge  dies  which  proved  successful  on  shoe-machine  forgings. 
The  main  improvements  appeared  to  be  in  the  method  of  pro- 
ducing the  patterns. 

In  the  section  Engineering  ]\Iaterials  will  be  found  two  ad- 
vance abstracts  of  technologic  papers  of  the  Bureau  of  Stand- 
ards, published  by  courtesy  of  the  Bureau.  One  of  these  ab- 
stracts is  devoted  to  an  investigation  of  a  homogeneous  alpha 
brass,  presenting  an  interesting  explanation  of  the  decrease 
in  strength  and  ductility  of  brasses  when  corroded  while  under 
stress. 

The  other  Bureau  of  Standards'  investigation  covers  a  petro- 
graphic  study  of  various  porcelains,  as  well  as  combinations 
of  the  raw  materials  which  enter  into  porcelain  manufacture. 
It  is  found  that  the  constitution  and  microstructure  of  porce- 
lain depend  upon  the  temi^erature  of  burning,  the  time  of 
burning  factor  being  only  of  secondary  importance.  The 
petrogTaphic  and  microscopic  study  of  porcelain  of  the  type 
carried  out  at  the  Bureau  is  of  high  importance,  in  tliat  it 
places  the  chemical  and  physical  properties  involved  in  the 
formation  of  porcelain  on  a  more  quantitative  thermal  basis. 
Furthermore,  it  offers  a  means  of  estimation  of  burning  tem- 
perature of  a  ware  from  the  examination  of  a  fragment  much 
too  small  in  size  to  be  satisfactory  for  even  a  chemical 
analysis. 

Data  on  stresses  produced  by  burning-in  manganese  bronze 
are  presented  by  D.  Merica  and  C.  P.  Karr  from  an  investi- 
gation made  in  connection  with  some  work  on  manganese 
bronze  valve  castings  used  in  the  Catskill  viaduct. 

Data  on  the  testing  of  refractories  are  presented  by  A.  V. 
Bleininger  from  work  done  at  the  Bureau  of  Standards. 

Several  years  ago  the  Missouri,  Kansas  &  Texas  Railroad 
decided  to  install  pulverized  coal  fiiing  for  some  of  their  sta- 
tionary boilers.  For  various  reasons  the  installation  was  not 
put  into  operation  until  this  year.  Since  then  various  tests 
have  been  made  with  different  fuels  and  all  of  them  burned 
with  entii'e  success  and  without  troublesome  deposits  of  ash. 
The  abstract  in  the  section  Fuels  gives  a  brief  description  of 
this  installation  and  cost  data  from  some  of  the  tests. 

Aimealing  furnaces  operating  on  the  surface  combustion 
principle  are  described  in  the  section  Furnaces.  One  of  their 
advantages  is  that  they  give  a  neutral  or  reducing  atmosphere 
which  makes  it  possible  to  treat  forgings  without  packing. 

Prof.  W.  H.  Watkinson's  paper  presented  to  the  Newcastle 
meeting  of  the  British  Association  in  September,  1916,  will 
come  as  somewhat  of  a  surprise  to  Diesel  engineers.  The  au- 
thor claims  that  it  should  be  as  easy  to  obtain  ignition  tem- 
perature by  compression  to  2  atmospheres  as  it  is  to  obtain 
it  in  liie  ordinary  way  by  compression  to  34  atmospheres,  and 
he  shows  that  it  is  entirely  unnecessary  to  jiermit  starting 
period  pressures  running  as  high  as  800  lb.  per  square  inch. 

William  C.  Glass  describes  a  method  of  producing  parallel 
depth  bevel  gears  on  a  universal  gear  cutter  requiring  only 
two  settings  to  complete  the  gear. 

The  precision  of  liquid-measuring  pumps  is  discussed  by 
F.  J.  Schlink  in  a  paper  before  the  Annual  Conference  of 
Weights  and  Measures  of  the  United  States.  The  conclusion 
of  the  author  is  that  nearly  all  of  the  defects  of  construction 
and  installation  of  gasoline-measuring  pumps  tend  to  produce 
errors  in  the  one  direction  of  uuder-measurement. 

In  the  section  Railroad   Engineering  will  be  found  a  gen- 


eral papei'  by  George  M.  Basford  on  electric  problems  that 
demand  solution,  as  well  as  a  paper  on  the  Tilling-Stevens 
gasoline-electric  ears  to  run  on  standard  track.  In  the  same 
section  will  be  found  an  abstract  of  a  report  made  by  James 
E.  Howard,  engineer  physicist  of  the  Interstate  Commerce 
Commission,  covering  the  subject  of  initial  stress  in  steel  rails. 

The  testing  of  thermal  insulators  is  the  subject  of  a  paper 
based  on  the  work  done  at  the  Bureau  of  Standards  by  H.  C. 
Dickinson  and  M.  S.  VanDusen.  Among  other  things  the 
paper  contains  definitions  of  several  terms  used  in  refrigerat- 
ing engineering  and  thermodynamics. 

Interesting  experiments  on  boiler  expansion  and  certain 
boiler  troubles  made  on  the  New  York  Central  lines  are  de- 
scribed in  a  paper  by  D.  R.  MacBain  in  the  section  Steam 
Engineering. 


Aeronautics 


Aeronautical  Engines 


Abstract  of  a  report  of  a  session  of  the  Executive  Com- 
mittee of  the  National  Advisory  Committee  for  Aeronautics 
held  at  the  Smithsonian  Institution,  June  8.  1916. 

The  meeting  was  held  in  the  very  rooms  where  Dr.  Langley 
first  developed  his  idea  of  the 'physics  of  the  air  and  the  art 
of  flying. 

Henry  Souther,  Mem.Am.Soc.M.E.,  Consulting  Engineer  of 
the  War  Department,  stated  that  we  in  this  country  are  in  a 
fair  way  to  obtain  a  satisfactory  motor  for  aircraft  within  a 
reasonable  length  of  time,  but  the  only  way  of  arriving  at  any- 
thing of  this  nature  is  by  a  slow  process  of  evolution  or  use. 
What  is  demanded  of  an  aeronautical  motor  is,  in  the  first 
I  lace,  reliability,  which  does  not,  however,  necessarily  mean 
anything  unusually  strong,  but  means  thoroughness  in  all  de- 
tails of  which  reliable  wiring  is  an  example;  accidents  may 
come  from  an  accumulation  of  gasoline  in  the  shape  of  a  pud- 
dle somewhere  in  the  structure,  hence  the  piping  is  as  impor- 
tant as  anything,  etc. 

Next  come  dependability  and  durability.  Of  exceeding  im- 
portance is  also  simplicity  of  design.  Adaptability  of  the 
motors  is  a  quality  that  will  change  as  fast  as  the  art  changes, 
and  what  is  considered  adaptable  today  may  be  viewed  as  bad 
practice  ten  years  from  now. 

Lieut.  W.  G.  Child,  U.  S.  N.,  in  discussing  the  experience 
of  the  Navy  with  motors,  pointed  out  some  matters  of  consid- 
erable practical  importance.  One  is  the  question  of  inter- 
changeability  of  motors.  At  present  beds  built  for  one  motor 
are  often  not  adaptable  to  another  motor  of  the  same  horse- 
power because  of  the  difference  in  the  brackets.  One  way  of 
overcoming  this  without  changing  the  design  is  to  make  the 
brackets  wider,  say  4  in.,  and  not  drill  bolt  holes,  so  that  any 
motor  can  be  installed  on  foundations  that  would  take  the 
width  of  that  bracket. 

For  motors  of  higher  horsepower,  the  speaker  advocated 
generator  ignition  because  of  the  necessity  of  having  starters 
and  of  the  need  for  a  hot  spark  at  low  speed.  As  between 
having  a  large  lower  crank  case  to  keep  the  oil  or  of  having 
separate  tanks,  the  preference  of  the  speaker  was  for  sep- 
arate tanks  which  would  lighten  the  engine,  give  an  extra  oil 
supply,  help  cool  the  oil  and  permit  of  installing  the  tank  at 
any  convenient  i^lace.  In  addition,  with  only  a  little  oil  in  the 
motor,  there  would  be  no  danger  of  flooding  the  cylinders  in 
gliding. 

One  of  the  greatest  problems  in  aviation  is  the  design  of 
a  suitable  radiator.  The  resistance  of  the  radiator  means  a 
tremendous  loss  in  lifting  capacity,  and  the  Navy  found  ex- 
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perimentally  that  one  type  of  radiator  Lad  a  very  low  re- 
sistance and  was  about  five  times  as  effective  as  another  type 
in  vei-y  general  use. 

Lieut.-Col.  George  O.  Squier,  U.  S.  A.,  in  charge  of  the 
Aviation  Section,  War  Department,  stated,  in  answer  to  ques- 
tions, that  the  Green  engine  is  the  one  wliich  the  British  are 
widely  using.  It  is  built  in  sizes  as  large  as  250  h.p.,and  two 
of  these  are  put  on  an  aeroplane.  In  all  the  belligerent  coun- 
tries they  are  doing  wonderful  things  every  day,  things  we 
have  never  done  here. 

Capt.  Mark  L.  Bristol,  U.  S.  N.,  Commander  of  the  Navy 
Air  Service,  believes  that  we  have  not  a  motor  in  this  country 
suitable  for  aeronautic  use.  The  principal  fault  with  our 
motors  is  that  they  are  unreliable.  Another  is  that  we  cannot 
get  enough  power  out  of  them  for  naval  use.  The  aeroplane 
that  will  be  taken  to  sea  must  not  weigh  less  than  6000  lb.  and 
must  have  300  or  400  h.p.  at  least.  This  can  be  obtained  from 
two  motors  of  from  150  to  200  h.p.  each,  but  there  is  not  such 
a  motor  in  the  United  States  at  present  that  is  reliable. 

Charles  M.  Manly  (Curtiss  Aeroplane  and  Motor  Corpora- 
tion) discussed  the  manner  of  approach  in  the  matter  of  de- 
veloping the  best  aviation  motor.  There  are  two  main  ways 
of  approaching  the  subject;  one  is  to  start  with  your  motor 
light  weight,  and  by  a  process  of  evolution  make  it  more  and 
more  reliable;  the  other  is  to  start  with  the  motor  very  reliable 
and  decrease  the  weight.  The  speaker  personally  believes  that 
the  better  plan  is  to  start  with  the  motor  light. 

Howard  E.  Coffin,  Mem.Am.Soc.M.E.,  of  the  Naval  Con- 
sulting Board,  expressed  his  opinion  that  the  whole  develop- 
ment of  aviation  has  been  thus  far  an  experimental  proposi- 
tion only,  and  that  there  has  been  practically  no  real  quantity 
or  commercial  production  in  that  line.  So  far  an  attempt 
has  been  made  to  build  motors  which  are  so  near  the  ragged 
edge  in  strength  of  parts,  reliability,  lightness,  and  so  forth, 
that  we  have  got  into  a  lot  of  trouble  that  we  should  be  able 
to  avoid.  A  great  deal  of  the  trouble  was  because  of  the  mag- 
neto not  being  properly  mounted  on  the  motor,  although  we 
learned  in  racing  care  as  early  as  1906  that  no  magneto  should 
carry  a  gear  directly  on  its  shaft.  The  wiring  in  the  average 
aeroplane  is  a  joke.  All  wiring  must  be  carried  in  metal  con- 
duits. In  fact,  the  speaker  believes  that  the  wiring  of  either 
an  automobile  or  an  aeroplane  should  pass  an  examination 
similar  to  the  underwriters'  examination  by  the  insurance  com- 
panies. If  a  $500  garage  is  not  built  without  the  underwriters 
passing  on  the  wiring  installation,  there  is  no  reason  why  an 
aeroplane  costing  $10,000,  in  which  one  risks  his  life,  should 
escape  such  inspection. 

The  speaker  strongly  emphasized  the  question  of  the  elim- 
ination of  vibration,  which  in  his  belief  is  the  real  cause  of 
possibly  nine-tenths  of  the  trouble  with  any  ajiparatus, 
whether  it  is  a  motor  car  or  an  aeroplane.  The  vibration  in  a 
gas  engine  is  dependent  upon  certain  fundamentals  of  its  de- 
sign, and  the  six-  and  twelve-cylinder  machines  are  the  only 
two  types  of  engines  that  in  a  practical  way  can  be  freed  from 
vibration. 

It  is  surprising  to  find  that  a  six-cylinder  engine,  if  driven 
by  an  electric  motor  so  that  the  engine  itself  is  not  running 
under  its  own  power  at  speeds  uja  to  2000  to  3000  r.p.m.,  can 
be  stripped  of  everything  down  to  the  crankshaft  without 
ajipreciably  reducing  the  noise,  which  indicates  that  the  prin- 
cipal difficulties  in  the  gas  engine  are  connected  in  some  way 
with  the  crankshaft.  It  makes  no  difference  how  heavy  the 
crankshaft  is,  in  fact,  adding  weight  to  it  will  probably  make 
the  trouble  worse.  No  couples  of  any  kind  may  be  permit- 
ted to  develop  within   the  crankshaft;   every  unbalanced  ef- 


fect must  be  comjiensated,  and  that  not  somewhere  else  in  the 
shaft,  but  immediately  in  the  plane  of  rotation  of  the  part 
causing  this  unbalanced  effect.  This  holds  also  in  the  air- 
craft end.  If  the  engines  be  made  so  that  they  do  not  vibrate 
when  run  at  2000  r.p.m,,  there  will  be  wiped  out  nine-tenths 
of  the  other  troubles,  such  as  the  breaking  of  pipe  connec- 
tions, of  the  wiring  on  the  jilane  itself,  and  so  forth,  which 
all  goes  back  to  vibration  of  these  parts. 

On  the  other  hand,  H.  M.  Crane  (Wright  Aeroplane  Co.), 
with  respect  to  the  question  of  vibration,  called  attention  to 
the  fact  that  the  conditions  in  an  aviation  motor  are  differ- 
ent from  those  in  an  automobile  motor.  There  you  have  to 
cover  every  speed  up  to  2000  or  3000,  or  even  higher,  revo- 
lutions per  minute,  while  an  aviation  motor  has  mainly  to  run 
at  full  power  at  a  certain  tixed  speed.  Hence  the  eight  can 
meet  in  an  aeroplane  the  conditions  for  which  a  six  or  twelve 
cylinder  engine  is  required  in  a  motor  car. 

William  R.  McCulla  (Packard  Motor  Car  Co.)  in  describ- 
ing his  trip  to  Europe  during  the  present  war  said  that  in 
Europe  the  lowest  power  with  which  they  want  to  go  up  is 
250  or  300  h.p.  They  had  one  motor  of  600  h.p.  which  had 
been  built  in  advance  for  a  warplane,  but  this  motor  was  put 
in  a  very  fast  motorboat  for  discovering  submarines.  Then 
they  went  to  the  geared-down  motor  (such  as  the  Simbeam) 
and  had  no  trouble  with  gear  reduction.  These  large  motors 
use  successfully  four-bladed  14  ft.  propellers.  The  specifica- 
tions of  the  British  Government  now  call  for  a  disconnecting 
test  of  propellers  to  make  sure  that  if  the  propeller  becomes 
loose  in  the  air  or  is  shot  away  it  will  not  smash  the  motor. 
As  to  trouble  with  magnetos,  the  speaker  ascribed  it  to  general 
lack  of  thoroughness  in  design  and  construction.  He  saw  an 
aeroplane  motor  taken  down  to  be  overhauled.  The  motor 
was  considered  to  be  first-class,  and  still  the  closest  any  one 
of  its  pistons  came  to  another  was  within  1%  oz.,  that  is,  no 
two  pistons  were  of  the  same  weight.  It  hardly  can  be  ex- 
pected that  any  magneto  could  stand  that. 

Several  of  the  speakers,  especially  those  who  have  been  in 
Europe,  expressed  dissatisfaction  with  rotary  motors.  State- 
ments were  made  that  the  use  of  the  Gnome  motor,  which 
was  so  popular  in  French  aviation  at  the  beginning  of  the 
war,  has  been  now  practically  abandoned.  (Abstract  of  a 
stenographic  report  of  the  meeting  of  the  Executive  Com- 
mittee of  the  National  Advisory  Committee  for  Aeronautics 
held  at  the  Smithsonian  Institution,  June  8,  1916,  58  type- 
written pages.) 


Dies 


C AST-Iron  Drop-Forge  Dies,  A.  R.  Braden 


Description  of  a  method  of  making  cast-iron  drop-forge 
dies  which  has  proved  successful  on  a  large  variety  of  shoe- 
machine  forging-s  in  the  Beverly  factory  of  the  United  Shoe 
Machinery  Co. 

The  possibility  of  using  cast-iron  dies  instead  of  steel  dies 
not  only  opens  an  opportunity  to  effect  a  large  saving  in  the 
cost  of  new  dies,  but  eliminates  the  necessity  which  exists  on 
orders  of  between  five  and  ten  thousand  pieces  of  repairing 
the  steel  dies,  and  often  of  planing  off  the  old  impressions 
and  "  sinking  "  new  ones,  a  costly  operation,  and  one  which, 
in  addition,  delays  the  work  of  forging.  Also,  a  common  re- 
quirement is  the  changing  over  of  steel  dies  to  agree  with  a 
change  in  design  of  the  forging,  which  is  nearly  as  expensive 
as  making  new  dies. 

The  method  of  making  cast-iron  dies  is  said  to  have  be^i 
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perfected  now  to  the  hig'hest  point.  The  most  important  part 
of  this  process  appears  to  be  the  jiroduction  of  the  patterns. 
The  original  pattern  proved  to  be  defective  and  several  im- 
provements had  to  be  made.  A  pattern  was  originated  that 
made  it  possible  to  cast  the  die  block  and  the  shank  with  both 
draft  and  dowel  holes,  doing  away  entirely  with  machine 
work.  To  accomplish  this  the  pattern  for  the  shank  was 
made  in  three  parts — a  wide  rectangular  centerpiece  and  two 
smaller  strips,  on  each  of  which  were  cut  the  draft  and  dowel 
holes.  Then,  when  in  molding  the  pattern  was  ready  to  be 
drawn  from  the  sand,  the  pins  connecting  the  small  pieces 
fo  tiie  centerpiece  were  removed  and  the  main  part  of  the 
tongue  drawn,  making  it  possible  to  draw  the  small  strips. 

It  was  found  that  the  correctness  of  the  pattern  was 
spoiled  by  the  warping  of  the  wood  frames.  This  trouble  was 
overcome  by  securing  a  casting  of  the  pattern  and  using  the 
latter  as  a  model  for  molding  the  first  die  and  for  filing  for 
future  use.  Further,  an  aluminum  block  pattern  was  pro- 
vided to  replace  the  old  wooden  one,  thus  giving  a  completely 
indestructible  die  pattern,  with  the  exception  of  the  pattern 
for  the  tongue,  which  it  has  not  as  yet  been  necessary  to 
replace  by  metal. 

The  latest  improvement  is  a  pattern  made  entirely  of 
plaster.  A  special  frame  similar  in  shape  to  the  old  wooden 
one  is  made  of  cast  iron,  and  is  adjustable  by  means  of  pegs 
and  dowel  holes  to  any  one  of  the  eight  standard  die  sizes. 
This  frame  is  placed  flat  on  a  surface  plate,  the  wood  model 
of  the  forging  being  held  in  the  proper  position  relative  to 
the  frame  by  means  of  four  clamps  that  bear  on  the  parting 
line.  The  patterns  for  the  break-down,  anvil,  sprue  and  cut- 
ofE  are  sawed  out  of  wood  and  placed  in  their  proper  positions 
inside  the  frame.  The  plaster  is  then  run  into  the  frame  and 
allowed  to  set.  When  hard,  the  frame  is  removed  together 
with  the  model  and  patterns,  leaving  a  complete  plaster  im- 
pression ready  for  molding. 

In  addition  to  discarding  the  stock  of  expensive  wooden 
frames  which  had  to  be  kept,  a  great  deal  of  time  is  saved 
in  that  the  break-downs,  anvils,  sprues  and  cut-offs  can  be 
cast  with  the  impression  of  the  forging  by  simply  cutting  out 
the  necessary  jiatterns  from  waste  stock  on  a  band  saw.  These 
plaster  patterns  made  with  the  adjustable  frame  may  be  filed 
away  without  danger  of  warping.  If  they  break  they  can  be 
replaced  in  an  hour's  time. 

The  maximum  time  required  to  turn  out  cast-iron  dies  ready 
for  the  hammer  is  four  days.  (The  average  time  for  steel  dies 
is  from  one  to  four  weeks.)  On  one  order  a  pair  of  cast- 
iron  dies  produced  5000  forgings.  This  record  will  not  hold 
for  all  cast-iron  dies,  but  in  many  eases  their  life  nearly  equals 
the  life  of  steel  dies. 

Concerning  trimming  dies,  it  is  stated  that  actual  trials  have 
proved  them  to  be  as  successful  in  their  line  of  work  as  the 
drop-forged  dies  are  in  theirs.  Excellent  results  have  been 
obtained  both  in  hot-  and  cold-trimming  work;  for  instance, 
one  die,  ground  once,  and  one  punch  trimmed  a  thousand  forg- 
ings through  a  flash  fully  .3/16  in.  thick.  (American  Machin- 
ist, vol  45,  no.  15,  p.  621,  October  12,  1916,  5  pp.,  22  figs,    d.) 


Engineering  Materials 

The  Failube  of  Brass. — 2.  The  Effect  of  Corrosion  on  the 
Ductility  and   Strength  of  Brass,  Paul  D.  Merica. 

Results  of  an  investigation  made  on  a  homogeneous  alpha 
brass  have  shown  that  the  electrolytic  solution  potential  of 
this  material  is  increased  by  the  application  of  a  tensile  stress. 


This  increase,  as  measured,  amounts  to  approximately  0.1 
millivolt  for  a  stress  of  10.000  lb.  per  sq.  in. 

Using  this  fact  as  a  basis,  an  explanation  can  be  given  of 
the  decrease  in  strength  and  ductility  of  brasses  when  corroded 
while  under  stress.  Over  a  roughened  surface  of  a  bar  under 
tensile  stress  this  stress  will  vary  in  value,  being  greatest  at 
the  bottom  of  furrows  and  depressions  and  least,  almost  zero 
indeed,  at  the  tops  of  the  ridges.  The  EMF  will  therefore, 
other  things  being  equal,  be  greater;  i.  e.,  more  electropositive, 
at  the  bottom  of  these  furrows  than  elsewhere;  corrosion  will 
set  in  here  most  rapidly  forming  a  crack,  which  will  grow 
narrower  and  sharper,  its  rate  of  growth  being  greater  the 
sharper  it  is.  In  time  the  eross-section  of  such  a  bar  is  so 
reduced  by  these  cracks  that  fracture  occurs,  the  brass  failing 
apparently  at  a  stress  value  less  than  the  ultimate  strength, 
and  exhibiting  only  light  elongation   (ductility). 

This  explanation  is  borne  out  by  the  examination  of  a 
number  of  brass  failures,  which  have  occurred  under  such 
conditions.  {Bureau  of  Standards  Technologic  Paper  No.  83, 
advance  abstract.) 

The  Constitution  and  Microstructure  op  Porcelain,  A. 
A.  Klein 

A  petrographic  microscopical  study  of  porcelains  prepared 
in  the  laboratory  of  the  Bureau  of  Standards  and  of  commer- 
cial porcelain  as  well  as  of  various  combinations  of  the  raw 
materials  which  enter  into  porcelain,  has  led  to  results  which 
are  interesting  and  inqiortant  both  scientifically  and  techni- 
cally. 

Bodies  and  mixtures  of  the  following  types  were  examined: 
kaolin,  feldspar-kaolin,  feldspar-quartz  and  feldspar-clay- 
quartz.  These  were  burned  to  various  known  temperatures. 
The  commercial  bodies  investigated  represented  the  practices 
of  the  following  countries :  United  States,  England,  Germany, 
France,  Austria,  Denmark  and  Japan.  The  end  in  view  was 
to  obtain  data  concerning  the  changes  involved  by  burning 
porcelain  at  various  temperatures,  and  it  was  found  possible 
to  correlate  to  a  certain  degree  the  constitution  and  micro- 
structure  with  the  burning  temperature  of  bodies  whose  com- 
position lay  within  the  limits  of  whiteware  and  hard  fired 
porcelains. 

The  result  of  this  investigation  leads  to  the  following  con- 
clusions :  Kaolin  appears  homogenous  microscopically  when 
heated  up  to  1200°.  At  about  this  temperature  a  trace  of 
dissociation  occurs.  As  the  temperature  is  raised  above  1200° 
the  dissociation  increases  very  slowly  at  first,  then  at  an  in- 
creasing rate  until  at  1400°  it  seems  to  be  complete.  The 
products  of  dissociation  are  silica  and  aluminum  silicate.  The 
latter  compound  has  been  identified  as  an  amor])hous  phase 
of  sillimanite  from  the  following  facts :  It  shows  no  crystal- 
line form,  has  an  index  of  refraction  approximately  above 
1.60,  and  by  heating  at  a  higher  temperature  (about  1450°) 
it  inverts  to  minute  needle  crystallites  corresponding  to  silli- 
manite in  all  determinable  optical  proj.erties. 

Up  to  1340°  in  mixtures  of  quartz  and  feldspar,  the  quartz 
dissolved  to  only  a  small  extent  in  tlie  feldspar  glass.  At 
1460°  the  quartz  piractically  completely  dissolved  in  speci- 
mens having  as  high  a  quartz  content  as  fifty  per  cent  quartz 
to  fifty  per  cent  feldspar. 

At  1340°,  in  specimens  containing  kaolin  and  feldspar,  the 
kaolin  dissociates  entirely.  The  amount  of  crystallized  and 
amorphous  sillimanite  increases  with  an  increased  content  of 
kaolin  at  least  to  a  concentration  of  fifty  per  cent  kaolin  to 
fifty  per  cent  feldspar. 
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At  1460°  apparently  ten  per  cent  kaolin  is  entirely  soluble 
in  the  feldspar  trlass.  With  higher  concentrations  of  kaolin 
the  amount  of  crystallized  sillinianite  increases.  The  needle 
crystals  are  well  developed  and  comparatively  large. 

At  1310°  in  quartz-clay-feldspar  bodies,  the  feldspar  is 
present  as  a  glass;  the  clay  shows  almost  complete  dissociation, 
with  the  formation  of  amorphous  sillimanite  mainly  and  but 
little  crystallized  sillimanite,  while  the  quartz  is  undissolved 
and  the  grains  may  still  be  qf  considerable  size,  up  to  0.2  mm. 
or  more,  depending  upon  the  fineness  of  grinding. 

By  burning  these  bodies  at  1380°-1400°,  the  feldspar  glass 
dissolves  considerable  quartz,  there  being  only  a  comparatively 
small  amount  of  residual  quartz  remaining.  The  quartz  grains 
are  much  rounded  and  etched,  and  they  seldom  show  a  length 
over  O.OG  mm.  The  clay  is  dissociated  with  the  formation  of 
crystallized  sillimanite,  although  an  extremely  small  amount 
of  amorphous  sillimanite  may  be  present. 

The  changes  involved  by  burning  commercial  bodies  are 
identical  with  those  of  laboratory-i)repared  bodies.  Com- 
mercial ware  ranges  from  a  low-burned  porous  whiteware  in 
which,  except  for  the  dehydration  of  the  clay,  only  the  feld- 
spar is  changed,  to  very-high-fired  jioreelain  which  consists  of 
glass,  sillimanite  crystallites  and  more  or  less  of  residual 
quartz.  The  quartz  grains  observed  in  the  whiteware  and  in 
the  low-fired  vitreous  ware  are  large  and  angular,  showing  a 
size  of  .2  mm.  or  more,  whereas  in  the  hard  porcelain,  due 
to  solution,  the  quartz  grains  are  rounded  and  etched,  and 
seldom  exceed  .0.5  mm.  in  length. 

The  constitution  and  the  microstructure  of  porcelain  depend 
upon  the  temperature  of  burning  and  change  as  this  tempera- 
ture changes.  This  has  served  as  a  basis  for  the  estimation 
of  the  probable  burning  temperatures  of  the  commercial 
bodies,  a  fact  which  was  accomplished  with  success,  the  error 
involved  being  within  twenty-five  degrees.  It  appears  that  the 
time-of-burning  factor  is  by  no  means  as  important  as  that 
of  the  burning  temperature  in  determining  the  constitution 
and  microstructure  of  the  ware. 

No  eristobalite  or  tridymite  has  been  definitely  observed  in 
any  of  the  laboratory  or  commercial  bodies  examined.  It  ap- 
pears that  the  quartz  dissolves  in  the  feldspar  glass  more 
readily  than  it  inverts  to  the  other  modifications  of  silica. 

In  conclusion  it  may  be  stated  that  the  petrographic  micro- 
scopic study  of  porcelain  led  to  interesting  and,  it  is  to  be 
hoped,  important  technical  results.  It  has  placed  the  chemical 
and  physical  processes  involved  in  the  formation  of  porcelain 
on  a  more  quantitative  thermal  basis.  Furthermore  it  has  of- 
fered a  means  of  estimating  the  burning  temperature  of  a  ware 
from  the  examination  of  a  fragment  much  too  small  in  size  to 
be  satisfactory  for  even  a  chemical  analysis.  (Bureau  of  Stan- 
dards, Technologic  Paper,  No.  80,  advance  abstract.) 

Some   Aspects   op   the    Testing   op   Refractories,   A.    V. 
Bleininger 

Data  on  the  behavior  under  various  conditions  of  clay,  silica, 
magnesite,  aluminous,  carbon  and  other  refractories.  In  par- 
ticular clay  refractories  have  been  investigated  with  respect 
to  porosity,  and  the  diagram  Fig.  1  has  been  obtained  showing 
the  behavior  of  one  open  and  four  dense  burning  clays.  This 
diagram  represents  five  well-known  European  fireclays  im- 
ported to  this  country  in  considerable  quantities. 

With  increasing  temperature  the  viscosity  of  refractories  de- 
creases, and  this  softening  is  the  greater  the  larger  the  amount 
of  fluxes  present.  It  had  been  suggested,  therefore,  that  the 
deformation  at  certain  temperatures  and  under  given  load  be 


used  as  a  criterion  of  the  refractoriness  of  lirebiitks.  From 
the  data  recently  obtained  by  the  Bureau  of  Standards  (Tech- 
nologic paper.  No.  7),  it  follows  that  the  softening  of  the 
bricks  becomes  clearly  manifest  at  1350  deg.  cent.,  which  seems 
a  suitable  temperature  for  this  test.  The  load  to  be  supplied 
should  not  be  greater  than  40  lb.  per  sq.  in.,  and  not  less  than 
25  lb.  The  relation  between  the  deformation  temperature  T 
and  the  load  IF  in  pounds  per  square  inch  is  expressed  by 
Mellor's  equation 

T  =  Ce— ^w 

where  C  =  deformation  temperature  of  specimen  without 
load ;  K  ^a.  constant  the  numerical  value  of  which  depends 
upon  the  particular  clay,  and  e  ^  exponential  constant. 

It  was  found  that  the  more  silieious  the  clay  the  less  the 
difference  between  the  deformation  temperatures  with  and 
without  load.     On  the  other  hand,  the  more  the  composition  of 
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Fig.  1    Diagram  Showing  Behavior  of  One  Open  and  Four 
Dense  Burning  Clays 

the  material  approaches  that  of  the  pure  clay  substances  the 
greater  is  the  difference  between  the  deformation  temperatures 
with  and  without  load.  It  is  possible,  however,  to  produce 
high-clay  firebrick  showing  excellent  resistance  to  load  con- 
ditions by  using  a  mixture  containing  as  high  a  percentage  as 
possible  of  calcined  No.  1  fireclay  and  a  very  refractory  bond 
clay.  Such  bricks  have  been  made  under  the  direction  of  the 
writer  and  were  found  to  possess  an  exceedingly  small  contrac- 
tion with  a  load  of  50  lb.  per  sq.  in.  and  at  temperatures  of 
1350  to  1400  deg.  cent.  {Proceedings  of  the  Engineers'  So- 
ciety of  Western  Pennsylvania,  vol.  32,  no.  7,  p.  612,  October, 
1916,  34  pp.,  14  figs.,  e  A.) 

Stress   Produced   by   Burning-In  Manganese-Bronze, 
Paul  D.  Merica  and  C.  P.  Karr 

An  investigation  of  the  initial  stresses  produced  by  the 
burning-in  of  manganese-bronze  made  in  connection  with  the 
failure  of  a  number  of  manganese-bronze  valve  castings  used 
in  the  Catskill  aqueduct. 
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In  that  work  experience  has  shown  that  large  castings  of 
tliis  material  after  some  months  of  service  have  developed 
fissures  through  which  leakage  takes  place  under  only  a  few 
pounds  of  pressure.  Nearly  all  these  cracks  appear  to  be 
close  to  or  in  a  repair  made  by  the  method  of  burning-in. 
It  was  assumed  that,  after  the  burning-in,  stresses  remained 
in  the  casting  particularly  severe  near  or  within  the  burning- 
in  area,  and  that  tliese  stresses  were  responsible  for  the  subse- 
quent failure  at  these  points. 

An  experimental  investigation  was  carried  out  to  determine 
the  presence  and  magnitude  of  these  stresses.  It  was  found 
that  actually  after  the  burning-in  there  result  stresses  greater 
than  the  elastic  limit  of  the  material  and  the  material  yields 
thenceforth,  the  stress  following  (with  probably  some  time 
lag)  the  elastic  limit  of  the  material,  so  that  the  stress  as 
measured  one  or  two  days  after  burning-in  represents  the  true 
elastic  limit  of  the  material. 

The  experiments  have  indicated  how  readily  severe  stresses 
may  be  introduced  into  a  casting  by  the  burning-in  or  welding 
of  a  strained  area  or  part  of  it.  These  stresses  may  be  modi- 
fied in  complicated  shapes  by  the  added  influence  of  distor- 
tion. For  instance,  in  the  spherical  shell  or  dome-shaped 
valve  casting  of  the  New  York  Board  of  Water  Supply  burn- 
ing-in would  tend  to  flatten  the  shell  and  in  so  doing  partly 
relieve  these  stresses.  The  authors  believe  that  even  in  these 
castings,  however,  local  stresses  equal  to  the  true  elastic  limit 
must  have  been  produced.  Hence  such  castings  should  be 
either  preheated  carefully  for  welding  so  that  all  parts  of  the 
casting  cool  down  together  from  a  dull  red  heat  or  the  casting 
should  be  subsequently  annealed.  Experience  indicates  that  a 
low  temperature  anneal  is  sufficient  for  this  purpose,  say  from 
400  to  500  deg.  cent,  from  for  one  to  two  hours.  {The 
Foundry,  vol.  44,  no.  290,  page  431,  October  1916,  3  pp.,  4 
figs,    ed.) 

Fuels 

Stationary  Boilers  Fired  by  Pulverized  Coal  on  the 
Missouri,  Kansas  &  Texas  Railroad 

The  equijiment  for  pulverizuig  and  di-ying  fuel  is  contained 
in  a  separate  building,  the  coal  being  dumped  from  the  cars 
directly  into  a  concrete  track-hopper  of  50  tons  capacity  ad- 
joining the  building.  The  plant  is  designed  to  handle  either 
mine  run  or  slack  coal,  and  immediately  below  the  track- 
hopper  is  placed  a  set  of  Jeffrey  double  spike-tooth  rolls 
which  will  reduce  lumps  up  to  12  in.  by  IS  in.  to  5  in.  cubes 
or  less  in  one  operation. 

The  equipment  tlu-oughout  the  pulverizer  plant  is  operated 
by  electric  motors.  The  capacity  of  the  pulverizer  plant  is 
180  tons  per  day  of  24  hours. 

The  boilers  in  the  power  house  are  arranged  in  pairs,  and 
for  pulverized  fuel  are  provided  with  a  Dutch-o\'en  furnace 
built  on  the  front  of  the  boiler  setting.  Each  pair  of  boilers 
is  provided  with  a  blower  driven  by  a  10  h.p.  constant-speed 
direct-current  motor,  a  blast  pipe  from  this  blower  entering 
the  rear  end  of  an  induction  tube  passing  through  the  wall 
of  each  furnace.  The  fuel  from  the  feeders  is  led  by  gravity 
through  a  pi]  e  entering  the  top  of  the  induction  tube  near 
the  front  of  the  furnace.  The  action  of  the  high  velocity  jet 
from  the  blast  pipe  induces  a  large  volume  of  air  at  lower 
velocity  through  the  induction  tube;  the  fuel  is  caught  by  this 
current,  is  thoroughly  mixed  and  enters  the  fui'nace  at  a  low 
velocity,  burning  with  a  lazy  flame,  which  practically  fills  the 
combustion    chamber.      The    boilers    were    formerly    provided 


with  3-i)ass  horizontal  baffles.  In  the  pulverized  fuel  fire  boil- 
ers these  baffles  are  being  replaced  by  a  vertical  3-pass  ar- 
rangement from  which  excellent  results  have  been  obtained. 

Various  tests  have  been  made  with  the  different  fuels  men- 
tioned, and  all  of  them  were  burned  with  entire  success.  An 
effective  distribution  of  the  heat  throughout  the  heating  sur- 
face of  the  boiler  was  obtained  and  the  stack  temperatures 
were  low.  No  deposit  of  ash  that  could  not  readily  be  dis- 
lodged with  an  ordinary  air  blast  settled  anywhere  in  the 
boiler. 

With  Texas  lignite  and  a  boiler  output  of  110  per  cent 
of  rated  capacity,  an  equivalent  evaporation  of  8.81  lb.  of 
water  per  pound  of  combustible  was  obtained.  The  coal, 
as  fired,  had  a  heating  value  of  11,250  B.t.u.  and  contained  7 
per  cent  moisture,  the  dryer  not  being  arranged  to  handle 
this  class  of  fuel  regularly.  At  about  92  per  cent  of  rated 
capacity  an  equivalent  evaporation  of  10.9  lb.  of  water  per  lb. 
of  combustible  was  obtained  with  Mineral  slack  (Cherokee 
County,  Kansas),  the  fuel  as  fired  containing  1  per  cent  mois- 
ture. Including  the  cost  of  pulverizing,  35  cents  per  ton,  the 
cost  of  this  coal  delivered  to  the  bin  was  $1,795  per  ton.  The 
cost  of  evaporating  1000  lb.  of  water  was  11.6  cents,  while 
with  natural  gas,  of  heating  value  about  940  B.t.u.  per  eu.  ft. 
and  costing  12.5  cents  per  1000  cu.  ft.,  the  cost  of  evaporat- 
ing 1000  lb.  of  water  was  16  cents. 

The  normal  coal  feed  is  arranged  to  develop  about  the  rated 
capacity  of  the  boiler.  At  maximum  feed,  however,  the  boil- 
ers may  be  forced  to  142  per  cent  of  rated  capacity.  No  diffi- 
culty has  been  experienced  from  abnormal  furnace  tempera- 
tures which  would  tend  to  destroy  the  furnace  walls.  Even 
imder  forced  conditions  the  furnace  temperature  does  not 
exceed  2350  deg.  fahr.,  and  under  nonnal  conditions  it  is 
about  2100  deg.  fahr.  (Railway  Age  Gazette,  vol.  61,  no.  13, 
page  549,  September  29,  1916,  3  pp.,  2  figs,    de.) 


Furnaces 


New  Annealing  Furnace 


At  the  f)lant  of  the  Remington  Arms  Company,  Eddy- 
stone,  Pa.,  there  are  now  in  operation  two  annealing  fur- 
naces employing  the  surface  combustion  principle  and  gi^'ing 
a  neutral  or  reducing  atmosphere  which  makes  it  possible  to 
treat  the  forgings  without  packing  or  otherwise  protecting 
them  against  po-ssible  oxidation. 

The  furnaces  were  provided  for  annealing  rifle  parts  im- 
mediately after  forging.  They  are  of  the  car-bottom  type,  20 
ft.  long,  12  ft.  wide  and  9  ft.  high.  The  charge  to  each  fur- 
nace varies  from  20,000  lb.  to  40,000  lb.,  depending  upon  the 
parts  handled.  A  mixture  of  water  and  coal  gas  is  used,  aver- 
aging 580  B.t.u.  per  cu.  ft.  The  gas  is  delivered  and  metered 
under  a  pressure  of  25  lb. 

During  the  heating-up  period,  each  furnace  consumes  about 
10,000  cu.  ft.  of  gas  per  hour.  AYhen  the  temperature  has 
been  reached  this  is  dropped  to  about  5000  cu.  ft.  per  hour. 
For  a  maximum  weight  charge,  approximately  72,000  c;i.  ft. 
of  gas  is  used  by  each  furnace.  Two  charges  per  furnace  can 
be  secured  in  a  24-hr.  day. 

The  annealing  temperature  is  1550  deg.  fahr. 

The  furnaces  are  of  the  heavy-rail  buck-stave  type,  with 
red  brick  outside.  The  firebrick  lining  is  backed  by  cork- 
brick  insulation.  To  prevent  in-leakage  of  cold  air,  giving 
an  oxidizing  atmosphere  and  lowering  the  furnace  efficiency, 
a  furnace  back  pressure  is  carried,  the  flue  openings  being 
small  enough  to  cause  this  condition. 

Both   furnaces   are  controlled    from   a   central    point   by   a 
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single  valve,  which  regulates  the  pressure  supplied.  It  takes 
only  little  of  a  man's  time  to  hold  the  furnaces  to  the  exact 
temperature  called  for.  To  maintain  a  proper  reducing  at- 
mosphere, the  mixture  is  adjusted  to  give  a  flue-gas  reading 
of  about  1.2  per  cent  carbon  monoxide. 

The  article  is  illustrated  by  a  section  of  the  furnace  show- 
uig  the  refractory  material  kept  at  incandescence  by  the  high- 
pressure  gas  burners.  {The  Iron  Age,  vol.  98,  no.  12,  p.  636, 
September  21,  1916,  2  pp.,  2  figs,    d.) 

Handling  Materials 

A  Large  Reinforced-Concrete  Coaling  Plant 

Description  of  the  new  station  for  the  Duluth,  Missabe  & 
Northern  Railroad,  at  Proctor,  Minn.,  having  a  storage  capa- 
city of  1000  tons  of  coal.  Of  interest  because  it  represents 
recent  developments  in  equipment  for  handling  coal  and  sand. 


ated  by  the  ascent  and  descent  of  the  elevating  bucket,  being 
arranged  in  such  a  manner  that  21/2  tons  of  coal  are  dis- 
charged into  the  bucket  each  time  the  latter  passes  by  the 
feeder  in  its  descent. 

The  coal  is  retained  in  tlie  bucket  by  means  of  an  apron 
at  the  bottom.  The  apron  is  equipped  with  a  6-in.  roller 
traveling  on  a  continuous  steel  guide  from  the  bottom  of  the 
pit  to  the  bucket  discharge  point.  This  insures  the  retention 
of  the  coal  except  when  the  roller  guide  permits  the  ajjron 
to  oiien  up  at  the  top  of  the  tower  to  discharge  the  coal  into 
the  bin. 

The  operation  of  the  bucket  when  handling  sand  is  exactly 
the  same.  The  sides  of  the  track  hopper  have  a  slope  of  50 
deg.  to  insure  the  ready  flow  of  the  wet  sand.  Deflectors  are 
provided  in  the  chute  at  the  top  of  the  shaft  to  deflect  the 
sand  into  the  sand  chute  as  well  as  to  control  the  flow  of  coal 
into  either  one  of  the  bins. 

A  brief  description  of  the  sand-drying  plant  is  given.     It 


Fig.  2  Starting  Diagrams  with  Reduced  Compression 


The  design  of  the  superstructure  of  the  station  structure  is 
simple.  The  bins  are  supported  on  two  rows  of  concrete 
columns  along  the  two  sides  of  the  building,  six  2  ft.  by  2  ft. 
6  in.  columns  in  each  row.  Transverse  girders  of  the  same 
width  as  the  columns  span  between  opposite  sides  of  the  build- 
ing over  each  pair  of  columns  and  support  the  floor  of  the 
bin.  The  sides  of  the  bins  are  7  in.  thick  and  span  horizon- 
tally between  [lilasters  which  are  18  in.  wide  and  project  11 
in.  into  the  bin.  These  pilasters  are  located  directly  over 
each  column  along  the  two  sides  of  the  building  and  at  a 
spacing  of  about  10  ft.  center  to  center  at  the  two  ends.  They 
distribute  the  lateral  pressure  of  the  coal  to  the  top  and  bot- 
tom of  the  bin,  the  pressure  being  absorbed  at  the  bottom  by 
the  floor  system  and  at  the  top  by  a  horizontal  girder;  the 
latter  is  continuous  on  all  four  sides  and  is  braced  at  each 
corner  by  a  diagonal  tie  or  horizontal  knee-brace  which  con- 
nects the  nearest  pilasters  in  adjoining  walls. 

The  coal  delivered  to  the  track  hopper  in  bottom-dump  cars 
is  fed  by  a  Schraeder  measuring  feeder  into  the  elevating 
bucket.     This  feeder  has  a  capacity  of  21/2  tons,  and  is  actu- 


is  of  the  Beamer  steam  type,  and  is  so  designed  that  the  steam 
pipes  themselves  act  as  retaining  walls  for  the  gi'een  sand, 
permitting  the  moisture  to  escape  immediately  into  the  atmos^ 
phere.  The  spaces  between  the  coils  are  such  that  they 
readily  hold  the  green  sand  but  permit  dry  sand  to  slip 
through  and  fall  onto  a  gravity  sand  screen  which  removes  all 
foreign  matter  and  particles  of  sand  of  too  large  a  size. 
From  the  screen  the  sand  passes  into  a  hopper  of  an  automatic 
air  drum,  from  which  it  is  blown  by  compressed  air  into  the  di-y 
sand  storage  pocket.  (Railway  Age  Gazette,  vol.  61,  no.  13, 
p.  542,  September  29,  1916,  3  pp.,  6  flgs.,  d.) 

Internal  Combustion  Engineering 

Diesel    Engines    with    Low    Compression,    Prof.    W.    H. 
Watkinson 

Abstract  of  a  paper  presented  to  the  Newcastle  meeting  of 
the  British  Association,  September,  1916.  In  order  that  the 
temperature  of  the  air  in  Diesel  engines  may  be  raised  during 
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compression  to  the  ignition  temperature  of  the  oil,  the  com- 
pression pressure  is  about  4t)0  to  500  lb.  per  sq.  in.,  and  it  has 
hitherto  been  believed  that  this  high  compression  pressure  was 
necessary  to  effect  self-ignition  of  the  oil  sprayed  into  the 
compressed  air. 

While  during  the  normal  working  of  these  engines  the  com- 
pression pressure  is  approximately  the  maximum  pressure  of 
the  cycle  during  the  starting  period  explosions  occur  within 
the  engine  cylinder  and  the  pressure  attained  during  these 
explosions  may  amount  to  800  lb.  per  sq.  in.  or  more.  Be- 
cause of  these  and  other  pressures  which  are  liable  to  be 
developed  under  certain  abnormal  conditions,  it  is  necessary 
to  make  various  principal  parts  of  the  engine  much  stronger 
than  would  be  nei-essary  for  the  normal  maximum  working 
pressure.  The  author  has  found,  however,  that  it  is  possible 
in  several  different  ways  to  obtain  ignition  temperatures  dur- 
ing compression  without  the  use  of  high  compression  pressures. 

rig.  2A  shows  a  number  of  continuous  diagrams  from  the 
engine  after  these  additions  have  been  made  to  it.  In  all  these 
diagrams  the  compression  pressure  is  very  much  lower  than  the 
minimum  pressure  hitherto  believed  to  be  necessary  for  self- 
ignition.  In  the  second  row  of  these  diagrams  the  ignitions  are 
shown  to  be  taking  place  quite  regularly  with  a  compression 
pressure  of  220  lb.  per  sq.  in.  Fig.  B  shows  a  diagram  for 
the  starting  air  and  explosion  due  to  self-ignition  with  a  com- 
pression pressure  of  330  lb.  and  a  maximum  explosion  pres- 
sure of  600  lb.  per  sq.  in.  and  different  atmospheric  pressure, 
these  diagrams  being  the  first  to  be  taken  on  a  certain  morning 
when  the  engine  was  first  started  from  all  cold. 

Fig.  C  shows  a  light  spring  diagram  and  indicates  one  way 
by  which  it  has  been  possible  to  obtain  ignition  temperatures 
without  a  high  compression  pressure. 

The  equation  of  the  compression  curve  shows  that  the  tem- 
perature at  the  end  of  compression  in  any  given  case  depends 
on  the  ratio  of  compression  and  not  on  the  magnitude  of  the 
pressure  at  the  end  of  compression.  '  Further,  the  experiments 
of  the  late  Dr.  Joule  indicate  that  the  temperature  is  not 
sensibly  reduced  by  wire-drawing,  and  therefore  the  tempera- 
ture at  the  beginning  of  compression  is  independent  of  the 
pressure  of  the  air,  while  the  temperature  of  the  air  at  the 
end  of  compression  is  independent  of  the  compression  pres- 
sure. Hence,  it  should  be  as  easy  to  obtain  ignition  tempera- 
ture by  compression  to  two  atmospheres  as  it  is  to  obtain  it 
in  the  ordinary  way  by  compression  to  34  atmospheres.  (The 
author  has  not  yet,  however,  made  any  experiments  with  such 
low  compression  pressures.)  To  avoid  the  very  high  pressures 
obtained  during  the  starting  of  the  engine  it  is  only  necessary 
to  throw  the  mechanism  operating  the  air-admission  valve  out 
of  action,  and  then  the  spring  of  the  valve  spindle  will  auto- 
matically control  the  wire-drawing  of  the  air  admitted  to  the 
cylinder  and  the  maximum  explosion  pressure  during  the 
starting  of  the  engine  will  then  be  limited  to  about  the  normal 
compression  pressure  instead  of  its  being  800  lb.  per  sq.  in. 
or  more.  {The  Engineer,  vol.  122,  no.  3169,  p.  266,  Septem- 
ber 22,  1916,  2  pp.,  7  figs.,  d  e.) 

Leather  Articles 

Manufacture  of  Pump  Leathers 

Description  of  the  production  of  pump  leathers  at  the  plant 
of  W.  &  B.  Douglas  Co.,  Middletown,  Conn.  Leather  cups  are 
produced  by  a  process  analogous  to  the  drawing-up  process 
of  working  brass  and  other  sheet  metal  which  imposes  upon 
the  material  a  particular  set  of  conditions.  As  numerous  kinds 
of  leather  articles,  such  as  cup  leathers,  valve  leathers,  head 


packing,  coupling  packing  rings,  etc.,  have  to  be  produced, 
the  elementary  stages  are  usually  identical  throughout  the 
complete  list  of  shapes.  The  starting  point  is  shaving  the 
leather  to  the  desired  thickness,  after  which  the  work  is  cut 
out  to  the  desired  size  and  shape  by  special  punches  and  dies. 
These  dies  are  made  in  hundreds  of  sizes  and  in  scores  of 
patterns. 

The  forming  operation  is  accomplished  in  the  pneumatic 
press.  In  this  machine,  operated  by  air  under  60  lb.  pressure, 
the  work  is  pushed  down  to  a  steam-heated  die.  The  actual 
die  surface  is  about  1  ft.  deep  and  each  cup  leather  is  pushed 
and  formed  up  and  punches  the  one  below  it  down  through 
the  bottom  of  the  die.  The  die  is  heated  by  steam.  If  the  die 
or  sleeve  in  which  the  work  is  formed  gets  too  hot,  the  leather 
is  likely  to  crack,  so  cold  water  is  turned  on,  when  the  operator 
can  tell  by  touch  that  the  die  has  become  too  highly  heated. 
It  is,  however,  just  as  important  that  the  die  should  not  get 
too  cold,  for  if  it  does  the  cup  leather  will  wrinkle  in  the 
drawing-up  process. 

This  drawing-up  of  cup  leathers  is  an  operation  requiring 
considerable  skill  and  judgment  on  the  part  of  the  workman. 
Certain  conditions  obtained  are  quite  similar  to  the  drawing- 
up  of  brass.  A  slight  wrinkle  in  the  form  of  the  die  leathers 
actually  produces  a  shallow  channel  in  the  outer  surface  of 
the  cup.  While  the  cup  material  is  flexible  enough  to  take 
care  of  a  certain  degTee  of  irregularity,  it  is  not  desirable  that 
a  depression  or  crease  extending  across  the  face  should  result 
from  this  forming  process. 

The  article  is  illustrated  by  views  of  the  pump  leather  de- 
partment, dies,  machinery  and  finished  product.  (American 
Machinist,  vol.  45,  no.  15,  p.  631,  October  12,  1916,  3  pp.,  5 
figs,    d.) 

Machine  Shop 

Parallel-Depth  Bevel  Gears,  William  C.  Glass 

Since  the  particular  shape  of  the  teeth  of  bevel  gears  is 
non-essential,  provided  the  teeth  in  the  mating  gear  are  con- 
jugates in  so  far  as  action  is  concerned,  the  ideal  condition 
would  be  to  have  the  teeth  of  such  a  form  that  exactly  the 
same  procedure  and  kind  of  cutter  would  be  required  to  pro- 
duce both.  Still  further  advantage  could  be  derived  from 
producing  such  a  form  of  tooth  with  rotary  cutters  on  an 
automatic  machine  that  can  be  set  up  by  an  ordinary  machin- 
ist. This  has  been  accomislished  in  a  simple  manner  by  a 
method  by  which  hundreds  of  gears  have  been  cut.  So  far 
they  have  been  cut  on  a  universal  gear  cutter  requiring  two 
settings  to  complete  the  gear,  but  the  author  claims  that  it 
would  not  be  difficult  to  make  the  operation  fully  automatic. 

The  process  admits  of  two  general  designs,  (1)  the  stub- 
tooth  form  used  preferably  in  new  designs  on  account  of  its 
greater  strength;  and  (2)  the  standard-depth  form  for  gears 
to  mesh  with  others  cut  by  one  of  the  generating  processes. 

It  is  necessary  to  have  for  each  gear  a  gage  for  setting  the 
gear  cutter  and  a  thickness  gage  equal  to  1.157  -f-  diametral 
pitch  for  obtaining  the  proper  depth  of  cut.  It  is  also  well 
to  have  a  testing  fixture  for  trying  the  gears  in  pairs. 

Fig.  3A  gives  the  particular  data  required  in  this  process. 
X  represents  a  bevel  gear  and  1'  its  setting  gage.  For  the 
stub-tooth  form  is  used  a  standard  involute  spur-gear  cutter, 
and  for  the  standard-depth  form  an  involute  bevel-gear  cut- 
ter.    The  writer  gives  the  following  formulae  and  data : 

Known   W  =  center  and  cut  angles,  diametral  pitch 
(in  tlie  stub-tooth  form  W  is  the  center,  cut  and  face  angles. 
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In  the  standard-depth  form  W  is  the  center  and  cut  angles, 
while  the  face  angle  is  formed  by  a  line  Z,  Fig.  A,  from  the 
corner  of  the  gear  to  the  apex  of  the  pitch  cone- as  in  the  regu- 
lar bevel  gear) 
iV  =  number  of  teeth 

T  =  thickness  of  cutter  at  a  depth  of  1.157 -h  diametral  pitch 
Required  2C  =  diameter  of  setting  gage 
T'  =  set-over  angle 

D  =  diameter  from  which  to  choose  cutter 
C  =  T/(2sin  90/iV) 
B  =  C/sinW 
D  =  2R  tan  Tf 
SinF  =  T/2R 
The  cutter  is  set  central  in  relation  to  and  in  line  with  tlie 


sequently  the  volume  generated  by  the  piston  on  each  cycle; 
and  the  meter  pumps  in  which  the  measurement  is  performed 
by  passing  the  liquid  through  a  meter,  connuonly  of  the  nuta- 
ting-piston  type,  the  discharge  of  liquid  through  the  meter 
being  produced  either  by  displacement  of  the  oil  over  water, 
by  pneumatic  pressure  or  by  mechanical  pumping. 

A  third  type  of  measuring  system  is  founded  upon  the  prin- 
ciple of  overfilling  a  measuring  chamber  and  then  removing 
the  excess  by  abstraction  to  a  definite  level.  In  a  modification 
of  this  type  the  measurement  is  obtained  by  direct  reading  of 
the  height  of  the  liquid  column  on  a  graduated  scale  at  the 
beginning  and  end  of  the  withdrawal  of  the  liquid  from  a  tank 
or  cylinder. 

A  portable  apparatus  is  also  in  use  comprising  a  small  stor- 


FiG.  3,  A,  B,  C,  D     Layout  and  Method  op  Cutting  Parallel-Depth  Bevel  Gears 


spindle  and  brought  to  the  gage,  as  shown  in  Fig.  B.  The 
cutter  is  drawn  back  (see  Fig.  C)  and  replaced  by  a  heiglit 
gage  that  is  centered  over  the  swiveling  stud  in  the  gear  cut- 
ter. A  thickness  gage  equal  to  1.157  -=-  diametral  pitch  in 
thickness  =  B  is  jilaeed  between  the  point  of  the  height  gage 
and  the  gear  gage.  The  slide  is  then  tipped  up  to  the  cut 
angle  and  moved  out  until  the  point  of  the  height  gage  is 
brought  to  the  corner  of  the  gage  Y,  as  shown  in  Fig.  D.  The 
gear  gage  Y  is  then  replaced  by  the  gear  blank  A.  The  slide 
is  next  turned  about  the  swiveling  stud  the  amount  of  the 
set-over  angle  T"  (ep.  Fig.  E)  and  a  cut  taken  around  the 
gear.  The  slide  is  then  set  over  the  opposite  side  of  the  center 
line  the  amount  of  the  set-over  angle  T'  and  a  final  cut  taken 
around  the  gear. 

This  process  has  been  developed  by  Frank  C.  Stevens. 
(American  Machinist,  vol.  45,  no.  15,  p.  633,  October  12,  1916, 
2  pp.,  6  figs,     d.) 

Measuring  Apparatus 

Liquid  Measuring  Pumps,  F.  J.  Sehlink 

The  importance  of  the  measuring  pump  is  principally  due 
to  the  large  quantities  of  gasoline  sold  as  fuel  for  motor  cars 
through  its  various  forms.  About  27  firms  are  now  engaged 
in  the  manufacture  of  the  various  measuring  pumps  and 
liquid  dispensing  systems. 

The  main  types  of  measuring  pumps  are  the  piston  pump, 
which  is  in  principle  the  usual  plunger  pump  with  stops  that 
act  to  define  accurately  the  limits  of  the  piston  stroke  and  con- 


age  tank  and  a  measuring  pump.  The  precision  of  such  de- 
vices is  usually  higher  than  that  of  most  stationary  tanks,  as 
the  suction  lift  can  be  kept  a  minimum  and  the  danger  of 
vaporization  and  leakage  below  the  piston  is  much  reduced. 

In  the  testing  and  inspection  of  measuring  pumps  it  is 
essential  to  determine  whether  the  installation  is  free  from 
inward  leaks  of  air  and  outward  leaks  of  gasoline. 

The  principal  causes  of  short  delivery  of  pumps  of  the  pis- 
ton type  are  leakage  of  foot  valves  and  formation  of  vapor  or 


Fig.  3,  E    Final  Cut 

air  spaces  under  the  piston.  It  appears  that  a  total  vertical 
suction  lift  greater  than  7  ft.  may  be  excessive  with  the  ordi- 
nary commercial  (not  "  blended  "  or  "  casing-head  ")  gasoline. 
"Casing-head"  or  "blended"  gasoline  should  not  be  lifted 
any  appreciable  vertical  distance  on  the  suction  side  in  pumps 
in  which  the  pistons  and  cylinder  form  the  measuring  elements, 
on  account  of  the  vaporization  difficulty  before-mentioned. 
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The  writer  discusses  several  other  sources  of  error,  among 
which  is  the  possibility  of  short  deliveries  consequent  upon 
operating  the  piston  at  less  than  full  stroke.  It  is  noteworthy 
that  nearlv  all  of  the  defects  of  construction  and  installation 


undermeasurement.  (Abstract  of  paper  read  at  the  Annual 
Conference  of  Weights  and  Measures  of  the  United  States, 
May  23,  1916.) 

Munitions 


81.  Slee>flocb  Spriij 


Si,de  Cap'^;-         Scrt"  Screw 


Barrel: 

1  Barrel 

2  Base  pin 

3  Base  spline 

4  Fixed  base 

5  Fixed  stud 

6  Stud  pin 
Bolt: 

7  Bolt 

•8  Extractor  collar 
Bolt  Stop: 

9  Bolt-stop  pin 

10  Bolt-stop  spring 
Butt  Plate; 

11  Butt  plate 

12  Butt-plate  cap 

13  Butt-plate  pin 

1-1  Butt-plate  screw,  large 

15  Butt-plate  screw,  small 

16  Butt-plate  spring 

17  Butt-plate  screw 
Butt  Swivel: 

18  Butt  swivel 

19  Butt-swivel  pin 

20  Butt-swivel  plate 

21  Butt-swivel  screws  (2) 
Cuto£f: 

22  Cutoff 

23  Cutoff  plunger 

24  Cutoff  screw 

25  Cutoff  spindle 

26  Cutoff  spring 

27  Ejector 

28  Ejector  pin 

29  Extractor 


Firing  Pin: 

30  Cocking  piece 

31  Firing-pin  rod 

32  Firing-pin  sleeve 

33  Floor  plate 

34  Floor-plate  catch 

35  Floor-plate  pin 

36  Floor-plate  spring 

37  Follower 


Front  Sight: 

38  Front  sight 

39  Front-sight  pin 

40  Front-sight  screw 

41  Movable  stud 

42  Guard 

43  Guard-screw  bushing 

44  Guard  screw,  front 

45  Guard  screw,  rear 

46  Hand  guard 

47  Hand-guard  clips  (2) 

48  Lower  band 

49  Lower-band  screw 

50  Lower-band  spring 

51  Lower-band  swivel 

52  Magazine  spring 

53  Mainspring 

Rear  Sight: 

54  Base  spring 

55  Drift  slide,  0.05  peep 

56  Drift-slide  pin 

57  Joint  pin 

58  Leaf 

59  Movable  base 

60  Slide 


Rear  Sight  (Continued): 

61  Slide  binding  screw 

62  Slide  cap 

63  Slide-cap  pin 

64  Slide-cap  screw 

65  Windage  screw 

66  Windage-screw  collar 

67  Windage-screw  knob 

68  Windage-screw  pin 

69  Windage-screw  spring 

70  Receiver 


Safety  Lock: 

71  Safety-lock  plunger 

72  Safety-lock  spindle 

73  Safety-lock  spring 

74  Safety-lock  thumb  piece 

75  Sear 

76  Sear  pin 

77  Sear  spring 

Sleeve: 

78  Sleeve 

79  Sleeve  lock 

80  Sleeve-lock  pin 

si  Sleeve-lock  spring     • 

82  Stacking  swivel 

83  Stacking-swivel  screw 

84  Stock 

85  Stock  screw 

86  Stock-screw  nut 

87  Striker 

88  Trigger 

89  Trigger  pin 

90  Upper  band 

91  Upper-band  screw 


Fig.  4   Sections  of  Springfield  Model  1903  Service  Rifle 

(leakage  of  air  and  liquid,  retention  of  liquid  by  the  hose, 
vapor  formation  consequent  on  excessive  suction  head,  failure 
to  complete  the  full  stroke,  and  slippage  of  liquid  past  valves 
and  piston)    tend  to  produce  errors  in  the  one  direction  of 


United    States   Munitions.     A    Springfield    Model   1903 

Service  Rifle.    General  Specifications  and 

Barrel   Operations 

With  this  article  begins  a  complete  description  of  the  manu- 
facture of  the  Springfield  rifle,  showing  each  operation  of  each 
component  part  and  illustrating  the  machines,  tools,  jigs,  fix- 
tures and  production  methods.  The  major  part  of  the  article, 
notwithstanding  its  high  interest,  is  unsuitable  for  abstracting. 

There  are  93  component  parts  in  this  rifle.  The  names  are 
listed  under  Fig.  4,  which  shows  the  important  jiarts  by  num- 
bers. 

The  steel  used  in  the  rifle  is  divided  into  seven  classes.  These 
are  music  wire  and  screw  stock  of  commercial  grade;  three 
classes  of  steel  made  by  the  open-hearth  or  crucible  process  and 
two  classes  of  steel  made  by  either  open-hearth  or  Bessemer 
process.  The  proportions  of  carbon,  manganese  and  silicon 
may  be  varied,  but  the  maximum  limits  given  for  manganese, 
sulphur  and  phosphorus  must  not  be  exceeded.  No  nickel  or 
other  alloys  shall  be  used  in  any  of  the  grades.  Data  are  given 
on  an  annealing  of  the  forgings  used  in  the  manufacture  of  the 
rifie.  (American  Machinist,  vol.  45,  no.  15,  p.  635,  October 
12,1916,  12  p.,  69  figs.,  dA.) 

Teaching  the  Manufacture  of  United  States  Munitions, 
Howard  E.  Coffin 

Introduction  to  a  series  of  articles  on  the  manufacture  of 
munitions  for  the  United  States  Government.  The  author  em- 
phasizes anew  the  need  of  organizing  and  educating  the  in- 
dustries of  the  United  States  in  the  manufacture  of  muni- 
tions. He  points  out  the  vital  need  for  a  text-book  dealing 
with  this  work. 

The  experience  on  orders  for  foreign  governments  has 
taught  American  manufacturers  that  the  making  of  materials 
of  modem  warfare  is  a  new  art,  in  which  we  have  had  little 
or  no  previous  experience  and  in  which  our  workmen  are 
unskilled. 

There  are  in  the  United  States  vast  resources  in  manufac- 
turing and  producing  equipment,  but  they  are  unorganized 
and  uneducated  for  the  national  service.  European  experi- 
ence teaches,  however,  that  it  is  upon  organized  industry  that 
all  plans  of  military  defense  must  be  based,  and  in  case  of 
trouble  with  any  first  class  power  from  80  and  90  per  cent 
of  our  industrial  activities  would  be  centered  upon-  the  making 
of  supplies  for  the  Government. 

Industrial  preparedness  is  strictly  in  keeping  with  the  natu- 
ral tendencies  and  abilities  of  the  American  people.  The 
necessary  resources  are  present,  but  to  make  them  available 
in  time  of  emergency  most  careful  methods  of  organization 
and  education  are  essential. 

The  article  proceeds  to  a  discussion  of  the  work  of  the 
Naval  Consulting  Board,  in  ]iarticular  that  of  the  Committee 
on  Industrial  Preparedness. '  The  work  accomplished  by  this 
Committee  will  in  due  time  be  turned  over  to  the  newly 
authorized  Council  of  National  Defense,  which  will  carry  for- 
ward the  work  of  education  and  organization  of  our  resources 
for  national  emergency  service. 

The  writer  expresses  in  strong  terms  his  appreciation  of 
the  work  done  by  the  editor-in-chief  and  staff  of  the  American 
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Machinist  in  this  direction  of  education  in  the  manufacture 
of  munitions.  {American  Machinist,  vol.  45,  no.  15.  p.  617, 
October  12,  1916,  1  p.     g.) 

Railroad  Engineering 

Locomotive  Problems  That  Demand  SoLurtoN,  George  M. 

Basford 

Discussion  of  a  few  of  the  more  important  phases  of  de- 
sign and  operation  which  are  greatly  in  need  of  attention. 

The  author  claims  that  very  little  positive  information  is 
available  upon  the  circulation  of  water  m  the  boiler. 

Much  attention  is- being  devoted  to  grate  design.  Condi- 
tions requiring  maximum  power  lead  to  the  conclusion  that  air 
openings  through  the  grates  should  be  as  large  as  the  char- 
acter of  the  coal  used  will  permit.  Thirty  per  cent  is  aimed 
at.  A  vital  factor  in  the  production  of  heat  is  the  design  of 
the  ash  pan,  a  difficult  problem,  as  the  speed  of  gases  in  a 
big  flre-box  working  hard  may  be  as  high  as  200  miles  per 
hour.  It  is  no  easy  matter  to  provide  air  openings  in  the  ash 
pan  sufficient  to  maintain  their  atmospheric  pressure  at  max- 
imum rate  of  power  development. 

To  attain,  with  all  fuels,  the  highest  degree  of  heat  intensity 
per  unit  of  fire-box  volume  is  a  problem  in  which,  according 
to  the  writer,  important  developments  are  almost  ready  to 
be  announced. 

Another  big  problem  is  that  of  burning  the  gases  completely 
before  they  reach  the  flues.  The  tendency  seems  to  be  in  the 
direction  of  larger  tire-boxes,  larger  grates,  Iqrger  combustion 
chambers,  and  new  developments  in  the  mixing  of  the  burn- 
ing gases  by  improvements  in  brick  arches. 

A  promising  field  is  that  of  front  air-draft  appliances,  such 
as  pump  action  necessai-y  for  draft  with  minimum  back-pres- 
sure load  on  the  cylinders.  The  author  asks  why  a  front-end 
construction  that  itself  consumes  33  per  cent  of  the  draft  pro- 
duced should  be  perpetuated. 

Improved  valve  motion  and  improvements  in  superheating 
are  two  fields  where  great  progi'ess  has  been  made  and  still 
greater  possibilities  exist. 

Of  equal  importance  is  the  matter  of  feed-water  heating. 
Successful  feed-water  heating  wUl  permit  of  modernizing  ex- 
isting boilers  of  outclassed  locomotives  to  render  them  in 
many  cases  again  available  for  service  which  has  outgrown 
them.  Locomotive  boilers  should  be  relieved  of  the  duty  of 
heating  water;  it  should  come  to  them  hot,  leaving  only  the 
evaporation  to  be  effected  in  the  boiler. 

The  matter  of  water  purification  is  becoming  more  impor- 
tant every  day. 

The  compounding  principle  is  coming  into  its  own.  No  loco- 
motive improvement  fills  its  natural  field  so  well,  when  properly 
fitted  into  the  general  scheme  of  locomotive  design. 

Regarding  the  use  of  alloy  steels,  the  author  states :  "  If 
you  could  see  confidential  figures  now  in  the  desk  of  your 
speaker  some  of  you  would  jump  to  the  task  of  improving 
locomotive  design  with  respect  to  lightening  reciprocating  and 
revolving  parts  of  locomotives." 

Best  locomotive  records  reflecting  up-to-date  developments 
show  a  water  rate  of  14.6  lb.  per  i.h.p.-hr.  What  may  be 
termed  unimproved  locomotives  produced  this  unit  on  about 
24  to  30  lb.,  and  between  these  figures  lie  great  possibilities, 
especially  as  the  majority  of  locomotives  are  in  or  near  the 
24-lb.  class. 

[Railway  Age  Gazette,  vol.  61,  No.  13,  p.  539,  September 
29,  1916,  3  pp.,  g.) 


Commercial  Motor  Vehicles  for  Railway  and  Industrial 
Purposes 

De=erii  lion  of  the  Tilling-Stevens  gasoline-electric  vehicles, 
(larticularly  the  type  designated  by  the  makers  as  TS-3,  40  h.p. 

The  wheel  base  is  13  ft.  6  in.,  with  a  wheel  track  of  5  ft. 
6V2  in-  and  an  overall  length  of  23  ft.  9  in.  The  load,  in- 
eluding  body,  is  rated  up  to  4  tons  15  ewt. 

The  frame  is  of  pressed  steel  throughout,  braced  by  cross- 
members  having  large  g-ussets  formed  solid  with  them.  Each 
of  the  main  side  members  is  pressed  from  one  solid  steel  plate 
and  is  long  enough  to  take  the  longest  type  truck  body.  The 
engine  is  of  the  4-cylinder  enclosed  vertical  type,  4.75  in. 
bore  and  5.5  in.  stroke.  Cylinders  are  cast  in  pairs  with  the 
inlet  and  exhaust  valves  (interchangeable)  placed  on  the  near 
side  and  operated  by  a  single  cam  shaft.  Oil  is  circulated  by 
means  of  a  gear  pump  situated  in  the  oil  sump  formed  in  the 
bottom  half  of  the  crankease.  The  connecting  rods  are  pro- 
vided with  dippers  which  pick  up  the  oil  from  the  troughs 
and  distribute  it  to  the  working  parts  of  the  engine.  The 
lubrication  is  entirely  automatic. 

The  radiator  is  of  the  plain  tubular  type  with  large  water 
tanks,  and  the  whole  of  the  system  is  free  from  pockets  in 
which  steam  or  air  might  collect.  The  fan  is  driven  by  a 
Whittle  belt. 

Electric  transmission  consists  of  a  generator  driven  di- 
rectly by  the  engine  through  a  flexible  coupling,  a  series-wound 
electric  motor  direct  coupled  to  the  cardan  shaft  and  the  con- 
troller box.  The  generator  is  capable  of  an  output  of  from 
1  to  30  kw.  at  a  speed  varying  from  350  to  1400  r.p.m.  and 
voltage  from  0  to  300,  and  has  been  designed  with  a  falling 
characteristic  so  that  any  increase  in  demand  for  current 
when  the  engine  is  fully  loaded  is  accompanied  by  a  corre- 
sponding reduction  in  voltage.  The  output  in  kilowatts  at 
any  speed  is  proportional  to  the  power  exerted  by  the  engine, 
but  the  volts  and  amperes  may  vary  over  a  large  range  ac- 
cording to  the  gradient,  speed  or  degree  of  acceleration  re- 
quired. The  controller  and  speed  regulator  are  carried  in 
separate  aluminum  eases.  The  controller  is  of  the  tramway 
type  with  screw  adjustment  to  the  contact  fingers.  The  speed 
regulator  is  of  the  multiple-contact  type  and  operates  by 
varying  the  resistance  in  the  shunt  field  of  the  generator  and 
by  shunting  the  series  field  of  the  motor.  On  level  roads  and 
ordinary  gradients  the  whole  of  the  control  is  effected  by  a 
gas  tbrottle  pedal  operated  by  the  right  foot  of  the  driver. 
On  stiff  gradients  the  shunt  resistance  has  to  be  employed  to 
allow  of  increased  engine  speed. 

The  electric  equipment  cannot  be  burned  out,  as  the  maxi- 
mum effort  of  the  prime  mover,  namely,  the  engine,  is  limited. 
The  drive  from  electric  motor  to  back  axle  is  by  means  of  a 
propeller  shaft  fitted  with  universal  joints  at  each  end.  The 
back  axle  is  worm-driven,  the  worm  being  placed  above  the 
worm  wheel.  The  steering  is  of  the  irreversible  Ackermann 
type;  it  is -fully  described  and  illustrated  in  the  article. 

One  of  the  advantages  claimed  for  the  gasoline-electric  car 
is  the  elimination  of  gear  changing.  It  has  been  calculated 
that  the  average  number  of  gear  changes  in  an  omnibus  in 
London  public  service  amounts  to  800  a  day.  The  strains  on 
transmission  and  chassis  during  starting  are  at  least  twice  as 
great  as  with  an  indirect  gasoline-electric  drive,  and  may  be 
considerably  more  than  this,  as  illustrated  in  the  diagram,  Fig. 
5,  in  which  Curve  I  indicates  the  strains  due  to  the  starting 
up  of  a  gear-driven  omnibus  of  the  latest  type,  and  Cun'e  2 
is  due  to  an  electric  transmission  of  the  same  capacity.  In 
the  first  case  the  starting  is  effected  by  three  successive  im- 
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pulses  with  intervals  of  no  load  due  to  the  disengagement  of 
the  clutch  between  each  change  of  speed,  the  maximum  strains 
being  limited  by  the  condition  of  the  clutch  and  the  personal 
element  of  each  driver.  It  must  be  further  borne  in  mind 
that  a  tired  driver  may  at  any  time  let  his  clutch  in  with  prac- 
tically the  effect  of  engaging  a  dog  clutch,  causing  extremely 
heavy  strains  on  the  transmission  and  all  parts  of  the  vehicle, 
as  indicated  by  the  dotted  lines  on  Curve  1. 

In  Curve  2  it  will  l)e  seen  that  the  same  amount  of  energy 
applied  to  the  road  wheels  by  an  indirect  electric  drive  will 
not  require  lialf  the  maximum  torque  demanded  in  the  case 
of  clutch-and-gear  transmission,  as  the  impulse  is  continuous, 
increasing  gradually  with  the  excitation  of  the  generator,  and 
it  is  not  in  the  power  of  the  driver  to  increase  this  torque  oth- 
erwise than  gradually.  (The  Railway  Gazette,  vol.  25,  no.  10, 
p.  255,  September  8.  1916.  6  pp..  11  figs,  d.) 

Initial  Strains  in  Steel  Rails 

Abstract  of  a  report  made  by  James  E.  Howard,  engineer- 
physicist  of  the  Interstate  Commerce  Commission,  on  the  ex- 
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Fig.  5    Comparative  Starting  Torque  op  Gear  and  Elec- 
tric Transmissions 

amination  of  the  rail  the  failure  of  which  caused  a  derailment 
of  a  passenger  train  on  the  "Western  Maryland  Railroad  (Jan. 
7,  1916). 

According  to  the  report,  the  investigation  showed  that  the 
rail  that  caused  the  derailment  failed  by  the  head  splitting, 
from  lack  of  structural  soundness  of  the  steel. 

The  writer  traces  this  latter  to  the  state  of  the  metal  in 
the  ingot  that  produces  seaminess,  and  it  is  this  seaminess, 
rather  than  segregation,  that  apjiarently  constitutes  the  real 
danger. 

As  a  mill  question  it  is,  therefore,  important  to  remove  the 
causes  of  this  seaminess,  and  until  this  is  done  reliance  must 
be  placed  on  track  inspection  for  the  detection  and  removal 
of  rails  having  split  heads. 

The  report  discusses  further  the  effect  of  initial  strains  in 
the  rail.  Such  initial  strains,  due  to  cooling  during  fabrica- 
tion and  to  the  cold-rolling  action  of  the  wheels  on  the  run- 
ning surface  of  the  head,  increase  the  total  stresses  of  the  rails 
when  the  wheels  are  in  certain  positions.  These  initial  strains 
should,  therefore,  be  taken  into  consideration  in  judging  the 
strength  and  ability  of  the  rails  to  eiuhire  the  loads  imposed 
upon  them  in  the  track. 

The  report  discusses  further  the  effect  of  initial  strains  in 
rails  under  normal  conditions  of  cooling  when  the  rate  of  cool- 


ing was  accelerated  and  when  it  was  retard3d,  and  of  the 
strains  present  in  annealed  sections.  As  to  the  effects  of  gag- 
ging, it  is  stated  that  the  magnitudes  of  the  initial  strains  in 
the  gagged  sections  were  found  to  be  lower  than  those  in  the 
corresponding  sections  which  cooled  normally.  In  the  head, 
the  normal  condition  of  a  state  of  compression  was  revei-sed 
and  initial  strains  of  tension  were  introduced.  The  report 
insists  upon  a  distinction  between  the  permanent  sets  of  ten- 
sion or  compression  that  are  given  the  rail  by  the  process  of 
gagging,  and  the  initial  strains  that  result  therefrom. 

The  effects  of  sudden  heating  have  a  beai'ing  upon  the 
strains  momentarily  introduced  in  rails  when  "  wheel-burns  " 
occur,  as  well  as  influence  the  strains  in  brake  shoes  and  the 
rims  and  plates  of  wheels.  {The  Iron  Age,  vol.  98.  no.  12,  p. 
654,  September  21,  1916,  1  p.    e.) 

Refrigeration 

The  Testing  of  Thermal  Insulators,  H.  C.  Dickinson  and 
M.  S.  VanDusen 

Data  of  work  done  at  the  Bureau  of  Standards,  communi- 
cated by  H.  C.  Dickinson  to  the  Annual  Meeting  of  the 
American  Society  of  Refrigerating  Engineers,  Xew  York, 
December,  1915. 

The  writers  point  out  that  between  the  simple  mathematical 
and  physical  problem  of  heat  transfer  through  a  homogeneous 
solid  material,  or  even  several  such  materials  combined,  and 
the  practical  engineering  problem  of  heat  transfer,  there  is 
a  long  step  whk-h  neither  the  experimental  physicist  nor  the 
engineer  has  generally  been  inclined  to  take.  This  led  to  two 
distinct  groups  of  experimental  investigations,  one  of  which 
offers  an  immense  quantity  of  data  on  the  internal  conductiv- 
ity of  many  materials,  while  the  other  offers  a  large  number 
of  determinations  of  the  apparent  heat  transmission  of  vari- 
ous simple  and  compound  walls,  often  under  ill-defined  con- 
ditions of  surface  temperature.  The  writers  give  certain  defi- 
nitions which  are  of  interest,  since  the  terms  defined  are  not 
always  used  in  the  same  sense  in  technical  literature. 

Conductivity  is  equivalent  to  specific  conductivity  or  in- 
ternal conductivity  (>.  e.,  the  amount  of  heat  passing  per  unit 
time  through  a  unit  area  of  the  material  when  the  tempera- 
ture gradient  is  1  deg.  per  unit  thickness. 

Gradient  is  the  space  rate  at  which  temperature  changes  in 
passing  through  the  material. 

Conduction  is  the  amount  of  heat  per  unit  area  which  will 
pass  in  unit  time  between  the  surfaces  of  the  wall  when  the 
temperature  difference  between  them  is  1  degree. 

Transmission  is  the  amount  of  heat  which  will  pass  (unit 
time,  unit  area)  through  a  given  layer  of  insulating  material 
when  the  temperature  difference  between  the  medium  (air, 
brine,  etc.)  on  one  side  of  it  and  that  on  the  other  side  is  1 
degree. 

Thermal  resistance  is  the  reciprocal  of  conduction. 

The  paper  discusses  the  computation  of  transmission  of 
compound  walls  and  analyzes  the  air-conduction  problem. 
From  this  the  writers  pass  to  a  description  of  the  investiga- 
tion of  the  apparent  conduction  of  air  spaces  as  part  of  the 
study  of  the  problem  of  insulation.  A  description  is  given 
of  the  apparatus  used  which  consists  essentially  of  a  pair  of 
copper  heater  plates  enclosing  a  uniform  electric  heating  ele- 
ment and  two  water-cooled  outside  plates.  The  heat  supplied 
is  determined  by  measuring  the  electric  energy  delivered  to 
the  plate.  When  used  for  aii'-conduction  measurements,  bot- 
tomless  boxes   of   soft   wood    or   other   suitable    material    are 
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made  of  various  thicknesses  to  afford  different  widths  of  air 
space.  They  are  inserted  between  the  heater  plate  and  the 
water-cooled  plates  just  as  a  solid  insulation  sample  would 
be. 

Important  variations  of  the  apparent  conduction  through 
air  spaces  occur  with  change  of  width,  although  it  has  often 
been  assumed  that  all  air  spaces  have  about  the  same  con- 
duction. Actually  for  very  narrow  spaces,  that  is,  less  than 
%  in.,  the  resistance  to  the  passage  of  heat  increases  almost 
in  proportion  to*  the  thickness.  Beyond  this  the  resistance 
increases  less  rapidly,  until  it  reaches  a  maximum  above 
which  a  greater  thickness  offers  less  resistance  to  the  passage 
of  heat.  It  is  plain  that  convection  plays  no  appreciable  part 
in  the  conduction  of  air  spaces  of  less  than  %  in.  width  when 
8  in.  high.  Fig.  6  shows  the  manner  in  which  the  resistance 
of  air  spaces  is  affected  by  temperature  difference.  The 
curves  are  plotted  for  resistance  corresponding  to  conduction 
per  degree  difference  in  temperature.  The  less  the  tempera- 
ture difference  the  greater  the  resistance.  The  conductivities 
and  conductions  of  air  spaces  of  various  widths  for  various 
differences  of  temperature  are  tabulated  in  the  original 
article.  The  effect  of  varying  heat  upon  the  resistance  of  air 
spaces  of  various  widths  is  shown  by  curves.  A  cune  show- 
ing variation  of  conductivity  of  vertical  air  spaces  with 
height  when  the  temperature  differences  are  small  and  the 
widths  not  greater  than  the  width  of  maximum  resistance  for 
each  particular  height  seems  to  indicate  that  for  heights 
greater  than  2  ft.  (width  of  space  remaining  the  same)  the 
conduction  changes  very  little.  However,  this  conclusion  is 
an  extrapolation  not  yet  verified  by  experiment. 

A  knowledge  of  the  conduction  of  air  spaces  and  rigid  in- 
sulators enables  one  to  compute  the  conduction  of  almost  any 
compound  wall  by  adding  the  reciprocals  of  the  conductions, 
i.  e.,  the  resistances  of  the  various  parts.  It  is  true  that  the 
conduction  of  a  wall  containing  air  spaces  depends  upon  the 
temperature  difference,  unless  the  air  spaces  be  less  than  % 
in.  wide.  But  the  variation  of  conduction  with  temperature 
difference  is  not  large  enough  to  prevent  the  computation  of 
wall  conductions  for  usual  conditions  to  within  reasonably 
close  limits.  The  data  presented  above  explain  some  appar- 
ent contradictions.  For  instance,  it  has  long  been  assumed 
that  for  practical  purposes  all  air  spaces  in  wall  construction 
have  about  the  same  conduction.  This  has  been  approxi- 
mately true  for  air  spaces  less  than  %  in-j  but  the  suggestion 
has  been  made  that  increasing  the  number  of  air  spaces  at  the 
expense  of  their  width  would  give  any  desired  amount  of 
insulation  in  a  given  space.  Tliis  is  not  true  because  the  con- 
duction is  no  longer  the  same  for  sjiaces  below  %  in.  in  width, 
and  increases  almost  in  proportion  to  the  decrease  in  width 
below  this  figure,  so  that  practically  nothing  is  gained  by 
making  air  spaces  narrower  tlian  this. 

The  writers  show  that,  in  tlie  construction  "of  walls  such  as 
those  of  refrigerator  cars  in  which  air  spaces  are  employed, 
when  the  total  air  space  available  is  1  in.  or  more  in  width,  a 
decided  advantage  is  gained  by  so  distributing  the  material 
that  it  splits  this  air  space  into  two  or  more  parts. 

The  paper  briefly  discusses  the  conductivity  of  rigid  insu- 
lators and  the  methods  of  testing  such  insulators.  The 
Bureau  of  Standards  expects  in  the  course  of  a  few  months 
to  have  secured  and  tested  samples  of  the  important  com- 
mercial insulators.  In  fact,  data  of  tests  of  some  of  these 
insulators  are  given  in  a  table  in  the  appendix.  (.1.  S.  R.  E. 
Journal,  vol.  3,  no.  2,  page  5,  September,  191G,  21  pp.,  5  figs. 
eA.) 


The  Smallest  Cooper  System  Cold-Stokage  Plant 

Description  of  a  plant  installed  by  the  Iowa  State  Agricul- 
tural College  at  Ames,  la.,  for  experimental  purposes,  espe- 
cially in  connection  with  fruit  research  work.  The  refrig- 
erated space  is  quite  small.  As  it  was  desired  to  secure  sev- 
eral different  temperatures,  small  chambers  controlled  by 
thermostats  were  placed  within  the  cooling  chamber.  These 
small  chambers  are  so  arranged  that  by  maintaining  the  cool- 
ing chamber  at  the  maximum  low  point  required,  heat  may 
be  applied  in  the  small  chambers  and  thereby  any  higher  tem- 
perature desired  may  be  maintained  therein. 

It  is  stated  that  in  addition  to  experiments  on  the  respira- 
tion of  fruits  at  various  temperatures,  experiments  have  also 
been  made  on  germination.  In  these  latter  experiments  seeds 
which  require  a  low  temperature  for  germination  have  been 
[ilaced  within  the  small  chambers  controlled  by  thermostats, 
the  aim  being  to  determine  the  minimum,  maximum  and  opti- 
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mum  temperatures  required  for  germination.      {Cold, 
No.  12,  page  135,  October  1916,  2  pp.,  3  figs,    d.) 
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The  Flow  of  Superheated  Ammonia  Gas  in  Pipes, 
Edward  F.  Miller 

The  paper  gives  in  condensed  form  the  results  of  an  investi- 
gation made  by  Edward  A.  Whiting  and  Edward  H.  Will- 
iams, class  of  1916,  Massachusetts  Institute  of  Technology, 
and  presented  by  them  as  their  thesis. 

The  tests  from  which  the  data  referred  to  in  the  paper  were 
compiled  were  undertaken  to  obtain  sufficient  data  on  the 
flow  of  superheated  ammonia  in  a  pipe  open  to  the  air,  from 
which,  taking  into  account  the  length  of  the  pipe,  the  nec- 
essary size  of  the  discharge  of  a  safety  valve  might  be  deter- 
mined. 

The  experiments  were  all  made  on  Beyers  pipe  1.5  in.  in 
diameter.  The  orifice  used  for  measuring  the  flow  was  0.5 
in.  diameter  with  the  curve  0.25  in.  radius  at  entrance,  the 
straight  part  of  the  orifice  being  0.75  in.  long.  The  pressure 
in  the  orifice  was  obtained  through  an  opening  1/32  in.  diam- 
eter drilled  at  right  angles  to  the  straight  part  of  the  orifice. 
Experiments  were  run  with  the  head  pressure  varying  by  25 
lb.  from  50  lb.  gage  through  200  11).  gage,  with  jiressures  at 
the  entrance  to  the  1.5-in.  pipe  varying  from  31  lb.  absolute 
to  67  lb.  absolute  and  temperatures  from  141  to  171  deg.  fahr. 
The  results  are  given  in  the  form  of  two  capacity  drop  curves, 
one  for  a  pijie  with  tees  and  the  otiicr  with  no  tees. 

A  formula  deduced  to  fit  the  experiments  on  I'o-in.  pipe 
with  tees  in  the  line  was  given  as 
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IF  =  1.6 


/lOO  dV 


where  D  =  density  at  entrance, 

d  =  pressure  drop  in  pounds  for  length  L, 
L  =  length  of  pipe  in  feet, 
W  =  weight  ]>er  second  in  lb. 
Probably  there  will  be  but  little  error  if  this  formula  is  put 
into  the  form  given  below,  so  as  to  make  it  apply  to  pipes 
from  1  in.  to  2  in.  diameter. 


/lOO  d\  ■"'     b' 


where  b  =  diameter  of  pipe  in  inches. 

The  Babcock  formula  with  a  constant  deduced  from  these 
experiments  becomes 


d  D  b° 


1}^ 


ir  =  2.37 


/         3.6  \ 

('+t) 


These  formute,  if  applied  in  figuring  the  discharge  capacity 
of  100  ft.  of  pipe  on  the  outlet  of  a  safety  valve  having  inlet 
and  outlet  pipes  of  the  size  called  for  by  the  refrigeration 
regulations  in  force  in  Massachusetts,  show  that  in  every  ease 
the  pipe  has  a  discharging  capacity  at  least  50  per  cent 
greater  than  the  rated  capacity  of  the  valve.  (A.S.R.E.  Jour- 
nal, vol.  3,  no.  2,  p.  26,  September  1916,  3  pp.,  1  fig.    et.) 

Research 

The  Relation  of  Puee  Science  to  Industrial  Research, 
J.  J.  Carty 

President's  address  delivered  at  the  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineers  at  Cleveland, 
Ohio,  June,  1916. 

The  writer  traces  the  growing  appreciation  of  the  import- 
ance of  industrial  scientific  research  primarily  to  the  events 
in  Europe,  and  the  recognition  of  the  unpreparedness  of  our 
own  country  to  defend  itself  against  attack.  Industrial  re- 
search conducted  in  accordance  with  the  principles  of  science 
is  no  new  thing  in  America.  The  Engineering  Department  of 
the  American  Telephone  and  Telegraph  Company,  under  the 
charge  of  the  speaker,  was  founded  nearly  forty  years  ago  to 
develop,  with  the  aid  of  scientific  men,  the  telephone  art,  and 
has  grown  from  small  beginnings  to  a  great  institution  em- 
ploying hundreds  of  scientists  and  engineers.  It  is  generally 
acknowledged  that  to  industrial  research  thus  conducted  we  are 
largely  indebted  for  the  telephone  achievements  in  America 
being  so  greatly  above  those  of  other  countries. 

The  same  applies  to  the  development  of  electric  light,  elec- 
tric power  and  electric  traction.  Vast  sums  are  being  spent 
annually  upon  industrial  research  by  some  of  the  larger  elec- 
trical manufacturing  concerns,  but  the  speaker  says  with  au- 
thority that  these  laboratories  return  to  the  industries  each 
year  improvements  in  the  art  which  taken  all  together  have  a 
value  many  times  greater  than  the  total  cost  of  their  produc- 
tion. Money  expended  in  properly  directed  industrial  research 
conducted  on  scientific  principles  is  sure  to  bring  to  the  in- 
dustries a  most  generous  return. 

Industrial  scientific  research  departments  can  reach  their 
highest  development  in  those  concerns  doing  the  largest  amount 
of  business,  and  small  concerns  without  cooperation  among 
themselves  cannot  have  the  full  benefit  of  industrial  research, 
for  no  one  among  them  is  sufficiently  strong  to  maintain  the 


necessary  staff  and  laboratories.  But  once  the  vital  import- 
ance of  this  subject  is  appreciated  by  the  small  manufacturers, 
many  solutions  of  the  problem  will  promptly  appear.  One  of 
these  is  for  the  manufacturer  to  take  his  problem  to  one  of 
the  industrial  research  laboratories  already  established  for  the 
purpose  of  serving  those  who  cannot  afford  a  laboratory  of 
their  own.  There  are  now  under  consideration  many  plans 
for  the  establishment  of  industrial  laboratories  to  serve  con- 
cerns which  cannot  afford  laboratories  of  their  own,  and  in 
some  cases  the  possible  relation  of  these  lajjoratories  to  our 
technical  and  engineering  schools  is  being  earnestly  studied. 

But  until  the  manufaeturei-s  themselves  are  aroused  to  the 
necessitj'  of  action  in  the  matter  of  industrial  research,  no  plan 
can  be  devised  that  will  result  in  the  general  establishment  of 
research  laboratories  for  the  industries. 

In  the  present  slate  of  the  world's  development  there  is 
nothing  which  can  do  more  to  advance  American  industries 
than  the  adoption  by  our  manufacturers  generally  of  indus- 
trial research  conducted  on  scientific  principles.  In  the  minds 
of  many  there  is  confusion  between  industrial  scientific  re- 
search and  i^urely  scientific  research,  particularly  as  the  indus- 
trial research  involves  the  use  of  advanced  scientific  methods 
and  calls  for  the  highest  degree  of  scientific  attainment.  The 
distinction  lies  not  in  the  subject-matter  of  the  research  but 
in  the  motive.  Industrial  research  is  always  conducted  with 
the  purpose  of  accomplishing  some  utilitarian  end.  Pure 
scientific  research  is  conducted  with  a  philosophical  purpose 
for  the  discovery  of  truth  and  for  the  advancement  of  the 
boundaries  of  human  knowledge.  At  the  same  time,  while  a 
single  discovery  in  pure  science  when  considered  with  refer- 
ence to  any  particular  branch  of  industry  may  not  appear  to 
be  of  appreciable  benefit,  yet  when  interpreted  by  the  indus- 
trial scientist,  with  whom  may  be  classed  the  engineer  and  the 
industrial  chemist,  and  when  adapted  to  practical  uses  by 
therJi,  the  contributions  of  pure  science  as  a  whole  become  of 
incalculable  value  to  all  the  industries. 

But  who  is  to  support  the  researches  of  the  pure  scientist, 
to  furnish  the  laboratories  and  the  funds  for  apparatus,  travel- 
ing and  foreign  study?  It  has  been  suggested  that  perhaps 
the  theater  of  scientific  research  might  be  shifted  from  the 
university  to  the  great  industrial  laboratories  which  have  al- 
ready grown  up,  or  to  the  even  greater  ones  which  the  future 
is  bound  to  bring  forth.  The  speaker  does  not  agree  with 
this.  Organizations  and  institutions  of  all  kinds  engaged  in 
pure  scientific  research  should  receive  evei-y  encouragement, 
but  the  natural  home  of  pure  science  and  of  pure  scientific  re- 
search is  to  be  found  in  the  universities,  from  which  it  can- 
not pass.  Instead  of  abdicating  in  their  favor,  our  univer- 
sities, stimulated  by  the  wonderful  achievements  of  these 
industrial  laboratories,  should  find  a  way  to  advance  the  con- 
duct of  their  own  pure  scientific  research. 

The  universities,  however,  are  not  monej'-making  institu- 
tions. Well,  there  is  much  that  can  be  done  without  money. 
The  most  important  and  most  fundamental  factor  in  scientific 
research  is  the  mind  of  a  man  suitably  endowed  by  nature, 
and  responsible  university  authorities  should  apply  their  judg- 
ment so  that  when  the  man  with  the  required  mental  attributes 
does  appear  he  may  be  appreciated  as  early  in  his  career  as 
possible. 

While,  however,  there  are  many  things  and  most  important 
things  which  the  universities  can  do  to  aid  pure  science  with- 
out the  emplojTnent  of  large  sums  of  money,  there  are,  never- 
theless, a  great  many  things  required  in  the  conduct  of  pure 
scientific  research  which  can  be  done  only  with  the  aid  of 
money,  and  the  first  of  these  is  to  provide  a  master  scientist, 


November 
1916 


ENGINEERING  SURVEY 


941 


when  he  does  appeal',  with  all  the  resources  and  facilities  and 
assistance,  so  as  to  afford  a  full  freedom  of  development  to  the 
range  of  his  genius. 

Workei-s  in  pure  science  should  be  located  not  only  in  our 
great  universities,  but  also  at  our  technical  schools,  where  the 
influence  of  a  discovei-er  in  science  would  serve  as  a  balance 
to  the  practical  curriculum  and  familiarize  the  student  with 
the  high  ideals  of  the  pure  scientist  and  with  liis  rigorous 
methods  of  investigation. 

The  engineering  student  should  be  taught  to  appreciate  the 
ultimate  great  practical  importance  of  the  results  of  pure 
scientific  investigation  and  to  realize  that  pure  science  fur- 
nishes to  engineering  the  raw  material,  so  to  speak,  which 
must  be  worked  into  useful  forms.  A  better  understanding  is 
required  of  the  relation  between  the  pure  scientist  and  the 
applied  scientist,  and  this  understanding  would  be  greatly 
helped  by  a  closer  association  between  the  pure  scientist  and 
the  student  in  the  technical  schools.  {Proceedings  of  the 
American  Institute  of  Electrical  Engineers,  vol.  35,  no.  10,  p. 
1411,  October,  1916,  10  pp.,  g.) 

Concerning  Efficient  Means  for  Establishing  a  Connec- 
tion Between  Science  and  Industry^  A.  Blondel 

In  a  recent  sitting  of  the  French  Academy  of  Sciences  a 
member,  Le  Chatelier,  presented  a  paper  on  the  necessity  of 
establishing  in  Trance  a  closer  relation  between  the  work  of 
pure  scientists  and  the  industrial  activities  of  the  country. 

It  appears  that  in  France  the  prevailing  tendency  is  for 
savants  to  keep  aloof  from  practical  activities,  and  the 
Academy  of  Sciences  has  no  section  devoted  to  practical  en- 
gineering of  today. 

The  author  of  the  present  article,  A.  Blondel,  chief  engineer 
of  the  Department  of  Bridges  and  Roads,  and  also  member 
of  the  Academy  of  Sciences,  emphasizes  still  more  the  neces- 
sity of  such  a  cooperation. 

He  points  out  that  the  French  Academy  even  now  includes 
such  sections  as  geography  and  navigation  and  medicine, 
which  points  to  the  desire  of  the  foimders  to  include  in  the 
scope  of  the  activities  of  the  Academy  practical  engineering,  at 
least  practical  engineering  of  those  days.  Since  then,  however, 
engineering  has  developed  without  a  corresponding  growth  in 
the  scope  of  the  work  of  the  Academy. 

He  therefore  suggests  the  creation  of  sections  of  industrial 
engineering,  applied  and  constructive  mechanics,  applied  chem- 
istry and  industrial  physics.  It  appears  that  the  pai't  of  the 
Academy  of  Sciences  in  bringing  together  the  pure  scientist 
and  the  engineer  is  particularly  important  in  France.  There 
are  certain  technical  societies  such  as  the  Society  for  the 
Encouragement  of  National  Industry,  the  Society  of  Elec- 
tricity, the  Aeronautical  League  and  the  Society  of  Civil 
Engineers,  but  the  first  three  of  these  societies  admit  members 
practically  on  their  payment  of  dues,  that  is,  without  imposing 
effectively  strict  qualifications  of  admission,  while  the  Society 
of  Civil  Engineers  excludes  from  its  membership  engineers 
in  the  employment  of  the  government.  Hence,  the  higher 
class  of  engineers  in  France  has  really  no  common  body  to 
work  out  the  larger  aspects  of  engineering  activity.  {Sur  un 
nnoyen  efficace  d'etahlir  la  liaison  entre  la  science  et  V  indtis- 
trie,  A.  Blondel,  Le  Genie  Civil,  vol.  69,  no.  11,  p.  169.  Sep- 
tember 9,  1916,  3  pp.  g.) 

The  National  Physical  Laboratory — Its  Work  and  Aims, 
Walter  Rosenhain 

The  writer  begins  with  a  discus.sion  of  the  relation  between 


science   and   industries,    with   special   reference   to    conditions 
existing  in  Great  Britain. 

Broadly  speaking,  scientific  activities,  from  the  point  of 
\iew  of  their  relation  to  industries,  may  be  divided  into  three 
groups  or  phases  which,  while  they  necessarily  overlap,  yet 
afford  a  convenient  and  rational  means  of  classification.  In 
the  first  place  the  application  of  science  to  industry  cannot 
be  cultivated  until  we  possess  the  "  science  "  we  are  to  apply. 
WhUe  even  the  existing  body  of  scientific  knowledge,  as  laid 
down  in  scientific  publications,  is  in  most  fields  considerably 
in  advance  of  technical  practice,  one  cannot  rest  content  with 
merely  this  ready-made  knowledge.  If  the  application  of 
science  is  to  be  fruitful  and  progressive  science  itself  must 
also  be  progressive, — it  must  be  living,  gi-owing  science.  It  is 
as  vital  to  keep  abreast,  and  if  possible  ahead,  of  our  rivals 
in  pure  scientific  investigation  and  discovery  as  in  the  jirac- 
tical  application  of  its  results. 

experimental  plant 

The  next  phase  is  the  transition  from  purely  scientific  to 
practical  work.  In  order  to  make  experiments  which  give 
intelligible  results  or  to  obtain  data  which  lend  themselves  to 
accurate  calculations,  the  scientific  worker  is  obliged  to  sim- 
plify the  phenomena  as  far  as  he  can.  In  the  laboratory  he 
uses  for  that  particular  purpose  experimental  devices  in- 
tended to  eliminate  as  far  as  possible  all  those  disturbing  fac- 
tors in  which  he  is  not  interested,  but  when  one  comes  to 
applying  the  results  obtained  by  the  pure  science  worker  to 
practical  ends  an  entirely  different  set  of  conditions  is  en- 
countered. For  practical  purposes  we  have  to  deal  with 
natural  phenomena  as  we  find  them,  and  have  to  produce  the 
desired  result  in  an  approximate  but  efficient  manner ;  in  other 
words,  we  have  to  translate  laboratory  results  into  shop  lan- 
guage. 

To  make  this  somewhat  clearer  the  author  employs  a  metal- 
lurgical example.  Suppose  an  investigator  is  studying  the 
constitution  and  properties  of  a  system  of  alloys  of  two 
metals.  The  proper  course  for  him  is  to  work  with  the  chemi- 
cally pure  metals,  or  with  the  nearest  approach  to  them  he 
can  obtain.  But  after  the  investigation  is  completed  and  the 
technical  worker  is  asked  to  render  the  alloy  obtained  in  the 
laboratory  available  for  practical  use,  he  is  probably  im- 
mediately confronted  with  the  fact  that  he  cannot  obtain  on 
the  market  his  metals  of  the  the  degree  of  purity  employed 
by  the  investigator.  Hence,  an  alloy  which  proved  in  the 
laboratory  to  be  ductile  and  workable  might  easily  prove 
brittle  and  useless  when  made  in  the  works.  In  reality  both 
results  would  be  true  but  both  must  be  more  fully  under- 
stood to  be  brought  into  mutual  agreement.  Further  research 
is  required  to  meet  the  difficulties  which  hamper  proper  ap- 
plication. Either  means  must  be  found  to  eliminate  the  injuri- 
ous impurities,  or  methods  of  working  must  be  adopted 
whereby  the  influence  of  the  impurities  is  in  some  way  over- 
come. This  part  of  the  work  must  be  done  on  a  proper  scale 
and  may  entail  a  much  longer  series  of  experiments,  requiring 
elaborate  appliances  as  well  as  numerous  assistants.  The  erec- 
tion of  such  "  experimental  plants "  and  their  running  ex- 
penses entail  very  considerable  financial  demands. 

industrial  works  organization 

The  third  step  or  phase  in  the  application  of  science  to 
industry  lies  in  the  industrial  works  themselves,  where  the  men 
trained  in  pure  and  applied  science  should  find  room  for  their 
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useful  activities.  The  first  step  for  securing  for  science  its 
proper  status  in  the  industries  must  be  the  creation  of  an  ade- 
quate appreciation  of  science  and  its  possibilities  among  those 
who  control  the  industries,  and  the  author  calls  attention  in 
this  connection  to  the  fact  that  in  Germany  it  was  quite  usual 
to  elect  scientific  men  to  the  boards  of  directors  of  great  enter- 
prises. 

IVKAh    NATIONAL    LABORATORY 

From  this  the  author  proceeds  to  a  discussion  of  what  he 
calls  the  Ideal  National  Laboratory.  Such  a  laboratory  would 
be  an  institution  for  research,  additional  and  supplementary 
to  the  work  of  universities  and  colleges,  but  one  in  which 
the  educational  bias  is  entirely  absent  and  whose  activities 
can,  therefore,  be  directed  in  an  entirely  untrammelled  manner 
to  the  solution  of  problems  suggested  by  public  utility,  scien- 
tific importance,  or  industrial  demand.  Such  an  institution 
would  possess  a  more  or  less  permanent  staff  of  investigators 
and  their  iiighly  trained  assistants,  thus  affording  opportunities 
for  long-continued  researches  which  can  scarcely  be  under- 
taken by  a  professor  working  with  successive  generations  of 
young  students.  The  equipment  of  such  an  institution  could 
be  designed  on  lines  free  from  educational  considerations; 
apparatus  and  experimental  plant  could  be  set  up,  involving, 
if  necessary,  the  permanent  employment  of  skilled  labor  as 
well  as  scientific  supervision.  If  only  one  or  a  very  few 
such  institutions  were  set  up  in  the  coimtry,  equipment  could 
be  carried  out  on  a  scale  of  cost  which  could  not  be  reproduced 
at  any  considerable  number  of  colleges,  whereas  appliances 
could  be  used  which  it  would  be  unsafe  to  place  in  the  hands 
or  even  within  the  reach  of  students. 

Such  an  establishment  should  occupy  a  unique  position  as 
a  central  national  institution  which  would  naturally  undertake 
certain  duties  of  a  scientific  or  technical  nature  required  by  the 
government.  In  another  direction,  where  certain  industries 
requu-ed  national  aid  on  account  of  their  vital  nature  as 
"  key  "  industries,  the  national  central  institution  would  pro- 
vide the  government  with  the  means  of  affording  the  scientific 
assistance  demanded.  The  Ideal  National  Laboratory  would 
be  in  the  closest  possible  touch  with  the  most  advanced  scien- 
tific thought  and  would,  if  it  fulfilled  its  functions  properly, 
contribute  largely  to  the  advancement  of  pure  science  by 
utilizing  its  experimental  resources  to  that  end.  At  the  same 
time,  the  institution  would  also  be  in  useful  touch  with  in- 
dustry, helping,  advising,  assisting,  testing,  taking  up  the 
special  investigations  proposed  by  industry  and  dealing  with 
them  in  the  laboratory  and  the  experimental  plant. 

NATIONAL    PHYSICAL    LABORATORY 

An  ideal  somewhat  on  these  lines  has  actually  been  recog- 
nized by  most  of  the  great  nations  and  each  of  them  has 
worked  out  its  own  institution  on  characteristic  lines.  In  the 
United  States,  as  the  speaker  stated,  we  see  the  Bureau  of 
Standards  developing  into  an  institution  of  very  great  size 
and  of  steadily  increasing  importance.  In  Britain  the  National 
Physical  Laboratory  was  opened  in  1901,  making  a  very  small 
and  modest  beginning  at  a  time  when  the  German  national 
laboratories  had  already  attained  great  size  and  reputation. 

The  National  Physical  Laboratory  is  thus  not  yet  15  years 
old.  At  its  inception  the  work  was  begun  in  a  very  tentative 
way  and  extensions  have  been  made  in  a  hesitating  and 
guarded  manner  due  to  the  difficulty  with  which  the  Labora- 


tory authorities  have  obtained  the  requisite  funds  from  the 
treasury.  The  Laboratory  is  not  actually  a  government  insti- 
tution. It  is  managed  by  a  committee  appointed  by  the  Royal 
Society,  and  members  of  the  staff  of  the  Laboratory  are  em- 
ployees of  the  Royal  Society  and  not  civil  sen'ants.  The 
treasury  makes  a  grant  of  £7000  to  the  Royal  Society  per 
annum  towards  the  cost  of  the  Laboratory  and  in  return 
exacts  certain  conditions  in  regard  to  the  work.  This  grant 
is  entirely  inadequate  for  the  maintenance  of  the  Laboratory, 
which  is  mainly  supported  by  fees  earned  by  itself  (a  large 
part  of  these  fees  are,  however,  derived  from  government 
sources).  Further,  technical  institutions  like  the  Institution 
of  Mechanical  Engineers,  Institute  of  Civil  Engineers,  Insti- 
tute of  Naval  Architects  and  others  have  contributed  to  the 
Laboratory  budget,  in  some  cases  by  simple  donations  and 
more  frequently  by  grants  in  aid  of  some  definite  scheme  of 
research. 

The  management  of  the  Laboratory  rests  with  an  executive 
committee  selected  from  the  general  board.  On  the  latter  are 
represented  the  scientific  and  technical  institutions  as  well  as 
certain  government  departments.  The  Laboratory  itself  is  di- 
vided into  four  great  departments  dealing  with  Physics,  En- 
gineering, Metallurgy  and  Metallurgical  Chemistry  and  the 
National  Experimental  Tank. 

The  Laboratoi-y  serves  also  as  the  official  laboratory  of  the 
Advisory  Committee  on  Aeronautics,  and  the  aeronautical 
work  carried  out  in  the  Engineering  and  Metallurgy  depart- 
ments constitutes  an  important  separate  division  in  each. 

Besides  the  director,  superintendents  (prominent  engineers 
and  scientists)  and  principal  assistants,  there  is  a  large  staff 
of  scientific  assistants  of  various  grades,  as  well  as  a  large 
staff  of  others  less  highly  trained  but  often  of  very  great  value 
and  experience  who  are  classed  as  "  observers,"  and  in  addi- 
tion to  this  there  is  a  complement  of  skilled  workmen.  Quite 
recently  the  policy  of  employing  women  on  both  the  "  scien- 
tific "  and  "  observer  "  staffs  has  been  initiated,  and  so  far  the 
result  promises  to  be  eminently  satisfactory,  although  in  the 
majority  of  eases  women  have  merely  been  appointed  to  tem- 
porary posts  during  the  absence  of  men  on  military  service. 

ENGINEERING  RESEARCH 

Naturally  the  section  most  interesting  to  engineers  is  the 
Engineering  Department,  which  comprises  practically  four 
sections  devoted  respectively  to  testing  materials;  testing  and 
standardization  of  engineering  apparatus,  appliances,  and 
machines;  testing  and  investigation  of  road  materials  and 
roads,  and  aeronautics.  All  these  sections  work  in  close  con- 
junction with  the  metallurgical  department  and  which  deals 
with  all  materials  as  such. 

One  important  result  of  the  work  in  the  Section  of  Testing 
of  Materials  has  been  the  development  of  whole  series  of 
machines  for  the  application  of  various  mechanical  tests  to 
metals,  and  recently  some  of  these  have  been  extended  to  con- 
crete and  timber.  Among  these  methods  of  testing  those 
known  as  "  dynamic  "  in  contradistinction  to  the  ordinary  so- 
caUed  "  static  "  tensile  test  have  received  the  most  attention. 
One  of  the  first  dynamic  tests  studied  was  the  alternating 
stress  test,  in  connection  with  which  a  machine  has  been  devel- 
oped for  applying  alternate  tension  and  compression  to  small 
test  pieces,  thus  exposing  them  to  alternations  of  direct  stress 
in  place  of  the  alternate  bend  action  which  occurs  in  the 
original  Woehler  test.  This  led  to  an  increased  use  of  testing 
by  means   of  direct  alternating  stresses,   and   incidentally   it 
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has  been  shown  that  the  time  occupied  by  tests  can  be  very 
much  reduced  as  it  has  been  found  that  an  increase  in  the 
speed  of  alternations  up  to  2200  per  minute  does  not  affect 
the  results  of  the  tests.  ' 

Another  form  of  test  developed  in  the  Laboratory  is  that 
in  which  a  notched  test  piece  is  exposed  to  blows  of  a  hammer 
of  known  weight  falling  from  a  known  height  and  alternately 
striking  the  test  piece  on  opposite  sides. 

Results  obtained  from  alternating  stress  tests  of  various 
kinds  have  led  to  the  view  that  so  long  as  a  material  is  only 
exposed  to  stresses  which  nowhere  exceed  the  true  elastic 
limit,  the  material  will  resist  an  indefinite  number  of  alter- 
nations; but  so  soon  as  plastic  deformation  is  produced,  even 
in  a  few  isolated  crystals,  then  failure  will  sooner  or  later 
occur  under  a  sufficiently  long-continued  repetition  of  stresses. 
This  led  to  an  extremely  interesting  investigation  on  the  sub- 
ject of  elastic  limit. 

The  work  of  the  Aeronautical  Section  has  been  touched 
upon  only  very  slightly  because  of  the  secrecy  covering  all 
developments  since  the  beginning  of  the  European  war.  In 
general  the  work  may  be  described  as  being  of  two  kinds, 
first,  a  series  of  continued  investigations  for  the  purpose  of 
establishing  the  fundamental  principal  data  and  formulae 
which  must  govern  aircraft  design,  and  second,  testing  actual 
models  with  a  view  of  ascertaining  their  properties  and  be- 
havior in  the  air. 

Both  lines  of  aeronautical  work  are  pursued  by  means  of 
scale  models  and  the  equipment  of  the  Laboratory  consists 
largely  in  appliances  for  measuring  the  forces  acted  upon  or 
exerted  by  these  models  when  in  motion  relative  to  the  air  at 
known  speeds. 

The  development  of  aeronautics  has  practically  created  what 
has  become  known  as  the  chemistry  of  aeronautics,  which  has 
already  assumed  a  vei-y  high  degree  of  importance.  Appara- 
tus had  to  be  designed,  for  example,  for  testing  balloon  or 
airship  fabrics  for  the  power  of  retaining  hydrogen  gas.  {The 
Journal  of  the  West  of  Scotland  Iron  and  Steel  Institute, 
vol.  23,  No.  6,  p.  21.3,  April,  1916,  66  pp.,  32  figs.    dA.) 

Steam  Engineering 

Boiler  Expansion  Experimknts,  D.  R.  MacBain 

Data  of  tests  made  on  the  New  York  Central  Railroad  sys- 
tem to  determine  relative  movements  of  firebox  sheets  and 
tubes  under  working  conditions. 

From  experiments  made  at  various  times  it  was  found  that 
the  expansion  of  the  outer  sheets  was  greater  in  every  case 
than  that  of  the  inner  sheets,  which  would  seem  to  account 
for  the  breakage  of  the  back  head  and  throat  sheets  along  the 
outer  row  of  staybolts,  also  for  the  vertical  cracks  in  the  side 
sheets  as  well  as  the  cracks  extending  from  the  arch  tube  holes. 

It  was  also  found  by  means  of  a  needle  connected  with  the 
inner  throat  sheet  and  passing  through  the  outer  throat  sheeet 
that  the  inner  tube  sheet  moved  outward  3/32  in.  when  the 
fire  was  first  started  and  before  the  circulation  was  fuUy  es- 
tablished, and  later,  when  steam  pressure  began  to  rise,  back- 
ward about  1/16  in.  The  first  movement  throws  some  light  on 
the  cause  of  the  side  sheet  cropping  out  along  the  fire  line,  as 
it  does  sometimes. 

Another  source  of  trouble  was  found  with  the  breakage  of 
staybolts  in  some  of  the  wide  firebox  engines. 

It  was  believed  previously  that  the  cause  of  these  bolts 
breaking  was  the  same  as  that  which  was  responsible  for  the 
leaky  side  sheet  seams,  and  further  that  the  elimination  of  ex- 


cessive staybolt  breakage  would  result  in  a  cure  for  these 
leaky  seams.  With  rigid  bolts  it  was  quite  common  to  find  any- 
where from  three  to  five  or  more  bolts  broken.  An  experiment 
was  therefore  tried  on  an  Atlantic-type  engine  while  it  was 
undergoing  repairs.  A  heavy  template  was  fitted  from  the 
side  of  the  boiler  when  the  boiler  was  cold  and  was  firmly 
clamped  at  its  center  to  the  boiler.  The  fit  was  very  care- 
fully made.     The  engine  was  then  fired  up  and  the  effect  of 
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Fig.  7  Arrangement  op  Pointer  in  Boiler  Tube  Deflect- 
ing Test.  Curves  Showing  Movement  of  Tube:  B. 
Boiler  Fired  up  without  Blower;  C.  Road  Service, 
West  Albany  to  Rotterdam  Junction 

heating  up  the  boiler  to  the  point  where  200  lb.  of  steam  was 
obtained  caused  the  wrapper  sheet  to  bulge  out  so  that  there 
was  3/32  in.  opening  between  the  template  and  the  wrapper 
sheet  at  both  ends  of  the  template.  This  apparently  explains 
the  cause  of  the  breakage  of  the  staybolts. 

In  order  to  determine  whether  this  distortion  of  the  boiler 
was  caused  by  the  pressure  or  the  heat,  the  template  was  care- 
fully refitted  and  a  pressure  of  225  lb.  of  cold  water  put  on  the 
boiler.  The  template  retained  its  shape,  which  proved  con- 
clusively that  the  distortion  was  due  to  the  temperature  and 
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not  to  the  pressure.     The  application  of  three  rows  of  flexible 
staybolts  stopped  the  trouble  and  cured  the  leaky  seams. 

The  New  York  Central  has  also  made  experiments  to  deter- 
mine why  the  back  and  front  tube  sheets  become  deflected  or 
distorted.  It  was  believed  that  while  the  boiler  was  working 
and  had  a  hot  fire  the  expansion  in  the  boiler  proper,  that  is, 
between  the  tube  sheets,  was  greater  than  in  the  tubes.  An 
experimental  set  of  tubes  was  installed  in  a  large  Pacific-type 
locomotive,  each  tube  being  given  a  drop  of  15/16  in.  at  the 
center,  but  fastened  at  each  end.  A  rod  was  fastened  to  one 
of  the  top  tubes  at  the  center  and  extended  up  through  a 
stuffing  box  in  the  boiler  shell,  as  shown  in  Fig.  7A,  the  outer 
end  being  attached  to  a  recording  device  which  would  register 
the  movements  of  the  tube.  Fig.  B  shows  the  result  of  a 
standing  test  from  the  time  the  Are  was  started  until  200  lb. 
pressure  in  the  boiler  was  obtained.  Almost  immediately  after 
the  fire  was  started  the  tube  deflected  still  more  until  it  had 
reached  %  in.  It  remained  in  this  position  for  a  short  time 
and  then  it  rose  and  was  about  %  in.  above  its  normal  posi- 
tion when  the  steam  pressure  began  to  rise.  It  rose  gradually 
until  175  lb.  pressure,  and  then  rose  rather  abruptly.  This 
rapid  rise  may  have  been  due  to  the  needle  sticking  a  little  in 
the  stuffing  box.  Fig.  C  is  the  record  of  another  test,  namely, 
on  a  road  trip  from  West  Albany  to  Rotterdam  Junction. 
The  solid  lines  are  readings  taken  when  the  throttle  was  open, 
and  the  dotted  lines  with  the  throttle  closed  and  the  engine 
drifting.  It  is  seen  that  immediately  upon  starting  the  tubes 
began  to  deflect,  and  rose  when  the  engine  was  not  working 
steam. 


An  investigation  was  also  made  to  determine  the  direction 
and  extent  of  expansion  in  a  tube  sheet  resulting  from  pros- 
sering  a  set  of  new  tubes.  A  circle  of  as  large  diameter  as 
possible  was  described  on  the  tube  sheet,  and  after  the  tubes 
had  been  set  it  was  found  that  this  circle  had  increased  or  had 
widened  out  1/32  in.  at  the  side  and  bottom  and  3/32  in.  at 
the  top.  It  lias  been  the  experience  there  that  the  3-in.  radius 
for  the  tube-sheet  flange  will  give  better  results  than  the  2-in. 

Data  on  the  relative  movements  of  the  back  tube  sheet  to  the 
throat  sheet  are  given  for  the  time  from  the  moment  the 
boiler  is  heated  up  and  raised  to  200  lb.  pressure  and  released 
back  to  zero  pressure.  It  was  found  that  it  is  necessary  to 
allow  some  freedom  to  the  sheets  longitudinally  in  order  to 
avoid  excessive  strains  being  set  up. 

A  process  is  shown  for  patching  the  top  of  a  tube  sheet 
that  had  been  cracked  from  the  top  of  the  tube  holes  up  to  the 
flange.  (Railway  Mechanical  Engineer,  vol.  90,  no.  10,  p. 
496,  October,  1916,  41  pp.,  13  figs,  e.) 
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Yoi-k  City,  September  28-30,  1916,  11%  pp. 

Some  Coiter-Aluminum-Ikon  Ai.i.ovs,  W.  M.  Corse  and  U.  F.  Cum 
slock.  A  paper  presented  at  the  Annual  Meeting  ot  tlie  .\meric.iii 
Institute  of  Metals,  September  11-15,  191G,  at  Cleveland,  u.,  14 
pp.,  14  figs. 

Physic.Mj  Tests  on  Common  Iliiiii  Bk.iss  Taken  Pauallel  and  .\t 
RicUT  .Vnoles  to  the  Direction  of  Koi.t.ini.;,  Wm.  B.  Price  niid 
Pbilip  Davidson.  A  paper  presenled  at  tbe  .\nnual  Meeting  ol 
tile  American  Institute  ot  Metals.  September  11-15,  1910,  at  Cleve- 
land, O.,  32  pp.,  5  figs.,  5  plates. 

Report  on  a  Series  of  Comparative  Tests  of  Zi.\c-1!ronze  (S.s  ('i:-1(| 
Sn-2  J5n)  Standard  Test  Bars,  C.  P.  Karr.  .\  paper  presc.Ue.i 
at  tbe  .\nnual  Meeting  of  tbe  American  Institute  of  Metals,  .Sep- 
tember 11-15,  1916,  at  Cleveland,  O.,  12  pp. 

Stress  Produced  by  Buhni.ng-In  Manoanese  Bronze,  Paul  I>.  Merica 
and  C.  P.  Karr.  The  Foundry,  vol.  44,  no.  290,  October  1916.  21/2 
pp.,  4  figs. 

The  Preservative  Treat.ment  of  Farm  Timbers,  Oeorge  M.  llun:. 
Farmers'  Bulletin,  no.  744,  September  21,  1910,  32  pp.,  17  tigs. 

Influence  of  Some  Elements  on  the  Mechanical  Properties  of 
Steel.  .1.  E.  Stead.  Iron  and  Steel  Institute,  paper  read  al  .\ii- 
tumn  Jleeting,  September  21-22,  1916,  91  pp.,  4  figs. 

Notes  on  the  Efb'ect  of  Blast-Furnace  Gases  on  Wrought  Iron, 
J.  E.  Stead.  Ii-on  and  Steel  Institute,  paper  read  at  Aiituniii 
Meeting,  September  21-22,  1910,  0  pp.,  3  figs. 

Notes  on  Pearlite,  Henry  M.  Howe  and  Arthur  G.  Levy.  Iron  and 
Steel  Institute,  paper  read  at  Autumn  Meeting,  September  21-22, 
1910,  23  pp.,  2  figs. 

The  Influence  of  IIe.vt  Tre.itment  on  the  Thermo-Electric  I'rop- 
erties  and  Specific  Resistance  of  Carbon  Steels,  Edward  D. 
Campbell.  Iron  and  Steel  Institute,  paper  read  at  .\utumn  Mel- 
ing,  September  21-22,  1916,  IS  pp.,  8  figs. 

Some  Properties  of  Ingots,  A.  W.  and  II.  Brearley.  Iron  and  Steel 
Institute,  paper  read  at  Autumn  Meeting,  September  21-22,  1916, 
33Vj  pp.,  32  figs. 

Acid-Kesistixg  .Vlloys,  W.  C.  Carnell.  The  Journal  of  Industrial 
and  Engineering  Chemistry,  vol.  8,  no.  10,  October  1910,  IVj  PP- 

Initial  Te.mperatuke  and  Critical  Cooling  Velocities  of  a  Chro- 
mium Steel.  Tbe  Foundry  Trade  Journal,  vol.  18,  no.  177,  Sep- 
tember 1916,  1/2  p. 


FOUNDHY 


Making  an  Eight-Ton  Kettle  Casting  in  a  Dry  Sand  Mould. 
Canadian  Foundryman,  vol.  7,  no.  2,  February  1910,  2  pp.,  0  Hgs 

How  Brass  Ashes  .\re  Economically  Reclaimed,  .\rthur  F.  Tas- 
gart.     The  Foundry,  vol.  44,  no.  290,  October  1910,  2%  pp. 

I-Iow  TO  Gate  and  Head  Steel  Castings  Properly,  Ralph  I>.  Wist. 
The  Foundry,  vol.  44,  no.  290,  October  1916,  6  pp.,  31  figs. 

The  Brass  Foundry,  E.  A.  Barnes.  A  paper  presented  at  the  .\nnual 
Meeting  of  tbe  .\merican  Institute  of  Metals,  September  11-15. 
1916,  at  Cleveland,  O.,  5  pp. 

Die-Casting  .\ppar.4tus.  The  Mechanical  Engineer,  vol.  38,  no.  970, 
October  6,  1016,  M  p.,  1  fig. 


FUELS 


Stationary  Boilers  Fired  by  Pulverized  Coal  ox  the  Missouri. 
Kansas  &  Texas.  Railway  Age  Gazette,  vol.  61,  no.  13,  Septem- 
ber 29,  1916,  21/2  pp.,  illustrated. 

Pulverized  Fuel  for  Stationary  Boilers  on  the  Missouri,  Kansas 
&  Texas  Railway  Mechanical  Engineer,  vol.  90,  no.  10,  October 
1916,  2%  pp.,  illustrated. 

Dry  Preparation  op  Bituminous  Coal  at  Illinois  Mines,  B.  A.  IIol- 
brook.  University  of  Illinois  Bulletin  (no.  88),  vol.  13,  no.  4:;, 
June  26,  1910,  128  pp.,  26  flgs. 


Reclamation  on  the  Hock  Island,  J.  G.  Kirk.  Railway  Age  Gazette, 
vol.  01,  no.  14,  October  0,  1916,  2  pp.,  illustrated. 


HEATING 


Design  and  OPER.vriON  of  Fr.ictional  Valves,  James  A.  Donnelly. 
Journal  of  the  American  Society  of  Heating  and  Ventilating  Engi- 
neers   vol.  22,  no.  4,  July  1910.  SVa  pp.,   3  flgs. 


HYDRAULICS 


Low  LEVEL  Pumping  ST.vriON,  Montreal  City  Waterworks.  The 
Power  House,  vol.  9,  no.  2,  February  1910,  SVa  pp.,  5  flgs. 

Standard  Specifications  for  Hydr-vnts  and  Valves.  Journal  of  tbe 
American  Water  Works  Association,  vol.  3,  no.  3,  September 
1910,  10  pp.,  illustrated. 

SUR  LES  modifications  DES  COUPS  DE  IlliLIER  DANS  LES  CONDUITES 
D'iSPAISSEUR       ET      DE       DIAMI5TRE       VARIABLES,       M.       DeulS       EydOUX. 

Comptes    Rendus    des    Stances    de    L'Acaddmie    des    Sciences,    vol. 
103,  no.  11,   September  11,  1916,  4Vi  pp.  ,    ,. 

Variation  of  water  hammer  in  pipes  of  variable  thickness  and  diam- 
eter. 

INTERNAL  Ct)MI».USTION   ENlilNEERING 

DIESEL  Engines  with  Low  Compression,  W.  H.  Watkinsou.  Tb.' 
Engineer,  vol.  122,  no.  3169,  September  22,  1916,  V2  P-,  7  flgs. 

Design  of  Gas  Engine  Cylinders.  E.  Planche.  S.  A.  E.  Bulletin. 
vol.  10,  no.  6,  September  1916,  4  pp. 


MACHINE    PARTS 

iLL  Geared  Head  for  Screw  Machine,  OsUar  Kylin.  The  Iron  Trade 
Review,  vol.  59,  no.  14,  October  5,  1916,  1  p.,  1  fig. 

Factors  ix  Universal  Joint  Design,  A.  Ludlow  Clayden.  S.  A.  E. 
Bulletin,  vol.  10,  no.  6,  September  1916,  14  pp.,  14  flgs. 

Brackets  on  Stanchions,  W.  T.  S.  Butlin.  Engineering,  vol.  102. 
no.  2646,  September  15,  1916,  1'/,  pp.,  21  figs. 

Tests  of  Track  Bolts  and  Wrenches,  Earl  Stimson.  The  Iron 
Trade  Review,  vol.  59,  no.  13,  September  28,  1916,  2%  PP-,  4  figs. 

Double  Reduction  Gear  with  Flexible  Wheels,  constructed  by  the 
General  Electric  Company.  Schenectady  N.  Y.  Engineering,  vol. 
102,  no.  2649,  October  6,  1916,  1/2  p.,  3  figs. 

.Vlloy  Hammer  Bolts  Outlast  Steel  Ones.  Steel  and  Iron,  vol.  50, 
no.  9,  September  1916,  %  p. 


MACHINE  SHOP 


THE  Grinding  of  High  Speed  Steels,  C.  E.  Gillett.     The  Iron  Trade 
Review,  vol.  59,  no.  14,  October  5,  1916,  2  pp.,  2  flgs. 

Pressing   and   Stamping   Metals,    Oberlin    Smith.      The   Engineering 
Magazine,  vol.  52,  no.  1,  October  1916,  7  pp.,  19  flgs. 

Sine   Bar   Applications,   Donald   Baker.     Machinery,   vol   23,   no.    2, 
October  1916,  4  pp.,  7  flgs. 

Reference  Working  and  Inspection  Gages.     Machineiy,  vol.  23,  no. 
2.  October  1916,  9  pp.,  10  flgs. 

Methods  of  Measurements.     Machinery,  vol.  23,  no.  2,  October  1916, 
8  pp.,  17  flgs. 

Gaging  and  Inspection  Methods.   Douglas  T.   Hamilton.     Machinery, 
vol.  23,  no.  2,  October  1910,  514  pp.,  4  figs. 

Limit  Gauges,  Dr.   R.  T.  Glazebrook.     Tbe  Mechanical  Engineer,  vol. 
38,  no.  973,  September  15,  1916,  21/2  PP..  3  flgs. 

Electric  Welding  in  Boiler  Shop  Repairs,  P.  E.  Gallagher.     Steel 
and  Iron,  vol.  50,  no.  9,  September  1916,  21/2  pp. 


FURNACES 


New  Annealing  Furnace.  The  Iron  Age,  vol.  98.  no.  12,  September 
21,  1916,  11/2  pp.,  illustrated. 

Artificial  Gas  Fired  Furnace  Installation,  Charles  E.  Uicharrl- 
son.  The  Journal  of  Industrial  and  Engineering  Chemistry,  vol. 
8,  no.  10,  October  1910,  2%  pp..  5  flgs. 

Notes  on  the  Testing  of  Warm  Air  Furnaces,  R.  W.  Davenport. 
Journal  of  the  American  Society  of  Heating  and  Ventilating 
Engineers,  vol.  22,  no.  4,  July  1916,  6  pp.,  2  flgs. 


HANDLING   OF  MATERIALS 


MECHANICS 


ERMITTELUNG    EINES   GENAUEN    DlAGIlAMMS    HER   Kreuzkopfauslenkun- 
gen  I!Ei  Kurbelgetrieben,  Schw-eizerischb  Bauzeitong,  vol.  68. 
no.  12,  September  16,  1916,  2  pp..  7  flgs. 
Derivation  ot  the  crosshead  diagram  for  crank  mechanisms. 

Critical  Speeds   of  Shafts,   William   Knight.     American   Machinist, 
vol.  45,  no.  12,  September  21,  1916,  3  pp.,  5  figs. 

The  Whirling  Speed  of  Shafts.  W.  M.  Wallace.     The  Engineer,  vol. 
122,  no.  3167,  September  8,  1916,  1%  pp.,  6  flgs. 

Calccl-Ation  of  Scale  Members.  Eugene  Motcbraan.     Railway  Review, 
vol.  59,  no.  13.  September  23,  1916,  2  pp.,  7  flgs. 


Portable  Loading  and  Unloading  Machines  for  Marine  Terminals. 
Harwood  Frost.  Marine  Engineering,  vol.  21,  no.  10,  October 
1910,  2  pp.,  4  flgs. 

A  Large  Reinforced  Concrete  Coaling  Plant.  Railway  Age  Gazette, 
vol.  61,  no.  13,  September  29,  1916,  3  pp.,  illustrated. 


MUNITIONS 


The  Manuf.acture  of  Russian  3  in.  High  Explosive  Shells.     Cana- 
dian Machinery,  vol.  16,  no.  15,  October  12,  191G,  SVa  pp.,  17  flgs. 


946 


ENGINEERING  SURVEY 


The  Jouenal 
Am.Soc.M.E. 


Making  the  Smali,  Parts  of  the  British  Time  Fuse,  Fred  H.  Col- 
vin.  American  Machinist,  vol.  45.  no.  13,  September  28,  1916,  4 
pp.,  15  iigs. 


Protection  for  the  Byes  of  Shop  Employees.  Pennsylvania  Railroad 
R.  H.  Newman.  Railway  Review,  vol.  59,  no.  16,  October  14,  1916, 
1  p.,  illustrated. 


PAINTING 

The  Speaco  Paint  Gun.  Compressed  Air  Magazine,  vol.  21,  no.  10, 
October  1916,  1  p.,  1  flg. 

Effects  of  Water  and  Oil  Cleaning  Methods  on  Paint,  W.  A.  Bu- 
chanan. Railway  Age  Gazette,  vol.  61,  no.  12,  .September  22,  1916, 
%  p. 


RAILROAD   ENCINKERING 

Etude  sur  la  uiSsistance  des  trains,  Formules  emi'iriques  repriS- 
sentant  la  resistance  totale  d'un  train,   H.   Parodi.     La  Lu- 
ml6re  Elcctrique,  vol.  34,  no.  36,   September  2,   1916,    SVi  pp.,   Ifi 
figs. 
Train  resistance   (serial  article). 

Hopper  Car  op  200,000  Lb.  Capacity.  Railway  Age  Gazette,  vol.  61, 
no.  14,  October  6,  1916,  SV2  PP-,  illustrated. 

New  Standards  in  Passenger  Car  Construction,  tlie  Pullman  Co. 
Railway  Review,  vol.  59,  no.  15,  October  7,  1916,  5  pp.,  illustrated. 

Heavy  Freight  Locomotives  Duluth,  Missabe  &  Northern  Ry.  Rail- 
way Review,  vol.  59,  no.  15,  October  7,  1916,  ly^  pp.,  llustrated. 

Four-Cylinder  Atlantic  Type  Locomotive,  Great  Northern  ot  Eng- 
land. Railway  Mechanical  Engineer,  vol.  90,  no.  10,  October  1916, 
1%  pp.,  illustrated. 

British  Built  Passenger  Locomotives  for  French  State  Railways. 
The  Engineer,  vol.  122,  no.  3170,  September  29,  1916,  2%  pp.,  5 
flgs. 

Mikado  Type  Locomotives  for  the  Fort  Smith  Western  R.  R.  The 
Railroad  Herald,  vol.  20,  no.  10,  September,  1916,  %  pp.,  illus- 
trated. 

Test  of  Locomotives,  D.  R.  McBain.  Railway  and  Locomotive  Engi- 
neering, vol.  29,  no.  10,  October  1916,  2  pp.,  7  figs. 

Santa  Fe  Type  Locomotive  for  the  Erie.  Railway  and  Locomotive 
Engineering,  vol.  29,  no.  10,  October  1916,  1  p.,  illustrated. 

Locomotive  Problems  that  Demand  Solution,  George  M.  Basford. 
Railway  Age  Gazette,  vol.  61,  no.  13,  September  29,  1916,  2  pp. 

Locomotive  Boiler  Efficiency,  J.  T.  Anthony.  Railway  Mechanical 
Engineer,  vol.  90.  no.  10,  October  1916,  4  pp.,  3  figs. 

Superheater  Performance  on  Locomotives.  Railway  and  Locomo- 
tive Engineering,  vol.  29,  no.  10,  October  1916,  2  pp.,  2  figs. 

Efficient  and  Economical  Lubrication  of  Locomotives  and  Cars, 
D.  L.  Eubank.  Proceedings  of  the  Southern  &  Southwestern  Rail- 
way Club,  vol.  13,  no.  10,  July  1916,  Fourth  Bi-Monthly  Meeting. 
15  pp. 

Relation  of  Slid  Flat  Wheels  to  Uniform  Retardation,  W.  V. 
Turner.  Railway  and  Locomotive  Engineering,  vol.  29  no.  10, 
October  1916,  1%  pp..  3  figs. 

Initial  Strains  in  Steel  Rails.  The  Iron  Age,  vol.  98,  no.  12,  Sep- 
tember 21.  1916,  1  p. 

Hail  Failures  and  Temperature.  Railway  Age  Gazette,  vol.  61,  no. 
14,  October  6,  1916,  %  p.,  illustrated. 

.Segregated  Streaks  in  Steel  Rails,  George  F.  Comstock.  Bulletin 
of  the  American  Railway  Engineering  Association,  vol.  18,  no.  188, 
August  1916,  14  pp.,  15  figs. 

Machines  for  Breaking  and  Punching  Rails.  Engineering,  vol.  102, 
no.  2648,  September  29,  1916,   %  p. 

Commercial  Motor  Vehicles  for  Railway  and  Industrial  Purposes. 
Railway  Gazette,  vol.  25,  no.  10,  September  8,  1916,  5%  pp.,  illus- 
trated. 


STEAM  ENGINEERING 


A  Comparative  Study  in  Medium-Speed  Steam  Engine  Design,  F.  S. 
Bauer.  The  University  of  Colorado  Journal  of  Engineering,  vol. 
12,  no.  2,  February  1916,  4  pp.,  1  fig. 

Why  Boiler  Tubes  Need  Not  Be  Subject  to  Coarsening,  Henry  M. 
Howe.  Metallurgical  and  Chemical  Engineering,  vol.  15,  no.  7, 
October  1,  1916,  %  p. 

Boiler  Expansion  Experiments,  D.  R.  McBain.  Railway  Mechanical 
Engineer,  vol.  90,  no.  10,  October  1916,  3%  pp.,  13  flgs. 

Soot  Blowers.  Practical  Engineer,  vol.  20,  no.  19,  October  1,  1916, 
4M.'  pp.,  11  figs. 

The  Development  of  the  Smokeless  Boiler,  Charles  L.  CoUette. 
The  Heating  and  Ventilating  Magazine,  vol.  13,  no.  10,  October 
1916.  4  pp.,  illustrated. 

Boiler  Corrosion  by  Magnesium  Chloride,  James  Scott.  The  Rail- 
way Engineer,  vol.  37,  no.  441,  October  1916,  1%  pp.,  3  figs. 

POWER  FOR  Law  Making,  Principal  State  Buildings  at  Spring- 
field, III.,  Furnished  Light,  Heat  and  Power  from  Modern 
Plant  Equipped  with  Uniflow  Engines  and  Cross  Drum, 
Water-Tube  Boilers.  Practical  Engineer,  vol.  20,  no.  20,  Octo- 
ber 15,  1916,  7%  pp..  12  flgs. 


REFRIGERATION 


The  Smallest  Cooper  Sy.stem  Cold  Storage  Plant.  Cold  vol  7  no 
12,  October  1916,  1%  pp.,  illustrated. 

The  Design,  Construction  and  Operation  of  a  Thousand  Ton  Am- 
monia Compression  Refrigerating  Machine,  F.  L.  Fairbanks. 
A.  S.  R.  E.  Journal,  vol.  3,  no.  2,  September  1916,  18%  pp.,  6  figs. 

The  Flow  of  Superheated  Ammonia  Gas  in  Pipes,  Edward  F  Miller 
A.  S.  R.  E.  Journal,  vol.  3,  no.  2,  September  1916,  3  pp.,  1  fig. 

The  Composition  of  Sound  and  Frozen  Lemons  with  Special  Ref- 
erence TO  the  Effect  of  Slow  Thawing  on  Frozen  Lemons 
H.  S.  Bailey  and  C.  P.  Wilson.  The  Journal  of  Industrial  and 
Engineering  Chemistry,  vol.  8,  no.  10,  October  1916,  2  pp 


SAFETY  ENGINEERING 


Safeguards  Used  on  Machine  and  Wood-Working  Tools  at  the 
Shops  of  the  Queen  &  Crescent  Route,  Somerset,  Ky.  Rail- 
way Review,  vol.  59,  no.  16,  October  14,  1916,  1%  pp.,  8  flgs. 


THERMODYNAMICS 


Heat  Transmission  Through  Building  Materials,  John  R.  Allen. 
Journal  of  the  American  Society  of  Heating  and  Ventilating  En- 
gineers, vol.  22,  no.  4,  July  1916,  S%  pp.,  4  figs. 

The  Testing  of  Thermal  Insulators,  H.  C.  Dickinson  and  M.  S. 
Van  Dusen.  A.  S.  R.  E.  Journal,  vol.  3,  no.  2,  September  1916, 
21  pp.,  5  flgs. 

SuR  LA  determination  de  l'Equivalent  mEcanique  de  la  chaleue 
PAR  LE  pROcfiDfi  DE  HiEN,  M.  L.  Hartmann.  Comptes  Rendus  des 
Stances  de  L'Acad^mie  des  Sciences,  vol.  163,  no.  9,  August  28, 
1916,  2  pp. 
Determination  of  the  mechanical  equivalent  of  heat  by  the  Hirn 
process. 


VARIA 


L.iBOUE    AND    THE    WAR:    THE    EMPLOYMENT    OF    WOMBN.       The    Rallwav 

News,  vol.  106,  no.  2752,  September  30,  1916,  1  p. 

The  Atlantic  Refining  Company's  Philadelphia  Plant,  J.  D. 
Grill.  Proceedings  of  the  Engineers*  Club  of  Philadelphia,  vol. 
33,  no.  143,  October  1916,  14  pp.,  illustrated. 

Manufacturing  and  Power  Equipment  of  a  Shingle  Mill.  A.  F. 
Menzies.  Canadian  Machinery,  vol.  16,  no.  15,  October  12,  1916, 
3  pp.,  5  figs. 

An  Analysis  op  Model  Screw  Propeller  Experiments,  S.  Motora. 
Journal  ot  the  Society  of  Naval  Architects,  vol.  19,  September 
1916,  4%  pp.,  1  flg. 

NOTE  ON  THE  Value  of  Annealing  the  Connecting  Attachments 
ON  Winding  Plants,  J.  A.  Vaughan.  The  Journal  of  The  South 
African  Institution  of  Engineers,  vol.  15,  no.  2,  September  1916, 
3%  pp.,  4  flgs. 


CHARTS 


Chart  FOR  Determining  the  Cost  of  Coal  on  the  Heat  Value 
Basis.     Railway  Review,  vol.  59,  no.  13,  September  23,  1916. 

chart  for  Determining  the  E.xpansion  of  Metals,  W.  F.  Schap- 
horst.  Railway  Mechanical  Engineer,  vol.  90,  no.  10,  October 
1916. 

Zenith  Nomograph  for  Displacement  >.nd  Gas  Velocities.  The 
Automobile,  vol.  35,  no.  15,  October  12,  1916. 

The  Caimcity  op  a  Coal  Pile  (Given  diameter  and  height,  the  chart 
shows  the  tonnage  of  the  coal  pile,  or  for  a  given  tonnage,  one 
may  ascertain  the  diameter  necessary  with  a  given  height).  The 
Iron  Age,  vol.  98,  no.  13,  September  28,  1916. 

Sine  Bar  Applications,   Donald   Baker.     Machinery,   vol.   23,   no    2 
October  1916. 
Charts  showing   constants  for  5-inch   sine  bar,   p.   121   and  also   p. 
123. 

Dl.lGRAMME    LOGAEITHMIQDE    D'ENSEMBLE    APPLICABLE    AU     CHOIX     D'UNE 

hElice.     L'ASrophile,   vol.   24,  no.   15-16,   August   1-15,   1916. 

Chart  foe  Measueing  Belting  in  Rolls.  Mill  Supplies,  vol.  6,  no. 
10,  October  1916. 

Helpful  Hints   foe  Designees  and  Deaptsmbn.     Automotive  Engi- 
neering, vol.  1,  no.  1,  September  1916. 
Chart  showing  centrifugal  force  of  rotating  masses  with  relation  to 
diameter  of  mass  center  and  rotating  speed. 
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GRAPHIC   METHODS    OF   ANALYSIS    IN 

THE   DESIGN   AND   OPERATION 

OF  STEAM  POWER  PLANTS 

By  It.  .1.   S.   PKioTT.  BRIDGEPORT,  CONN. 

Associate-Member 

THIS  paper  considers  the  application  of  gi'aphic  methods 
of  analysis  of  steam  power  plant  design  and  opera- 
tion to : 

a  The  f)0,000-kw.  addition  to  the  74th  Street  Station  of  the 
Interborough  Rajiid  Transit  Company,  New  York  City, 
where  the  entire  output  is  electrical  energy  from  three 
30,00U-kw.  turbine-driven  units,  and 

6  The  power  ])lant  of  the  Remington  Arms  and  Ammunition 
Company,  Bridgeport,  Conn.,  where  there  is  a  variable 
output  of  electrical  energy  from  five  turbine-driven  units 
of  different  capacities,  and  steam  for  industrial  purposes 
and  heating,  this  latter  output  fluctuating,  naturally,  with 
the  seasons. 


those  paragraphs  in  the  paper  dealing  with  the  Interborough 
addition.     The  Remington  Company's  plant  is  omitted. 


This  abstract  contains  tlie  essential  facts  and 


conclusions  m 


For  presentation  at  the  Annual  Meeting,  December,  191G,  of  The 
American  Society  of  Mechanical  Exgineer.s.  The  paper  is  here 
printed  in  ab.stract  form,  and  advance  copies  of  the  complete  paper  may 
he  obtained  gratis  upon  application.     All  papers  are  subject  to  revision. 


THE    INTERBOROUGH    ADDITION 


Individual  water  rates.  The  Willans  input-output  lines  have 
been  employed  considerably  in  connection  with  the  perform- 
ance of  steam  turbines  and  steam  engines,  but  for  a  complete 
analysis  it  is  necessary  also  to  have  input-output  lines  for: 
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Fig.  1     Willans  Lines  and  Water  Rate,  30,000-Kw.  West- 
iNGHOnsE  Turbine  Unit 
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a  main  units,  h  exciters,  c  boiler-feed  pumps,  d  forced-draft 
fans,  e  stoker  drive,  /  boilers. 

Main  units.  The  Willans  lines  and  water-rate  cur\'es  for 
the  30,000-  kw.  Interborough  steam  turbines  are  shown  in  Fig. 
1.  Here  it  will  be  seen  that  the  effect  of  variation  in  vacuum 
is  a  practically  constant  variation  in  the  amount  of  total  steam 
required  over  the  entire  range  of  operation.  The  percentage 
increase  in  economy  is  greater  at  light  than  at  heavy  loads. 

Exciters.  In  Fig.  2  will  be  found  the  Willans  line  and  water- 
rate  curves  of  a  300-kw.  turbine-driven,  geared,  exciter  set. 
The  machine  is  arranged  with  a  special  oversize  generator  and 
overload  valve,  so  that,  in  the  event  of  the  failure  of  one  of 
the  two  exciters  to  operate,  the  remaining  one  can  carry  th« 
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entire  load  for  a  convenient  length  of  time.  It  is  not  in- 
tended to  use  the  range  from  300  to  500  kw.  in  regular 
service. 

Boiler-feed  pumps.  Willans  lines  for  a  lOOO-gal.-per-min. 
turbine-driven  boiler-feed  pump  are  given  in  Fig.  3.  The 
high  no-output  steam  consumption  is  charactei'istic  of  all 
constant-pressure,  turbine-driven  centrifugal  pumps,  in  which 
the  efficiency  drops  off  rapidly  at  the  lower  loads.  Most  boUer- 
feed  centrifugal  pumps  show  from  40  to  45  per  cent  fuU-load 
brake  horsepower  at  no  load,  and  from  50  to  60  per  cent  full- 
load  steam  consumption.  The  Willans  lines  for  most  turbine- 
driven  centrifugal  pumps  show  a  greater  curvature  than  those 
of  Fig.  3. 

Forced-draft  fans.    The  curve  in  Fig.  4  is  the  input-output 
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Fig.  4    Steam  Consumption  and  Air  Delivered,  Forced- 
Draft  Blowers 

cnn'e  of  the  forced-draft  fans.  The  units  are  arranged  so  that 
two  multivane  fans  are  driven  by  a  single  turbine.  One  unit 
serves  a  battery  of  two  boilers  through  short  air  duets.  The 
sharp  curvature  is  due  to  the  fact  that  both  pressure  and 
volume  of  air  increase  with  the  speed.  The  curve  is  dravni  on 
the  basis  of  the  steam  consumed  by  both  fans,  and  the  air 
delivered  by  each.  The  mechanical  stokers  are  driven  from 
the  fan  shaft,  requiring  about  8  h.p.  per  pair  at  50,000  cu.  ft. 
per  min.  air  delivery;  this  value  is  from  tests. 

The  volume,  static  pressure  and  brake  horsepower  required 
by  fans  for  the  520-myi-iawatt '  B.  and  W.  boiler  using  the 
Taylor  stoker  are  given  in  Fig.  5,  on  a  basis  of  17  lb.  of  air 


per  pound  of  coal.  The  results  of  numerous  tests  show  that 
the  C0„  content,  and  consequently  the  air  per  pound  of  fuel, 
is  substantially  independent  of  the  rate  of  driving  with  under- 
feed stokers. 

From  Figs.  4  and  5,  Fig.  6  has  been  constructed,  showing 
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Fig.  5    Air,  Blast  Pressure  and  Brake  Horsepower, 
Forced-Drait;  Fan 
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'  The  unit  called  "  myrlawatt "  has  been  suggested  bv  some  engi- 
neers  as  a  unit  of  boiler  capacity.  It  is  2  per  cent  greater  than  the 
"  boiler  horsepower  "  and  is  equivalent  to  34,150  B.t.u.  per  hour,  the 
•'  boiler  horsepower  "  being  33,479  B.t.u.   per  hour. 
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Fig.  7    Boiler  Input-output  Curve  and  Efficiency,  from 

Tests 

the  relation  between  the  steam  consumed  by  the  fans  and  the 
boiler  output  in  m3Tiawatts. 
Boilers.    In  Fig.  7,  the  input-output  curve  of  a  single  boiler 
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is  plotted  from  data  obtained  from  actual  tests.  The  effi- 
ciency at  different  rates  of  output  is  also  shown,  the  maximum 
being  78.5  per  cent;  higher  efSeiencies  are  frequently  obtained 
in  single  tests,  but  the  values  giveu  represent  the  average  of 
the  best  results  obtainable  in  practice. 

Condensers.    The  Willans  lines  for  the  condenser  auxiliaries 
are  not  essential,  as  the  condenser  operates  at  practically  full 


Combined  boiler-room  auxiliaries,  input-output  lines.  In 
Fig.  10  are  combined  the  curves  of  Figs.  3  and  6  to  give  the 
total  steam  consumed  by  boiler-feed  pumps,  fans  and  stoker 
drives  against  gi'oss  output  of  the  boilers  in  myriawatts,  and 
the  total  B.t.u.  available  in  the  exhaust  steam  from  these  auxil- 
iaries. It  will  be  noticed  that,  for  normal  loads,  the  steam 
consumption   of  the  boiler-room  auxiliaries  varies  but  little 

Thou5,onc)  Lb  per  rtr  ot  iO.b^  per  nw. 
400        500       600        700       800       900 


S0-i70/fir.  B&K Boilers-Adive^? out 
-  Below  12000  Hw., 
ojfoul-and  5ank  at 
"JOO  MiY.each. 


Fig.  9 
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load,  once  it  is  started.  The  variation  in  cooling-water  tem- 
perature is  shown  in  Fig.  8.  The  average  for  the  year,  June 
30,  1912,  to  July  1,  1913,  at  the  74th  Street  Station  of  the 
Interborough  Rajjid  Transit  Company,  was  53.9  deg.  fahr. 

Construction  of  the  combined  curves.  Fig.  9  shows  the  heat 
input  per  hour  plotted  against  myriawatt  output  of  30  active 
boilers,  520  myriawatts  rated  capacity  each.  Theoretically, 
the  most  economical  method  is  to  reduce  to  zero  load  with  all 
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boilers  active,  banking  none.  It  is  not  feasible  to  operate  in 
this  manner,  however,  because  of  the  difficulties  of  operating 
the  underfeed  stoker  at  loads  less  than  80  per  cent  of  capacity 
and  the  question  of  labor  costs.  Fig  9  is  therefore  drawn  on 
a  basis  of  cutting  out  and  banking  as  the  load  drops  from 
12,000  myriawatts  at  a  rate  of  one  boiler  for  every  400- 
myriawatt  drop.  This  method  is  only  slightly  less  efficient 
than  continuous  operation  of  all  boilers. 


60  80  100 

Thousand  Kilowatts  Load 

Fig.  11    Engine-Room  Steam  Demand 


from  4.6  per  cent  of  the  total  steam  generated.  All  except 
about  3  per  cent  of  the  losses  in  a  steam  turbine  reappear  as 
heat  in  the  exhaust.  Therefore,  Meat  in  exhaust  =  Total  heat 
in  steam  supplied  —  (3  to  4.5  per  cent)— Brake  horsepower 
X  2547  —  3,200,000  B.t.u.  The  3,200,000  B.t.u.  covers  radia- 
tion and  leakage  from  tlie  exhaust  system.    This  radiation  loss 
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is  figured,  if  possible,  from  area  of  pipe-line  surface;  but 
for  quick  figures,  2  per  cent  of  tlie  beat  of  steam  passing  at 
full  load  will  amply  cover  tliis  loss,  botb  on  bigli-pressure  and 
exhaust  steam.  Usually  it  does  not  actually  exceed  1  to  1..') 
per  cent. 

Total  steam  demand.  Tbc  total  steam  demand  for  tbe  main 
turbine  units  in  pounds  i)er  kilowatt-bour  developed  is  shown 
in  one  of  tbe  curves  of  Fig.  11,  marked  "  main  units."  All 
curves  on  this  sheet  are  based  ujton  a  2!)-in.  vacuum,  and  the 
circulating:  water  is  assumed  to  be  at  a  constant  temperature 
from  May  I  to  November  1,  and  at  another  temperature  for 
the  rest  of  the  year.  In  Fig.  11,  the  curve  marked  "  main 
units  "  is  obtained  directly  from  Fig.  1.  Adding  21,620  lb. 
of  steam  per   hour  per  unit   for  the   condenser   auxiliaries. 


pressure  turbine  is  represented  by  the  equation 
ir  =  45,000  +  20.26  L 

in  which  IF  =  total  pounds  steam  consumed 

L  =  kilowatt  output  of  low-pressure  turbine  only 
45,000  =  no-load  steam  consumption,  pounds. 

Therefore,  the  addition  of  steam  in  any  reasonable  (|uantity  at 
any  load  will  produce  the  same  kilowatt  increase  in  output 
of  the  low-pressure  turbine,  at  a  water  rate  of  20.26  lb.  of 
steam  per  kw-hr.  The  decrease  of  output  of  the  high-pressure 
turbine,  due  to  increased  back  pressure,  is  practically  in  the 
ratio  of  the  adiabatic  heat  drop. 

Balanced  input-oiilput   curve.     From   the   anticipated   load 
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Fiii.   12     Corrected  Willans  Lines  for   Heat  Balancing 


which  comprise  two  37,.j00-gal.-per-min.  circulating  pumps, 
two  800-gal.-per-niin.  hot-well  pumps,  and  one  dry  vacuum 
]>um]i  for  each  unit,  gives  the  curve  "engine-room  auxiliaries." 
Adding  the  boiler-room-auxiliary  steam  demand,  gives  "  all 
auxiliaries.''  There  are  also  added  3  per  cent  for  starting, 
warming  up,  and  losses  dependent  upon  load;  and  25,000  lb. 
of  steam  per  hour  for  pipe  radiation,  boiler  dusting  and  leak- 
age. These  last  are  substantially  independent  of  tbe  load. 
From  Figs.  10  and  11  the  heat  demand  is  drawn  in  Fig.  13,- 
heat  units  of  input  being  plotted  against  kilowatts  output. 

Bleeding.  The  curves  at  the  bottom  of  Fig.  13  show  the 
heat  units  required  in  the  feed-water  heater  and  the  heat  units 
available  from  the  exhaust  from  auxiliaries  per  kilowatt  of 
output. 

Effect  of  bleeding.  The  effects  of  introducing  or  removing 
steam  from  a  compound  turbine  are  shown  in  Fig.  12.  Here 
are  shown  the  Willans  lines  of  the  high-  and  low-pressure 
turbines  and  entire  unit,  with  and  without  bleeding. 

It  will  be  noticed  that  the  straight  Willans  line  for  the  low- 


curve.  Fig.  14,  and  from  Figs.  9  and  13,  the  B.t.u.  consump- 
tion for  the  two  conditions  is  obtained.  The  data  are :  40,739 
kw.  average  load.  71,900  maximum  hours,  977,735  kw-lir.  per 
day  total  output.  From  Fig.  13,  without  heat  balancing,  the 
total  input,  at  40.739  kw.  output,  is  19.823,300,000  B.t.u.  per 
day,  while  with  heat  balancing  this  amount  is  19,636,800,000 
B.t.u.  per  day.  With  coal  at  $0.10  per  million  B.t.u.  and  such 
labor  as  is  affected,  which  brings  the  cost  up  to  $0.11.  the 
saving  due  to  heat  balancing  is  $204.00  per  day. 

Effect  of  changing  operating  conditions.  The  Interborough 
installation  considered  in  this  paper  is  capable  of  peak  loads 
of  90,000  kw.  because  there  is  adequate  re.serve  in  reciprocat- 
ing-engine units. 

The  Interborough  station  is  now  running  22,500  B.t.u.  per 
net  kilowatt-hour,  or  91  per  cent  of  what  is  possible  with  the 
equipment.  The  affect  of  vacuum  improvement  can  be  ob- 
tained readily  by  shifting  the  heat-  and  steam-consumption 
scales  of  Fig.  13  up  or  down  as  required. 

The   correction    for   superheat   can   be   applied   as   a   direct 
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percentage  oonectioii  to  the  total  figures  obtained  from  the 
load  curve. 

Electric-driven  auxiliaries.  Fig.  15  shows  eonelusively  that 
this  arrangement  is  thermally  less  economical  tlian  the  steam- 
driven.  The  cost  of  the  steam  auxiliary  station  per  effective 
installed  kilowatt  is  .$65.00  against  .$69.10  for  the  electric 
auxiliary  station. 

Consider  a  separate  turbine-driven  generating  equipment 
for  serving  motor-driven  auxiliaries  and  exhausting  its  steam 
into  the  feed-water  heater  and  an  economizer. 

A  load  of  50,000  kw.  will  give  about  the  best  economy  for 
both  steam  and  electric  drive.  The  data  are:  Main  steam 
units,  561,200  lb.  of  steam,  auxiliary  power  requirements,  1980 
kw.,  52,140  lb.  of  steam,  including  induced-draft  fans  and 
economizer-scraper  drive.  In  the  steam-electric  units  the 
temperature  of  the  feed  water  would  be  raised  from  70  to  155 
deg.  fahr.  by  the  exhaust  from  the  auxiliary  turbines,  and 
the  possible  rise  in  the  economizer  would  be  147  deg.  fahr. 
(flue-gas  temperature  cannot  be  brought  lower  than  150  deg. 
fahr.  above  water  temperature).  The  use  of  the  economizer 
will  lower  the  B.t.u.  per  kilowatt-hour  to  18,000,  as  against 
19,250  without  it,  or  about  6.5  per  cent.  Economizers  could 
be  used  with  the  all-steam  units,  but  on  account  of  the  feed- 
water  temperature,  208  deg.  fahr.,  the  saving  would  be  only 
4.1  jier  cent,  making  the  B.t.u.  ]3er  kilowatt-hour  for  this  type 
of  plant  18,540.  The  steam-electric  plant,  therefore,  shows 
an  improvement  of  2.9  per  cent.  The  investment  cost  jier 
kilowatt,  however,  is  increased  from  .$65.00  to  $70.31.   Whether 


or  not  it  would  pay  to  use  the  steam-electric  combination, 
viewing  it  from  the  point  of  view  of  cost  of  power  only,  would 
depend  upon  the  load  factor.  Reliability,  certainly,  is  not  as 
good  with  the  electric-driven  units,  as  two  additional  links 
have    been   added    to    the   auxiliary   system.      In    the   writer's 
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opinion,  electric-driven   auxiliaries   should   never   be  used   for 
boiler  feed,  and  only  with  steam  support  for  excitation. 

Another    method    is    to    use    part    steam    and    ]iart    electric 
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auxiliaries,  as  is  done  in  many  plants,  but  the  limits  of  this 
paper  will  not  permit  the  analysis  of  all  possible  combina- 
tions. The  above  reasons  show  why  the  slightly  more  eco- 
nomical combination  steam-electric  auxiliary  was  not  consid- 
ered for  the  Interborough  plant;  reliability  was  paramount. 

Number  of  boilers  to  install.  The  best  number  of  boilers 
and  stokers  to  install  for  a  given  load  curve  can  be  deter- 
mined readily.  The  cost  iser  myriawatt-hour  to  operate  a 
boiler  and  stoker  is  given  in  Fig.  16.     The  curves  are  based 
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on  the  following  data:  Coal  at  $0,103  per  million  B.t.u.  ($3.30 
per  ton,  heat  value  14,250  per  pound  of  dry  coal),  mainte- 
nance at  $0.03  per  ton  of  coal  fired,  labor,  one  operator  at 
$0.40  per  hour  and  one  helper  at  $0.20  per  hour  for  every 
twelve  stokers.  Fig.  17  shows  the  total  operating  cost  per 
hour  per  myriawatt  load,  and  the  total  cost  of  coal.  The  total 
cost  plainly  follows  the  heat  input-output  line.  Figs.  18,  19 
and  20  sliow  the  boiler-room  cost  lines  in  dollars  per  myria- 
watt-hour for  different  numbers  of  boilers  in  operation. 

Using  the  total  heat  demand  as  before,  but  separately  for 
different  numbers  of  boilers,  Fig.  21  is  obtained.  This  shows 
30  boilers  more  economical  at  light  loads  and  37  more  eco- 
nomical at  heavy  loads,  and  for  a  typical  day  shows  a  net 
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saving  of  $59.20  by  the  large  number  of  boilers.  In  a  new 
plant,  unquestionably  the  greater  number  of  boilers  would 
not  pay,  as  the  fixed  charges  more  than  offset  the  operating 
saving.  The  actual  ease  in  question  required  stokers  and 
equipment,  but  not  boilers,  as  these  were  already  installed. 
The  saving  would  not  pay  the  fixed  charges  on  the  greater 
number  of  boilers  even  in  this  ease.  It  is  evident  that  the 
load  factor  is  the  controlling  item. 


CONCLUSION 

For  rapid  estimates  it  is  evident  that  the  curves  presented 
in  this  paper  will  give  some  useful  relations  for  analyzing 
operating  records.  For  instance,  the  engine-room  steam  de- 
mand with  all-steam  auxiliaries,  in  Fig.  13,  balanced,  might  be 


THE   FLOW  OF  AIR  AND   STEAM 
THROUGH  ORIFICES 

r..\    HERBERT  B.  REYNOLDS,   NEW   YORK 
Junior  Member 

THIS  paper  is  iu  two  parts,  the  first  covering  the  flow 
of  air  through  orifices,  including  a  study  of  pitot 
and  venturi  tubes  for  measuring  compressed  air,  and  the 
second  the  flow  of  steam  through  orifices  at  low  pressures. 
Both  investigations  were  undertaken  for  the  want  of  avail- 
able data  on  these  subjects  under  the  particular  conditions 
mentioned. 

Thin-plate  orifices  were  used  in  both  the  air  and  steam 
measurements.  From  the  data  of  both  the  air  and  the 
steam  tests  empirical  equations  were  derived  for  computing 
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represented  with  fair  accuracy  by  the  straight  line  K  =  a-\- 

bL, 

where  a  =  the  no-load  losses  in  the  engine  room  =  60,000,000 

B.t.u.  per  hr. 
h  =  the    intrinsic   B.t.u.    rate    of    the    engine    room  = 

14,000  B.t.u.  per  hr. 
L  =  the  kilowatt  load  on  the  plant 
H  =  steam  demand,  B.t.u.  per  hour. 
This  average  curve  smooths  out  the  humps  in   the  original 
line.     It  is  found,  by  investigating  eight  cases,  that  the  total 
heat  input-output  amounts  between  0.30  and  0.80  load  factor 
will  lie  on  the  curve  of  total  B.t.u.  plotted  from  the  above 
straight-line  engine-room  demand  and  by  use  of  Fig.  9,  for 
any  load  curve.    Variations  of  peak  load  within  15  or  20  per 
cent  are  also  found  to  agree.    In  short,  the  average  heat  con- 
sumption for  any  load  curve  can  be  taken  from  this  chart  as 
the  amount  corresponding  to  the  average  load  without  cor- 
rection. 

The  writer  has  indicated  only  a  few  of  the  valuable  features 
of  the  graphic  method  of  analysis  in  steam  power  plants,  which 
not  only  shorten  the  labor  in  power  plant  design,  but  reduce 
the  chances  of  error  and  encourage  a  rigorous  heat  analysis. 
It  is  hoped  that  these  curves  will  prove  of  value  to  others  in- 
vestigating similar  problems. 


the  flow.  Both  equations  were  proved  out  by  checking  com- 
putations for  the  quantities  of  air  and  steam  passed  against 
actual  measurement  of  the  quantities,  and  curves  were  plotted 
to  show  the  close  agreement  between  computed  and  test 
results. 

In  connection  with  the  air-flow  investigation  the  coefficients 
of  two  venturi  tubes  and  one  Taylor  pitot  tube  were  also 
experimentally  worked  out,  as  there  are  occasions  where 
these  means  of  measuring  air  flow  are  preferable  to  orifice 
measurement  because  they  do  not  cause  any  drop  in  jjressure. 

description  of  the  appar.\tus 

The  apparatus  for  the  experiments  was  set  up  in  the 
mechanical  laboratories  of  Sibley  College,  Cornell  University, 
in  the  Spring  of  1913.  The  compressed  air  was  furnished 
by  a  two-stage  steam-driven  compressor  of  about  150  cu.  ft. 
capacity.  A  slight  additional  capacity  was  obtained  by 
using    a    Westing-house    locomotive    compressor.      These    two 
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fompressors    disoliarfjeil    into    a    coiiimoii    receiver    of    about 
12  cu.  ft.  capacity. 

The  rest  of  tlie  layout  of  the  apparatus  can  be  understood 
from  Fig.  1.  The  air  passed  from  the  receiver  through  a 
2-in.  i)ii)e  Une  to  a   \alve  A,  Fig.  1,  that  was  used  to  regu- 
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late   the   pressure   on   the   ai)]iaratus,   a   gage   each   side   of   it 
showing  the   jiressures.     To   obtain   a  still   closer  adjustment 
of  the   pressure   a   small   pipe  was   tapped   into   the   line,   D, 
Fig.  1,  at  the  end  of  which  a  small  valve  E  was  attached. 
With  the  apparatus  arranged  for  tests  Nos.  1  to  79,  the  air. 


after  passing  the  throttle  valve  .1,  flowed  through  a  2-in.  pipe 
at  the  end  of  which  a  standard  Taylor  iiitot  tube  was  in- 
serted through  a  pipe  tee.  The  tube  extended  up  into  the 
l)ipe,  so  that  the  tee  did  not  interfere  with  the  motion  of 
the  air  until  after  the  jiitot  tube  had  been  passed.  The 
stem  of  the  tube  passed  through  a  stuffing  bo.x  which  pre- 
vented leakage.  This  stutting  box  also  had  a  ball-and-socket 
joint,  so  that  the  tube  could  be  adjusted  in  its  position  in 
the  pipe  line.  With  the  stuffing  bo.x  a  traverse  of  the  pipe 
could  have  been  made,  but  as  time  did  not  permit,  the  tube 
was  kept  always  in   the  center  of  the  pipe. 

To  determine  the  velocity  head  from  the  pilot  tube,  two 
forms  of  manometers  were  used.  One  was  the  familiar  form 
of  compound  lluid  manometer  with  water  as  the  heavier  and 
olive  oil  as  the  lighter  fluid.  As  constructed,  and  by  using 
the  above  fluids,  tlie  readings  were  multiplied  about  ten  times. 
In  addition  an  inclined  gage  of  the  ordinary  draft-reading 
type  was  used  that  could  be  set  at  different  angles,  to  give 
any  multiplier.  In  its  lowest  jjosition  the  readings  were 
tuultiplied   about    forty    times. 

.Vfter  the  air  ]iassed  the  pitot  tube  it  tinwcd  through  a 
short  2-in.  pipe  and  then  through  a  vciitnri  lube.  Just 
before  the  air  jiassed  into  the  venturi  tube  its  temperature 
was  taken  by  a  thermometer  in  a  well  tapjied  into  the  pipe. 
All  ordinary  differential  manometer  determined  the  difference 
of  pressure  between  the  mouth  and  throat  of  the  venturi 
tube.  A  pressure  gage  was  attached,  as  shown,  from  which 
tlu'  total  pressure  of  the  air  at  the  mouth  was  obtained. 

After  Mowing  through  the  venturi  tube,  the  air  continued 
through  a  2-in.  pipe  and  then  through  a  square-cornered  orifice 
in  a  thin  plate  inserted  in  the  line  between  two  standard 
pipe  flanges.  The  pressure  was  obtained  on  each  side  of  the 
orifice  in  two  places.  One  gage  was  tapped  into  the  side 
of  the  pipe  6  in.  from  the  orifice,  while  the  other  gage  was 
tapped  into  the  flange  on  an  angle,  so  that  the  pressure  was 
obtained  right  at  tiie  face  of  the  orifice,  nifferent  orifices 
were  used  during  the  tests,  which  were  made  by  drilling  a 
brass  plate  and  not  rounding  tiie  corners  except  to  remove 
the  burr  fonned  by  the  drilling.  After  leaving  the  orifice 
the  air  jias.sed  through  the  valve  //,  which  was  used  for 
adjusting   the   final   pressure. 

Thence,  the  air  flowed  fiu'ough  a  3-in.  pipe  to  a  tiiree-vvay 
(•(ii-k.  by  which  it  could  be  discharged  into  eitlier  of  two 
gasometer  tanks,  each  of  about  100  cu.  ft.  volume.  Thus  an 
absolute  measure  of  the  volume  of  air  flowing  was  obtained. 
tie  rise  of  each  tank  being  determined  by  a  scale  reading 
to  tenths  of  inches.  The  pressure  of  the  air  in  the  tanks, 
which  varied  from  2  to  4  in.  of  water,  was  obtained  from 
a  water  manometer  on  top  of  each  tank.  The  air  temjiera- 
ture  in  the  gasometer  tanks  was  determined  by  thermometers 
inserted   through   their  tops. 

As  the  tests  were  very  short  and  the  air  in  the  tanks  was 
kept  in  motion  by  the  inflowing  air,  it  is  believed  that  repre- 
sentative temjierature  readings  were  obtained.  Through  large 
ciuick-opening  valves  on  top  of  the  tanks  they  were  emptied 
after  the  readings  were  taken. 

The  ai'rangement  of  the  apparatus  for  tests  Nos.  80  to 
18.5  was  somewhat  different.  After  passing  thi-ough  the 
throttle  valve  A  the  air  passed  through  a  IVa-in-  pip^  and 
then  past  the  same  Taylor  pitot  tube  as  in  the  first  tests. 
This  time  the  pitot  tube  was  in  the  center  of  the  l^a-i'i. 
pipe.  The  same  manometers  were  used  as  before  for  obtain- 
ing the  velocity  head.  Beyond  the  pitot  tube  the  air  passed 
a  thermometer  registering  its  temperature,  and  then  through 
11    1  X  %-in.    venturi    tube.      This   tube   is   in   one   jiiece   and 
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not  of  exar-tly  the  same  form  as  tlie  larger  tube  use.l  before. 
From  this  point  on,  the  layout  of  tlie  ai)|iaratus  was  the 
same  as  for  the  other  tests. 

DESCRIPTION    OP    THE    TESTS 

A  leakage  test  was  run  on  each  tank  to  determine  the 
necessary  correction  for  leakage.  The  actual  volume  of  each 
gasometer  was  coraputej  from  the  average  diameter  found 
by  measuring  the  diameter  of  the  inside  tank  at  a  great 
many  points  (four  diameters  at  every  font  throughout  the 
length). 

The    compound    lluid    manometer    and    tlic    inclined    inano- 
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When  this  gasometer  was  full  the  three-way  valve  was  turned 
back  to  its  original  position  so  that  the  air  tiowed  mto  the 
other  gasometer,  which  in  the  meantime  had  been  closed. 

The  rise  of  the  first  tank  and  the  pressure  and  temperature . 
of  the  air  in  it  were  then  recorded  while  the  second  tank 
was  filling.  After  the  readings  had  been  taken  the  exhaust 
valve  was  opened  allowing  the  tank  to  empty.  After  a 
length  of  time  e(iual  to  that  taken  to  fill  the  first  gasometer, 
the  three-way  valve  was  quickly  turned,  so  that  the  air  could 
flow  to  the  atmospliere  through  the  first  gasometer.  The 
rise,  temperature,  and  pressure  were  then  recorded  foi'  the 
second  gasometer.  The  pressure  in  tlie  pipe  line  was  main- 
tained   constant    during    the    entire    operation.      The    various 


1700 
..   1600 

— 1 

>-.  1500 
~c.  1400 

- 

f- 

1   "    1  " 
<>  /4  If  'fl,    Orifice 

^'■'/"''i"  Orifice 
•^"at^/    Orifice 

/ 

/ 

/ 

a 

S^1300 

CO 

^  1200 
a 

E  1100 

ST 

g_1000 

-1- 

^  900 

/ 

/ 

/ 

/ 

/ 

i 

/ 

O 

E  800 

w 
O 
\^  700 

^  600 

/ 

/ 

/ 

/ 

o 

^   500 

^400 

•0 

^300 

en 

0   200 

/ 

/ 

/■ 

1    100 
0 

1 

1' 

1          1 

0        10     20      30     40       50.60       70      50      90     100     1I0_I20  q       iq       20      30      40       50      60      70       80      90  "iOO      110     120 

PressBre    before     Or,f.ce,Lb  per  Sq  In.   Ab5,Pi.  Pressure   before   Orlf.ce    in   Lb  per  Scj  In.  Abs. 

Fig.   5     Ixiti.u,   Pressure-Quantity    Curve.     Fin.^l   Pres-      Fig.  6    Initial  Pre.ssure-Quantity  Curve.   Orifices  of  Dif- 


SURE    =    14.7  LB. 


ferent  Thicknesses 


meter  used  in  connection  willi  the  ]iitot  tube  were  calibrated 
by  connecting  to  a  U-tnbe  manometer,  and  taking  readings 
at  several  points.  All  pressure  gages  were  calibrated  by  a 
dead-weight  gage  tester.  All  thermometers  were  calibrated 
by  reference  to  a  standard   thermometer. 

The  tests  were  run  as  follows:  An  orifice  was  selected  and 
])laced  in  the  line;  both  gasometer  tanks  were  emptied,  the 
exhaust  valve  on  one  tank  was  left  open  while  that  on  the 
other  was  closed,  the  three-way  valve  was  then  turned  so 
that  the  air  could  enter  the  gasometer  that  was  open  to  the 
atmosphere;  the  throttle  valve  ,1,  Fig.  1,  was  then  opened 
until  the  gage  ('  indicated  a  pressure  slightly  in  excess  of 
that  desired;  the  pressure  was  then  adjusted  by  the  valve 
E  and  gage  37;  then  the  three-way  valve  was  quickly  turned 
so  that  the  air  discharged  into  the  gasometer  that  was  closed. 


gages  and  Ihermometers  along  the  pipe  line  were  read  every 
5  min.  during  the  long  tests,  and  as  often  as  possible  during 
the  short   tests. 

Tests  were  made  on  each  orifice  at  pressures  of  10,  15,  20, 
.30,  etc.,  up  to  100  lb.  per  sq.  in.  gage.  During  most  of  the 
tests  the  final  pressure  on  the  discharge  side  of  the  orifice 
was  kept  constant  at  14.7  lb.  per  sq.  in.  abs.  However,  a 
few  tests  were  run  with  final  pressures  as  high  as  90  lb.  jier 
sq.  in.  gage.  If  during  any  test  the  rise  of  the  two  gasometer 
tanks  did  not  check  each  other  within  one  inch,  the  test  was 
repeated. 

To  test  the  jiitot  and  venturi  tubes  for  large  volumes  and 
low  pressures,  a  few  tests  were  run  without  any  orifice  in 
the  line.  The  flow  during  these  tests  was  adjusted  by  the 
back-pressure    valve    H. 
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During  most  of  the  tests,  water  was  the  fluid  used  in  the 
venturi  manometer,  but,  during  some  the  readings  were  so 
high  that  it  was  necessary  to  use  mercurj'. 

fOJIPUTATIONS 

All  of  the  computations  are  simple  and  need  no  explana- 
tion. However,  the  equations  used  for  the  pitot  tube,  venturi 
tube,  and  the  orifice  will  be  given. 

The  equation  for  the  pitot  tube  was  taken  from  a  paper 
by  Thomas  R.  Weymouth  on  the  Measurement  of  Natural 
Oas.' 


J- 


=v? 


2  ghZw  14.7  T 


12  So  492  PG 
•where   V  =  velocity  of  flowing  gas,  ft.  per  sec. 

g  =  acceleration  of  gravity  =  32.2  ft.  per  sec. 
h  =  velocity  head,  in.  of  water. 
8w  =  weight  of  water,  lb.  per  cu.  ft. 
T  =  absolute  temperance  of  flowing  gas,  deg.  fahr. 
3a  =  weight  of  1  cu.  ft.  of  air  at  32  deg.  fahr.  and  14.7 

lb.  per  sq.  in.  abs.  =  0.08073  lb. 
P  =  absolute  pressure  of  flowing  gas,  lb.  per  sq.  in. 
G  =  specific  gravity  of  flowing  gas,  air  =  1.000. 
The  equation   which  was   used   for  the   venturi  was   taken 
from   the   same   paper   by    Weymouth   and   is   as    follows: 
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-where  Q   =  quantity  of  air  per  minute  at  32  deg.  and  14.7  lb. 
abs.,  cu.  ft. 
A,  =  ai-ea  of  throat,  sq.  ft. 
-.4,  =  area  of  entrance,  sq.  ft. 
Ts  =  absolute   temperance   of   standard   air  =  492   deg. 

falir. 
Ps  =  absolute   i)ressure  of  standard   air  =  14.7  lb,   per 
sq.  in. 
»  =  a  constant,  for  air  =  1.402. 
G  =  specific  gravity  of  gas,  air  =  1.000. 
P,  =  pressure  of  air  at  entrance,  lb.  per  sq.  in.  abs. 
P,  =  pressure  of  air  in  throat,  lb.  per  sq.  in.  abs. 
r,  =  temperature  of  air  at  entrance,  deg.  fahr.  abs. 
The   equation    whit-h   was    used    for   tlie   orifice   was   taken 


from  Hirshfeld  and  Barnard's  Elements  of  Heat  Power  Engi- 
neering, and  is  as  follows: 

_  1522 P,.4     Hp  VI.42    /p,  y.Ti 

where  Q  =  quantity  of  air  per  minute  at  32  deg.  and  14.7  lb. 
abs.,  cu.  ft. 
P,  =  initial  pressure,  lb.  per  sq.  in.  abs. 
P„  =  final  pressure,  lb.  jier  sq.  in.  abs. 
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A   =  area  of  orifice,  sq.  in. 

Tj  =  initial  temperature  of  air,  deg.  fahi-.  abs. 
Using  the  foregoing  three  theoretical  equations,  coefficients 
were  computed  for  the  pitot  tube,  venturi  tube,  and  the  ori-  ' 
fices.  The  actual  volume  of  the  air  flowing  during  the  tests 
was  computed  from  the  known  dimensions  of  the  gasometers. 
Corrections  were  made  for  temperature,  pressure,  leakage, 
zero  reading  of  scale,  etc. 

PITOT    AND    VENTURI    TUBES 

Fig.  2  gives  a  curve  of  coefficients  for  the  Taylor  pitot  tube 
when  in  the  center  of  a  2-in.  pipe.  The  coefficients  were  com- 
puted using  the  readings  from  the  inclined  gage,  as  it  was  im- 
possible to  obtain  satisfactory  readings  from  the  compound 
fluid  gage.  This  figure  shows  that  the  pitot  tube  is  uncertain 
when  used  in  a  2-in.  pipe  if  the  amount  of  air  flowing  is  less 
than  40  or  50  cu.  ft.  per  min.  while  the  coefficient  becomes 
fairly  steady  when  the  discharge  is  greater  than  80  cu.  ft. 
per  min. 
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A  similar  curve,  not  shown,  was  plotted  of  coefficients  for 
the  same  tube  when  in  the  center  of  a  lYo-in.  pipe,  the  velocity 
head  being  obtained  with  the  inclined  gage  as  before.  This 
curve  showed  that  below  30  cu.  ft.  per  min.  the  results  are  not 
veiy  reliable  and  that  the  coefficient  increases  with  increase  in 
velocity  until  at  about  90  on.  ft.  per  min.,  after  which  it  is  con- 
stant. 

The  curve  in  Fig.  3  of  coefficients  for  the  2  X  0.666-in.  ven- 
turi  tube,  shows  that  the  average  is  about  0.95.  It  also  shows 
that  this  size  of  venturi  tulje  is  not  accurate  when  the  flow  is 
less  than  25  cu.  ft.  of  free  air  per  minute,  and  that  the  co- 
efficient decreases  slightly  as  the  flow  increases. 

The  curve  of  coefficients  for  the  1  X  %-in-  venturi  tube  is 
shown  in  Fig.  4.  This  curve  differs  slightly  from  that  for  tlie 
larger  tube,  and  the  average  coefficient  is  higher,  being  about 


As  has  been  mentioned  the  pressure  was  taken  near  the  ori- 
fice at  two  points.  However,  it  was  impossible  to  detect  any 
difierenee  between  the  pressures  taken  at  these  two  points  with 
the  gages  used,  which  could  be  read  to  the  nearest  pound,  the 
smallest  division  on  the  scale  being  5  lb. 

It  was  impossible  to  keep  the  temperature  of  the  air  con- 
stant during  the  tests,  so  the  actual  discharge  has  been  cor- 
rected to  32  deg.  fahr.  by  multiplying  the  actual  discharge  by 


the  factor 


\  492 


which  T  is  the  absolute  temperature  of 


the  air  flowing. 

Judging  from  the  results  the  size  of  the  orifice  has  no  effect 
upon  the  coefficient  of  discharge. 

The  open  circles  in  Fig.  5  are  the  experimental  points  ob- 
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0.99  over  most  of  the  range  of  the  tests.  The  reason  for  this 
difference  in  the  curves,  and  the  coefficients  is  that  the  converg- 
ing section  of  the  larger  tube  continues  up  to  where  the  throat 
pressure  is  taken.  This  tends  to  contract  the  stream  at  the 
throat,  and  so  to  give  a  lower  pressure  reading  here  than 
should  be.  This  causes  the  reading  to  be  high.  In  the  smaller 
tube  the  converging  section  stops  before  the  point  where  the 
pressure  is  taken  so  that  the  stream  completely  fills  the  throat 
at  that  point.  The  contraction  effect  is  greater  at  the  liigh 
velocities  which  explains  the  decrease  in  the  coefficient  at  the 
high  rates  of  flow. 


ORIFICES 

A  number  of  tests  were  run  on  various-sized  orifices  from  % 
to  %-in.  increasing  in  size  by  1-16  in.  These  orifices  were  all 
formed  in  1-16-in.  brass  plate.  The  actual  results  of  these  tests 
are  shown  in  Fig.  5. 


tained  from  all  the  orifices  in  the  1-16-in.  plates.  The  solid 
circles  will  be  mentioned  later. 

To  compare  orifices  of  the  same  size  but  in  different  thick- 
nesses of  plate,  tests  were  run  on  three  orifices  Vi-in-  diameter. 
The  fii-st  was  in  1-16-in.  plate,  the  second  in  %-in.  plate,  and 
the  third  was  in  3-16-in.  plate.  The  curve  and  points  in  Fig. 
6  show  that  very  nearly  the  same  result  was  obtained  in  each 
case. 

Fig.  7  shows  how  the  coefficient  of  discharge  and  the  actual 
discharge  vary  with  the  ratio  of  pressure  at  the  orifice,  when 
the  final  pressure  is  constant  at  14.7  lb.  per  sq.  in.  abs. 

A  number  of  tests  were  run  on  the  %  X  1-16-in.  orifice  with 
various  back  pressures  from  atmospheric  pressure  up  to  about 
ninety  pounds  gage.  The  results  of  these  tests  are  shown  in 
Fig.  8. 

Fig.  7  also  shows  the  coefficient  of  discharge  and  the-  dis- 
charge plotted  against  the  ratio  of  pressures  at  the  orifice,  for 
the  tests  when  the  final  pressure  was  greater  than  atmospheric 
jjressure. 
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FLOW   OF   AIR   THROUGH    A   THIN-PLATE   OHIFICE 

Fur  a  given  oiitice  tlie  flow  nf  air  involves  three  variables — 
tlie   f|uantity   discharged,   the    initial    jiressure,   and    the    final 


TYPICAL  RESULTS  SELECTED  FROM  TESTS  ON  THE  TAYLOR  PITOT 
TUBE  IN  A  2-IN.  PIPE 


General  Data 


Barome- 
ter,in. He 
at  32  deg, 
fahr. 


29.44 
29.44 
29.47 
29.47 
29.47 
29  44 
29.44 
29.44 
29.44 
29.44 
29.44 


I^ength 
oftestin' 


Cu.ft.of 
I  air  per 


min.  at 
;  32  deg.. 


Temp, 
of  room, 
deg. 
14. -lb.      fahr. 
abs. 


20  00 

16,00 

12.00 
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6  00 
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4.00 
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PiTOT  Tube 


Temp, 
of  air, 

deg. 

fahr. 


Pres.  of 

air,  lb. 

abs. 


64.4 
65.1 
69.9 
70.0 
70.6 
70.7 
71.5 
73.2 
56.7 
58.1 
61.1 


25.4 
29.9 
33.4 
43.4 
54.8 
64.5 
74,4 
84.4 
94.4 
103.4 


114.1 


Actual 
velocity 
in  pipe, 

ft.  sec. 


Velocity 

head,  in. 

water 


3 

82 

4 

12 

4 

48 

4 

48 

4 

49 

4 

49 

4 

48 

4 

44 

4 

47 

4 

53 

4 
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0  017 
0.021 
0.013 
0.021 
0.018 
0.021 
0.030 
0.024- 
0.028 
0  022 
0  060 


Coeffi- 
cient 

of 
tube 


0  384 
0.608 
0.923 
0.818 
0,957 
0.963 
0.868 
1.018 
1.037 
1.225 
0.775 


TYPICAL  RESULTS  SELECTED  FROM  TESTS  ON  2-IN.  BY  0.666-IN. 
VENTURI  TUBE 


Difference  of 

Cu.  ft.  of  air 

Temp,  of 

Pres.  of  air. 

pres.  between 

Ratio  of  pres. 

per  min.  at 

Coefficient 

No. 

air.    deg. 

lb.  aba. 

mouth  and 

at  mouth  and 

32  deg.,  14.7 

of  tube 

fahr. 

throat,  lb. 

throat 

ib.,  com- 

puted 

12 

64.4 

24.42 

0.01980 

0.99919 

8.4 

1.017 

13 

65,1 

29.52 

0  02670 

0  99909 

10.9 

0  999 

14 

69.9 

34.73 

0,03680 

0.99894 

13.9 

1.009 

15 

70  0 

44.43 

0  04690 

0  99894 

17.7 

1.002 

16 

70,6 

54.43 

0,0.567 

0.99895 

21.6 

0.997 

17 

70.7 

64.22 

0.0664 

0.99896 

25.3 

0.993 

18 

71.5 
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0.0761 

0.99897 

29.2 

0.998 

19 

73.2 

83.82 

0.0867 

0.99897 

33.0 

■0.986 

20 

56.7 

94.12 

0.0978 

0.99896 

38.0 
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21 

38.1 

104.22 

0.1118 

0.99893 

42.6 

1.011 

22 

61.0 

114.13 

0.1230 

0.99892 

46.6 

0.982 

TYPICAL  RESULTS  SELECTED  FROM  TESTS  ON  AIR  ORIFICES 
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pressure.  Evidently  then  the  geometrie  tigure  that  illustrates 
the  relation  of  the  three  variables,  is  a  curved  surface  involv- 
ing all  three  dimensions.     E.xamination  of  the  various  curves 


discussed  above  shows  them  to  be  conic  sections.     The  equa- 
tion of  a  cone  whose  axis  coincides  with  the  z  axis,  is: 

TO"  (.r"  +  i/)  —  (s  —  c)' 
where  m  is  the  slojie  of  the  surface  of  the  cone  with  the  ^  axis 
and  c  is  the  intercept  on  the  z  axis.  For  a  special  case  when 
the  apex  of  the  cone  is  at  the  origin,  c  =  0,  and  when  the  sur- 
face of  the  cone  is  at  an  angle  of  45  deg.  with  the  axis,  m  =  1. 
In  our  ease  c  =  0,  m  =  1,  x  =  P,,  y  =  Q,  and  z  =  P, ;  then, 
by  substitution  : 

Q'  =  A"(p;  —  p;) 

or  the  general  form  of  the  equation  is, 

KA  (P;  —  p;r 


Q  = 


VT 


To  obtain  tlie  nuinevical  values  of  K  and  v,  values  of 
(P,"  —  P.')  were  computed  from  the  results  of  the  tests  and 
plotted  against  the  quantity  Q  in  Fig.  9.  From  this  logarith- 
mic curve  it  was  found  that  A'  =  405  and  ii  =  0.48.  Thus  the 
final  equation  is, 

405,4  (P,=  —  P,,' )"■*■' 
Q  = 

where  Q   =   quantity  of  air  discharged   per  min.  at  .32  deg. 
fahr.  and  14.7  lb.  per  sq.  in.  abs.,  cu.  ft. 
A  =  area  of  the  orifice,  sq.  in. 

P,  =  initial  pressure  before  orifice,  lb.  per  sq.  in.  abs. 
P„  ^  final  pressure  after  orifice,  lb.  per  sq.  in.  abs. 
T  =  absolute  temperature  of  air  entering  orifice,  deg. 
fahr. 
To  check  the  accuracy  of  this  equation,  values  were  com- 
puted for  various  pressures.    These  are  plotted  in  Figs.  5  and 
8  and  are  shown  by  the  solid  circles.    It  will  be  seen  that  these 
points  coincide  closely  with  the  experimental  curves. 

POWER-PLANT  EFFICIENCY 
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Junior  Member 

THIS  paper  will  deal  not  so  much  with  the  efficiency  avail- 
able in  an  up-to-date  power  plant,  as  with  the  improve- 
ment possible  in  the  thousands  of  plants  that  supply  power 
for  small  factories,  office  buildings,  and  various  institutions, 
since  these  are  by  far  the  most  prevalent  and,  also,  the  most 
uneconomical. 

In  1915  about  six  hundred  million  tons  of  coal  were  mined 
in  the  United  States,  and  this  enormous  amount  is  steadily  in- 
creasing. Sujijtose  the  average  cost  of  coal  delivered  at  the 
power  plant  is  tl-80  per  ton,  then  the  total  cost  will  be  $1,080,- 
000,000.  In  the  ordinary  power  plant,  conditions  as  shown  in 
Fig.  1  exist,  where  the  shaded  areas  (excluding  the  one  marked 
"Indicated  Energy")  represent  the  preventable  losses,  ag- 
gregating about  30  per  cent.  Of  our  total  expenditure  for 
coal  this  is  .$324,000,000  each  year,  to  say  nothing  of  the  nat- 
ural gas  and  crude  oil  produced,  burned  and  wasted,  also 
without  the  cost  of  handling  and  firing,  and  investment  in  un- 
necessary boilers,  machinery  and  labor.  If  everything  could 
be  computed,  the  total  loss  would  exceed  half  a  billion  dollars 
and  all  due  to  inefficiency  of  man,  which  can  be  subdivided 
into : 
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a  Lack  of  foresig:lit  and  business  ability 

b  Improper  design 

f  Improper  management  and  inetHeient  operation. 

Often  wlien  a  power-plant  installation  is  planned,  tlie  owner 
fails  to  consult  a  competent  designing  engineer;  ill  advice  from 
incomi)etent  pei-sons,  prejudice  and  fear  of  investing  needless 
money  do  the  rest.  The  owner  is  not  an  engineer  and  cannot 
be  e.xpected  to  know  where  a  greater  initial  e.xpenditure  for 
more  economical  power-generating  equipment  will  pay.  There- 
fore, every  power-plant  owner  should  have  a  consulting  engi- 
neer, proficient  in  economical  power-plant  design  and  opera- 
tion, and  every  such  consulting  engineer  should  have  a  staff 
of  specialists  capable  of  examining  power  plants  in  regard 
to  their  proper  up-keep  and  o])eration  and  of  instructing  the 
operating  force  tliereupon.  Every  plant  should  be  exam- 
ined at  regular  intervals,  and  the  cost  of  such  examination  will 
be  amply  rewarded  by  the  savings  due  to  greater  ethciency. 

Owners  are  as  much  in  need  of  education  in  power-plant 
economics  as  tlieir  employees.     They  should  be  impressed  with 
these   possibilities : 
a  From  10  to  30  per  cent  fuel-consumption  reduction  witliout 

additional  investment,  simply  by  more  efficient  operation 
h  Up   to  three  times  the  amount   of  power  from   the  same 

amount  of  fuel  by  installing  proper  equipment 
c  Investments  can  be  made  in  a  power  j)lant  bringing  from 

10  to  100  per  cent  in  interest 
d  To  obtain  the  above,  specialists  on  economical  power-plant 

operation  and  design  should  be  consulted. 


VALUE  OF  INSTRUMENTS 

Instruments  to  show  whetlier  a  plant  is  operated  etheiently 
are  generally  wanting.  In  boiler  rooms  from  10  to  20  per  cent 
of  the  fuel,  and  more  in  some  of  them,  is  wasted  chiefly  from 
lack  of  indicating  devices  to  detect  losses.  Every  boiler  should 
have  a  draft  gage  and  if  possible  a  steam-flow  meter.  No 
boiler  room  should  be  without  some  form  of  gas-analj'sis  in- 
strument and  flue-gas  thermometer  or  pyrometer.  Too  much 
guessing  is  done  in  the  average  power  plant,  which  is,  in  part, 
responsible  for  the  miserable  results  obtained.  Few  plants 
pay  particular  attention  to  obtaining-  economic  combustion ; 
many  operators  have  no  idea  what  high.  C0„,  low  CO,  and  other 
such  expressions  mean.  Hence  it  is  not  surprising  that  there 
are  boilers  operated  at  40  per  cent  efficiency. 

An  automatic  CO,  recorder  has  a  great  moral  effect  upon 
the  fireman,  and  numerous  boiler  plants  can  thank  this  ap- 
paratus for  a  large  saving  in  fuel  consumption.  The  steam-flow 
meter  on  each  boiler  in  connection  with  proper  interpretation 
of  the  pressure  drops  through  boiler  gas  passages,  is  also  of 
great  value  and,  with  intelligent,  trained  men  in  charge,  even 
preferred  to  the  CO,  recorder. 

The  common  differential  draft  gage  is  also  important,  for, 
when  properly  connected,  it  will  tell  whether  the  boiler  is  being 
operated  at,  below,  or  above  rating;  and  whether  the  fuel  bed 
is  too  thick,  or  dirty,  or  full  of  air  holes.  But  the  draft  read- 
ings must  be  intelligently  interpreted  and  they  seldom  are. 
Few  operating  engineers  know  the  real  value  of  the  draft  gage. 


REDUCIBLE    LOSSES 

The  greatest  and  most  neglected  loss  in  the  average  lioiler 
plant  is  from  excess  air.  The  curves,  Fig.  2,  show  the  magni- 
tude of  this  loss  at  different  C0„  percentages  and  are  applicable 


to  any  fuel,  liquiil,  solid,  or  gaseous,  if  its  available  hytlrogen 
percentage  is  known. 

The  impression  prevails  that  coal  must  be  burned  with 
about  50  iier  cent,  of  excess  air.  Some  authorities  claim  that 
going  beyond  10  to  12  per  cent  CO,  the  loss  due  to  incomplete 
combustion  will  offset  the  saving  effected  by  reducing  the  excess 
air.  This  opinion  is  based  upon  certain  types  of  installation 
only,  and  should  not  be  accepted  aiul  ilisseminated  as  a  general 
condition.  Some  few  up-to-ilate  plants  are  averaging  17  per 
cent  CO.  with  bituminous  coal,  without  serious  losses  due  to 
incomplete  combustion.  The  author  himself  obtained  an  analy- 
sis giving  CO.,  17.2  per  cent;  O,  1  per  cent;  CO,  0.1  per  cent, 
which  appears  remarkable  with  bituminous  coal,  but  is  easily 
possible  if  the  furnace  construction  is  right.  Hence  it  is  ridicu- 
lous to  use  200  per  cent  excess  air  as  is  often  done ;  also  50  per 
cent  is  more  than  is  needed,  and  with  proper  furnace  design 
not  more  than  10  per  cent  excess  air  is  required. 
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With  low  percentages  of  excess  air,  proper  design  of  com- 
bustion space  becomes  mucli  more  important,  to  prevent  in- 
complete combustion  and  too  high  furnace  temperatures.  Ex- 
ceedingly high  furnace  femijeratures  have  no  real  advantage 
and  several  disadvantages,  therefore  heating  surface  exposed 
directly  to  the  fuel  bed  to  reduce  the  furnace  temperature  will 
not  only  cause  a  decrease  of  the  slagging  effect  upon  the  fire 
brick,  and  thus  increase  the  CO,  possible  to  maintain,  but  will 
also  increase  the  efficiency  of  the  boiler  due  to  the  heat  radiated 
directly  to  it,  and  will  increase  tiie  boiler  ca])acity  without 
increasing  the  flue-gas  temiierature. 

Fig.  3  shows  the  flue-gas  temperatures  with  different  well- 
known  installations  at  varimis  l)oiler  ratings.  It  shows  that 
results  obtained  are  very  varied,  and  that  some  installations 
obtain  the  same  final  temperature  at  300  per  cent  of  rating 
as  others  at  100  per  cent.  In  one  ease  at  200  per  cent  of 
rating,  the  temperature  of  the  escaping  gases  was  285  deg. 
higher  than  in  another,  and  this  in  spite  of  the  fact  that  in 
both  cases  the  amount  of  air  used  to  generate  10,000  B.t.u. 
was  the  same.  The  sei-ionsness  of  this  will  be  realized  from 
the  fact  that  this  condition  causes  a  loss  of  about  11  per  cent 
in  fuel  consiinqilidii  In  Ihe  high-tenqierafure  plant.  This  is  at 
100  per  cent  overload;  at  iiigher  I'atings  this  difference  will 
itu'rease  as  indicated  bv  flic  curves. 
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Boilers  can  be  operated  at  two  tiraes  the  rating,  and  more, 
but  not  economically  unless  designed  for  it;  with  the  rates  of 
heat  absorption  obtained  at  present  in  most  installations,  if 
operated  at  very  high  ratings  the  loss  will  be  too  great,  unless 
the  temperature  of  the  escaping  gases  be  reduced  in  econo- 
mizers. The  increase  of  velocity  wiU  cause  draft  loss,  but  this 
is  not  so  serious,  for  the  necessity  of  installing  mechanical 
draft  brings  about  advantages. 

The  author  has  found  reduction  of  flue-gas  temperature 
possible  in  most  boiler  installations  by  reducing  excess  air, 
increa&ing  velocity,  eliminating  dead-gas  spaces,  re-baffling  or 
installing  auxiliary  baffles,  exposing  some  of  the  heating  sur- 
face to  direct  radiation  from  the  fuel  bed,  and  last,  but  not 
least,   maintaining   clean   heating   surfaces   by   blowing   with 


temperature,  weight  of  air  per  pound  of  coal,  load  factor, 
character  of  load,  etc.,  very  closely  predetermined. 

Economizers  do  considerably  reduce  the  draft,  but  often 
much  of  the  total  loss  is  the  fault  of  the  gas  passages  from 
the  boiler  to  the  economizer  and  from  them  to  the  stack.  With 
natural  draft,  there  will  be  additional  reduction  of  available 
draft  resulting  from  the  reduction  of  the  stack  temperature. 
The  loss  of  draft  because  of  economizers  is  partly  offset  by 
the  higlier  efficiency  and  therefore  smaller  amount  of  coal 
burned,  and  also  by  the  ability  to  operate  more  economically 
the  auxiliaries  that  previously  exhausted  into  a  feed-water 
heater,  which,  saving  steam,  will  somewhat  reduce  the  amount 
of  coal  burned  and,  consequently,  also  the  draft  required. 
Maintaining  high  CO,  percentage,  together  with  having  tight 
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steam  at  regular  intervals  and  scraping  the  heating  surfaces 
when  the  boiler  is  down  for  cleaning. 


advantages  of  economizers 

Boiler-plant  efficiency  can  be  considerably  increased  by  add- 
ing economizers.    The  objections  ordinarily  offered  are : 

a  Their  initial  cost 

6  Reduction  of  available  draft  and,  in  many  plants,  necessity 

of  installing  mechanical-draft  systems 
c  Cheap  fuel   (speaking  comparatively) 
A  Low  load  factors 
e  Complication  of  the  power-plant  outlay. 

The  chief  reason  that  they  are  not  used  more  generally  is  that 
their  value  is  not  realized.  They  are  particularly  needed  in 
plants  having  variable  loads.  Much  depends  upon  properly 
proportioning  the  installation  and,  therefore,  before  an  econ- 
omizer is  decided  upon,  a  plant  must  be  closely  studied  and 
the  governing  factors,  such  as  flue-gas  temperature,  feed-water 


breeching,  clean-out  doors  and  dampers  on  idle  boilers,  will 
tend  to  increase  the  available  draft. 

If  the  stack  height  is  so  low,  or  the  boiler  load  so  high,  that 
all  the  above  will  not  insure  sufficient  draft  at  all  times, 
mechanical  draft  will  have  to  be  resorted  to.  This  will  in  one 
way  reduce  the  saving,  due  to  added  interest  on  investment, 
depreciation  and  operating  charges  with  the  power  required, 
but  all  this  can  be  offset  by  the  greater  boiler  efficiency  pos- 
sible with  thicker  fuel  beds  and,  consequently,  higher  COj, 
and  greater  rate  of  heat  absorption  attending  higher  velocity 
of  the  gas  over  the  heating  surface  of  the  boiler  and  economizer. 

Where  the  natural  draft  is  too  weak  to  warrant  a  fuel 
economizer,  and  conditions  are  such  that  mechanical  draft 
cannot  be  considered,  there  is  still  a  way  to  improve  the  work- 
ing conditions.  At  least  40  per  cent  of  the  boiler  heating  sur- 
face is  inefficient  as  a  heat  absorber  because  of  the  low  tem- 
perature difference,  and  any  increase  in  temperature  differ- 
ence will  reduce  the  amount  of  heating  surface  required  to  cool 
the  gases  down  to  a  given  point. 

The  draft  loss  will  not  be  any  more  with  this  installation 
than  when  no  economizer  was  attached,  but  even  less,  which 
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can  be  taken  advantage  of  by  increasing  the  gas  velocity  over 
the  added  economizer  heating  surface.  The  installation  could 
follow  the  European  practice  of  building  the  economizer  di- 
rectly into  the  boiler  setting,  which  would  further  reduce  the 
draft  and  radiation  losses.  The  economizers  could  also  be  of 
boiler  steel  since  the  temperature  would  never  drop  to  a 
point  where  danger  would  exist  from  external  corrosion,  and 
to  further  prevent  this,  water  entering  should  never  be  below 
100  deg.  fahr.. 


PROPER    FEED    WATER 

Much  heat  is  wasted  by  dirty  boilers,  and  the  cost  of  clean- 
ing in  most  plants  is  considerable.  Using  distilled  water  as 
boiler  feed  should  be  advocated  whenever  possible.  In  other 
plants,  more  attention  should  be  paid  to  treating  the  feed 
water.  Properly  treated  feed  water  will  not  only  improve  the 
efficiency  of  a  boiler  as  a  heat  absorber,  reduce  the  cost  of 
boiler  cleaning  and  its  repairs  and  increase  its  life,  but  will 
also  greatly  increase  its  safety. 

City  boiler  inspection  departments,  with  the  aid  of  water 
departments,  could  be  of  great  aid  to  the  operating  engineers 
in  the  particular  cities,  by  keeping  them  informed  as  to  what 
treatment  the  water  requires  to  make  it  suitable  for  boiler 
feed.  Much  good  could  also  be  done  by  the  boiler  insur- 
ance companies,  not  only  to  the  engineers  and  power-plant 
owners,  but  also  to  themselves,  if  they  had  chemists  to  in- 
spect samples  of  feed  water  and  advise  proper  treatment. 

PREHEATED  FURNACE   AIR 

Preheating  of  furnace  air  with  the  heat  in  the  escaping  flue 
gases  would  save  considerable,  but  is  never  practiced.  A  sav- 
ing of  5  per  cent  is  easily  possible  and  air  preheaters  to  effect 
this  saving  could  be  constructed  cheaply,  but  as  they  would  be 
quite  bulky  they  could  be  located  outside  of  the  boiler  room. 
Most  simply  constructed  they  would  consist  of  a  long  sheet- 
iron  compartment  through  which  the  air  and  flue  gas  would 
pass.  The  cost  of  installing  would  be  low,  except  if  an  ex- 
tensive building  alteration  were  required,  but  mechanical  draft 
would  be  necessary  since  there  would  be  not  only  more  fric- 
tion of  the  flue  gas  and  less  stack  draft  because  of  lower  tem- 
perature, but  also  more  power  required  to  force  the  air  into 
the  furnace.  These  heat  abstractors  could  be  easily  cleaned 
by  hand,  or  like  economizers. 


with  the  make-up  wg,ter,  could  be  used  to  condense  the  steam 
from  the  auxiliaries.  Using  exhaust  steam  from  reciprocating 
steam  pumps  in  the  low-pressure  stages  of  a  steam  turbine 
designed  for  this  purpose  is  also  quite  a  saving. 

The  use  of  high-pressure  steam  in  manufacturing  and  heat- 
ing should  be  discouraged ;  while  sometimes  its  use  is  war- 
ranted, generally,  the  use  of  low-pressure  steam  will  effect  a 
saving  if  the  pressure  is  reduced  through  small  turbines,  en- 
gines, or  pumps,  as,  thus,  the  mechanical  energy  will  be  ex- 
tracted between  the  high-  and  low-pressure  limits,  without  ma- 
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economical  auxiliaries  needed 

While  in  many  power  plants,  especially  the  larger  ones,  con- 
siderable attention  is  paid  to  the  main  power-generating  units, 
the  auxiliaries  are  ordinarily  neglected.  Throttling  steam 
engines  and  especially  direct-acting  double  and  single  pumps 
are  too  generally  used.  Unless  they  exhaust  into  feed-water 
heaters  or  other  heating  appliances,  they  should  not  be  used 
except  in  very  small  units,  or  only  intermittently  for  short 
periods.  Substituting  motor-driven  triplex  plunger  pumps, 
or  motor-  or  turbine-driven  centrifugal  pumps  would  usually 
result  in  a  substantial  saving.  Where  duplex  steam  pumps  are 
preferred  and  the  plant  operates  condensing,  in  a  small  plant, 
the  exhaust  steam  from  the  pumps  could  be  discharged  into  the 
condenser  of  the  main  units,  or  in  a  large  plant,  a  separate 
condenser  could  be  installed  especially  for  the  auxiliaries,  and 
the  discharged  circulating  water  from  the  main   condensers. 


terially  reducing  the  heating  qualities  of  the  steam.  Using 
large  reducing  valves  to  reduce  steam  pressures,  while  not  a 
waste  of  heat,  is  a  distinct  waste  of  power. 


utilizing  exhaust  steam 

The  value  of  exhaust  steam  for  heating  and  the  consequent 
saving  effected  has  been  demonstrated,  and  many  plants  take 
advantage  of  it,  but  the  practice  should  be  more  general.  Even 
plants  operating  condensing  could  bleed  the  low-pressure  re- 
ceiver of  a  compound  engine,  or  the  low-pressure  stages  of 
steam  turbines  and  distribute  this  steam  through  the  buildings. 
In  power  plants  where  economizers  are  not  employed  and  the 
temperature  of  the  water  is  low  when  fed  into  the  boilers,  this 
partly  expanded  steam  could  also  be  used  to  advantage  in  feed- 
water  heaters. 
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KXTRAVAGANT    KEFRIOERATING    PLANTS 

About  the  most  wasteful  power  plants  are  the  iee-making 
and  rel'rigeratuig  plants;  many  make  three  or  less  tons  of 
ice  per  ton  of  eoal,  a  few  about  six  tons,  and  only  the  very 
excejjtional  plants  reach  the  ten-ton  mark.  All  except  the  very 
small  ones  and  those  near  coal  mines,  should  be  makino;  ten 


75 

s 

0 

up 

er 
50 

hea'(--Deg.*Fiah 
100     150     200 

* 

' 

1 

-Back  Pre&sure-Lb. - 

1 

01    ?^4';67ft 

70 

1 

I 

_\tf 

\ 

=\ 

\ 

V3 

1 

z 

\ 

/ 

\  = 

/ 

.<> 

1 

s--. 

A 

\ 

VoL:^- 

v^' 

/ 

1 

s^ 

\ 

^ 

// 

1 

\ 

^^   ^ 

>-- 

„'> 

55 

V'^^.rfv: 

^^ 

y 

\ 

K 

^- 

^ 

^ 

v^ 

\ 

^i 

- 

~ 

— 

\ 

s^- 

\ 

\ 

^ 

\ 

5 

\ 

\'> 

— 

— 

\ 

1 

\-- 

\ 

' 

\^; 

\ 

L^ 

*5 

\^ 

V 

o 

V- 

\ 

^ 

=- 

V 

■5. 

V 

i 

s, 

fv- 

\ 

\ 

c 

-% 

^^ 

40 

^XV- 

\ 

>, 

\'5  v\. 

■^ 

'-C 

yr. 

\ 

^1  v;- 

^~~^^ 

^'^ 

^ 

\\ 

\ ' 

\, 

^- 

^S^-t.. 

J 

>~ 

L, 

! 

^ 

-^ 

' 

\ 

^ 

35 

\ 

V 

\ 

r^ 

'^"Si^.^n, 

W 

^ 

\ 

' 

■^ 

S 

\'^ 

\ 

\ 

1 

'-'s 

\' 

\ 

\  \ 

i", 

»..v 

\ 

S 

30 

\    \ 

\ 

^oT~^ 

SSfSfrarT, 

1 

\ 

Tr 

\. 

^^ 

-x-^^ 

r\ 

V- 

V 

V 

N* 

'->-^ 

'^. 

-V 

9 

9-, 

^S^ 

"~i 

— 1 — 1 

-c* 

^ 

^ 

L^^ 

?B 

\ 

i- 

1 

1 

1 

_, 

>< 

n 

^■^1 

s^' 

-,. 

\ 

~-^''^^ 

iSuperhp^fcd^ 

tfOPU 

^ 

< 

;^ 

\ 

-i'-'s 

J 

N 

1 

-~^^ 

— 

'          ■ 

> 

" 

1 

1 

s 

^ 

Sf 

arn 

Nj 

5V 

s 

-^ 

■ — 1 

— 

— 1 

^jri 

> 

< 

v%-' 

^aa*'.i- 

~> 

^"^ 

r 

3 

' 

^■ 

^ 

.' 

. 

" 

' 

— 

~ 

— 

4 

\. 

% 

V 

-^ 

15 

K 

3>, 

^^ 

r^ 

lb 

K 

a.. 

rr-^S2?" 

>^' 

1  1    ' 

-~ 

_^ 

20 

■^'^e6„ 

~ 

"" 

10 

\ 

r^^ 

^ 

_  A;.:,ki  1 

i-  r'Qif^f 

30 

35 
40 
50 

5 

" 

} 

a 

'/ 

? 

3 

/■ 

1 

1 

4 

"i 

F.'-ac'"ion5    of  RoTcd  Load 

Fig.  4      Relative   Efficiexcy  and  Heat   Consumption   of 
VARI0U.S  Power  Installations 

tons  of  ice  per  ton  of  coal  burned,  and  in  no  case  less  than 
six  tons. 

One  reason  for  the  existing  bad  conditions  is  the  low  load 
factor.  While  during  warm  weather  the  equipment  is  forced 
far  beyond  its  economical  rating,  in  winter  it  stands  idle. 
Tins  low  yearly  load  factor,  which,  in  most  plants,  is  between 
20  and  40  per  cent,  is  to  a  certain  extent  responsible  for  many 
jdants  not  being  more  successful  and  profitable.  Proper-size 
ice-storage  houses  reduce  the  necessary  size  of  power  plants. 


machinery,  ice  tanks,  etc.,  and  consequently  also  the  fixed  and 
operating  charges. 

Besides  the  variable  load  conditions,  the  following  are  fac- 
tors responsible  for  uneconomic  conditions : 
a  Inefficiency   in   the   boiler   houses,   where   often    the   coal  is 
burned  with  from  two  to  four  times  the  air  actually  re- 
quired 
/)  The  fact  that  distilled-water  ice  is  made  and  uneconomical 
prime  movers  and  auxiliary  machinery  operated  so  that 
suflBcient  exhaust  steam   for  distilled  water  will  be  ob- 
tained.    This   type   of  plant   also  condenses  the  exhaust 
steam  in  atmospheric  condenser's,  with  the  result  that  the 
engines  operate  against  a  back  pressure  instead  of  under 
a  vacuum 
c  Lack  of  thorough  understanding  on  the  part  of  many  oper- 
ators of  the  physical  laws  governing  the  compression  of 
gases,  refrigeration  is  often  obtained  with  from  20  to  40 
per    cent    more    power    than    actually    required.      Jlany 
operators  insist  that   ammonia   compressors  operate  best 
with   low    back   pressures,   while   exactly   the   opposite   is 
true. 

To  be  able  to  operate  with  high  back  pressures,  ice  tanks, 
brine  tanks,  and  coolers  should  be  designed  and  piped  so  that 
proper  temperatures  will  be  maintained  without  too  great  a 
temperature  difference  between  the  air  (or  brine)  and  the 
evaporating  ammonia.  Where  two  (one  high  and  one  low) 
temperatures  must  be  maintained,  the  power  required  per  ton 
of  refrigeration  will  be  greatly  reduced  by  installing  high-  and 
low-pressure  suction  lines  connecting  with  a  multiple-effect 
compressor  attachment,  tiius  enabling  the  compressor  to  oper- 
ate with  very  nearly  the  efficiency  obtained  with  the  higher 
back  pressure. 

Raw-water  ice  systems  have  been  so  perfected  that  ice  can 
be  made  from  raw  water  that  is  wholly  equal  to  distilled-water 
ice.  Wiiere  the  water  is  very  bad,  it  can  be  purified  or  a  mul- 
tiple-effect distilled-water  system  used,  avoiding  any  occasion 
to  employ  uneconomical  steam  machinery  to  get  the  required 
quantity  of  ice  water. 

Tlie  comjiression  system  of  ice  making  with  simple  non- 
condensing  Corliss  engines  and  its  production  of  six  tons  of 
ice  for  every  ton  of  12,000  B.t.u.  coal  burned  under  its  best 
conditions,  high  load  factor  and  excellent  operation,  could 
Ijc  improved  upon  by  various  other  combinations,  as  follows : 

Tons  of  ice 
per  ton  of  coal 

Compression  simple  Corliss,  non-condensing 6 

Compression  compound  Corliss,  non-condensing.  ...     7 
Compression  simple  Corliss  exhausting  into  generator 

of  absorption  machine 8.5 

Compression  compound  Corliss,  condensing 9.5 

Compression  compound  Corliss  exiiausting  into  gen- 
erator of  absorption  machine 11.0 

Tliese  estimates  are  for  well-operated  ice  plants  and  the 
production  could  be  further  increased  by  adding  special  de- 
vices and  by  special  arrangements,  economizers,  multiple- 
effect  compressor  attachments,  flooded  and  jet  ammonia  con- 
densers, vertical  small-clearance  compressor's,  heat  exchangers, 
flooded  systems,  etc.,  also  by  using  imiflow  engines  supplied 
with  higldy  sui)erlie:ited  steam.  In  some  refrigerating  plants 
Diesel  and  semi-Diesel  engines  are  used  to  drive  ammonia 
compressors  with  great  success. 

By  operating  ammonia  compressors  properly,  that  is,  with 
a  hiffh  discharge  temperature  and  leading  the  gas  through  a 
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feed-water  preheater,  considerable  heat  could  be  saved  and 
thus  allow,  if  economizers  are  not  used,  employing  more  ef- 
ficient auxiliaries  or  discharging  their  steam  into  the  gener- 
ator of  the  absorption  maclime.  Condenser  efificiency  is  also 
very  important  in  ice-  and  refrigerating-plant  operation  and 
it  is  regTettable  with  what  persistence  the  low-elTiciency  straight 
pipe  condensers  are  used,  while  there  are  excellent  types  of 
flooded,  jet  condensers  and  others  on  the  market. 

Many  large  plants  are  operated  non-condensing  and  while 
the  exhaust  steam,  in  winter,  is  used  for  heating,  in  summer, 
a  large  part  of  it  is  ordinarily  wasted.  It  would  pay  some  one 
to  buy  this  steam  and  use  it  in  an  absorption  ice  machine.  An- 
other good  combination  would  be  an  exhaust-steam  absorp- 
tion ice  plant  and  electric-light  plant,  with  the  resulting  high 
efl[icieney  of  the  two  combined. 

Opportunities  for  economy  in  ice  plants  are  great,  not  only 
by  better  equipment  and  arrangement,  but  also  by  better 
operation,  for  many  plants  are  ridiculously  inefficient.  While 
operating  engineers  are  coming  to  realize  the  importance  of 
frequently  indicating  the  steam  engine,  they  are  slow  in  be- 
coming impressed  with  the  importance  of  indicating  the  am- 
monia compressor. 


ECONOMICAL   PRIME   MOVERS 

The  uniflow  engine  is  imjiortant  to  the  economical  operation 
of  the  smaller  power  plants,  and  the  locomobile  also  deserves 
honorable  mention.  Exhaust-steam  turbines  operating  under 
proper  conditions  have  demonstrated  their  benetits  and  should 
be  used  more  generally.  Superheated  steam  also  should  be 
taken  advantage  of  more  than  it  is.  In  very  many  plants 
substantial  savings  could  be  made  by  installing  superheaters. 

Producer-gas  plants,  gas  engines,  and  Diesel  engines  should 
tmd  a  much  greater  application.  With  proper  care,  gas  and 
oil  engines  today  are  entirely  dependable  and  much  more  effi- 
cient than  steam  engines.  The  advisability  of  their  use  de- 
pends upon  the  price  of  the  fuel,  but,  in  any  event,  the  burn- 
ing of  oil  and  gas  under  boilers  should  be  discouraged,  since 
they  are  much  more  economically  used  in  gas  and  heavy  oil 
engines. 

The  gas  producer's  chief  economic  advantage  is  that  it  can 
use  low-gi-ade  fuels  misuitable  under  steam  boilers.  The  quan- 
tities of  fuel  wasted  at  the  mines  could  be  used  in  gas  pro- 
ducers supplying  gas  engines  driving  electric  generators  and 
the  current  distributed  for  sale.  The  economical  power  plant 
is  necessarily  more  complicated  and  very  often  objections  of- 
fered to  iiroducer-gas  plants  and  gas  and  oil  engines  are  that 
they  require  better  operating  men.  This  is  so  and,  therefore, 
we  must  begin  to  develop  men  thoroughly  fitted  to  operate 
the  up-to-date  power  plant.  One-sided  development  such  as 
inventing  more  efficient  machinery  should  be  balanced  by  edu- 
cating the  men  to  properly  handle  it. 


RELATIVE     EFFICIENCY     AND     HEAT     CONSUMPTION     OF     VARIOUS 
POWER  INSTALLATIONS 

Fig.  4  shows  the  relative  value  of  various  jiower  installa- 
tions from  a  thermal  standpoint.  Effort  was  made  to  have  the 
given  values,  as  far  as  possible,  represent  the  average  condi- 
tions. 

All  sizes  of  prime  mover  varied  from  300  to  400  b.h.p.  ex- 
cept the  simple  non-condensing  engine  and  the  locomobile 
which  were  150  b.h.p.,  the  turbine,  4,000  kw.  and  the  Niirn- 


berg  gas  engine,  1,200  b.h.]!.  Boiler  efficiency  in  each  case  was 
assumed  to  be  70  per  cent,  an  allowance  of  3  per  cent  was 
made  for  the  boiler-feed  pump,  and  2  per  cent  for  leakage 
and  condensation.  For  the  condensing  engines  the  auxiliary 
steam  consumption  was  assumed  to  be  5  per  cent  of  the  total 
steam  consumption.  The  temperature  of  the  feed  water  enter- 
ing the  boiler  was  assumed  to  be  200  deg.  fahr.  to  which  point 
it  was  heated  by  either  exhaust  steam  or  an  economizer. 

For  the  uniflow  engine  when  operating  non-condensing  with 
superheated  steam,  the  superheat  was  120  deg.  fahr.  and  when 
operating  condensing,  100  deg.  fahr.  with  251/2  in-  of  vacuum. 
The  turbine  tests  represent  a  4,000-kw.  horizontal  turbine 
operating  under  28  in.  of  vacuum,  175  lb.  steam  pressure  and 
saturated  steam.  The  effect  of  superheat  is  shown  by  the  ex- 
tension of  the  curve  at  full  load. 

The  locomobile  curve  represents  tests  made  on  a  150-b.h.p. 
locomobile  with  a  varying  high-pressure  superheat  of  80  deg. 
at  one-fourth  load  to  235  deg.  at  one  and  one-fourth  load,  and 
ordinary  intermediate  superheat.  Since  the  chart  was  drawn 
upon  the  assumption  that  the  boiler  and  grate  efficiency  is  70 
per  cent,  for  any  other  efficiency  the  value  will  be. 


B.t.u.  X  0.70 
Boiler  Efficiency 


=  Actual  B.t.u. 


OPERATION  AND   MANAGEMENT 

To  obtain  the  greatest  efficiency  possible  in  a  power  plant  is 
not  only  a  matter  of  design,  but  a  good  deal  a  matter  of 
proper  operation  and  management.  Most  power  plants  could 
make  large  savings  in  this  way  and  there  are  exceptionally 
few  where  some  improvements  eouud  be  made  without 
spending  a  dollar  for  new  equipment.  To  obtain  full  benefit 
from  the  equipment  on  hand,  the  men  operating  it  must  be 
made  more  efficient  and  this  can  be  done  by : 

a  Education 

h  Strict  supervision 

c  Pay  according  to  merits     (Bonus  systems) 

d  Competition  and  advancement 

('  Welfare 

Education,  while  the  most  important,  is  also  the  most 
neglected  factor  in  economic  operation  of  a  power  plant.  This 
is  especially  true  in  the  boiler  room  where  the  waste  is  great- 
est. Skilled  labor  should  be  employed.  Every  boiler  room 
should  have  a  man  with  authority  to  give  orders  and  with  suf- 
ficient jjersonality  to  have  his  orders  respected..  This  man 
should  predetermine,  by  the  proper  use  of  various  instruments, 
the  most  economical  ways  of  burning  coal  and  instruct  the  fire- 
men as  to  the  best  methods,  and  then  insist  that  these  methods 
be  carried  out. 

License  laws  and  examinations  would  conduce  to  better  edu- 
cation of  operating  engineers  but  in  60  per  cent  of  the  United 
States,  by  population,  there  is  no  license  law,  and  the  other  40 
per  cent  consider  only  ability  to  operate  a  plant  safely — sel- 
dom economic  operating  ability.  License  laws  should  be  more 
stringent,  examinations  more  complete,  licenses  graded  and  is- 
sued for  intended  plants.  Since  fuel-loss  prevention  is  a  na- 
tional problem,  efforts  should  be  made  to  obtain  a  Govern- 
ment standard  license  law  all  over  the  United  States,  and 
members  of  examining  boards  should  be  civil-service  employees 
of  the  United  States  Government,  thus  eliminating  politics. 

Opportunity  should  be  offered  to  men,  intending  to  become 
operating  engineers,  to  acquire  the  necessary  knowledge. 
While  the  practical  part  can  be  learned  in  the  power  plant 
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directly,  the  fundameutals  of  theory  which  are  all  Lmportant 
to  the  up-to-date  operating  engineer  are  difficult  to  obtain 
properly.  Cooperation  of  educational  institutions  is  needed 
by  the  forming  of  classes  at  the  various  universities  and  other 
schools  to  give  courses  on  economic  operation  of  power  plants. 
Instruction  should  be  given  by  correspondence  to  those  unable 
to  attend  in  person.  Washington  University  of  St.  Louis  has 
made  the  initial  step  in  this  direction  by  starting  two  night 
courses  especially  adapted  to  the  operating  engineer. 

The  effect  that  proper  training  of  operating  men  would 
have  on  general  power-plant  conditions  and  economy  cannot 
be  estimated,  but  it  would  be  of  immense  value  to  the  owner, 
mechanical  engineer,  and  also  to  the  men  themselves ;  in  fact  to 
the  whole  community. 

SMOKE  PREVENTION 

There  has  been  considerable  agitation  against  smoke  emis- 
sion and  in  all  important  cities,  smoke  prevention  departments 
have  been  formed  and  laws  made  against  smoke  emission.  The 
objections  to  smoke,  as  stated,  are  "  public  nuisance "  and 
"  fuel  loss."  The  methods  employed  by  smoke  departments 
are  effective  in  preventing  the  first,  but  the  value  of  some 
of  them  as  to  the  second  is  very  doubtful.  It  is  well  known 
that  the  chief  loss  in  a  boiler  plant  is  due  to  excess  air  (low 
CO.)  and  not  due  to  incomplete  combustion,  of  which  the  re- 
sult might  be  smoke. 

To  prevent  smoke  effectively,  it  is  necessary  to  center  at- 
tention on  the  quantity  of  air  used  to  burn  the  coal,  and  keep- 
ing it  down  to  a  minimum,  proper  furnace  temperature  and 
possibilities  for  well  mixing  the  combustible  gases  and  the 
air.  At  present  (with  exceptions)  most  attention  is  paid  to 
smoke  and  smoke  alone,  without  paying  the  attention  to  excess 
air  loss  that  it  deserves.  As  a  result  many  plants  are  wasting 
more  fuel  since  operating  smokelessly  than  before,  because  of 
using  more  excess  air 

Smoke  prevention   departments  could  greatly  aid   in  pre- 
venting national  fuel  waste  and  some  of  them  are  doing  so, 
but  where  they  are  not,  it  can  be  laid  to : 
a  Political  influence  and  interference 
h  Lack  of  funds  to  employ  expert  inspectors 
c  Employment  of  methods  having  no  scientific  basis,  and  lack 
of  effort  to  educate  the  engineer  and  firemen,  while  at  the 
same  time  more  force  is  employed  than  is  good  for  the 
cause 
d  Lack  of  confidence  on  the  part  of  the  power  plant  owner 
because  of  all  of  the  above. 

Exceedingly  few  firemen,  not  even  3  per  cent,  know  the 
simplest  rudiments  of  combustion  Many  who  are  considered 
good  firemen  persist  in  operating  their  furnaces  so  that  at 
least  20  per  cent  of  the  fuel  is  wasted ;  at  the  same  time  claim- 
ing that  it  is  the  better  and  proper  way.  To  overcome  such 
conditions  they  must  be  educated. 

It  would  be  a  great  help  if  more  of  the  simplest  literature 
could  be  obtained,  describing  the  economical  process  of  firing, 
and  this  written  in  an  interesting  way.  It  is  not  meant  that 
there  is  no  such  literature,  for  an  immense  amount  of  good 
has  been  done  by  Power,  Practical  Engineer,  and  other  jour- 
nals of  this  character,  but  the  man  who  needs  it  most  does  not 
get  it,  and  it  would  pay  to  bring  it  to  him. 

The  U.  S.  Bureau  of  Mines  would  increase  its  usefulness  by 
including  in  its  excellent  editions  on  fuel  technology  from  time 
to  time,  bulletins  of  a  thoroughly  practical  nature  especially 
adapted  to  the  average  boiler  room  man.  These  bulletins 
should  be  written  by  men  who  know  the  fireman  and  who  have 


been  through  the  mill  themselves.  After  such  bulletins  are 
ready  they  should  not  be  kept  until  those  who  need  them  write 
for  them,  but  they  should  be  given  a  forced  circulation  with 
the  aid  of  boiler  insurance  companies,  smoke  inspection  de- 
partments, business  men's  leagues,  etc. 

CARE  FOR  THE  HUMAN  ELEMENT 

In  larger  power  plants,  reading  rooms  for  men  waiting  for 
the  change  in  their  shift,  with  some  good  literature,  will  cause 
the  men  to  come,  instead  of  ten  minutes  before  work  time,  an 
hour  or  more.  Also  good  engineering  literature  should  be 
kept  on  file  for  employees  to  take  home.  Meetings  should  be 
arranged  between  employees  and  foremen  at  regular  intervals 
for  discussion  and  instruction  upon  the  special  problems  com- 
ing up,  new  work,  and  better  and  more  eflBcient  operation. 
Lectures  upon  different  subjects  pertaining  to  efficient  power 
plant  operation  should  be  given,  and  the  men  kept  in  close 
touch  with  not  only  the  outside,  but  also  the  inside  details  of 
their  work.  As  a  result  they  will  be  more  interested  in  their 
work,  eager  for  learning  and,  in  general,  better  men  by  whom 
the  power  plant  will  be  operated  much  more  economically. 

In  smaller  plants,  typewritten  instructions  and  discussions 
should  be  edited  at  regular  intervals  and  given  to  the  men  to 
be  studied. 

The  proper  amount  of  work  and  the  most  economical  way 
of  getting  the  results  for  each  man  should  be  predetermined. 
He  should  then  be  given  his  instructions,  and  it  should  be  seen 
that  he  carries  them  out.  Absolute  strictness  and  discipline 
should  be  maintained  and,  at  the  same  time,  if  the  men  do  the 
proper  amount  of  work,  in  the  proper  way,  they  should  receive 
the  right  compensation  for  it.  Good  men  will  seldom  work 
for  low  wages. 

A  good  power-plant  manager  should  have  the  welfare  of  his 
employees  at  heart,  yet  usually  not  even  proper  washing  facili- 
ties are  provided  and  the  men  are  allowed  to  live  under  un- 
healthy conditions,  with  the  result  that  they  are  not  vigorous 
enough  to  give  efficient  service.  Proper  treatment  of  the  men 
and  just  compensation  for  the  service  rendered  by  them  is  of 
much  greater  importance  than  is  ordinarily  realized.  Labor 
troubles  are  usually  caused  by  the  employers  themselves, 
through  their  blindness  to  the  fact  that  workingmen  must  be 
treated  as  human  beings. 

Competition  is  the  best  stimulus  to  the  attainment  of  more 
and  better  work,  and,  therefore,  should  be  developed  wherever 
possible.  One  power  plant  should  be  compared  with  another. 
The  engineers  of  each  should  be  put  in  competition  with  one 
another  whenever  possible,  and  so  also  the  firemen,  by  posting 
their  fuel  loss,  obtained  from  average  CO.  readings,  upon  a 
blackboard  in  the  boiler  room.  When  practical,  a  bonus  sys- 
tem should  be  provided  and  men  given  some  compensation  for 
the  extra  efforts  made. 

Cooperation  among  power-plant  owners  and  the  formation 
of  supervising  engineering  staffs,  to  take  care  of  a  number  of 
plants  would  be  of  great  value,  as  in  this  way  they  aU  would 
obtain  expert  supervision,  that  each  alone,  ordinarily,  could 
not  afford. 

Replacement  of  small  uneconomical  power  plants  by  large 
efficient  central  stations  will  also  promote  conservation  of  the 
nation's  coal  supply. 

It  was  the  author's  aim  to  outline  in  this  paper  the  existing 
weak  points  and  expose  the  wasteful  conditions,  whose  preven- 
tion is  not  only  our  duty,  but  also  for  our  immediate  benefit. 
A  nation-wide  educational  campaign  should  be  started  and 
persistently  carried  out  until  resulfs  are  obtained. 
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rHE  Valuation  Session  of  the  Annual  Meeting  will  be  devoted  to  a  discussion  of  engineers'  ideas  of 
principles  and  methods  in  the  valuation  of  industrial  properties.  The  Committee  on  Meetings  hopes 
that  the  information  brought  out  will  form  a  valuable  supplement  to  the  large  amount  of  material  already 
available  on  the  subject  of  economic  theories  of  values  and  their  application  to  public  utilities. 


THE  RELATION  BETWEEN  PERPETUAL- 
INVENTORY  VALUE  AND 
APPRAISAL  VALUE 

By    CHARLES    PIEZ,    CHICAGO,    ILL. 
Member  of  the  Society 

MOST  plants  grow  from  small  beginnings,  and  during 
their  early  life  expand  as  the  needs  dictate.  The 
organization  is  necessarily  small  because  the  most  rigid  econ- 
omy must  be  practiced,  and  original  costs  and  the  costs  of 
additions  are  frequently  so  completely  submerged  in  the  total 
assets  that  no  safe  records  of  these  costs  can  be  established. 
Many  plants  never  outgrow  this  liunp-sum  treatment  of  as- 
sets. In  these  cases  depreciation  of  plant  and  equipment  is 
either  wholly  disregarded,  or  else  an  arbitrary  amount  is 
charged  against  profits,  the  amount  of  depreciation  varying 
inversely  as  the  size  of  the  profit  it  is  desired  to  show. 

Industries  so  managed  need  the  assistance  of  a  competent 
appraisal  company  to  inform  them  of  the  value  of  their  as- 
sets, as  a  basis  for  embarking  on  a  sounder  and  safer  system 
of  accoimting  methods.  Practically  all  successful  industries 
so  maintain  their  inventories  that  additions  to  the  plant  are 
accurately  recorded,  and  depreciation  is  based  on  judgment 
and  experience.  But  even  such  industries  will  find  it  to  their 
advantage  to  ask  the  aid  of  appraisal  companies  for  the  pur- 
pose of  determining  authoritative  records  of  the  cost  of  re- 
producing plant  and  equipment,  so  that  underinsurance  or 
overinsurance  may  be  avoided,  and  the  basis  for  the  require- 
ments of  co-insurance  complied  with. 

Appraisals  are  also  valuable  in  establishing  comparative 
values  of  plants  that  are  about  to  merge,  or  in  serving  as  a 
basis  of  a  scheme  of  financing.  But  the  claims  that  an  ap- 
praisal is  necessary  for  figuring  overhead  costs  and  the  selling 
price  and  profit  of  manufactured  articles  are,  to  say  the  least, 
sadly  overdrawn. 

It  has  been  my  experience  that  in  well-managed  industries 
appraisal  values  are  usually  considerably  above  sound  inven- 
tory values  established  by  the  management.  With  the  steady 
advance  in  prices  that  has  been  going  on  almost  continually 
for  the  last  twenty-five  years,  it  is  but  reasonable  to  suppose 
that  replacement  values  are  substantially  higher  than  initial 
costs,  and  it  is  well  to  establish  the  amount  of  such  excess  if 
a  proper  insurance  coverage  be  desired;  but  such  advance  is 
wholly  speculative  and  has  absolutely  no  bearing  on  the  value 
of  the  plant  from  the  standpoint  of  the  operating  and  sales 
management. 

The  establishment  of  true  costs  is  an  essential  element  in 
the  success  of  a  business,  and  true  costs  can  only  be  obtained 
when  every  item  of  expense  is  included.  Buildings  that  were 
adequate  when  first  erected  gradually  outgi-ow  their  initial 
advantages,  and  in  spite  of  substantial  increases  shown  in  the 
appraisal  value,  they  have  less  value  for  the  purposes  to  which 


For  presentation  at  the  Annual  Meeting  of  The  American  Society 
OF  Mechanical  Engineer.';.  New  York,  December  5  to  8,  1916.  The 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the 
complete  paper  may  be  obtained  gratis  upon  application.  All  papers 
are  subject  to  revision. 


they  are  put  than  they  had  when  first  constructed.  They 
may,  in  fact,  prove  so  unsuitable  to  the  increasing  needs  of 
the  business  as  to  justify  demolition  and  reconstruction. 

Few  owners  foresee  their  needs  for  ten  years  to  come,  and 
fewer  still  have  the  means  to  build  or  expand  along  lines  giv- 
ing ample  opportunity  for  future  business  growth.  It  is 
safer,  therefore,  to  provide  proper  sinking  funds  through  an 
ample  rate  of  depreciation  for  use  in  reconstructing  buildings 
that  have  outlived  their  usefulness. 

Machine  tools  have  changed  very  considerably  as  a  result 
of  the  development  of  high-speed  steels,  and  companies  that 
followed  appraisal  methods  of  depreciation  find  themselves 
with  obsolete  equipment  and  no  funds  to  replace  it  with  mod- 
ern equipment. 

Patterns  and  small-tool  equipment  often  have  but  tempo- 
rary value  and  should  disappear  wholly  from  the  inventory 
when  they  have  served  their  purpose,  yet  these  two  items  are 
fertile  sources  for  inflation  of  values  through  appraisals. 

What  the  management  of  an  industry  is  chiefly  concerned 
in  is  to  provide  a  fund  through  a  proper  scale  of  depreciation 
which  will  reimburse  it  for  the  difference  between  the  cost 
price  of  a  piece  of  equipment  and  its  fair  cash  selling  price 
when  sold  either  because  it  is  ready  for  the  scrap  heap  or 
because  some  newer  form  or  method  has  made  a  change  de- 
sirable. This  difference  is  properly  a  part  of  the  cost  of  the 
product,  but  becomes  so  only  by  charging  depreciation  against 
the  expenses  of  operation. 

Has  any  appraisal  company  ever  investigated  the  subject  of 
depreciation  from  the  operating  standpoint  and  recommended 
a  schedule  of  depreciation  for  adoption?  Has  any  appraisal 
company  ever  advocated  that  depreciation  be  distributed  as  an 
operating  expense  against  the  product?  Can  any  appraisal 
company  claim  with  any  justice  that  it  can  determine  proper 
rates  of  depreciation  without  close  contact  with  and  full  knowl- 
edge of  the  operating  conditions  and  operating  needs  of  an 
industry?  Certainly  without  such  contact  and  without  such 
knowledge  the  claim  that  successive  appraisals  are  essential 
factors  in  the  determination  of  costs,  prices  and  profits,  is,  to 
say  the  least,  pure  buncombe.  The  primary  business  of  an 
appraisal  company  is  to  determine  an  authoritative  replace- 
ment value,  and  its  entire  organization  is  trained  for  this  pur- 
pose. But  when  the  appraisers  enter  the  field  of  depreciation, 
operating-  values,  and  costs,  they  are  doing  their  clients  posi- 
tive hai'm;  for  appraisals,  as  previously  explained,  have  a 
distinct  upward  tendency,  and  the  increase  in  value  which 
they  show  as  the  result  of  wholly  extraneous  conditions  have 
the  effect  of  lulling  the  manufacturer  into  a  wrong  sense  of 
financial  security. 

The  great  majority  of  industries  charge  off  too  little  for 
depreciation  rather  than  too  much,  and  the  appraisal  com- 
panies, if  anything,  are  assisting,  unconsciously,  of  course,  in 
increasing  this  unjirofitable  and  ofttimes  disastrous  habit. 

i  had  occasion  recently  to  go  over  the  financial  statements 
of  a  manufacturing  plant  which  had  delegated  the  important 
function  of  depreciation  to  an  appraisal  company.  The 
amount  eliarged  off  annually  was  less  than  one-half  of  the 
proper  amount,  this  being  due,  the  owner  said,  to  the  constant 
and   considerable   advance   in   the   replacement   value   of   the 
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STANDARD    DEPRECIATION    RATES    ADOPTED    BY    MANUFAC- 
TURERS'  COST  CONFERENCE,    FEB.   25,    1916. 

Per  Cent  Per  Cent  on 


on 

BOILDINGS    AND    ACCESSORIES  :  CoSt. 

Reinforced  concrete  or  steel  and  tile 2 

Brick  and  steel   with   non-combustible  root  and 

concrete  floors 2.5 

Brick,  steel  and  wood 3 

Brick   and    wood 3 

Steel   frame,   wooden   roof   and   corrugated   iron 

walls    3.5 

Steel  frame,  non-combustible  roof  and  corrugated 

iron     walls 3 

Concrete  block,  with  wooden  roots  and  floors..     3.5 

All  wood  structures,  well  built  (20  years) 4.5 

All  wood  structures,  cheap   (20  years) 5 

Sprinkler  system   (20  years) 4 

Heating  and  ventilating  system   (20  years)....      4 
Water  and   sewer   piping  and   sanitary   fixtures 

(where  separate) 4 

Tanks  and  reservoirs,  steel 4.5 

Tanks  and  reservoirs,  wood    (10  years) 9 

Note  :     All  Repairs  and  Maintenance  to  be 
charged  to  Account  S059. 
Machinekt  and  Labge  Equipment  : 

Boilers,  pumps,  feed-water  heaters  and  air  com- 
pressors         6 

Power  piping 6 

Switchboards,   main  wiring  and  conduit 6 

Engines  and  dynamos 5 

Machinery,     motors,     machine     tools,     traveling 

cranes,  etc 4.5 

Punch  presses,  bending  rolls,  power  shears  and 

drop  hammers 4.5 

Shafting,  pulleys,  hangers  and  belting 50 

Machine   tool  accessories — Boring  bars,  drivers, 

key-seating   broaches,    etc 50 

(All  renewals  to  Repairs). 
Cupolas,    converters,    melting   furnaces    and    ac- 
cessories       5 

-Annealing  and  heating  furnaces,   ovens,   forges, 

etc 5 

Motor   trucks 20 

Storage-battery    locomotives     (battery    renewals 

to  Repairs)    10 

Horses  and  wagons 12 

Small  Tools  : 

For  machines,  net  additions 50 

Hand  tools,  net  additions 50 

Punches,  and  Dies  : 

(Standard)  net  additions 50 

Chills,  Iron  and  Steel  Flasks  and  Accessories  : 

Net  additions 50 

Fixtures,  Purnitlre  and  Miscellaneous  Equipment: 

1  Steel  shelving,  lockers,  etc 5 

2  Mechanical  appliances,   net  additions.......    60 

3  Departmental  wiring  and  electric  fixtures,  net 

additions    60 

4  Miscellaneous   items    (wood),   net   additions.   70 
Patterns   (Standard) : 

Metal,  net  additions ■ 75 

Wood,  net  additions 100 

.VU   patterns   required   for   a    particular    order 

or  contract  to  be  charged  to  the  Job. 
Drawings  : 

All  new  standard  drawings  to  be  charged  to 
expense. 

AU  drawings  required  for  a  particular  order  or 
contract  to  be  charged  to  the  Job. 
Miscellaneous  Real  Estate  iMrRovEMExrs  : 

Pavements,  sidewalks,  fences,  retaining  walls, 
roadways,  tracks,  yard  drainage,  general  con- 
duits, tunnels,  vaults,  etc 4.5 


Reducing 
Balance. 
3 

4 
5 
5 


10 
12 

7.5 
7.5 

7.5 
10 
20 


15 
15 
15 
10 

10 

10 


10 


10 
60 


30 
35 


10 


property.  Here  was  a  typical  case  of  reducing  the  operating 
burden  of  a  plant  by  crediting  it  with  a  wholly  speculative 
and  unrealizable  increase  in  iiroj-ierty  value.  In  this  case  the 
appraisal  company  specified  the  amount  to  be  depreciated 
each  year,  and  was  therefore  responsible  for  this  wholly  un- 
soimd  and  unscientific  procedure.  The  owner  is  about  to 
build  a  new  j^lant,  and  I  take  no  chances  in  prophesying  that 
he  has  some  bitter  disajipointments  awaiting  him  in  unforeseen 
shrinkages  of  assets  when  he  abandons  the  old  plant. 

The  problem  of  determining  an  adequate  scale  of  deprecia- 


tion is  by  no  means  a  simple  one,  and  it  goes  hand  in  hand 
with  the  problem  of  distributing  depreciation  against  the  cost 
of  the  product.  It  is  astonishing  to  find  how  widely  the  prac- 
tice among  different  manufacturers  in  the  same  line  varies. 

Largely  as  a  result  of  the  recommendations  made  by  the 
Federal  Trade  Commission  that  the  cost-accounting  systems  of 
various  lines  of  industry  be  standardized,  the  manufacturers 
of  conveyors  and  elevators  have  agreed  on  the  standard  sched- 
ule of  rates  of  depreciation  given  herewith.  The  rates  are  but 
compromises  growing  out  of  the  judgment  and  experience  of 
the  individual  members  of  the  manufacturers'  conference,  but 
their  correctness  can  later  be  verified  by  matching  the  perpet- 
ual-inventory values  which  these  rates  will  establish,  against 
the  actual  experience  of  loss  in  cash  value  when  equipment  or 
buildings  are  discarded. 

They  establish,  therefore,  a  broad  basis  upon  which  fair 
operating  values  and  the  shrinkage  in  these  values,  due  to 
wear  and  tear  and  change  in  style,  can  be  computed,  and  serve 
as  the  preliminary  step  to  the  equitable  distribution  of  these 
shrinkages  or  depreciation  in  value  over  the  cost  of  the  prod- 
uct. 

I  recognize  the  value  of  the  work  done  by  the  appraisal 
companies  in  establishing  authoritative  replacement  values  for 
purposes  of  insurance,  for  the  purpose  of  comparing  the  phys- 
ical values  of  various  plants  about  to  be  purchased  or  merged, 
or  as  the  foundation  upon  which  a  perpetual  inventory  kept 
by  the  industry  itself  can  be  based :  but  I  am  convinced  that 
only  a  perpetual  inventory  providing  for  a  sound  schedule  of 
depreciation,  and  intelligently,  handled  by  the  management  of 
the  industry,  is  of  value  in  determining  the  true  cost  of  the 
product. 

VALUATION    OF    INDUSTRIAL    PROP- 
ERTIES VS.  VALUATION  OF  INDUS- 
TRIAL METHODS 

BY  WALTER  N.  POLAKOV,  NEW  YORK,  N.  Y. 
Member  of  the  Society 

THE  question  of  determining  the  value  of  the  physical 
properties  of  our  industrial  establishments  and  public 
utilities  has  been  recently  brought  to  public  attention.  The 
purpose  was  primarily  to  justify  the  increased  cost  of  com- 
modity rates  and  transportation  as  gravely  influenced  by  heavy 
investments  in  the  machinery  of  production.  Discussing  the 
subject  at  the  conference  on  valuation  held  in  Pliiladelphia  in 
November,  1915.  the  writer  said :  "  The  loss  to  the  companies 
from  the  undervaluation  of  their  property  is  insignificant  in 
comparison  to  the  actual  losses  due  to  the  lack  of  proper  op- 
erating methods.  The  subject  of  correct  methods  of  apprais- 
ing a  property  is  completely  overshadowed  by  the  importance 
of  determining  the  proper  methods  of  using  this  property 
.  .  .  AVhat  is  needed  most  is  the  correct  valuation  of  op- 
erating and  managerial  methods  in  vogue,  and  overestimating 
the  importance  of  property  valuation  is  like  trj-ing  to  trace 
old  sins  instead  of  preventing  the  committing  of  new  ones." 

It  is  a  fact  that  the  fixed  portion  of  the  capital  invested  in 
real  estate  and  equipment  has  materially  increased  since  the 
tractor  replaced  the  ox  plow;  modern  factory  equipment  has 
taken  the  place  of  artisans'  tools  and  transportation  is  done 
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by  rail  and  automobiles  instead  of  horses.  The  correspond- 
ingly increased  financial  bui'den  has  created  a  new  problem; 
how  to  absorb  the  expense  of  wear  and  tear,  obligations  to 
money  lenders,  etc.,  increased  by  adopting  expensive  machin- 
ery of  production  as  a  result  of  engineering  progress. 

The  solution  offered  by  financiers  and  accountants  of  the 
old  school  was  to  include  in  the  manufacturing  cost  all  the 
fixed  charges  of  a  plant  and  all  the  financial  obligations  of  a 
company,  irrespective  of  whether  these  investments  or  expenses 
contributed  anything  to  the  value  of  the  commodity  or  in  any 
way  benefited  the  production.  If  the  instruments  of  pro- 
duction were  completely  used  up  in  the  process  this  theory 
would  be  correct.  However,  in  a  typical  ease,  the  value  of 
the  instruments  of  production  passes  only  partly  into  the 
cost  of  commodities  as  they  are  produced.  Apparently  the 
self-evident  fact  that  the  equipment  not  used  in  production 
cannot  pass  any  part  of  its  value  into  the  product  was  usu- 
ally obscured  by  a  consideration  that  it  loses  value  during  idle- 
ness and  meanwhile  accumulates  such  charges  as  rent,  interest, 
insurance,  etc. 

The  absurdity  of  including  these  expenses  of  idleness  in 
the  cost  of  an  article,  already  bearing  its  share  of  fixed  charges, 
was  so  clearly  exposed  at  the  Buffalo  meeting  of  this  society 
by  H.  L.  Gantt,  that  any  further  argument  seems  superfluous. 
Present  practice  manifestlt/  tends  to  charge  against  the  cost 
of  a  product  the  cost  of  over-equipment  and  mismanagement, 
thus  imposing  on  society  the  penalty  for  tolerating  these  con- 
ditions in  the  industries. 

The  paradox  that  adopting  improved  machinery  devised  by 
designers  reduces  the  rate  of  profit  of  the  enterprise,  can  be 
explained  either  by  the  fact  that  the  improvement  is  merely 
illusory  or  that  an  improper  use  is  made  of  the  improvements. 
No  careful  manager  would  approve  a  replacement  or  new 
installation  of  equipment  unless  study  proved  beyond  any 
doubt  that  the  advantages  offered  by  such  a  change  are  ample 
to  more  than  pay  for  the  investment.  When  the  cost  of  pro- 
duction increases  after  ^n  investment  is  made  it  indicates 
plainly  either  that  it  was  poor  judgment  to  make  the  change 
or  that  the  method  of  management  does  not  offer  the  oppor- 
tunity to  secure  the  advantages  inherent  in  the  new  improve- 
ment. 

Nevertheless,  the  tendency  of  the  average  rate  of  profit  to 
fall  is  but  an  expression  of  progressive  development  of  the 
productive  powers  of  society.  Automatization,  gi'owing  speed 
and  capacity  of  machinery  cause  the  same  number  of  labor- 
ers in  the  same  time  to  convert  a  larger  quantity  of  raw  and 
auxiliary  materials  into  product.  In  other  words,  the  fall  of 
the  rate  of  profit  is  not  due  to  an  absolute,  but  only  to  a 
relative,  increase  of  the  capital  invested  in  means  of  produc- 
tion over  its  part  invested  in  labor.  This  law,  though  seldom 
recognized,  is  actually  followed  in  our  industrial  development. 
It  requires  an  increasing  mass  of  total  capital  for  the  purpose 
of  using  the  same  quantity  of  labor  to  secure  the  same  mass 
of  profit,  though  at  a  falling  rate  of  profit.  If  the  mass  of 
profit  is  to  be  increased  through  the  introduction  of  improved 
machinery  (i.e.,  with  corresponding  increase  of  investment) 
without  curtailing  the  wages  or  lengthening  the  working  day, 
the  intensity  of  labor  must  be  increased. 

In  other  words,  to  keep  pace  with  industrial  progress  in 
order  to  meet  the  requirements  and  competition,  improved  in- 
struments of  production  must  be  adopted.  Increase  of  in- 
vestment is  followed  necessarily  by  reduction  of  the  rate  of 
profit,  and  in  order  to  secure  the  same  or  larger  earnings  the 
manufacturer  must  expand  the  production,  ergo — increase  the 
investments.     This  is  the  process  we  actually  observe  in  our 


industrial  development.  No  amount  of  pains  given  to  the 
subject  of  proper  appraisal  of  physical  property  can  alter  the 
tendency  for  the  rate  of  profit  to  fall.  Salvation  is  sought 
therefore  through  raising  the  commercial  profits  by  increasing 
the  selling  prices.  This  method,  although  temporarily  expedi- 
ent, overtaxes  eventually  the  purchasing  capacity  of  consum- 
ers and  creates  a  so-called  business  depression. 

At  the  outbreak  of  this  war,  our  country  was  rusliing  head- 
long into  a  period  of  industrial  depression  caused  by  sur- 
plus production  that  could  not  be  consumed  in  the  United  States 
on  account  of  the  small  purchasing  capacity  of  the  people,  and 
could  not  be  exported  because  poor  shop  methods  prevented 
us  from  producing  as  cheaply  as  other  countries.  The  unde- 
veloped stage  of  our  credit  system  contributed  a  further  ob- 
stacle to  the  development  of  export.  There  was  no  incentive 
for  us  to  plunge  into  the  war  since  there  were  no  foreign  mar- 
kets to  fight  for,  neither  could  anything  be  gained  by  a  terri- 
torial expansion.  A  crisis  seemed  imminent,  but  the  loading 
up  of  our  industries  with  European  orders  postponed  it. 

The  misuse  of  or  failure  to  use  the  expensive  machinery  of 
production  is  not  a  sufficient  reason  to  either  advance  prices 
or  to  lower  wages,  as  both  undermine  our  future.  Neither  is 
it  necessary.  A  manufacturer  adopting  superior  methods  of 
planning  and  managing  his  business,  working  with  improved 
methods  of  production  that  have  not  yet  become  general,  can 
sell  below  the  market  price,  but  above  his  individual  cost  of 
production.  In  this  way  his  rate  of  profit  rises  until  compe- 
tition levels  it  down.  During  this  period  the  second  requisite 
comes  into  play — the  expansion  of  the  invested  capital,  facili- 
tated by  the  previous  period  of  accumulation.  According  to 
the  degree  of  his  expansion  he  will  be  enabled  to  employ  all 
of  his  workmen  or  more;  in  other  words,  he  wiU  be  enabled 
to  produce  the  same  or  a  greater  mass  of  profits.  As  long  as 
industrial  development  along  these  lines  is  still  possible,  and 
this  possibility  is  accentuated  not  only  by  European  experi- 
ence but  by  our  numerous  experiments  and  successful  demon- 
strations of  the  adaptation  of  scientific  principles  to  the  man- 
agement of  various  industries,  the  revision  of  our  methods  is 
a  paramount  problem.  Therefore  the  problem  of  determining 
the  real  value  of  our  industrial  and  managerial  methods,  if 
properly  solved,  offers  the  opportunity  of  rectifying  the  errors 
of  the  past. 

The  appraisal  of  industrial  property  when  accurately  made 
discloses  the  fact  otherwise  overlooked  that,  as  a  rule,  there 
are  more  means  of  production  than  are  made  use  of,  and  the 
idle  capital  investments  represent  also  idle  labor.  The  revenue- 
producing  factor  in  our  mode  of  production  is  not  the  invest- 
ment hut  the  method  of  its  use.  It  is  the  business  of  finan- 
ciers to  invest  money  in  industries  and  they  want  to  know 
what  this  investment  is  and  what  return  they  are  getting.  Ul- 
timately the  question  they  will  ask  is,  What  is  the  value  of 
the  methods  and  what  do  they  lead  tof 

Tills  statement  does  not  imply  a  suggestion  to  appraise  prop- 
erty according  to  the  capitalization  of  the  earnings.  The  use- 
value  of  the  plant  has  nothing  to  do  with  its  cost-value  and 
is  in  the  highest  degree  unfit  for  the  purpose,  as  it  varies  with 
personnel,  policy  and  methods.  Evolution  in  our  industrial 
relations  will  eventually  reverse  the  present  situation  and  all 
charges  for  unprofitable  investments  and  non-productive 
forces  will  not  be  borne  by  the  consumers,  who  as  yet  have 
no  power  nor  means  to  take  an  active  part  in  the  management 
of  the  industries.  Unfit  methods  and  incapable  leaders  are 
equally  harmful  to  both  investors  and  consumers,  and  their  in- 
terests unite  in  demanding  that  methods  of  the  highest  value 
be  developed. 
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nnHE  Machine  Shop  Session  of  the  Annual  Meeting  will  be  devoted  to  the  discussion  of  the  two  impor- 

J.         tant  papers  printed  below.     The  Sub-Committee  on  Machine  Shop  Practice  which  will  have  charge 

of  this  session  has  been  exceedingly  fortunate  in  securing  the  ideas  of  Mr.  Carl  G.  Earth  on  Machine  Tool 

Standardisation.     Mr.  Hathaway's  paper  represents   the  results  of  his  experiences  on  this  sub-committee. 


ly  s  paper  represents 

STANDARDIZATION  OF  MACHINE 
TOOLS 

Some  Suggestions  Regarding  Standards  op  Speed  and  Feed 
Series  and  Standardized  Power  op  Machine  Tools,  Etc. 

By   CARL   G.   BARTH,    PHILADELPHIA,   PA. 

Member  of  the  Society 

THE  object  of  this  jsaper  is  to  try  to  enlist  the  coopera- 
tion of  the  Society  in  encouraging  machine-tool  build- 
ers to  adopt  certain  standards,  for  even  only  the  approximate 
attainments  of  which  the  writer  has  had  to  spend  a  large  sum 
of  money  in  each  of  a  number  of  macliine  shops  in  which  he 
has  found  such  standardization  highly  desirable,  if  not  to  say 
absolutely  necessary,  as  one  of  the  steps  in  the  installation  of 
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Fig.  1    Logarithmic  Plot  of  Suggested  Alternative 
Standards  for  Speeds  and  Feeds 
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Fig.  2    Logarithmic  Plot  of  Single  Countershaft  Speed 
Series  op  Nine  16-in.  Lathes 

a  more  or  less  complete  Taylor  System  of  Scientific  Manage- 
ment as  practised  by  him. 


standardization  of  machine  equipment  op  shop  as  a  whole 

During  his  many  years  of  experience  the  writer  has  gi'ad- 
ually  been  forced  to  see  an  enormous  advantage  in  stand- 
ardizing the  machine  equipment  as  a  whole,  aside  from  the 
standardization  of  the  mathematical  and  certain  constructive 
features  of  each  machine.  Wherever  possible  his  effort  is  to 
have  the  very  same  make  of  machines  only  in  a  certain  pro- 


For  presentation  £t  the  Annual  Meeting  of  The  Americ.vn-  Society 
OF  Mechanical  Excineers,  New  Yorl;.  Deeeinber  5  to  S  1916  The 
paper  Is  here  printed  in  abstract  form,  and  advanre  copies  of  the  couv 
plete  paper  may  lie  obtained  gratis  upon  application.  All  papers  are 
subject  to  revision. 


of  his  experiences  on  this  sub-committee. 

ductive  group,  and  in  the  expansion  of  such  a  group  to  add 
machines  of  exactly  the  same  design,  even  to  the  extent  of 
having  a  manufacturer  furnish  what  is  no  longer  his  most 
recent  product — only,  however,  if  this  or  some  other  manu- 
facturer's most  recent  product  is  not  a  suflScient  improvement 
over  the  old  to  warrant  the  introduction  of  a  new  machine  as 
a  new  standard  for  the  work  to  be  done,  with  the  intention 
that  this  type  will  eventually  crowd  out  and  replace  the  older 
type. 

STANDARD    SPEED   SERIES 


As  in  the  present  state  of  the  science  and  the  art  of  cutting 
metals,  it  is,  on  the  average,  impossible  to  determine  the  most 
economical  or  suitable  speed  and  feed  at  which  to  run  a  ma- 
chine for  any  set  of  conditions  closer  than  a  certain  per- 
centage, it  is  by  this  time  universally  accepted  by  those  who 
have  a  right  to  an  opinion  in  the  matter,  that  the  available 
speeds  of  a  machine  should  be  in  a  geometrical  progression. 

This  being  agreed  to,  the  writer's  idea  is  that  a  universal 
speed  series  should  be  adopted  by  all  machine-tool  builders 
for  all  machines  such  as  lathes,  boring  mills,  milling  machines, 
drill  presses,  etc.  that  are  provided  with  a  spindle  for  either 
the  work  or  the  cutting  tool,  and  which,  except  in  the  case 
of  certain  single-purpose  machines  not  included  in  this  dis- 
cussion, may  be  rotated  at  different  speeds;  for  our  present 
knowledge  does  not  warrant  us  in  asserting  or  assuming  that 
a  progression  of  speeds  for  one  kind  of  these  machines  should 
have  a  lesser  or  a  greater  constant  ratio  than  for  any  other 
kind;  and,  evidently,  if  there  is  no  reason  for  making  them 
different,  there  is  every  reason  for  making  them  just  alike. 
The  question  then  becomes,  what  should  be  the  constant  ratio 
of  such  a  universal  geometrical  progi-ession  of  speeds  ? 

As  far  back  as  1888  the  writer  designed  for  William  Sellers 
&  Company,  Inc.,  of  Philadelphia,  a  large  lathe  which  had 
30  speeds  in  a  practically  perfect  geometrical  progression, 
with  a  ratio  of  a  little  over  1.15,  obtained  by  a  correct  relation 
between  a  5-step  cone,  two  back-gear  reductions  and  two  for- 
ward speeds  of  the  countershaft.  Again,  in  1892,  he  de- 
signed another  with  36  speeds  which  had  a  practically  con- 
stant ratio  of  but  little  over  1.14,  obtained  by  a  6-step  cone, 
two  back-gear  reductions  and  two  forward  speeds  of  the 
countershaft. 

These  designs,  only  the  latter  of  which  was  actually  built, 
prove  that  this  company  was  long  ago  able  to  appreciate 
the  theoretical  value  of  close  speed  regulation,  though  at  that 
time  the  prevailing  style  of  shop  management,  or,  rather,  lack 
of  shop  management,  throughout  the  country  was  such  that 
the  knowledge  was  undoubtedly  of  no  practical  value  to  the 
generators  even  in  the  shops  of  this  company.  In  fact,  when 
the  wi-iter  finally  got  some  real  ideas  about  such  matters  during 
his  first  two  years  of  association  and  cooperation  with  Mr. 
Taylor  at  the  works  of  the  Bethlehem  Steel  Company,  imme- 
diately after  Mr.  Taylor  and  Mr.  White  had  made  the  discov- 
ery of  the  high  heat  treatment  of  tungsten  steels,  he  realized 
that  he  had  overreached  himself  in  those  two  lathes.  There- 
fore, in  designing  some  special  lathes  for  the  Bethlehem  Steel 
Company   for   the   better   utilization    of   liigh-speed   tools,    he 
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adopted  1.2  as  a  more  rational  ideal,  and  he  has  never  since 
found  any  reason  for  deviating  materially  from  this  ratio; 
though  it  was  several  years  later  before  he  recognized  the  de- 
sirability of  an  absolutely  constant  ratio,  not  only  for  all 
lathes,  but,  as  referred  to  above,  for  all  machine  tools  with  a 
revolving  spindle. 

However,  if  we  construct  a  geometric  progression  with  this 
simple  ratio  1.2  and  beginning  with  1,  all  subsequent  terms 
of  this  will  natm-ally  be  found  to  be  anything  but  simple 
numbers,  thus:  1  1.2  1.44  1.728  2.074  2.488  2.986  3.583 
4.300  5.160  6.192  7.430  8.916  10.70  12.84  15.41  18.49  22.19 
26.62  31.95  38.34  46.00  55.21  66.25  79.50  95.40  114.5  137.4 
164.9   197.8,   etc. 
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Fig.  3    Logarithmic  Method  foe  Getting  Closest  Approx- 
imation TO  A  Given  Ratio  when  Two  Sets  op  Gears 
ARE  Involved 
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Fig.  4    Diagram  of  Speed  Variator  of  a  Well-Known 
Make  of  Planer 

(Figures  In  parentheses  show  number  of  teeth  in  gears  as  made; 
other  figures  show  number  of  teeth  to  improve  the  speed  series,     lo  to 

00  =  logarithmic  plot  of  original  relative  speeds ;  1  to  6  =  logarithmic 
plot  of  improved  relative  speeds.) 

In  reality,  therefore,  we  will  have  a  simpler  progression  by 
sUghtly  modifying  this  ratio  1.2  such  that  the  fifth  term  be- 
comes 2  instead  of  1.2*  =  2.074,  for  then  the  whole  progres- 
sion becomes 

1  2^  2*  2*        2      2.2*        2.2=        2.2*.    4  etc., 
1    1.1892    1.4142    1.6818    2    2.3784    2.8284    3.3636  4  . .  . 


[I] 

or  with  every  fourth  term  a  power  of  2,  the  simplest  of  all 
numbers  except  unity  itself. 

This  is,  to  the  writer,  an  exceedingly  attractive  progression 
and  represents  his  ideal  for  some  six  years  past.  For  lack  of  a 
better  term,  he  has  named  a  series  of  speeds  conforming  to  the 
above  geometrical  progi'ession  a  chromatic  speed  series,  though 
the  term  chromatic  in  connection  with  a  musical  scale  has 
reference  to  the  geometrical  progression  involved,  rather  than 
to  the  ratio  2  of  the  number  of  vibrations  of  two  notes  an 
octave  apart. 

It   may   be,    however,    that   the   majority    of   machine-tool 

builders  wUl  consider  the  ratio  \/2  =  1.1892  unnecessarily 
small,  and  would  deem  a  somewhat  larger  ratio  preferable, 


in  order  to  obtain  a  larger  final  ratio  between  the  slowest 
and  the  fastest  speeds  of  a  machine  which,  for  one  consid- 
eration or  other,  may  have  to  be  arranged  with  a  rather 
limited  total  number  of  speeds,  as,  for  instance,  a  lathe  with 
a  single  back-gear  reduction,  or  a  small  drill  press  or  milling 
machine  with  no  back-gear  reduction  at  all. 

The  writer's  answer  is,  that  he  has  had  in  mind  also  as  a 
possibly  more  generally  acceptable  progression,  one  with  the 

3    / 

constant  ratio  |/  2  =  1.2599;  that  is, 

12*           2°       2       2.2*        2.2^     4      4.2*        4.2^,  etc.,  or 
1    1.2599    1.5874    2    2.5198    3.1748    4    5.0397    6.3496 [II 

which  is  as  much  entitled  to  the  name  chromatic  as  is  progres- 
sion [I]. 

Again,  as  a  compromise  between  progressions  [I]  and  [II], 
and  to  favor  a  possible  preference  for  a  progression  with  10 
rather  than  2  as  a  periodically  recurring  ratio,  the  following 
progiession  may  also  be  looked  upon  as  a  candidate : 

1  10^  IQi'^  10"  10^''  10"  10"  10"  10'^,  etc.,  or 
1    1.2115    1.468    1.778    2.154    2.610    3.162    3.831    4.642 [Ill 

12 

The  constant  ratio  of  this  progression  VIO  =  1.2115  is  very 
close  to  the  geometrical  mean  of  the  ratios  of  progressions  [I] 

and  [II],  which  is  |/2*-  2*  =  2"  =  1.224. 

And,  finally,  a  certain  interesting  simplicity  would  also  be 

introduced  by  the  adoption  of  the  constant  ratio!/  10  =  1.2589, 

thus: 

1      10*       lO'^"       lO''"        10*        10"       10*      10*      10*,  etc., 
■1   1.2589   1.5848   1.9953  2.5119  3.1623  3.981   5.012  6.310 ....  [IV] 
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Fig.  5    Diagram  op  Live  Head  op  a  Well-Known  Make 
OP  Lathe 

(Figures  in  parentheses  show  respectively  number  of  teeth  in  gears 
and  diameters  of  cone  pulleys  as  made  ;  the  other  figures  indicate  a 
simple  change  that  would  further  improve  a  very  good  speed  series. 
1  ASo  to  3  CFo  —  logarithmic  plot  of  original  speeds  ;  1  AS  to  3  CF  = 
logarithmic  plot  of  improved  series.) 

It  will  be  noticed,  however,  that  there  is  in  reality  a  the- 
oretical difference  only  between  progression  [II]  and  this 
progression,  the  tenth  number  (7.943)  of  this  being  less  than 
0.8  of  one  per  cent  smaller  than  the  tenth  number  (8)  of  the 
former. 

But  the  best  comparison  of  these  four  progressions  is  made 
by  plotting  them  on  a  logarithmic  scale,  as  in  Fig.  1,  on  which 
is  also  plotted  the  progression  that  represents  the  relations 
between  the  number  of  vibrations  of  the  strings  of  a  piano, 

the  constant  ratio  of  which  progression  is  4/   2  =  1.05947. 

Having  thus  indicated  that  there  may  be  a  choice  of  stand- 
ards, the  writer  gives  in  the  paper  strong  reasons  for  favor- 
ing progression   [I],  admitting  at  the  same  time  that  under 
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certain  conditions  every  other  term  may  be  omitted,  thus  leav- 
ing the  progression 


1         V2 
1      1.4142 


2V2 

2.8284 


4V2 
5.6568 


8V2 
11.3137 


16,  etc., 
16 [V] 


Progression  [I]  represents  a  fair  average  for  the  speed 
series  pro\dded  by  certain  well-known  machine-tool  builders  in 
some  of  the  machines  produced  by  them  in  recent  years,  after 
they  had  realized  that  the  time  had  come  for  the  provision 
of  closer  speed  regulation,  even  if  this  meant  a  considerable 
reduction  of  the  ratio  of  the  fastest  to  the  slowest  speeds 
obtainable. 

An  example  of  this  fact  is  represented  in  Fig.  2,  which 
shows  the  speed  ratio  of  nine  16-in.  lathes  offered  by  six  dif- 


Most  designers  of  the  present  day,  whether  mathematically 
inclined  or  not,  are  familiar  with  the  use  of  the  simple  slide 
rule  in  selecting  practical  numbers  of  the  teeth  for  a  gear  and 
pinion  of  a  single  set  of  gears  to  give  a  certain  ratio  as  closely 
as  possible,  but  a  simple  logarithmic  scale  method  for  getting 
the  closest  possible  approximation  to  a  given  ratio  when  two 
sets  of  gears  are  involved,  which  the  writer  has  used  for  some 
years  past,  is  not  generally  known,  if  indeed  at  all  known 
to  anybody  who  has  not  worked  with  the  writer  in  connection 
with  these  matters. 

This  method  will  be  fully  disclosed  by  a  single  illustration 
embodied  in  the  diagram  Fig.  3,  and  we  will  take  for  our 
example  the  ratio  4V2  =  5.6568,  with  the  restriction  that 
neither  pinion  is  to  have  less  than  14  teeth,  and  that  the  sum 
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Fig.  6    Diagram  of  Gears  in  Feed  Box  of  a  Well-Known 
Make  of  Drill  Press 

(Figures  in  brackets  show  number  of  teeth  as  made;  other  figures 
show  improved  number  of  teeth. 

ao  to  fo  =  logarithmic  plot  of  original  relative  feeds ; 

a  to  f  =  logarithmic  plot  of  imprtived  relative  feeds  ;  these  conform 
quite  closely  to  Progression  V,  p.  969.) 
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Fig.  8    Proportions  Used  by  Author  for  Swivel  Form  op 
Tool  Post  for  Moderate- Sized  Lathes 
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Fig.  7    Diagram  of  Driving  Gear  of  a  Well-Known  Make 
OF  Milling  Machine 

(Figures  in  brackets  show  number  of  teeth  in  gears  as  made;  other 
figures  indicate  number  of  teeth  in  gears  to  further  improve  an  already 
excellent  speed  series.) 


ferent  manufacturers  in  answer  to  an  inquiry  in  February, 
1914.  One  manufacturer  offered  tliree  different  designs  and  a 
second  two  different  designs.  It  will  be  noted  that  the  dif- 
ference between  the  speed  series  provided  in  the  different 
designs  of  the  same  maker,  differ  as  much  among  themselves 
as  do  the  designs  of  different  makers,  except  in  the  case  of 
lathe  Xo.  1,  which  represents  the  least  up-to-date  design. 

To  make  the  diagram  clearer,  the  speed  ratios  are  laid  out 
for  a  single  forward  countershaft  speed  only,  thus  showing 
only  every  other  ratio  of  the  full  progression  intended. 


of  the  numbers  of  the  teeth  in  the  one  set  of  gears  is  to  be 
80,  and  in  the  other  60. 

By  means  of  a  logarithmic  scale  which  is  shown  just  below 
the  significant  part  of  the  diagram,  lay  off  the  ratio  5.6568 
from  a  to  6.  Now  place  the  graduation  point  for  14  on  the 
logarithmic  scale,  representing  a  pinion  of  14  teeth,  at  a,  and 
make  a  mark  at  the  gi'aduation  point  representing  the  gear 
that  would  be  a  mate  to  this  pinion,  namely  one  having 
80  —  14  =  66  teeth.  This  operation  is  indicated  by  the 
logarithmic  scale  above  the  significant  part  of  the  diagram. 
The  distance  ac  then  represents  the  ratio  66/14.  Similarly,  15 
is  placed  at  a  and  a  mark  made  at  65,  16  is  placed  at  a  and 
a  mark  made  at  64,  and  so  on,  as  far  as  wUl  eventually  ap- 
pear necessary.  Next,  below  the  line  place  the  graduation 
point  14  at  6,  and  mark  off  toward  a  the  point  for  the  mate 
for  this  pinion  in  the  second  set  of  gears,  namely,  60  — 14  = 
46,  repeat  for  15  and  45,  16  and  44,  etc. 

On  completion  of  this  repeated  operation  we  at  once  dis- 
cover that  the  closest  coincidence  between  the  marks  on  both 
sides  of  the  line  ab  is  for  the  two  sets  of  gears  65/15  and 
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34/26,  whose  combined  ratio  is  5.6667,  which  is  less  than  0.2  of 

one  per  cent  greater  than  5.6568. 

59        40 
21 


It  will  also  be  seen  that  the  two  combinations  — ^v-; — and 


58        41 

— —  X  To"*'*'™®  quite  close  to  the  required  ratio. 

Of  course,  special  requirements  may  often  complicate  a 
problem  of  this  kind  in  various  ways,  but  the  method  de- 
scribed can  always  be  used  as  a  help  in  its  solution.  However, 
no  further  consideration  will  be  given  the  matter  here. 

To  further  emphasize  how  even  some  fair  attempts  at  regu- 
lar progressions  of  speeds  and  feeds  have  fallen  short  of  what 
might  have  been  attained,  Figs.  4,  5  and  6  are  submitted  as 
a  few  of  numerous  cases  that  have  been  investigated  by  the 
writer. 

Fig.  7  also  shows  how  even  a  quite  excellent  speed  series 
may  be  further  improved. 


STANDARD    FEED    SERIES 

What  has  been  said  above  in  discussing  the  adoption  of  a 
standard  speed  series,  holds  equally  good  about  a  standard 
feed  series,  except  for  the  most  up-to-date  designs  of  lathes, 
in  which  the  feeds  for  plain  turning  are  obtained  as  a  constant 
fraction  of  the  screw-cutting  feeds.  For  these  latter  it  is  sug- 
gested that  both  the  cross  feeds  and  the  longitudinal  feeds 
be  made  the  same  fraction  of  the  screw-cutting  feeds  for  all 
lathes  regardless  of  size. 
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Fig.  9    Author's  Proportions  tor  T-Slots 


TOOL  posts  for  LATHES 

In  Fig.  8  are  shown  proportions  for  the  swivel  form  of  the 
tool  post  for  moderate-sized  lathes  which  the  writer  has  used 
as  a  standard  for  several  years  past.  The  most  essential  part 
of  this,  as  regards  size,  is  the  width  of  the  slot,  which  is  for 
a  tool  body  of  approximately  1/30  of  the  swing  of  the  lathe 
over  the  bed,  and  a  distance  from  the  center  of  the  lathe  to 
the  tool-supporting  plate  that  corresponds  to  the  ground 
height  of  the  roughing  tools  shown  in  On  the  Art  of  Cutting 
Metals.  The  propriety  of  these  propositions  is  decidedly  open 
to  discussion,  particularly  the  latter. 

T- SLOTS 

An  exceedingly  important  part  of  the  machine  equipment 
of  a  shop  are  the  T-slots  in  various  machines,  and  the  writer 
has  also  spent  a  gi-eat  deal  of  money  in  bringing  these  to  a 
standard,  a  matter  that  has  at  times  meant  entirely  new  face 
plates  or  tables  for  some  machines. 


A  great  many  years  ago  experiments  were  made  by  William 
Sellers  &  Company  to  ascertain  tlic  strength  of  T-slots  rela- 
tively to  a  T-headed  bolt,  and  on  the  strength  of  these,  that 
company  adopted  a  standardized  set  of  slots,  which,  as  later 
modified  by  the  writer,  have  also  been  used  by  him  for  several 
years  past.     They  are  shown  in  Fig.  9. 

LATHE    CENTERS    AND    DRILL-PRESS    AND    MILLING-MACHINE 
SOCKETS 

It  is  well  known  that  the  Morse  standard  sockets  are  no 
standards  at  all,  but  a  perpetuated,  laudable,  but  unsuccessful 
attempt  of  years  ago  to  establish  standards.  However,  com- 
pelled for  the  time  being  to  accept  them  as  they  are,  every- 
body has  now  at  least  two  standard  tajiers  for  sockets  and 
shanks  to  contend  with,  namely,  the  Morse,  and  the  Brown 
and  Sharpe.  The  best  the  writer  has  been  able  to  do,  there- 
fore, has  been  to  make  all  lathe  centers  conform  to  a  Morse 
Standard,  so  as  to  enable  drills  or  drill  sockets  to  be  directly 
inserted  in  either  spindle  of  certain  or  all  lathes  in  a  shop ; 
and  to  make  all  milling-machine  sockets  conform  to  the  Brown 
and  Sharjie  Standaid,  with  Morse  drill  sockets  having  Brown 
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Fig.  10    Author's  Key  Method  op  Driving  Drill,  Arbor 
AND  Boring-Bar  Shanks 

and  Sharpe  shanks  for  use  with  these,  whenever  holes  have 
to  be  drilled  in  a  milling  machine. 

The  writer  unqualifiedly  recommends  the  universal  adoption 
of  the  Brown  and  Sharpe  Standards  all  around,  and  the  use 
of  Morse  sockets  with  Brown  and  Sharpe  shanks  during  the 
change.  He  also  recommends  the  universal  abandonment  of 
the  tang  as  a  means  of  driving.  We  have  now  for  years  had 
the  ridiculous  inconsistency  of  drill  makers,  that  they  still 
furnish  taper-shank  drills  with  the  old-style  tang  as  a  means 
of  driving,  and  along  with  this  extensively  advertise  and  sell 
\arious  forms  of  "  use-them-up  "  sockets  for  drills  with  the 
original  tang  broken  off. 

More  than  twelve  years  ago  the  writer  adopted  a  modifica- 
tion of  William  Sellers  &  Co.'s  key  method  of  driving  as  a 
substitute  for  the  tang  of  driUs,  arbor  and  boring-bar 
shanks.  This  is  illustrated  in  Fig.  10,  and  differs  from  the 
Sellers  method  in  the  special  form  of  key,  which  has  become 
somewhat  known  as  the  Barth  key.  The  virtue  of  this  as  a 
means  of  driving  consists  in  its  being  subjected  to  crushing 
pressures  only,  and  that  it  has  no  tendency  to  work  out  of  its 
seat;  and  for  a  taper-drill  socket  it  has  the  additional  great 
advantage  over  the  Sellers  straight  key,  that  the  drill  shank 
can  be  inserted  rapidly  without  any  special  care. 
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A  PROPOSED   PLAN    FOR    THE   ACTIV- 
ITIES OF  THE  MACHINE  SHOP  PRAC- 
TICE   SUB-COMMITTEE    OF    THE 
AMERICAN  SOCIETY  OF   ME- 
CHANICAL ENGINEERS 

BY   H.   K.   HATHAWAY,  PHILADELPHIA,   PA. 
Member  of  the  Society 

THE  writer  has  been  impressed  with  what  seems  to  be 
a  weakness  in  the  organization  and  conduct  of  all 
scientific  and  technical  societies.  Such  societies,  he  believes, 
should  be  the  agencies  through  which  constructive  work  of  a 
definite  character  leading  to  the  development  of  a  profession 
should  be  carried  on.  The  proceedings  of  such  societies 
should  provide  authoritative  and  usable  data  covering  the 
entire  range  of  activities  in  their  respective  fields. 

Such  data  should  be  grouped  and  codified  in  accordance 
with  a  logical  scheme  of  classification  and  indexing  which 
would  bring  together  in  the  most  accessible  and  usable  form 
everything  pertaining  to  each  of  the  divisions  and  subdivi- 
sions of  the  science  or  art. 

A  definite  plan  of  action  should  be  worked  out  for  procuring 
from  the  members  best  qualified  papers  dealing  with  each 
subject  covered  by  the  classification,  so  that  when  properly 
arranged  these  papers  would  constitute  a  classified  reference 
library  covering  the  whole  field  of  the  science  or  art. 

It  might  be  pointed  out  that  in  the  past  the  securing  of 
papers  has  been  a  very  haphazard  affair,  it  being  largely  left 
to  chance  that  members  in  a  position  to  add  to  the  knowl- 
edge of  their  profession  share  with  their  fellow  members  the 
results  of  their  experience.  Very  often  those  best  qualified 
to  write  on  a  given  subject,  by  reason  of  their  own  familiarity 
with  it  underestimate  its  importance  and  the  lack  of  knowl- 
edge of  the  subject  on  the  part  of  others.  Modesty,  a  feeling 
of  inadequate  literary  ability,  or  a  disinclination  to  share  with 
others  may  prevent  the  presentation  of  papers  which  would 
be  valuable  contributions  to  a  society.  Frequently  papers 
cover  in  a  superficial  way  a  multitude  of  subjects  or  phases 
of  a  subject,  any  one  of  which,  if  properly  developed,  might 
furnish  material  for  a  volume.  Often  a  member  may  be 
moved  to  present  a  paper  on  a  subject  interesting  him  intense- 
ly at  the  moment  but  which  may  be  of  infinitely  less  value 
than  would  be  one  on  another  subject  which  he  is  preeminent- 
ly qualified  to  handle. 

In  the  creation  of  committees  dealing  with  the  several 
broad  divisions  of  mechanical  engineering,  our  Society  has 
taken  the  first  step  toward  carrying  out  such  a  plan  as  the 
writer  offers  for  consideration.  Now  to  make  the  work  of 
these  committees  more  effective  there  should  be,  first  a  prede- 
termined plan,  and  second,  the  permanent  employment  of  a 
secretary  who,  imder  the  guidance  of  the  committee,  would 
devote  his  time  to  carrying  out  this  plan. 

While  the  writer  has  specifically  in  mind  the  activities  of  the 
sub-committee  on  Machine  Shop  Practice,  such  a  plan  might 
profitably  be  considered  in  connection  with  the  work  of  all 
other  sub-committees  of  the  Society. 

In  addition  to  providing  a  plant  and  a  classification  of 
Machuie  Shop  Practice,  the  sub-committee  should  classify  the 
members  with  respect  to  the  phases  of  machine  shop  practice 


For  presentation  at  the  .\nuual  Meeting  of  The  .\mehican  Society 
OF  Mechanical  Engineees,  New  York,  ijecember  5  to  8,  191G.  Tlie 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the  com- 
plete paper  may  be  obtained  gratis  upon  application  .\11  papers  are 
subject  to  revision. 


on  which  they  might  be  best  qualified  to  present  papers,  and 
then  make  a  consistent  effort  to  secure  the  papers,  giving 
adequate  time  to  properly  handle  the  subject. 

Plans  for  securing  papers  should  be  made  much  further  in 
advance  than  is  possible  imder  the  present  scheme  where  a  new 
chairman  is  elected  each  year  and  expected  to  provide  papers 
for  the  meetings  during  his  year  of  office.  So  far  as  his  year 
of  office  is  concerned,  it  would  seem  to  be  better  if  instead  of 
devoting  his  time  to  securing  papers  for  presentation  during 
that  year  he  were  to  devote  his  time  to  securing  papers  for  the 
next  year. 

Gathering  in  and  codifying  aU  knowledge  concerning  the 
best  existing  practice  should  represent  only  one  phase  of  the 
work  of  the  sub-committee  on  Machine  Shop  Practice. 

A  second  and  even  larger  undertaking  would  be  the  prose- 
cution along  predetermined  lines,  of  research  that  would  re- 
sult in  definite  advancement  of  the  art.  At  present  this  is 
almost  entirely  left  to  the  enterprise  of  individuals  or  com- 
panies, and  there  is  no  coordination  of  effort. 

Experiments  along  identical  lines  may  be  carried  on  by 
several  different  individuals  or  companies  without  any  one 
of  them  having  knowledge  of  what  the  other  is  doing,  thus  re- 
sulting in  considerable  waste  of  effort,  time  and  money,  and 
frequently  in  conflicting  results.  The  writer  happens  to  know, 
at  the  present  time,  of  two  sets  of  experiments  being  carried 
on  independently  in  the  art  of  drilling  to  accomplish  some 
such  work  as  was  done  by  the  late  Frederick  W.  Taylor  and 
his  associates,  as  covered  in  a  paper  to  the  Society  on  "  The 
Art  of  Cutting  Metals,"  and  Taylor's  "  Experiments  in  the 
Use  of  Leather  Belting."  Much  remains  to  be  done  in  the 
study  of  cutting  metals.  For  example,  there  is  little  available 
knowledge  on  the  subject  of  cutting  brass  and  bronze,  on  tap- 
ping, on  the  use  of  milling  cutters,  etc. 

The  only  thing  that  is  done  by  societies  such  as  ours  in  the 
way  of  research  is  that  imdertaken  by  committees  of  men 
whose  time  is  so  fully  occupied  by  their  own  affairs  that  they 
can  at  best  give  an  insufficient  amount  of  time  to  the  problem 
they  have  in  hand,  and  are  obliged  to  carry  on  at  their  own  ex- 
pense such  experiments  or  research  as  may  be  necessary  to 
reach  a  conclusion. 

Would  it  not  be  better  for  all  concerned  if  the  Society 
were  in  a  position  to  employ  experts  for  investigation  and  re- 
search who  might  give  their  entire  time  to  the  work  assigned 
them?  Would  not  the  results  be  achieved  much  more  quickly 
and  at  less  expense  to  the  profession  as  a  whole,  and  more 
particularly  to  those  industries  to  whom  the  results  would  be 
of  immediate  value? 

The  first  part  of  this  plan,  that  of  gathering  in,  codifying, 
and  making  available  all  existing  knowledge  pertaining  to  the 
profession,  is  something  which  might  be  imdertaken  at  once. 
The  writer  has  worked  out  a  classification  of  machine  shop 
practice  which  is  appended  to  this  paper  (the  classification 
is  not  included  in  this  resume),  and  in  doing  so  has  en- 
deavored to  so  arrange  it  as  to  permit  of  easy  expansion  and 
correction.  In  the  matter  of  determining  who  among  the 
membership  is  best  qualified  to  write  uijort  the  various  sub- 
jects, help  must  be  had  from  aU  of  the  members. 

The  second  part  of  the  plan,  that  of  conducting,  along  pre- 
determined lines,  investigate  and  experiments  for  the  pur- 
pose of  advancing  the  art  and  pro^^ding  scientifically  deter- 
mined information  in  place  of  opinion,  calls  for  an  outlay  of 
money  which  would  have  to  be  financed  probably  by  subscrip- 
tions from  the  individuals  and  companies  who  might  be  bene- 
fited by  this  work. 
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f  I  1  HE  Sub-Committee  on  Gas  Power  will  have  charge  of  a  session  at  the  Annual  Meeting,  at  which 
J.  important  papers  on  gas  manufacture,  gas  analysis,  comparison  of  steam  and  gas  engines,  internal- 
combustion  engines,  and  gas  tractors  will  be  presented.  Two  of  the  papers  for  this  session  were  given  last 
month,  and  two  more  are  published  below. 


A  GAS  PRODUCER  FOR  BITUMINOUS 
FUEL 

By  O.  C.  berry,  LAFAYETTE,  IND. 
Non-Member 

WHEN  bituminous  coal  is  gasified  in  a  standard  up- 
draft  producer  of  the  anthracite  type,  the  volatile 
hydrocarbons  are  liberated  immediately.  These  vapors  mix 
with  the  hot  producer  gas  leaving  the  fuel  column,  and,  upon 
cooling  condense  in  a  fog  of  finely  divided  particles  of  tar 
that,  depositing,  will  clog  up  pipe  lines,  stick  valves,  and 
prove  a  general  nuisance.  Therefore,  the  special  problem  in 
designing  a  bituminous  gas  producer  is  to  eliminate  this  tar 
from  the  gas. 

The  most  obvious  solution  is  a  mechanical  tar  extractor  that 
will  remove  the  tar  without  affecting  the  quality  of  the  gas  in 
any  other  way.     The  plant  manufactured  by  R.  D.  Wood  & 
Co.,  and  used  by  the  United  States  Geological  Survey  in  its 
experimental  plant  at  St.  Louis,  is  probably  one  of  the  best 
examples  of  this  type  of  a  bituminous  gas  producer.     A  sec- 
ond solution  is  to  eliminate  the  tar  vapors  in  the  fuel  column 
of  the  producer  itself.     This  may  be  accomplished  by  apply- 
ing one  or  both  of  the  following  well-known  principles : 
a     If  tar  vapors  are  caused  to  pass  through  a  bed  of  incan- 
descent fuel,  they  will  be  "  cracked,"  or  split  up  into  per- 
manent gases,  such  as  CH,  and  free  H^,  and  lamp  black, 
or  finely  divided  particles  of  pure  carbon.    Thus  the  tars 
may  be  destroyed  completely,  and  a  considerable  quantity 
of  valuable  fuel  gas  will  result 
b     Tar  is  a  mixture  of  many  complex  hydrocarbons,  and  will 
therefore  burn  to  CO^  and  Hfi.      These  gases  may  be 
passed  through  the  incandescent  fuel  and  split  up  into 
CO  and  free  H^,  the  same  gases  that  are  obtained  in  the 
gasifying  anthracite  coal. 
The     multiple-combustion-chamber     producer,     the     down- 
draft  producer  with  a  combustion  zone  at  the  tojD  and  one 
at  the  bottom,  and  the  recirculating  producer,  which  is  dis- 
cussed in  this  paper,  are  all  examples  of  this  second  class. 

The  volatile  matter  may  all  be  driven  off  from  a  bituminous 
coal  at  a  temperature  considerably  below  the  highest  attained 
in  a  gas  producer.  In  the  recirculating  producer  advantage 
is  taken  of  this  fact  by  drawing  the  finished  gas  from  well 
below  the  top  of  the  fuel  column,  where  the  coal  is  sufficiently 
hot  for  the  last  trace  of  tar  to  have  been  removed.  The  tar- 
laden  gases  from  the  top  of  the  producer  are  re-entered  into 
the  fuel  column  near  the  bottom.  In  the  Whitfield  producer 
they  are  introduced  directly  into  the  "  incandescent "  zone, 
while  in  the  Daniels  producer  and  several  others  they  are 
passed  into  the  combustion  zone  of  the  fuel  column. 

Fig.  1,  from  the  patent  drawings  of  Charles  Whitfield,  illus- 
trates the  general  idea.  The  coal  is  trapped  into  the  producer 
at  the  top,  and  the  only  air  inlet  is  below  the  gi-ates.  The 
producer  is  kept  almost  filled  with  fuel,  so  that  the  outlet  for 


the  finished  gas  is  well  down  toward  the  center  of  the  fuel 
column.  All  of  the  combustion  takes  place  just  above  the 
grates,  forming  a  layer  of  ash  immediately  above  them,  a 
combustion  zone  just  above  the  ash,  an  incandescent  zone  just 
above  the  combustion  zone,  and  distillation  zones  of  decreas- 
ing temperature  continuing  toward  the  top  of  the  fuel  column. 
The  recirculating  pipe  A,  in  which  flow  is  induced  by  the 
steam  nozzle  B,  takes  the  products  of  distillation  from  the  top 
of  the  producer  down  to  and  into  the  incandescent  zone.  The 
annular  chamber  C  extends  entirely  around  the  producer,  and 
makes  it  possible  to  distribute  the  tarry  vapors  to  all  sides  of 
the  incandescent  zone. 

In  developing  a   producer   of  this  type,   information  was 
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Fig.  1    Whitfield  Recirculating  Producer 

needed  that  could  not  be  found  in  print,  and  that  therefore 

required  special  investigation,  such  as: 

a     The  most  efficient  and  best  tyjDe  of  blower  to  use 

b     The  temperature"  at  which  the  pipe,  the  blower  and  the 

gases  themselves  must  be  kept  to  recirculate  the  gases 

with  the  least  deposit  of  their  tar  content,  and  the  least 

trouble  from  other  sources 
c     The  tempei'ature  at  which  the  top  of  the  fuel  column  must 

be  held  to  prevent  troublesome  tar  deposit  there 
d     The  lowest  temperature  at  which  one  may  be  certain  that 

the  last  trace  of  tar  has  been  removed  from  the  coal  used. 

The  author  has  done  investigative  work  along  each  of  these 

lines.     This  work  was  started  at  the  University  of  Wisconsin, 

but  most  of  it  has  been  done  in  the  laboratories  of  Purdue 

University. 
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THE    RECIRCrLATlNG    BLOWER 

In  good  anthraeite-produeer  practice  about  one-half  pound 
of  steam  should  be  decomposed  per  pound  of  combustible 
burned.  This  steam  is  mixed  with  the  air  for  combustion  as 
it  enters  the  fuel  column,  and  is  obtained  either  from  a  vapor- 
izer on  the  producer  itself,  or  from  some  outside  source.  The 
possibility  of  using  this  steam  to  cii-culate  the  gases  was  taken 
advantage  of  by  the  earliest  investigators.  The  steam  ex- 
hauster is  so  obviously  the  best  type  of  blower  to  use  that 
the  problem  simplifies  itself  into  a  choice  of  the  type  of  the 
steam  blower. 

A  veiy  inefficient  blower  can  deliver  the  required  amount 
of  gas  with  less  than  a  half-pound  of  steam,  but  some  classes 
of  bituminous  fuel  contain  so  much  moisture  that  a  highly 
efficient  blower  is  desirable.  This,  with  other  requirements 
that  the  blower  must  meet,  are  as  follows: 


Fig.  2    Recirculating  Blower 


taper,  and  above  this  is  a  throat  piece  G,  rounded  at  the  top 
as  indicated;  the  two  blocks  together  form  the  expanding  pipe 
of  the  blower. 

When  set  up  as  indicated,  the  stream  of  steam  from  the 
hole  in  E  will  jiass  along  the  center  line  of  the  pipe  B,  and  the 
whole  apparatus  will  serve  as  a  steam  exhauster,  the  air  be- 
ing drawn  in  at  the  side  opening  of  the  tee  C,  and  forced  out 
through  B.  By  screwing  the  pipe  A  in  the  plug  D,  the  dis- 
tance from  the  lower  end  of  E  to  the  upper  end  of  F  could 
be  varied  from  i^  to  7  in.  The  throat  pieces  G  were  made  of 
diiferent  shapes  and  lengths,  and  the  cylinders  F  in  lengths 
varying  from  4  to  12  in.  Likewise  the  jjipe  caps  E  were  sup- 
plied with  holes  of  different  sizes.  The  large  number  of  dupli- 
cate parts  was  provided  so  as  to  arrive  experimentally  at  the 
combination  giving  the  highest  efficiency  and  best  perform- 
ance. 

The  second  blower  was  the  same  as  the  first,  except  that 
the  steam  orifice  E  had  a  number  of  holes  placed  so  as  to 
distribute  the  steam  evenly  over  the  entire  area  of  the  top  of 
F.  The  size  of  the  holes  was  chosen  so  as  to  use  the  same 
amount  of  steam  as  the  nozzle  in  the  first  type  with  wliich  it 
was  compared. 

The  third  type  was  the  same  as  the  first  except  that  a  vary- 
ing number  of  air-expanding  pipes  was  used  between  the 
steam  orifice  and  the  final  air-expanding  pipe,  as  indicated 
by  the  dotted  lines  at  H  in  Fig.  2.  These  pipes  were  used 
in  a  variety  of  numbers,  sizes,  shapes  and  spacings,  in  an  at- 
tempt to  get  at  the  best  combination  for  the  conditions  under 
which  they  were  to  operate. 

The  results  showed  that  type  I  was  most  efficient,  most  de- 
pendable for  continuous  performance  with  the  least  chance 
of  trouble,  and  easiest  to  clean.  The  following  general  con- 
clusions may  be  drawn  from  the  result  of  these  tests: 

a  In  working  against  small  back  pressures  probably  the  most 
efficient  and  best  type  of  steam  exhauster  is  the  one 
shown  in  Fig.  2 

h  The  height  of  the  steam  orifice  above  the  expansion  pipe 
is  important 

c  The  length  and  the  angle  of  taper  used  in  the  expansion 
pipe  are  both  important 

d  The  capacity  of  the  blower  is  almost  directly  propor- 
tional to  the  steam  pressure  at  the  orifice 

e  In  a  separate  set  of  tests  it  was  shown  that  superheated 
steam  gave  better  efficiency  and  threw  down  less  tar  than 
saturated  or  wet  steam. 


a  The  required  quantity  of  gas  must  be  delivered  with  the 
least  steam 

6  The  blower  must  be  capable  of  operating  continuously 
without  clogging  up  or  varying  from  its  normal  delivery 
of  gas 

c  In  delivering  the  gas  the  blower  must  not  cause  the  pre- 
cipitation of  too  much  of  the  tar 

d    The  blower  should  be  accessible  and  easily  cleaned 

e  Since  change  in  the  character  of  the  fuel  column  wiU 
change  the  pressure  against  which  the  blower  works,  the 
blower's  capacity  must  not  be  appreciably  affected  by  the 
discharge  pressure. 

Comparative  tests  were  made  on  three  blowers,  aU  using 
the  same  amount  of  steam  per  hour,  and  all  working  against 
the  same  back  pressure.  The  construction  of  the  blower  from 
standard  pipe  and  fittings  may  be  understood  from  Fig.  2. 
The  Cap  E  on  the  pipe  A  was  drilled  with  a  No.  49  drill. 
Within  the  pipe  B  is  a  wooden  cylinder  F  bored  out  to  a 


PROPER  TEMPERATURE   FOR  THE  RECIRCULATED  GASES 

The  second  line  of  investigation  was  to  determine  the  tem- 
perature at  which  the  recirculated  gases,  the  blower  and  the 
recirculating  pipe  should  be  held  to  throw  down  the  smallest 
amount  of  tar  and  give  the  least  trouble.  One  of  the  most 
searching  tests  for  tar  is  to  cause  the  gas  to  impinge  against 
a  hard  surface  at  a  high  velocity.  This  was  done,  the  gas  and 
the  surface  impinged  against  being  held  at  different  tempera- 
tures during  the  different  trials. 

The  apparatus  used  is  shown  in  Figs.  3,  4  and  5.  The  gas 
was  generated  in  a  furnace  made  of  a  24-in.  length  of  6-in. 
pipe,  fitted  with  a  coupling  and  plug  at  both  top  and  bottom, 
and  with  a  set  of  grates  near  the  bottom.  This  is  shown  at  A, 
Fig.  3.  The  air  blast  was  furnished  by  the  blower  B,  and  the 
pressure  of  this  blast  was  steadied  through  the  tank  C.  The 
fumes  from  the  furnace  were  carried  away  through  the  pipe 
B,  the  pressure  inside  of  the  furnace  and  the  quantity  of 
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blast  passing  through  it  being  regulated  by  the  valve  at  the 
top  of  tank  C  and  the  valve  on  the  pipe  line  D.  The  pres- 
sure in  the  furnaee  was  indicated  by  the  mercury  manome- 
ter E. 

The  apparatus  for  testing  for  tar  is  shown  at  F  and  a  cross- 
section  is  given  in  Fig.  4.  Here  A  is  the  side  of  the  furnace, 
which  is  connected  by  a  short  nipple  to  the  %-in.  cross  B. 
The  thermometer  C  is  securely  packed  in  the  plug  D,  and  ex- 
tends directly  into  the  stream  of  gas.  The  steel  plug  E  is 
threaded  to  fit  B.  and  is  also  threaded  into  a  steel  bar  F. 
The  outer  end  of  E  and  the  eorresi)onding  face  of  F  are  ma- 
chined to  a  single  finished  surface,  and  the  copper  block  G 
is  clamped  against  this  surface.  The  copper  block  furnishes 
the  surface  against  which  the  gas  is  to  imjDinge.  It  is  a  good 
conductor  of  heat,  so  that  it  is  possible  to  keep  all  parts  of 
the  block  at  nearly  the  same  temperature. 

The  shape  of  the  block  is  indicated  in  Fig.  5.  The  ends 
are  drilled  as  shown  at  a  so  that  a  blow-pipe  flame  may  be 
directed  into  each  hole  to  aid  in  heating  the  block.  The  face 
of  G  bearing  against  F  is  milled  out  as  shown  at  c  to  furnish 


Fig.  .3    Apparatus  for  Determining  Proper  Temperature 
FOR  Recirculated  Gases 

an  eddy  chamber  for  the  gases,  which  would  impinge  against 
it  at  a  point  directly  opposite  the  orifice  Z?  in  the  plug  E. 
The  temperature  of  the  surface  of  the  block  at  this  point  is 
indicated  by  a  thermometer  in  a  mercury  bath  in  the  hole  6. 
To  prevent  eddy  currents  of  cold  air  from  passing  up  into 
■the  milled  chamber  c,  it  was  found  necessary  to  restrict  the 
outlet  by  the  strip  of  sheet  steel  d. 

In  Fig.  4.  /  is  a  sheet-steel  platform  designed  to  hold  a 
paper  tray  J  to  catch  any  tar  that  is  dejiosited  in  c  and  runs 
out  at  its  lower  edge.  Bj'  keeping  the  pressure  in  the  furnace 
constant  at  3  in.  of  mereui'y,  and  keeping  the  hole  H.  clean, 
a  constant  quantity  of  gas  wdll  pass  through  the  device  per 
minute.  By  holding  the  temperature  of  the  gas  and  the  block 
constant  for  4  min.,  catching  the  deposit  for  that  length  of 
time  in  the  tray  .7  and  in  the  chamber  c,  this  deposit  could 
be  accurately  weighed  and  compared  to  the  deposit  from  a 
similar  unit  quantity  of  gas  at  any  other  temperature. 

The  results  showed  that  at  the  lower  temperatures  com- 
paratively large  amounts  of  tar  are  deposited,  as  would  be 
expected.  This  tar  is  soft  and  sticky  at  room  temperature, 
and  contains  considerable  water.     As  the  temperature  of  the 


deposit  is  i-aised,  the  amount  of  the  deposit  is  continuously 
decreased,  and  the  tar  when  cooled  to  room  temperature  be- 
comes harder  and  more  brittle.  All  of  the  tar  is  thin  and 
liquid  at  the  temperature  at  which  it  is  deposited,  so  that  so 
long  as  the  deposit  is  a  tar,  the  block  G  tends  to  have  only  a 
thin  coat  on  it,  the  larger  part  of  the  deposit  appearing  in 
the  paper  tray.  After  a  while  a  temperature  is  reached  at 
which  the  deposit,  though  still  a  tar,  is  almost  too  little  to  be 
weighed.  This  temperature  of  small  deposit  starts  at  about 
280  or  300  deg.  cent,  and  extends  up  to  about  500  deg.  At 
no  point  is  there  a  place  where  the  deposit  entirely  disappears. 
At  about  500  deg.  the  deposit  begins  to  turn  over  from  a  tar 
to  a  sort  of  coke,  and  instead  of  being  fluid,  it  all  sticks  to 
the  block.  Between  500  and  600  deg.  this  deposit  increases 
slowly  in  amount,  and  then  increases  more  rapidly  as  the 
temperature  nears  700  deg. 

The  condition  where  the  gas  and  block  are  at  the  same  tem- 
perature is  the  only  one  which  has  been  worked  out  carefully. 
The  best  temperature  at  which  to  recirculate  the  tar-laden  gas 
seems  to  be  between  about  300  deg.  and  450  deg.  cent.  At 
any  point  within  this  range  the  deposit  of  tar  is  small, 
and  such  as  there  is  tends  to  flow  off  from  the  surface  of  the 
blower.     At  temperatures   higher  than   450   deg.   cent,  there 
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Figs.  4  and  5    Details  op  Tar  Tester 

is  a  chance  that  the  deposit  will  accumulate  on  the  walls  of 
the  blower,  and  stop  it  up. 

Experience  has  shown  that  a  heavily  tar-laden  gas  in  pass- 
ing through  a  cold  bed  of  coal  will  deposit  its  tar  in  the  coal 
until  the  whole  layer  of  coal  becomes  impervious  to  the 
gas.  This  state  of  affairs  would  be  disastrous  to  the  opera- 
tion of  a  gas  producer.  For  this  reason  it  becomes  interest- 
ing to  know  the  lowest  temiserature  at  which  one  may  be  as- 
sured that  such  a  thing  will  not  happen.  The  tests  just  re- 
jiorted  answer  this  question  as  well.  If  tiie  coal  is  above  280 
deg.  cent,  this  deposit  cannot  occur. 

The  results  obtained  in  these  special  lines  of  investigation 
have  a  direct  bearing  on  the  problem  of  developing  a  gas  pro- 
ducer of  the  recirculating  type  for  the  use  of  a  bituminous 
fuel.  The  more  important  conclusions  may  be  summarized  as 
follows : 

a  The  type  of  steam  exhauster  shown  in  Fig.  2  is  efficient 
and  reliable,  and  is  probably  the  best  to  use  in  connec- 
tion with  a  gas  producer 
h  The  recirculated  gas  and  the  pipes  through  which  it  passes 
should  be  kept  between  550  deg.  and  900  deg.  fahr.  in 
temperature 
(      The   coal  at   tlie  top   of   the   fuel   column   should   be   kept 

above  550  deg.  fahr 
d     Tlie  lowest  temperature  at  which  one  may  be  certain  that 
the  last  trace  of  tar  has  been  driven  off  from  the  coal  will 
vary  with  the  coal  used,  but  will  lie  between  1000  deg. 
and  1250  deg.  fahi'. 
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Any  producer  for  the  use  of  bituminous  fuel  should  meet 
all  of  the  requirements  which  an  anthracite  plant  must  meet, 
and  some  others.  It  is  difficult  to  list  all,  but  the  following 
are  among  the  more  important : 

a  The  plant  must  be  simple  in  construction,  and  must  wear 
well 

6  All  parts  of  the  fuel  column  must  be  readily  reached  by 
the  poker 

c  A  ready  means  must  be  provided  for  cleaning  out  the 
clinker  and  ash 

d  The  air  must  enter  evenly  over  the  entire  area  of  the  bot- 
tom of  the  fuel  column 

e  The  steam  must  be  evenly  distributed  through  the  air 
for  combustion 


Fig.  6    Experijiextal  Producer  in  Purdue  Laboratory 

/     The  air  must  be  equally  free  to  circulate  in  all  parts  of  the 

fuel  column 
g     The  gas  must  be  so  taken  from  the  producer  as  to  cause 

an  even  circulation  through  the  upper  part  of  the  fuel 

column. 

PRODUCER   DEVELOPED  BY   AUTHOR 

With  these  points  in  mind,  the  author  has  developed  the 
recirculating  gas  producer'  shown  in  Fig.  6.  The  coal  is 
trapped  in  at  the  top,  the  only  air  inlet  being  below  the 
grates.  The  combustion  all  takes  place  right  above  the  grates. 
The  finished  gas  is  drawn  off  from  the  fuel  column  into  the 
annular  chamber  A,  which  is  formed  in  the  firebrick  lining 
of  the  producer.  From  here  it  passes  out  through  the  pipe 
B.     The  products  of  distillation  and  the  other  recirculated 
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gases  are  drawn  into  the  pipe  C  by  the  steam  blower  D. 
These  gases  are  then  delivered  into  the  header  E,  and  from 
there  into  the  distributor  F.  This  distributor  is  so  constructed 
as  to  deliver  an  equal  amount  of  the  recirculated  gases  to  every 
part  of  the  grate  area,  and  in  such  a  way  that  the  gas  bums 
as  it  mixes  with  the  air,  largely  in  the  lower  part  of  the  com- 
bustion zone  of  the  fuel.  The  recirculated  gases  bum  to  CO, 
and  H.O,  and  in  passing  through  the  incandescent  zone  above, 
the  CO,,  taking  up  one  more  carbon  atom,  is  changed  into  CO, 
according  to  the  equation 

CO,  -f  C  +  heat  =  2C0 
and  the  H,0  is  split  up  into  free  H,  and  CO,  according  to  the 
equation 

H,0  4-  C  -f  heat  =  H,  +  CO 
Thus  the  finished  gas  obtained  from  the  tars  and  the  other 
hydrocarbons  is  the  same  as  that  from  anthracite  coal,  and 
instead  of  being  wasted  the  tars  are  converted  into  useful  gas. 
The  gas  from  this  producer  should  therefore  be  free  from 
the  fluctuating  hydrocarbon  content  that  has  been  the  source 
of  so  much  inconvenience  in  connection  with  the  gas  from 
most  bituminous  plants. 

Fig.  7  is  from  a  photograph  of  a  .50-h.p.  installation  of  this 
producer  in  the  laboratories  of  Purdue  University,  at  Lafayette, 
Ind.,  for  experimental  purpose^.  Peep-holes  A  are  provided 
to  enable  the  operator  to  examine  the  temperature  of  the  fuel 
column.  In  the  hottest  part,  where  the  temperature  changes 
are  the  most  important,  this  is  especially  easy.  A  tube  with 
a  rod  inside  of  it  may  be  thrust  into  the  center  of  the  pro- 
ducer, and  the  rod  removed.  By  looking  through  the  tube  the 
temperature  of  the  fuel  at  the  end  of  the  tube  may  be  esti- 
mated. By  drawing  the  tube  out  slowly  and  watching  the 
temperature  at  its  end,  comparatively  slight  differences  in 
temperature  between  the  outside  and  the  center  of  the  fuel 
column  may  be  detected.  This  is  often  of  great  importance 
in  interpreting  producer  performance.  These  peep-holes  are 
drilled  through  the  shell  and  tapped  %-in.  pipe  size.  Nipples 
6  in.  long  are  screwed  into  these  holes,  and  are  capped  on 
their  outer  ends  by  standard  unions  with  glass  packed  in  them. 
The  small  outlets  shown  at  the  sides  of  many  of  the  %-in. 
pipes  are  used  to  draw  off  samples  of  the  gas  to  be  tested  for 
tar. 

The  trap  B  is  filled  with  water  and  catches  any  tar  that 
may  be  thrown  down  in  the  steam  blowers  or  the  recirculating 
pipes.  The  header  C  communicates  with  the  gas-distributing 
device  under  the  gi'ates.  The  steam  blowers  D  and  the  recir- 
culating pipes  are  in  duplicate,  one  being  used  and  one  held 
in  reserve.  The  gas  from  this  plant  is  cooled  in  a  coke-filled 
scrubber.  From  this  scrubber  the  gas  goes  directly  to  a  43- 
h.p.  Fairbanks-!Morse  engine. 

Returning  again  to  a  consideration  of  the  factors  influenc- 
ing the  proper  performance  of  this  type  of  producer,  if  three 
things  are  accomplished  the  gas  will  be  free  from  tar : 

o  All  of  the  tar  must  be  driven  out  of  the  fuel  while  it  is 
still  above  the  openings  which  communicate  with  the  an- 
nular chamber. 

6  All  of  the  tarry  vapors  driven  out  of  the  fuel  in  the  dis- 
tillation zone  must  be  drawn  out  and  recirculated. 

c  The  recirculated  gas  must  not  be  allowed  to  form  a  cold 
path  for  itself  between  the  grates  and  the  outlet  on  the 
one  hand,  nor  form  an  explosive  mixture  with  the  enter- 
ing air  on  the  other.  The  former  would  allow  the  tars 
to  get  into  the  finished  gas,  and  the  latter  would  cause 
explosions  which  might  prove  serious. 

It  is  possible  to  accomplish  these  three  things  continuously 
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and  certainly,  and  to  get  a  gas  from  a  heavily  tar-laden  fuel 
which  is  entirely  free  from  tar. 

Inability  to  meet  the  first  requirement  has  been  the  cause 
of  failure  of  several  recirculating  producers.  Coal  is  a  poor 
conductor  of  heat,  and  little  heat  can  pass  by  conduction  from 
one  lump  of  coal  to  another.  The  heat  distribution  in  the 
fuel  column  of  a  standard  up-draft  plant  is  due  to  the  hot 
gases  from  the  incandescent  zone  that  pass  up  through  Ihe 
entire  fuel  column  on  the  way  out.  In  the  recirculating  pro- 
ducer, the  finished  gas  is  drawn  out  of  the  fuel  column  at 
about  mid-height.  If  the  only  gases  that  pass  through  the 
fuel  above  this  point  are  the  products  of  distillation,  the  heat- 
carrying  medium  will  be  absent  above  the  annular  chamber, 
and  the  coal  will  remain  cold  until  after  it  passes  this  point. 
This  means  that  the  first  requirement  has  not  been  met  and  the 
producer  will  not  be  able  to  furnish  a  tar-free  gas. 

To  overcome  this  a  blower  of  sufiScient  capacity  must  be 
used  to  recirculate  a  considerable  part  of  the  hot  gases  from 
the  incandescent  zone  along  with  the  products  of  distillation. 
It  is  thereby  possible  to  maintain  as  high  temperatures  in  the 
fuel  column  at  the  top  of  a  recirculating  producer  as  in  the 
up-draft  producer,  and  the  coal  may  be  heated  until  the  last 
trace  of  tar  has  been  driven  off  before  it  reaches  the  gas 
discharge  level. 

This  positive  stream  of  gas  passing  from  the  bottom  of  the 
producer  to  the  top  past  the  annular  chamber  also  enables 
the  producer  to  meet  the  second  requirement,  as  it  will  pre- 
vent any  of  the  products  of  distillation  that  are  driven  off 
from  the  coal  above  the  discharge  level  from  backing  up 
and  passing  out  at  the  discharge. 

On  the  third  requirement  is  where  many  recirculating  pro- 
ducers have  failed.  The  gases  from  any  given  point  in  the 
gi'ate  area  will  tend  to  establish  their  own  individual  path  be- 
tween the  grates  and  the  outlet.  If  they  are  inert,  or  do  not 
mis  with  air  and  burn  in  the  combustion  zone,  or,  mixed  with 
air,  do  not  burn  the  coal  in  the  combustion  zone,  they  will 
not  have  any  heat  of  combustion  with  which  to  establish  an 
incandescent  zone.  They  will  therefore  form  a  cold  path  for 
themselves  right  through  the  zone  that  should  be  incandescent, 
and  escape  through  the  discharge  outlet  unburned  and  un- 
cracked.  To  avoid  this,  the  recirculated  gases  must  be  evenly 
distributed  over  the  entire  grate  area. 

To  prevent  the  formation  of  an  explosive  mixture,  the  gases 
and  air  must  burn  as  they  mix.  In  this  producer  this  is  ac- 
complished by  having  the  gas  introduced  into  the  air  in  the 
restricted  area  between  the  gi-ates,  thus  preventing  them  from 
backing  up  and  mixing  with  the  air  below  the  grates. 

The  down-draft  producer  and  the  double-combustion-zone 
producer,  while  both  successful  in  delivering  a  tar-free  gas, 
have  certain  shortcomings.  The  down-draft  producer  is  open 
to  the  following  criticisms : 

a     The  ash  contains  a  high  per  cent  of  the  carbon  in  the  coal 

h  A  large  part  of  the  tars  are  cracked  in  a  reducing  atmos- 
phere, and  consequently  produce  large  quantities  of  lamp- 
black 

c  The  fuel  column  is  subject  to  the  formation  of  hard 
clinkers 

d  A  large  proportion  of  the  total  heat  value  of  the  coal 
burned  is  lost  in  the  sensible  heat  of  the  gases  leaving  the 
producer 

e  Some  types  of  the  down-draft  producer  camiot  be  cleaned 
while  running,  but  must  be  shut  down  every  week  or  ten 
days  to  have  the  fire  pulled.  This  is  a  disagreeable  task, 
besides  making  it  necessary  to  have  two  plants. 


The  double-combustion-zone  producer  gets  around  the  first 
and  fifth  difficulties  without  adding  any  serious  new  ones,  but 
is  an  equally  bad  offender  in  the  other  three. 

The  high  proportion  of  total  carbon  in  the  coal  lost  in  the 
ash  is  characteristic  of  all  down-draft  producers.  The  older 
types  that  could  not  be  cleaned  while  running  obviously  lose 
considerable  of  the  carbon  when  the  fire  is  pulled.  In  the 
newer  types  that  are  capable  of  continuous  operation,  the  high 
carbon  in  the  ash  may  be  explained  in  that  the  combustion 
takes  place  at  the  top  of  the  fuel  column,  but  all  of  the  carbon 
cannot  be  burned  out  of  the  fuel  here,  as  about  half  of  it 
must  be  left  to  reduce  the  CO^  in  the  incandescent  zone.  This 
reduction  in  the  incandescent  zone  is  due  not  only  to  the  high 
temperatures  there,  but  also  to  the  presence  of  a  large  excess 


Fig.  7 


Photographic  View  op  Installation  of  Producer 
Shown  in  Fig.  6 


of  carbon.  Therefore  all  the  carbon  cannot  be  burned  out  of 
the  fuel  in  the  incandescent  zone  and  have  the  gas  reasonably 
low  in  CO,. 

When  the  tarry  vapors  are  heated  to  a  high  tem|ieratare  in 
an  oxidizing  atmosphere  they  burn,  and  no  lampblack  is 
formed.  If,  however,  the  heating  takes  ]ilace  in  a  reducing 
atmosphere,  combustion  is  impossible,  and  the  tars  will  be 
cracked  and  large  quantities  of  lampblack  formed.  In  both 
the  down-draft  producer  and  the  double-combustion-zone  pro- 
ducer, the  higher-temperature  tars  from  the  central  part  of 
each  lump  of  coal  are  inevitably  driven  off  in  the  incandescent 
zone.  Hence,  the  ever-pi'esent  laniiililack  in  the  gases  from 
these  producers. 

All  of  the  causes  leading  to  hard  clinkers  do  not  seem  to 
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be  understood.  It  seems,  however,  that  clinkering  will  be  aug- 
mented by  concentrating  the  ash  in  the  hottest  part  of  the  fuel 
bed,  by  stirring  or  poking  this  jjart  of  the  fire,  and  by  the 
existence  of  lampblack  in  the  fuel.  In  both  of  these  types 
of  producers  the  coal  is  about  half  burned  at  the  top  of  the 
fire,  and  is  as  nearly  completely  burned  as  it  ever  gets  to  be 
while  it  still  remains  in  the  incandescent  zone.  In  other  words, 
the  coal  at  the  bottom  of  the  incandescent  zone  is  nearly  all 
ash.  This  incandescent  ash  is  mixed  with  lampblack,  and  is 
frequently  and  more  or  less  vigorously  poked. 

The  reports  of  the  work  done  by  the  United  States  Geological 
Survey,  in  its  experiments  with  gas  producei-s  furnish  much 
valuable  information.     In  some  eases  they  give  the  heat  value 
of  the  coal,  the  number  of  cubic  feet  of  gas  obtained  from  one 
pound  of  the  coal  and  the  chemical  analysis  of  the  gas.    Know- 
ing the  chemical  analysis  of  the  gas,  a  close  estimate  can  be 
made  of  the  quantity  of  undeeomposed  water  that  accompanied 
the  gas  as  it  left  the  producer.  The  specitic  heats  of  all  of  these 
gases  are  quite  accurately  known.    From  these  figures  the  per 
cent  of  the  total  heat  value  of  the  coal  that  appears  as  sen- 
sible  beat   in    the   hot    gases   leaving    the   producer   will    be 
nearly  equal  to  the  number  of  hundreds  of  degrees  fahrenheit 
of  temperature  of  the  gases.    In  other  words,  gases  having  the 
fuel  column  at  2200  deg.  are  carrying  away    about    22    per 
cent  of  the  total  heat  value  of  the  coal.    But  to  get  a  good  reduc- 
tion of  the  CO,,  it  is  neeessai'y  to  have  a  temperature  of  at 
least  2200  deg.  fahr.  in  the  incandescent  zone  of  the  producer. 
In  the  down-draft  and  the  double-combustion-zone  producers, 
the  loss  due  to  the  sensible  heat  of  the  gases  as  they  leave  will 
be  above  20  per  cent  of  the  total  heat  value  of  the  fuel  used. 

In  the  recirculating  producer  here  proposed,  aU  five  of  these 
difficulties  are  met  without  introducing  any  new  ones  of  com- 
parable gravity : 

a  The  combustion  takes  place  as  in  a  standard  up-draft 
anthracite  plant.  The  air  all  comes  from  underneath  and 
passes  tlirough  the  ash  before  reaching  the  fuel.  The  last 
trace  of  carbon  in  the  hot  ash  at  the  bottom  of  the  com- 
bustion zone  is  exposed  to  the  pure  air  which  supports 
the  combustion,  so  all  of  it  should  be  burned  up.  In 
either  the  anthracite  plant  or  the  recirculating  plant  the 
quantity  of  carbon  in  the  ash  is  due  largely  to  the  care 
with  which  the  fire  has  been  tended,  and  should  be  small. 
h     All  of  the  tarry  vapors  are  burned  in  a  highly  oxidizing 

atmosphere,  so  no  lampblack  is  formed 
c     Tlie   fuel  being  burned  after  it  has  passed  through  the 
incandescent    zone,    as   it   is    in    the   standard    anthracite 
plant,  much  of  the  tendency  to  clinker  is  avoided.     No 
worse  clinkers  are   produced  in  this  plant  than  in   the 
anthracite  producer;  and  with  proper  care  and  a  good 
coal  they  can  be  avoided  entirely 
d     The  temperature  necessary  to  eliminate  the  tar  in  the  coal 
is  never  more  than  1250  deg.  fahr.     The  gases  will  have 
to  leave  the  producer  at  a  temperature  somewhat  higher 
than  this,  say  at  1500  to  1600  deg.    Still  considerably  less 
is  lost  in  the  sensible  heat  in  the  gas 
e     The  ash  can  be  removed  from  the  producer  while  it  is  in 
operation,  and  the  plant  is  ca]iable  of  contmuous  opera- 
tion,  the  length   of   the  run   being  limited   only   by   the 
life  of  the  fire-brick  lining. 
Thus  far  the  author  has  not  been  able  to  carry  out  long  and 
exhaustive   tests   on    this   jjlant,   and   regrets   his   inability   to 
quote  figures  showing  its  performance.     The  best  report  that 
can  be  made  is  that  the  plant  has  run  all  day  (10  hours)  each 
day  for  a  week  without  making  any  tar.    The  heat  value  and 
chemical  analysis  of  the  gas  were  not  obtained. 
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AN  analysis  of  jiroducer  gas  is  ordinarily  considered  com- 
plete if  carbon  dioxide,  oxygen,  illuminants,  carbon 
monoxide,  hydrogen,  methane  and  nitrogen  (by  difference)  are 
determined.  The  quantities  of  other  gases  present  are  almost 
always  negligible,  and  of  illuminants  and  oxygen  usually  so 
small  as  to  make  their  determination  imimjiortant. 

The  quality  of  the  gas  may  usually  be  judged  from  the  car- 
bon dioxide  alone.  Low  carbon  dioxide  almost  invariably 
means  gas  of  high  heating  value  and  good  producer  efficiency. 
The  deteiTuination  of  the  cai'bon  dioxide  can  be  quickly,  easily 
and  accurately  carried  out  with  a  simple  and  inexpensive 
portable  apparatus.  The  ordinary  Orsat  apparatus  or  some 
modification  of  it  may  be  used,  or,  if  the  gas  is  properly 
cleaned,  some  form  of  automatic  recording  carbon  dioxide  ma- 
chine. The  latter,  however,  at  present  are  expensive  and  re- 
quire expert  attention  to  keep  them  in  order.  The  chief 
objection  to  carbon  dioxide  as  a  gas  quality  indicator  is  that 
long-period  samj^les  collected  over  water  suffer  considerable 
change  in  carbon  dioxide  content  by  absorption  or  evolution 
of  that  gas  by  the  water. 

Some  plants  use  the  per  cent  of  carbon  monoxide  in  the 
gas  as  the  basis  of  a  bonus  system  for  producer  operators. 
The  carbon  monoxide  is  not  appreciablj-  affected  by  water,  so 
that  long-period  continuous  samples  can  be  taken.  Although 
this  element  furnishes  the  greater  part  of  the  heat  in  the  gas, 
high  carbon  monoxide  might  be  produced  at  the  expense  of 
hydrogen  by  changing  the  ratio  of  steam  to  air  in  the  blast. 
If  this  is  taken  into  account  or  controlled,  the  carbon  monox- 
ide should  give  a  good  indication  of  the  quality  of  the  gas. 

To  make  rapid  and  accurate  determinations  of  carbon 
monoxide  the  apjiaratus  should  have  two  bubbling  pipettes, 
containing  the  regular  eujirous  chloride  solution  which  is  used 
for  this  purpose.  One  of  these  solutions  should  be  kept  quite 
fresh  and  be  used  to  absorb  the  last  trace  of  carbon  monoxide 
after  the  other  has  absorbed  most  of  it. 

Before  long  it  will  probably  be  the  practice  to  determine 
gas  quality  by  some  form  of  recording  calorimeter.  Such  in- 
struments have  been  used  for  years,  and  often  have  proved 
very  useful.  In  general,  however,  they  require  frequent  ad- 
justment if  absolute  rather  than  merely  relative  values  are 
desired.    This  difficulty  will  doubtless  be  overcome  in  time. 

A  rather  crude  but  ideally  simple  way  of  estimating  the 
quality  of  gas  almost  universally  used  is  a  test  flame  left  con- 
stantly burning.  By  its  use  the  producer  operator  can  de- 
tect large  variations  in  the  gas  quality. 

SAMPLING 

The  sample  of  gas  may  be  drawn  directly  from  the  gas 
main  or  from  a  pipe  through  which  fresh  gas  continuously 
flows,  such  as  that  which  supplies  the  test  flame.  For  a  con- 
tinuous sample  the  pressure  in  the  pipe  should  be  practically 
constant  where  the  sample  is  taken.  Any  variation  in- 
creases or  decreases  the  flow  of  gas  into  the  samj^ling  bottle 
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even  when  the  flow  of  water  from  the  bottle  is  properly  regu- 
lated. The  sampling  connection  will  be  at  practically  atmos- 
pheric pressure  if  it  is  on  the  test-flame  pipe  beyond  the 
valve  that  regulates  the  flame. 

If  there  is  no  gas  main  with  a  pressure  above  atmospheric, 
some  form  of  steam  aspirator'  can  be  used  to  produce  a  steady 
flow  of  gas  from  the  main.  The  rate  of  flow  should  be  such 
that  the  gas  in  the  aspirator  pipe  will  always  be  substantially 
the  same  as  that  in  the  main. 

The  proper  form  and  position  of  the  sampling  pipe  in  the 
gas  main  has  received  a  great  deal  of  attention.  The  writer 
believes  that,  if  the  gas  is  sampled  after  passing  through  the 
scrubber,  it  is  so  thoroughly  mixed  that  an  open-end  sampling 
tube  at  the  center  of  tlie  main  will  draw  a  representative  sam- 
ple. In  fuel-gas  installations  where  the  gas  is  not  washed 
the  mixture  of  the  gas  in  the  main  is  much  less  complete,  but 
special  sampling  tubes  with  small  holes  would  be  so  likely  to 
become  clogged  if  used  with  imwashed  gases  that  the  open- 
end  sampling  tube  would  be  better,  placing  it  as  far  as  pos- 
sible from  the  producer  to  insure  the  maximum  amount  of 
mixing. 

Of  the  several  ways  for  drawing  the  sample,  probably  the 
most  common  is  the  so-called  "  two-bottle  method."  Two  large 
bottles  have  openings  near  the  bottom  connected  by  a  long 
rubber  tube.  The  bottle  for  collecting  the  gas  has  a  rubber 
stopper  through  which  passes  a  glass  tube  connected  to  the 
sampling  pipe  by  a  rubber  tube.  The  bottle  are  partly  filled 
with  water,  which  admits  gas  to  or  expels  it  from  the  sampling 
bottle  when  the  second  bottle  is  lowered  or  raised.  Before 
taking  a  sample  a  charge  of  gas  is  drawn  and  shaken  up  with 
the  water  to  saturate  it  and  thereby  reduce  its  effect  on  the 
sample.  The  water  is  then  forced  to  the  top  of  the  sampling 
bottle  and  the  rubber  tube  connecting  the  bottles  closed  with 
Si  pinch  cock.  Then  the  second  bottle  is  placed  some  distance 
below  the  other  and  the  pinch  cock  opened  to  let  the  water 
flow  from  the  sampling  bottle. 

When  continuous  samples  extending  over  long  periods  are 
•taken,  using  the  ordinary  two-bottle  method,  a  number  of 
errors  occur  aside  from  that  due  to  the  absorption  and  evolu- 
tion of  carbon  dioxide  by  the  water.  If  the  rate  of  sampling 
is  not  proportional  to  the  flow  of  gas  in  the  main  and  the  gas 
■composition  varies  widely,  a  considerable  error  may  result. 

Two  reasons  why  the  flow  of  water — and  hence  the  rate  of 
■sampling — varies  are  that  the  restricted  opening  in  the  com- 
pressed rubber  tube  tends  to  clog  and  that  the  net  head  pro- 
Kiucing  the  flow  of  water,  which  is  the  difference  in  level  in 
the  water  surfaces  of  the  two  bottles,  is  constantly  decreasing 
SiS  the  water  flows  from  the  upper  to  the  lower  bottle. 

It  is  evident  that  the  ordinary  two-bottle  method  never 
gives  an  exactly  correct  sample,  and  that  clogging  of  the  thin 
tapering  opening  in  the  rubber  tube  may  produce  a  large 
-error  without  being  detected. 

Fig.  1  shows  an  arrangement  that  the  writer  has  devised 
for  easily  measuring  and  controlling  the  rate  of  sampling.  The 
upper  bottle  is  connected  as  in  the  ordinary  two-bottle  method, 
but  the  water  passes  into  the  top  of  the  lower  bottle  through 
a  simple  form  of  orifice  flow  meter.  This  meter  is  constructed 
largely  of  Vg-in.  brass  pipe  fittings.  A  thin  copper  disk  with 
a,  small  orifice  is  clamped  between  the  two  halves  of  the  union 
so  that  the  head  of  water  which  is  producing  the  flow  through 
this  orifice  can  be  measured  on  the  manometer  shown  at  the 
left  of  the  union.      A  small  opening  in  the  top  of  the  elbow 


'  For  a  description  of  such  an  aspirator,  see  Bulletin  No.  97  of  the 
Bureau  of  Mines  on  "  Sampling  and  Analyzing  Flue  Gases." 


shown  on  the  right  prevents  the  nipple  below  from  acting  as 
a  tail  pipe  to  increase  the  head  on  the  orifice.  The  orifice, 
being  made  in  a  very  thin  plate,  gives  little  trouble  from  clog- 
ging if  clean  water  is  used ;  however,  a  small  cloth  filter  can 
be  inserted  in  the  nipple  at  the  left  of  the  tee.  The  iron 
fittings  in  the  neck  of  the  lower  bottle  serve  merely  as  a  sup- 
port, and  may  be  replaced  by  a  stopper  with  two  holes,  one  to 
admit  the  %-in.  nipple  and  the  other  to  act  as  a  vent.  A 
series  of  orifices  for  various  rates  of  flow  may  be  prepared  by 
piercing  disks  of  copper  foil  with  needles  and  smoothing  off 
the  rough  edges  on  an  oil  stone. 

For  sampling  at  a  uniform  rate  the  water  in  the  manometer 
tube  can  be  kept  to  any  mark  by  an  occasional  adjustment  of 
the  pinch  cock  on  the  rubber  tube.  To  take  a  continuous 
proportional  sample  it  is  necessary  to  have  a  flow  meter  in 
the  gas  main  and  scale  of  rate  of  flow  on  the  manometer. 
Since  it  is  only  necessary  that  the  rate  of  flow  of  the  water  be 


Fig.  1    Apparatus  for  Proportional  Sampling 

l^roportional  to  the  rate  of  flow  of  the  gas  in  the  main,  it  is 
immaterial  what  units  of  flow  are  used.  Four  scales  of  flow 
are  used  by  the  writer  chosen  so  that  it  is  usually  possible  to 
pick  one  whose  graduations  (without  regard  to  the  decimal 
point)  more  than  cover  the  probable  range  of  readings  of 
the  flow  meter  on  the  gas  main. 

A  test  to   determine  the  acciu-acy  of  this  flow  showed  a 
maximum  variation  of  2  per  cent  from  the  mean. 


GAS  ANALYSIS 

The  engineer  testing  or  operating  gas  producers  usually 
desires  a  portable  gas  analyzer  that  is  rapid,  reliable  and 
easy  to  operate  and  will  give  each  constituent  correctly  within 
0.2  or  0.3  per  cent  of  the  total  volume  of  gas. 

In  the  Orsat  apparatus  used  to  analyze  furnace  flue  gases 
the  pipettes  for  absorbing  the  components  usually  contain 
the  following  reagents :  for  carbon  dioxide  either  caustic  pot- 
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ash  or  caustic  soda,  for  oxygen  either  an  alkaline  pyrogallol 
solution  or  sticks  of  phosphorus  (in  water),  and  for  carbon 
monoxide  either  an  acid  or  an  ammoniacal  solution  of  cuprous 
chloride. 

The  absorption  of  carbon  dioxide  by  either  the  caustic  pot- 
ash or  caustic  soda  solution  is  rapid  and  the  solutions  have 
a  large  absorbing  capacity  so  that  frequent  changes  are  not 
necessary.  The  alkaline  pyrogallol  solution  for  oxygen  is 
slower  in  its  action  and  has  a  smaller  absorbing  capacity.  The 
solution  must  be  carefully  protected  from  air  by  a  rubber 
bulb,  and  tends  to  give  off  carbon  monoxide  if  old  or  improp- 
erly prepared. 

Phosphorus  sticks  ordinarily  make  an  ideal  reagent  for  ab- 
sorbing oxygen.  The  presence  of  0.1  cc.  of  oxygen  will  pro- 
duce fumes  that  are  easily  visible,  and  the  reaction  once  started 


Pig.  2    Williams  Apparatus  for  Producer  Gas  Analysis 

is  always  complete  in  a  minute  or  two  if  a  large  surface  of 
yellow  phosphorus  is  exposed.  Presence  of  a  small  quantity 
of  ethylene  completely  prevents  the  reaction  between  phos- 
phorus and  oxygen,  so  phosphorus  should  not  be  used  for 
producer  gas  that  contains  ethylene  unless  the  ethylene  can 
be  absorbed  before  the  oxygen.  If  the  slightest  fumes  are 
visible  it  is  known  that  the  phosphorus  is  acting  properly,  and 
almost  any  producer  gas  wiU  contain  enough  oxygen  to  pro- 
duce visible  fumes.  The  sticks  gradually  turn  dark  and  be- 
come inactive  if  exposed  to  the  sunlight,  so  that  the  pipette 
should  be  wrapped  with  dark  paper.  With  this  precaution 
one  set  of  phosphorus  sticks  can  be  used  for  years  without 
any  attention. 

The  carbon  monoxide  is  the  least  satisfactory  to  absorb  of 
the  three  gases.  The  cuprous  chloride  solution  acts  slowly,  has 
a  small  absorbing  capacity  and  is  unreliable  unless  quite 
fresh,  for  there  is  no  way  of  telling  when  the  absorption  is 
complete.  It  is  impossible  to  absorb  all  of  the  carbon  mon- 
oxide with  a  solution  that  has  already  taken  up  considerable 
of  the  gas.  With  the  producer  gas  a  fairly  complete  absorp- 
tion of  the  carbon  monoxide  can  be  made  by  using  two  pip- 
ettes, the  second  to  take  out  only  the  remnant  left  by  the 
first. 

Some  of  the  newer  types  of  Orsat  apparatus  are  aiTanged 
so  that  the  gases  can  be  bubbled  through  the  reagents.  This 
greatly  reduces  the  time  required  for  absorbing  all  the  gases, 
particularly  the  carbon  monoxide.  With  phosphorus  nothing 
is  gained  by  using  a  bubbling  pipette,  as  the  reagent  is  a  solid. 


The  ordinary  Orsat  apparatus  is  not  sufSeient  to  completely 
analyze  producer  gas.  Provision  must  be  made  for  deter- 
mining hydrogen,  methane  and  iUuminants  (chiefly  ethylene). 

The  Williams  apparatus,  shown  in  Fig.  2,  is  one  of  several 
portable  instruments  now  on  the  market  similar  to  the  Orsat. 
Bubbling  pipettes  are  used  for  all  of  the  liquid  reagents. 
From  left  to  right,  the  pipettes  shown  contain  caustic  soda 
solution  for  carbon  dioxide;  bromine  water  for  illuminants; 
phosphorus  sticks  for  oxygen,  and  an  acid  cuprous  chloride 
solution  (containmg  copper  strips)  for  carbon  monoxide. 
Since  there  are  only  four  pipettes,  a  second  cuprous  chloride 
pipette  could  only  be  obtained  by  omitting  the  bromine  water 
for  illuminants.  If  this  is  done  a  pyrogallol  solution  should 
be  used  instead  of  the  phosphorus,  because  the  gas  might 
contain  a  little  ethylene. 

In  the  ordinary  method  of  operation  the  carbon  dioxide, 
illuminants,  oxygen  and  carbon  monoxide  are  absorbed  in  this 
order  and  the  hydrogen  and  methane  are  then  determined  by 
explosion  with  air  in  the  explosion  burette.  It  is  necessary 
to  use  a  slight  excess  of  air  and  to  measure  the  contraction 
on  explosion  and  the  carbon  dioxide  produced  by  the  explo- 
sion.    The   latter   is   detennined   by   absorption   in   the   first 


Fig.  4     Orsat  Apparatus  with  Explosion  Pipette 

pipette.  If  the  fuU  amount  of  gas  left  after  the  absorption 
of  carbon  monoxide  is  used  for  the  explosion,  the  following 
equations  are  employed : 

methane  ^  carbon  dioxide  produced 

hydrogen  =  2/3    contraction  —  4/3   carbon   dioxide    pro- 
duced 
The  method  just  described  is  the  usual  one  for  the  analysis 
of  producer  gas  with  a  portable  apparatus,  but  it  has  certain 
disadvantages,  as  follows: 

a  On  account  of  the  large  amount  of  carbon  monoxide  in 
producer  gas  the  cuprous  chloride  solution  must  be 
changed  very  often,  with  consequent  trouble  and  expense. 

b  As  the  amount  of  methane  present  is  small  it  may  easily 
happen  that  the  hydrogen  content  of  the  gas  may  be  so 
slow  that  the  gas  will  not  explode  with  air.  In  this  case 
it  becomes  impossible  to  determine  the  hydrogen  and 
methane  by  the  ordinary-  method. 
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Instead  of  absorbing  the  oarbon  monoxide  it  may  be  deter- 
mined with  the  hydrogen  and  methane  by  one  explosion.  Tliis 
does  away  with  the  troublesome  cuprous  chloride  solution 
and  insures  an  explosion  if  the  gas  is  combustible.  This, 
however,  requires  the  determination  of  the  oxygen  consumed 
as  well  as  the  contraction  and  the  carbon  dioxide  produced. 
The  absorption  of  the  oxygen  left  over  from  the  explosion  is 
quicker  than  the  absorption  of  carbon  monoxide.  On  the 
other  hand,  the  computations  required  are  somewhat  more  ex- 
tensive, but  this  work  can  be  greatly  simplified,  as  will  be 
shown  later. 


gas  it  is  sufficient  to  use  124  cc.  of  air  (26.0  cc.  oxygen). 
With  this  quantity  of  air  the  explosive  mixture  would  make 
more  than  200  cc.  and  could  not  be  contained  in  the  burette 
so  the  volume  of  gas  must  be  reduced  before  explosion.  To 
simplify  the  calculation  it  is  well  to  throw  away  exactly  one- 
half  of  the  volume  of  gas  remaining  after  absorbing  the  car- 
bon dioxide,  illuminants  and  oxygen  and  then  to  take  in  62 
cc.  of  air  containing  13.0  cc.  of  oxygen.  If  one-half  of  the 
gas  is  used  for  the  explosion  the  following  equations  give  the 
percentage  of  hydrogen,  carbon  monoxide  and  methane  in  the 
original  gas : 
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Fig.  3    Diagram  for  Determining  Hydrogen,  Carbon  Monoxide,  and  Methane 


The  burette  of  the  Williams  machine  is  gi-aduated  like  that 
of  an  ordinary  Orsat  with  the  zero  where  the  volume  is  100 
cc.  and  the  100  mark  at  the  top.  This  is  the  best  arrange- 
ment where  only  absorption  determinations  are  made,  but  is 
somewhat  confusing  when  making  a  complete  analysis.  The 
instrument  shown  in  Fig.  2  has  been  provided  with  another 
scale  on  the  left,  which  gives  the  volume  directly.  Moreover, 
the  graduations  have  been  extended  nearly  to  the  bottom  of 
the  burette  so  that  a  volume  up  to  115  cc.  may  be  measured. 
This  provides  for  the  increased  amount  of  air  which  must  be 
used  when  the  carbon  monoxide  is  left  in  the  gas  which  is  to 
be  exploded. 

In  the  determination  of  carbon  monoxide,  hydrogen  and 
methane  by  one  explosion  it  is  necessary  to  measure  the  oxy- 
gen consumed  in  the  explosion  as  well  as  the  contraction  and 
carbon  dioxide  produced. 

The  iii-st  two  are  determined  as  in  the  ordinai-y  method 
where  only  the  hydrogen  and  the  methane  are  exploded.  To 
determine  the  quantity  of  oxygen  consumed  the  air  taken  in 
must  be  measured  and  the  excess  of  oxygen  determined  by 
the  phosphorus  pipette.      For  100  ec.  of  ordinary  producer 


Hydrogen  =  2   (contraction  —  oxygen  consumed) 

Carbon  monoxide  =  2  (1/3  contraction  +  4/3  carbon  di- 
oxide produced  —  oxygen  consumed) 

Methane  =  2  (oxygen  consumed  —  1/3  contraction  —  1/3 
carbon  dioxide  produced) 

To  solve  these  equations  quickly  for  routine  analyses  the 
diagram  Fig.  3  may  be  used.  The  dotted  lines  show  the 
method  of  using  the  diagi-am,  but  in  ordinary  solutions  no 
lines  need  be  drawn  if  use  is  made  of  a  celluloid  straight  edge 
and  a  fine  needle.    The  manipulation  might  be  as  follows: 


Place  needle  at  contraction. 

Swing  straight  edge  around  needle  to  the  oxygen  con- 
sumed. 

Read  hydrogen. 

Place  needle  at  intersection  of  straight  edge  and  blank. 

Swing  straight  edge  around  needle  to  carbon  dioxide  pro- 
duced. 

Read  carbon  monoxide. 

Read  methane. 
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This  method  of  reading  the  diagram  is  rapid  and  accurate. 
More  accurate  readings  can  be  made  if  a  larger  diagram  is 
used. 

The  data  and  results  of  the  analysis  may  be  conveniently 
recorded  on  a  form  similar  to  the  following  (readings  on  true 
volume  scale)  : 


a.     Take'lOO^c.c.  of  gas,     absorb  carbon  dioxide reading    . 

6 absorb  illuminauts reading    . 

c absorb  ox>'gea reading    . 

d.  Throw  away  one  half  of  remaining  volume reading 

e.  Take  in  62  cc  of  air  (13  cc.  of  oxygen) reading 

f.  Explode reading 

g.  Absorb  carbon  dioxide  produced reading    , 

h.  Absorb  oxygen  left  over reading 

%.     Contraction  due  to  explosion (e  —  f ) 

j.      Carbon  dioxide  produced  by  explosion (f  —  g) 

k.     Oxj'gen  consumed  in  explosion [l3-(g  —  h)] 

Carbon  dioxide (100 — a) 

IHuminant^ -  .  .  .  .      (a  —  b) 

Oxj-gen (b  —  c) 

Hydrogen (diagram) 

Carbon  monoxide (diagram) 

Methane (diagram) 


Producer  gas  is  often  free  from  illuminauts,  so  that  time 
may  be  saved  by  passing  directly  to  the  phosphoras  pipette 
after  the  carbon  dioxide  has  been  determined.  If  any  fumes 
appear  the  absorption  of  oxygen  can  be  continued.  In  this 
case  the  same  reading  is  recorded  at  b  as  appeare  at  a.  If 
fumes  do  not  appear  the  gas  is  passed  into  the  pipette  con- 
taining bromine  water  and  then  into  the  carbon  dioxide  pipette 
to  absorb  the  bromine  fumes.  The  action  is  rapid,  so  that  one 
pass  through  each  pipette  is  sufficient. 

If  the  analysis  is  made  with  the  explosion  of  hydrogen  and 
methane  only,  the  following  form  may  be  used  for  the  data 
and  results : 


a.     Take  100  cc.  of  gas,  absorb  carbon  dioxide reading 

b absorb  illuminants. ........  reading 

c absorb  oxygen reading 

d absorb  carbon  monoxide. . . .  reading 

e.  Throw  away  one  half  of  remaining  volume reading 

/.  Take  in  an  excess  of  air reading 

g.  Explode reading 

A.  Absorb  carbon  dioxide  produced reading 

i.     Contraction  due  to  explosion (f  —  g) 

J.     Carbon  dioxide  produced  by  explosion (g  — h) 

Carbon  dioxide (100 — a) 

Illuminants (a  — b) 

Oxygen (b  —  c) 

Carbon  Monoxide (c  —  d) 

Hydrogen (4/3  i— 8/3  i) 

Methane (2j) 


Fig.  4  shows  an  ordinary  Orsat  apparatus  modified  for  an- 
alyzing producer  gas.  From  right  to  left,  the  first  three 
pipettes  contain  caustic  potash  solution,  phosphorus  and  bro- 
mine water.  The  fourth  pipette  is  arranged  for  explosion 
through  a  heated  platinum  wire.  Using  a  heated  wire  instead 
of  a  spark  gap  eliminates  the  induction  coil,  so  that  the  ap- 
paratus is  self-contained.  The  copper  leads  pass  down 
through  a  glass  tube.  This  tube  has  an  explosion-tight  joint, 
but  can  be  easily  removed  or  replaced  if  necessary.  The  re- 
sults obtained  are  as  accurate  as  with  the  Williams  apparatus, 
but  more  time  is  required  for  an  analysis  on  account  of  the 
type  of  burette  and  pipettes  employed. 


A  professorship  in  aeronautics  has  been  established  in  the 
division  of  mechanical  engineering  at  the  University  of  Illi- 
nois. Elisha  N.  Fales,  of  Buffalo,  N.  Y.,  has  been  appointed 
Assistant  Professor  of  Aeronautics. 

During  the  first  year  Mr.  Fales  will  present  only  general 
introductory  courses  on  the  subject,  but  a  more  elaborate  pro- 
gram will  be  offered  next  year.  For  the  present  the  instruc- 
tion will  be  open  to  senior  students  in  the  College  of  Engi- 
neering. 

There  are  some  forty  students  in  his  class.  The  University 
is  now  trying  to  get  a  flying  station  of  the  W^ar  Department 
located  on  University  grounds,  and  also  get  an  equipment 
which  will  enable  it  to  do  something  in  a  really  scientific  way. 
(From  a  letter  of  Dr.  Edmund  J.  James,  President,  University 
of  Illinois.) 


A  most  glaring  example  of  the  lack  of  knowledge  regard- 
ing screw-thread  fits  comes  from  a  maker  of  munitions  who 
is  supplying  a  nation  that  is  well  known  for  the  excellence  of 
its  mechanical  lines.  The  product  turned  out  by  this  manu- 
facturer had  a  number  of  screw-thread  fits,  one  in  particular 
being  very  eai'efully  gaged.  It  so  happened  that  a  large  num- 
ber of  these  parts  got  by  the  factory  inspector  with  the  out- 
side diameter  a  mere  trifle  imder  size.  The  pitch  diameter 
was  practically  perfect.  They  fitted  a  threaded  ring  gage  satis- 
factorily, but  the  outside  snap  gage,  which  should  not  have 
been  used  at  all,  showed  the  work  to  be  slightly  under  size. 

In  vain  the  maker  tried  to  show  the  inspector  that  the  fit 
was  perfect,  and  that  for  the  outside  diameter  to  be  exact 
was  practically  of  little  account.  "  Orders  is  orders,"  and  the 
pieces  were  condemned.  But  they  were  not  thrown  away;  not 
by  a  long  ways.  If  outside  diameter  was  what  they  wanted, 
they  should  have  it. 

So  a  special  rolling  tool  was  made,  with  the  lead  a  trifle 
off,  and  the  threads  were  rolled  so  as  to  increase  the  diameter. 
At  the  same  time  it  distorted  the  lead  slightly,  so  that  the 
metal  rolled  up  would  not  make  the  piece  a  loose  fit  in  the 
ring  gage.  In  this  way  all  the  rejected  parts  were  saved — all 
passing  inspection — and  yet  they  were  not  so  good  a  job  as 
before  they  were  "  doctored  for  the  inspector."  (American 
Machinist,  vol.  45,  no.  17,  October  26,  1916.) 


A  new  non-metallic  gear  material  is  a  product  of  heavy 
duck  bonded  together  with  Bakelite  by  heating  while  under 
heavy  pressure.  It  is  said  to  be  as  strong  as  cast  iron,  unaf- 
fected by  atmospheric  changes,  vermin-proof,  and  may  be 
stored  indefinitely  without  shrinkage  or  other  deterioration. 
It  can  be  operated  in  oil  without  any  signs  of  swelling,  and  is 
self-supporting,  in  most  cases  requiring  neither  bushes  nor 
flanges.  W^hen  properly  applied  and  lubricated,  it  is  stated 
that  geai-s  of  this  material  will  outlast  those  made  from  raw- 
hide or  other  non-metallic  gear  materials,  and  in  certain  classes 
of  service  will  outlast  cast  iron. — The  Electric  Journal,  Au- 
gust, 1916. 


According  to  a  recent  issue  of  Nature,  a  Swedish  company 
has  been  formed  to  manufacture  ammonium  nitrate  and  other 
nitrogenous  compounds  by  chemical  processes  from  easily  ac- 
cessible raw  materials.  It  is  thought  possible  that  the  new 
system  will  prove  a  serious  rival  to  the  electrical  fixation  of 
nitrogen. 
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rJVO  papers  on  Electric  Locomotives  and  Clasp  Brakes,  to  be  presented  at  the  Railroad  Session  on 
Friday  morning,  were  published  in  the  November  Journal.  An  abstract  of  a  third  paper,  on  Pul- 
verized Fuel  for  Locomotives,  is  given  below.  Next  to  labor,  the  largest  item  of  cost  for  transportation  is 
the  fuel  used  for  locomotives,  and  the  paper  sets  forth  how  the  use  of  pulverized  fuel  will  assist  in  improv- 
ing railway  operation. 


PULVERIZED  FUEL  FOR  LOCOMOTIVES 

By  JOHN  E.  MUHLFELD,  NEW  YORK,  N.  Y. 
Member  of  the  Society 

AS  next  to  labor  the  largest  single  item  of  cost  for  trans- 
portation is  the  fuel  used  in  locomotive  operation,  and 
as  in  the  final  analysis  the  cost  per  revenue  passenger  or  per 
ton  mile  is  largely  conditioned  ujion   the  capacity,  effective- 


maintain  fires  on  grates  when  locomotives  are  standing,  drift- 
ing or  otherwise  not  actually  using  steam  to  move  themselves, 
either  light  or  with  trains. 

b  Changes  in  the  domestic  and  foreign  sujDpIy  and  de- 
mand, as  well  as  in  the  regulations,  methods  and  labor  gov- 
erning mining  operations,  cause  a  progressive  increase  in  the 
|irice  per  ton  of  fuel. 

c  Necessity  for  conserving  the  limited  supply  of  oil  in 
the  rapidly  exhausting  fields  for  other  than  railway  fuel  pur- 


FiG.  1     Sectional  View  of  Locomotive  Showing  Pulverized-Fuel-Burning  Equipment 

The  fuel  in  the  enclosed  fuel  tank  rjravitates  to  conveyor  scr-eirs  which  carry  it  to  the  fuel  and 
pressure-air  feeders,  where  it  comminiilcs  vith  the  air.  It  is  then  carried  throurih  the  connecting 
hose  to  nozzles  and  blown  into  the  fuel  and  air  mixers.  Additional  air  is  supplied  and  the  mixture 
is  drawn  into  the  furnace  iy  the  .Hmokehox  draft.  The  fuel  conveyor,  feeder  and  comminrjler  are 
driven  hy  a  imriahle-speed  turbine.  The  liquid  ash  runs  down  the  underside  of  the  main  arch  and 
the  sides  of  the  furnace  and  is  precipitated  into  fli  self-clearing  slag  pan  where  it  solidifies  into  a 
button  of  sing  which  can  be  readily  dumped. 


ness  and  economy  of  the  unit  of  motive  power  per  hour,  it 
is  easy  to  realize  to  what  extent  the  credit  of  a  steam  railway 
is  controlled  by  its  locomotive  performance  and  expense. 

In  order  to  set  forth  how  the  use  of  pulverized  fuel  will 
assist  in  improving  steam  railway  operation,  the  following 
facts  and  conclusions  resulting  from  a  number  of  years  of 
investigation  and  research  and  of  development  work  in  con- 
nection with  this  most  important  subject  may  be  of  immediate 
interest. 

o  The  expenditure  for  locomotive  fuel  for  the  steam  rail- 
ways in  the  United  States  now  approximates  $300,000,000  per 
annum,  of  which  from  $75,000,000  to  $100,000,000  represents 
the  proportion  that  is  expended  to  kindle,  prepare,  clean  and 
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poses  will  soon  eliminate  this  fuel  from  locomotive  service; 
while  the  higher  prices  and  shortage  in  supply  of  the  larger 
sizes  and  better  grades  of  solid  fuels  that  are  in  demand  for 
the  commercial  trade  will  bring  about  the  use  of  the  less 
salable  general  by-product  of  the  mines  in  pulverized  form, 
by  the  railways  and  industries  which  are  adjacent  to  the 
mines. 

d  The  extraordinary  expenditure  required  for  first  cost 
and  fixed  charge,  as  well  as  for  combined  maintenance  and  op- 
eration, together  with  the  necessity  for  reliability  and  flex- 
ibility in  motive  power,  precludes  the  general  use  of  elec- 
tricity either  from  an  engineering  or  an  operating  standpoint 
for  the  movement  of  heavy  traffic  over  long  distances. 

e  Steam  locomotives  will  be  equipped  to  approximate  elec- 
tric service  by  the  use  of  pulverized  fuel,  which  in  turn  will 
eliminate  smoke,  soot,  cinders,  sparks  and  fire  hazards;  reduce 
noise,  time  for  dispatching  at  terminals,  and  stand-by  losses; 
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and  increase  tiie  daily  mileage  by  producing  longer  runs  and 
more  nearly  continuous  service  between  general  repair  pe- 
riods. 

/  In  order  to  provide  the  maximum  draw-bar  horsepower 
per  hour,  the  steam  locomotive  must  be  so  improved  as  to  se- 
cure continuity  of  working  steam  pressure,  greater  sustained 
boiler  capacity,  increased  boiler  efficiency,  reduced  cylinder 
back  pressure,  and  more  highly  superheated  steam,  all  of 
which  can  be  produced  by  the  use  of  pulverized  fuel. 

g  The  large  quantity  of  steam  required  by  the  modern 
locomotive  necessitates  excessive  rates  of  evaporation,  such 
as  can  only  be  effectively  and  economically  produced  by  the 
burning  of  pulverized  fuel  in  suspension  in  order  to  utilize 


grate  and  ash-pan  appliances  and  for  firing-up  and  supplying 
firing  tools  and  equipment  to  locomotives  burning  coal  on 
grates,  makes  the  use  of  pulverized  fuel  one  of  the  most  ef- 
fective and  economical  means  for  increasing  the  net  earning 
capacity  of  present  single-  and  double-track  steam  roads. 


SPECIFICATIONS    FOR    PULVERIZED    FUEL 

From  investigations  to  date,  any  solid  fuel  that,  in  a  dry, 
))ulverized  form,  has  two-thirds  of  its  content  combustible,  is 
suitable  for  steam-generating  purposes. 

Domestic    and    steam    sizes    and    qualities    of    anthracite, 


Fig.  2    Chicago  and  North  Western  Rallway  Atlantic  Type  Passenger  Locomotive  No.  128,  the  First 
TO  Burn  Pulverized  Fuel  in  Regular  Fa.st-Passenger  Service 


the  heat  units  that  now  go  out  of  the  stack  and  into  the  ash- 
pan  when  solid  fuel  is  fired  on  grates. 

h  By  mechanically  feeding  and  burning  pulverized  fuel, 
arduous  labor  on  the  part  of  the  fireman,  such  as  is  now  re- 
quired to  shovel  ahead  and  supply  coarse  coal  to  grates  and 
to  rake  and  clean  fires  and  ash  pans,  is  replaced  by  the  more 
skilled  manual  control  of  combustion  and  assistance  to  the 
engineer  in  the  operation  of  the  locomotive  and  observation 
of  track  and  signals. 

i  The  future  steam  locomotive,  on  account  of  its  track  and 
bridge  weight  and  tunnel  and  overhead  clearance  limitations, 
will  be  required  to  produce  the  maximum  possible  hauling 
capacity  per  unit  of  total  weight.  As  the  cylinder  horse- 
power available  is  entirely  dependent  upon  the  boiler  horse- 
power and  temperature  of  superheated  steam  produced,  the 
use  of  pulverized  fuel  to  increase  the  heat  value  per  cubic 
foot  of  firebox  volume  and  provide  a  higher  average  and  more 
uniform  firebox  temperature  in  combination  with  a  reduced 
front-end  or  waste-heat  temperature,  appears  to  be  the  most 
logical  means  for  the  solution  of  the  problem. 

j  The  opportunity  for  reducing  the  non-productive  time 
of  existing  locomotives  and  for  relieving  terminal  congestion 
that  is  now  caused  by  the  necessity  for  cleaning  fires,  ash 
pans,  flues,  and  smokeboxes;  inspecting  and  repairing  draft. 


bituminous,  and  semi-bituminous  coals  and  lignite  and  peat, 
as  well  as  the  inferior  gi'ades,  such  as  anthracite  culm,  dust 
and  slush,  and  bituminous  and  lignite  slack,  screenings  and 
dust,  are  all  suitable  for  burning  in  pulverized  form. 

To  produce  the  best  results  these  fuels  should  be  mechan- 
ically dried  and  milled  so  that  they  will  be  of  about  the  same 
dryness  and  fineness  as  Portland  cement;  or  so  that  the  mois- 
ture will  not  exceed  1  per  cent,  and  that  95  per  cent  of  the 
total  will  pass  through  a  100-mesh  screen  and  85  per  cent  of 
the  total  will  pass  through  a  200-mesh  screen.  This  applies 
to  anthracite  as  well  as  to  bituminous  coals. 


equipment  and  cost  for  preparing  pulverized  fuel 

As  over  8,000,000  tons  of  pulverized  fuel  are  now  being 
used  annually  in  the  United  States  for  industrial  kilns  and 
furnaces,  it  is  not  thought  that  the  equipment  or  process  for 
preparing  pulverized  fuel  requires  any  comment. 

The  total  cost  to  prepare  pulverized  fuel  properly  in  a  suit- 
ably equipped  drying  and  pulverizing  plant  will  range  from 
15  to  45  cents  per  ton,  depending  upon  the  capacity  of  the 
plant.  For  a  railway  coaling  station  of  average  capacity,  this 
total  cost  will  be  less  than  25  cents  per  ton,  an  item  which 
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will  be  more  than  offset  by  the  difference  in  the  cost  on  the 
tender  of  the  grades  of  coal  purchased  for  pulverizing  and 
those  that  are  required  for  burning  satisfactorily  on  grates. 


STORAGE    AND    HANDLING    OF    PULVERIZED    FUEL 

The  raw  fuel  should  be  dried,  pulverized  and  stored  in 
metal  or  other  fireproof  material  containers  in  such  quantities 
as  are  needed  to  supply 
the  demand.  After  pul- 
verizing it  should  not  be 
exposed  to  open  lights 
or  the  atmosphere,  and 
the  production  of  light 
"  dust-clouds  "  should  be 
avoided. 

Pulverized  fuel  should 
be  handled  with  the  same 
care  as  fuel  oil. 


EQUIPMENT     FOR     SUPPLY- 
ING   PULVERIZED    FUEL 
TO    TENDERS 

This  consists  of  one  or 
more  overhead  storage 
bins  equipped  with  suit- 
able means  for  supplying 
15  tons  of  pulveiized 
fuel  to  a  tender  in  3  or 
4  minutes  without  expos- 
ing the  fuel  to  the  at- 
mosphere during  its  con- 
veyance, or  producing  any  dust-clouds. 

Complete  control  of  the  fuel  flowing  to,  and  of  the  air 
exhausting  from,  the  tender  must  be  maintained,  and  this  can 
only  be  done  by  installing  special  equipment  suitable  for  the 
requirements. 


Fig.  3    The  Delaware  and  Hudson  Company  Consolidation 

Locomotive  No.  1200  Standing  on  Exhibition  Tracks 

AT  Atlantic  City,  with  Pop  Valves  Blowing 

and  Burning  at  the  Rate  op  6,000  lb. 

OF  Bituminous  Coal  Per  Hour 


operation  of  pulverized-fuel-burning  equipment 


For  firing  up  a  locomotive,  the  usual  steam  blower  is  turned 


on  in  the  stack,  a  piece  of  lighted  waste  is  then  entered 
through  the  firebox-door  opening  and  placed  on  the  furnace 
floor,  just  ahead  of  the  primary  arch,  after  which  the  pressure 
fan  and  one  of  the  fuel  and  pressure-air  feeders  are  started. 
From  45  to  60  min.  is  ordinarily  sufficient  to  get  up  200 
lb.  of  steam  pressure  from  boiler  water  at  40  deg.  fahr. 

After  firing  up,  the  regulation  of  the  fuel  and  air  supply 
is  adjusted  to  suit  the  standing,  drifting  or  working  condi- 
tions, the  stack  blower  being  used  only  when  the  locomotive 

is  not  using  steam. 

The  operation  of  the 
fuel-burning  equipment  is 
as  follows: 

The  prepared  fuel, 
having  been  supplied  to 
the  enclosed  fuel  tank, 
gravitates  to  the  conveyor 
screws,  which  carry  it  to 
the  fuel  and  pressure-air 
feeders,  where  it  is  thor- 
oughly commingled  with 
the  pressure-air  and  car- 
ried by  it  through  the 
connecting  hose  to  the 
fuel  and  pressure-air  noz- 
zles and  blown  into  the 
fuel  and  air  mixers. 

Additional  induced  air 
is  supplied  in  the  fuel 
and  air  mixers,  and  this 
mixture,  now  in  com- 
bustible form,  is  induced 
into  the  furnace  by  the 
smokebox  draft. 

The  flame  produced  at 
the  time  the  combustible  mixture  enters  the  furnace  obtains 
its  average  maximum  temperature  (from  2500  to  2900  deg. 
fahr.)  at  the  forward  combustion  zone  under  the  main  arch, 
and  at  this  point  auxiliary  air  is  induced  by  the  smokebox 
draft  to  finally  complete  the  combustion  process. 

The  liquid  ash  runs  down  the  underside  of  the  main  arch 
and  the  front  and  sides  of  the  forward  combustion  zone  of  the 
furnace  and  is  precipitated  into  the  self-clearing  slag  pan, 
where  it  accumulates  and  is  air-cooled  and  solidified  into  a 
button  of  slag  which  can  be  readily  dumped. 
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The  Delaware  and  Hudson  Company  Consolidation  Locomotive  No.  1200,  the  Largest  of  Its  Type  in  the 

World,  Equipped  for  Burning  Pulverized  Fuel 
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Fig.  5    Final  Combustion  Chamber  at  Front  op  Firepan 
AND  Firebox 

As  each  of  the  fuel  and  pressure-air  feeders  has  a  range 
in  capacity  of  from  500  to  3000  lb.  of  pulverized  fuel  per 
hour,  and  as  from  one  to  five  of  these  may  be  easily  applied 
to  the  ordinary  locomotive  tender,  there  is  no  difficulty  in 
meeting  any  desired  boiler  and  superheater  capacity. 

The  uniformity  with  which  locomotives  can  be  fired  is  indi- 
cated by  the  fact  that  the  regularly  assigned  firemen  can 
maintain  the  steam  within  a  variation  of  2  lb.  of  the  maximum 
allowable  pressure  without  popping  off. 

CHEMISTRY   OF  THE   COMBUSTION   OP   PULVERIZED   FUEL 

The  principal  fuels  adaptable  for  use  in  pulverized  form  in 
locomotives   are   anthracite,   semi-anthracite,   semi-bituminous 
and  bituminous  coals  and  lignite  and  peat.     (Pul- 
verized-fuel-burning  locomotives  are  also  readily 
convertible  for  the  use  of  fuel  oil.) 

Generally  speaking,  it  is  necessary  to  break  up 
any  fuel  to  such  uniform  size  that  the  oxygen  in 
the  air  can  unite  perfectly  for  combustion.  A  de- 
ficiency in  this  respect  results  in  some  portions  of 
the  fuel  passing  off  as  unburnt  hydrocarbons, 
and  other  portions  being  left  as  incompletely 
burned  coke.  It  is  equally  important  that  the 
proper  quantity  of  air  should  be  admitted  to  the 
furnace,  as  any  insufficiency  or  excess  lowers  the 
efficiency. 

For  e.  ample,  the  preventable  fuel  loss  with  8 
per  cent  of  COj  in  the  stack  gases  will  be  about 
10  per  cent,  with  12  per  cent  of  C0„  it  is  reduced 
to  about  3  per  cent,  and  with  16  per  cent  of 
CO,  there  is  practically  no  waste. 

As  a  1-in.  cube  of  coal  exposes  but  6  sq.  in. 
of  area  for  absorbing  oxygen  and  liberating  heat, 
but  when  pulverized  to  the  proper  fineness  wUl 
expose  from  20  to  25  sq.  ft.  of  area  for  oxida- 
tion, the  first  essential  for  complete  combustion 
is  the  breaking  up  of  the  fuel  into  dry,  minute 
and  uniform  particles.  Then  by  diffusing  these 
so  that  each  may  be  surrounded  with  the  right 
quantity  of  air  for  complete  combustion,  it  will 
be  possible  to  burn  practically  all  of  the  available 


combustible,  regardless  of  the  percentage  of  non-com- 
bustible. 

The  value  of  a  fuel  is  determined  by  the  quantity  of  heat 
that  it  will  generate  when  burned,  and  this  in  turn  is  depend- 
ent upon  how  much  combustible  carbon,  hydrogen,  hydrocar- 
bons and  sulphur  and  how  much  non-eombustible  moisture, 
ash,  oxygen  and  nitrogen  it  contains. 

Of  the  non-combustibles,  ash,  which  usualh'  contains  a  me- 
chanical mixture  of  silica,  alumina,  iron,  lime,  potassium,  so- 
dium and  magnesium,  is  the  most  detrimental.  Like  moisture, 
it  is  anti-calorific,  and  furthermore  it  acts  as  an  obstruction 
to  the  flow  of  air  and  gases,  reduces  boiler  capacity  and  effi- 
ciency, and  incurs  heavy  expense  and  delays  in  the  cleaning 
of  fires  and  ash  pans  and  in  the  final  disposition  of  the  ash. 

The  "  clinkering "  and  "  honeycombing  "  of  ash  is  one  of 
the  worst  troubles  to  be  contended  with  in  the  combustion  of 
coal,  and  its  formation  may  be  either  chemical  or  by  fusion. 

Clinker  is  of  two  kinds,  "  hard  "  and  "  soft." 

''  Hard  clinker "  is  formed  by  the  direct  melting  of  some 
of  the  ash  content.  It  hardens  as  it  forms  and  usually  gives 
but  little  trouble. 

"  Soft  clinker  "  is  formed  by  the  slagging  of  the  ash  and  is 
either  pasty  or  fluid  and  steadily  grows  in  size. 

"  Honeycomb  "  or  "  flue-sheet "  clinker  is  formed  by  the 
condensation  or  coking  of  tari-y  matter  or  vapor  as  it  strikes 
against  the  firebox  sheets,  and  results  in  the  accumulation  of  a 
relatively  soft,  light,  ashy  substance  that  grows  or  sjareads 
over  certain  of  the  refractory  or  metal  parts  of  the  furnace. 

With  the  use  of  pulverized  fuel  the  usual  difficulties  result- 
ing from  the  formation  of  hard  and  soft  clinker  on  grates  are 
eliminated,  but  with  fuels  containing  certain  intrinsic  com- 
binations of  ferrous  silicates  which  fuse  at  comparatively  low 
temperatures  (2000  to  2300  deg.  fahr.),  the  honeycomb  for- 
mation will  result  when  the  proper  air  supply  and  combustion 
conditions  do  not  obtain  to  produce  ferric  silicates,  which  fuse 
at  relatively  high  temperatures  (2500  deg.  fahr  and  above). 
For  example,  during  the  process  of  combustion  feri'ie  sidphide 
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Fig.  6    Typical  8-ton  Per  Hour  Capacity  Double  Unit  Milling 
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(FeSJ,  commonly  known  in  fuel  as  iron  pyrites,  is  reduced  to 
ferrous  sulphide  (FeS)  as  the  result  of  the  chemical  reduc- 
tion illustrated  by  the  following  formula : 
FeS,  =  FeS  +  S. 
As  ferrous  sulphide  (FeS)  melts  at  a  comparatively  low 
temperature  (2138  deg.  fahr.),  it  may  surround  itself  with 
fuel  and  ash  and  form  a  pasty  mass  which  may  act  as  a  binder 
to  collect  other  ferrous  sulphide  (FeS),  fuel  and  ash,  all  of 
which  may  tend  to  collect  on,  and  adhere  to,  the  hottest  parts 
of  the  firebox  sheets,  such  as  staybolt  heads,  flue  beads,  and 


deg.  fahr.;  whereas  by  the  production  of  ferric  oxide  (Fe, 
O3),  in  combination  with  the  silica  present,  a  highly  infusible 
clinker  is  formed. 

As  a  general  rule  an  increase  in  the  percentage  of  silica, 
alumina  and  magnesium  in  the  fuel  matter  will  tend  to  de- 
crease, while  an  increase  in  the  percentage  of  iron,  lime,  po- 
tassium and  sodium  in  the  fuel  matter  will  tend  to  increase 
the  fusibility  of  ash,  but  in  every  case  a  relatively  high  per- 
centage of  ferrous  oxide  (FeO)  resulting  from  an  insufficient 
supply  of  air  for  combustion  will  be  accompanied  by  honey- 
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Fig.  7    16-ton  Per  Hour  Capacity  Double  Unit  Milling  Plant  and  Triple  Bin  Locomotive 
Coaling  Station  for  the  Central  Railway  or  Brazil 


like  parts  which  are  higher  in  temperature  than  the  melting 
point  of  ferrous  sulphide  (FeS)  and  the  surrounding  metal 
surfaces,  while  the  temperature  of  the  latter  may  be  lower 
than  the  melting  point  of  the  ferrous  sulphide  (FeS). 

The  following  formula  shows  the  result  of  incomplete  com- 
bustion owing  to  insufficient  air. 

2  FeS  +  2  0  =  2  FeO  +  2S 

By  providing  sufficient  air  through  an   excess  supply,  the 
following  formula  shows  the  result  of  complete  combustion: 
2  FeS  -f  9  0  =  Fe,  0,  +  2  SO, 

For  this  latter  process  an  oxidizing  atmosphere  must  at  aU 
times  obtain  in  the  firebox  to  prevent  the  reduction  of  ferric 
sulphide  (FeS,)  to  ferrous  sulphide  (FeS),  as  expressed  in  the 
first  formula. 

The  ferrous  sulphide  (FeS),  as  has  been  shown,  is  the  di- 
rect cause  of  honeycomb,  for  the  reason  that  it  produces 
ferrous  oxide  (FeO),  which  unites  with  the  silica  to  form  a 
honeycomb   that  is   very   fusible   at  temperatures  over   2400 


comb  formation  that  will  tend  to  adhere  to  various  parts  of  the 
firebox. 


LOCOMOTIVE  PERFORMANCE 

For  the  fiscal  year  ended  June  30,  1914,  the  Interstate  Com- 
merce Commission  reports  a  total  of  64,760  locomotives  of  all 
classes  in  the  United  States  having  made  a  total  of  1,755,- 
972,325  miles.  This  gives  an  average  for  each  locomotive 
owned  of  about  27,115  miles  per  annum,  74  miles  per  day,  or 
but  little  over  3  miles  per  hour. 

From  the  foregoing  flgTires  it  is  easy  to  imagine  that  over 
one-half  of  the  time  of  locomotives  is  now  spent  at  terminals 
in  the  hands  of  the  transportation  and  mechanical  depart- 
ments, and  that  most  of  this  delay  is  due  to  the  necessity  for 
cleaning  fires,  ash  pans,  flues  and  smoke  boxes;  inspecting 
and  repairing  draft,  grate  and  ash-pan  appliances:  and  for 
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firing  up  and  supplying  firing  tools  and  equipment.  Fre- 
quently the  delays  to  locomotives  waiting  to  reach  ashpit 
tracks  and  to  rekindle  fires  exceeds  the  time  required  to  do 
this  work,  and  during  the  interim  much  fuel  is  needlessly  con- 
sumed and  the  boiler  subjected  to  excessive  contraction  and 
expansion. 

"With  pulverized  fuel  a  locomotive  having  the  boiler  filled 
with  cold  water  may  be  brought  under  maximum  steam  pres- 
sure within  an  hour,  and  the  fuel  feed  then  stopped  until  it 
is  called  for  service.  When  standing  or  drifting  at  terminals 
or  on  the  road,  the  fuel  feed  can  also  be  discontinued,  as  the 
steam  pressure  can  always  be  quickly  raised.  After  the  trip 
or  day's  work  the  locomotive  can  be  immediately  stored  or 
housed,  the  usual  ashpit  delays  being  entirely  eliminated. 

The  possibilities  for  increasing  the  productive  time  of  ex- 
isting locomotives  and  for  relieving  terminal  congestions  that 
are  now  brought  about  by  the  necessity  for  cleaning  and  re- 
building fires  on  grates  makes  the  use  of  pulverized  fuel  one 
of  the  most  attractive  and  quickest  methods  for  increasing, 
the  earning  capacity  of  present  single-  and  double-tracked 
steam  railwavs. 


RESULTS   OBTAINED   FROM    CSE   OF   PULVERIZED   FUEL 

From  the  actual  operation  of  steam  locomotives  in  regular 
train  service  the  use  of  pulverized  fuel  has  demonstrated  in 
particular  the  practicability  of  eliminating  smoke,  cinders, 
sparks  and  fire  hazards;  increasing  draw-bar  horsepower  per 
hour  per  unit  of  weight;  improving  the  thermal  effectiveness 
of  the  steam  locomotive  as  a  whole;  reducing  non-productive 
time  at  terminals;  utilizing  otherwise  unsuitable  or  waste 
fuels;  eliminating  arduous  labor;  jjroviding  greater  continu- 
ity of  service  and  producing  more  effective  and  economical 
operation  and  maintenance. 

The  performances  given  in  Table  1  may  be  of  interest. 
They  relate  to  a  ten-wheel  type  of  freight  locomotive,  rated  at 
31,000   lb.   of  cylinder  tractive   power,   with  69-in.   diameter 


TABLE  1 


PEUFORMANCES  OF  TEN-WHEEL  TYPE  OF  FREIGHT 
LOCOMOTIVE 


driver  wheels,  when  used  in  fast  through-freight  service  on 
runs  of  from  91  to  138  miles  in  length  for  the  purpose  of  test- 
ing various  fuels  under  identical  adjustment  conditions. 

The  locomotive  was  worked  at  its  maximum  capacity  on  all 
trips,  about  10  per  cent  more  tonnage  being  hauled  than  usual 
for  like  locomotives  burning  coal  on  grates,  and  at  practically 
fast-freight  schedule  speed.  The  exhaust-nozzle  opening  was 
about  25  per  cent  larger  than  the  maximum  for  hand  firing. 

The  general  results  were  excellent,  particularly  as  regards 
tonnage,  speed,  combustion,  and  steam  pressure,  the  latter 
being  maintained  at  full  speed  with  injector  supplying  the 
maximum  amount  of  water  to  the  boiler. 

With  the  highest-sulphur  coal  (No.  1)  and  the  highest-ash 
coal  (No.  3)  there  was  less  than  1  cu.  ft.  of  slag  in  the  slag 
box  at  the  "end  of  each  ran,  and  practically  no  collection  of 
ash  or  soot  on  the  flue  or  firebox  sheets.  In  fact,  with  the 
No.  3  fuel  there  was  less  than  two  handfuls  of  slag,  ash  and 
soot  collected  on  each  trip. 

The  steam  railways  in  the  anthracite  coal-mining  district 
generally  use  for  their  locomotive  fuel  mixtures  which  will  run 
from  25  to  50  per  cent  bituminous  and  the  balance  of  anthra- 
cite pea  and  buck  sizes  which  will  pass  through  a  %-iH'  and 
over  a  5/16-in.  round  opening.  As  anthracite  coal  is  very 
low  in  volatile,  ignites  slowly,  and  is  a  poor  conductor  of  heat, 
the  bituminous  mixture  is  used  to  overcome  the  trouble  this 
causes  when  the  smaller  sizes  must  be  burned  on  grates,  and 
even  then  it  necessitates  the  use  of  unusually  small  exhaust 
nozzles  to  create  sufficient  draft. 

In  the  experiments  with  pulverized  anthracite  fuel  for  loco- 
motives the  idea  has  been  to  utilize  the  grade  of  coal  of  lowest 
commercial  value,  such  as  bii'dseye,  which  is  of  a  size  that  will 
pass  tlirough  a  5/16-in.  and  over  a  1/16-in.  round  opening,  as 
well  as  the  refuse  called  culm  or  slush,  which  passes  through 
the  1/16-in.  round  opening  and  is  usually  wasted  in  the  wash- 
ery  water  or  used  for  back-filling  the  mines. 

To  reclaim  this  slush  a  couple  of  wooden  bins  were  in- 
stalled, through  which  the  washery  water  could  be  finally 
passed  for  the  collection  of  the  solid  matter. 

The  analyses  of  the  various  fuels  used  may  be  approximated 
as  given  in  Table  2. 

TABLE  2   ANALYSES  OF  FUELS  USED  IN  EXPERIMENTS 


Item 


Fuel: 


Fidj^ess,  per  cent  through  200  mesh 

Moisture,  per  cent 

Volatile,  per  cent 

Fixed  carbon,  per  cent 

Ash,  per  cent 

Sulphur,  per  cent 

B.t.u.  per  lb 


Pulverized 


No.  1 
Bituminous 


0.85 

0.40 

24.72 

68.43 

6.85 

1.96 

14,739 


Miles  run,  total 

Cars  per  train,  average 

Adjusted  tonnage  per  train,  average... 
Speed  when  train  was  in  motion,  miles 

per  hour,  average 

Boiler  pressure  when  using  steam  (200 

lb.),  average 

Front^end  draft  when  using  steam,  ins. 

of  water,  average 

Firebox  draft  when  using  steam,  ins. 

of  water,  average 

Temperature  of  steam,  deg.  fahr 
Coal  fired  per  hour  of  running  time,  lb. 

(average) 

Adjusted  ton-miles  per  lb.  of  coal  (ave> 

age) 


1,324 
61 

1.719 

26 

198.3 

7.15 

3.50 
562 

3,275 

12.84 


No.  2 
Bituminous 


0.85 

0.81 

36.27 

58.29 

5.44 

0.68 

14,334 


426 
65 

1,808 

25 

193.5 

7.79 

3.22 
573 

3,063 

13.97 


No.  3 
Bituminous 


0.85 
0.59 
24.36 
65.05 
10.59 
0.84 
13,912 


398 

60 

1,759 

24 

194.9 

6.69 

3.18 
555 

3.457 

11.59 


Pulverized 

Bituminous 
Run-of-Mine 

Anthracite 

Birdseye 

Slush 

0.50 
29.50 
60.00 
10.00 

1.50 
13,750 
86.00 

0  50                 1  00 

Volatile,  per  cent 

7.50                 6-00 

77.00 
15.00 
1.00 
12,750 
86.00 

71  00 

22.00 

2.5 

B.t.u.  per  lb 

11,250 

Fineness,  per  cent  through  200  mesh. . 

86.00 

At  the  commencement  of  the  development  work  the  loco- 
motive was  equipped  with  an  arrangement  of  refractory  baf- 
fles and  fuel  and  air  inlets  for  burning  100  per  cent  bitu- 
minous coal,  and  after  this  has  been  properly  accomplished 
successive  adjustments  were  made  to  burn  mixtures: 

First :  75  per  cent  Run-of-Mine  Bituminous  and  25  per  cent  Anthracite 
Birdseye 

Second  :  67  per  cent  Run-ot-Mine  Bituminous  and  33  per  cent  Anthra- 
cite Birdseye 

Third  :  60  per  cent  Run-of-Mine  Bituminous  and  40  per  cent  Anthra- 
cite Birdseye 

Fourth  :  60  per  cent  Run-of-Mine  Bituminous  and  40  per  cent  Anthra- 
cite Slush 

Fifth  :  50  per  cent  Run-ot-Mine  Bituminous  and  50  per  cent  Anthra- 
cite Slush 

Sixth  :  40  per  cent  Run-of-Mine  Bituminous  and  60  per  cent  .\nthra- 
clte  Slush 
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Fig.  8    Double  Feeder  Equipment  as  Applied  to  Tender  for  10-wheel  Type  of  Passenger  Locomotive  for  the 

Central  Railway  op  Brazil 


Further  work  along  this  same  line  will  determine  just  how 
great  a  percentage  of  anthracite  slush  can  be  used  to  the  best 
advantage,  but  the  evaporative  results  so  far  obtained,  i.e., 
about  7  lb.  of  water  from  feed-water  temperature  per  lb.  of 
coal,  indicates  that  considerably  more  than  a  60  per  cent  an- 
thracite slush  mixture  may  be  utilized.  This  accomplishment 
not  only  means  a  decrease  of  25  per  cent  in  the  cost  per  ton 
for  locomotive  fuel,  but  also  the  release  of  a  large  tonnage 


of  commercial  anthracite,  which  is  becoming  more  scarce  and 
in  greater  demand  each  year. 

The  principal  trouble  to  be  overcome  has  been  on  the  inter- 
mittent runs,  as  it  is  more  difficult  to  maintain  proper  com- 
bustion with  a  slow  fire  and  to  re-ignite  the  fuel  after  the  feed 
has  been  stopped  for  a  time,  with  the  low  than  with  the  higher 
volatile  coals. 

The  same  increase  can  be  made  in  the  size  of  the  exhaust 


/  f^-This  endofa/'r 

-^pe/7//7^  c/osed 
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Section  A-A  Section  B'B  ^  ~^ 

Fig.  9    Triple  Burner  and  Fire-pan  Equipment  as  Applied  to  Pacific  Type  of  Locomotive  for  the  New  York 

Central  Railroad 
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nozzle  openings  (about  25  per  cent)  for  anthracite  as  for 
bituminous  coal  when  burning  in  pulverized  form,  as  com- 
pared with  hand  firing  of  coal  on  grates. 

The  development  of  sufficient  drawbar  pull  in  a  consolida- 
tion type  of  freight  locomotive  with  63-in.  diameter  driver 
wheels,  rated  at  61,400  lb.  of  cylinder  tractive  power,  to  haul 
a  freight  train  of  23  loaded  ears  (representing  about  1562 
actual  tons)  over  a  ruling  grade  of  1%  miles  of  1.65  per  cent 
gi'ade  with  a  6-deg.  curvature,  further  indicates  the  advan- 
tages of  sustained  boiler  horsepower  in  combination  with  re- 
duced cylinder  back  pressure,  which  is  only  made  possible  by 
this  method  of  stoking'  and  burning  coal. 


NOTES  UPON  PERFORMANCE 

From  tests  made  with  puh'erized  lignite  having  an  analysis 
of  about  1.8  per  cent  moisture,  47  per  cent  volatile,  41  per 
cent  fixed  carbon,  9.5  per  cent  ash,  and  0.75  per  cent  sulphur, 
and  a  heating  value  of  10,900  B.t.u.  per  lb.,  in  regular  pas- 
senger locomotive  service,  the  same  satisfactory  results  were 
obtained  as  with  bituminous  coals,  the  combustion  and  oper- 
ating being  entirely  smokeless,  sparkless  and  cinderless,  and 
the  steam  pressure  "being  fully  maintained. 

With  pulverized  fuel  the  control  of  the  fuel  feed  and  there- 
by of  the  over-  or  under-production  of  steam  is  nearly  per- 
fect. A  locomotive  can  be  fired  up  and  the  fuel  consumption 
then  stopped  until  a  few  minutes  before  starting  time.  At 
the  end  of  the  run,  or  when  drifting,  the  fire  can  be  extin- 
guished at  will  and  quickly  re-ignited  without  any  special 
equipment  or  materials.  A  locomotive  with  boiler  full  of  wa- 
ter and  185  pounds  of  steam  pressure,  after  standing  11  hours, 
without  fire,  still  had  80  pounds  of  steam  pressure. 

Comparative  tests  made  between  similar  locomotives  in  the 
same  sen-ice  resulted  in  the  use  of  2,775  lb.  of  lump  coal,  hand- 
fired,  to  get  up  steam  and  for  terminal  handling  and  dead 
time,  as  compared  with  1569  lb.  of  pulverized  screenings  to 
produce  the  same  result,  or  an  increase  of  over  75  per  cent. 
The  greatest  saving  is  in  the  firing  up  alone,  this  requiring 
1700  lb.  of  lump  coal  as  compared  with  750  lb.  of  pulverized 
screenings,  or  an  increase  of  over  225  per  cent. 

In  the  engine-house  terminal  handling  there  is  the  least  pos- 
sible delay  and  expense.  No  more  time  or  facilities  are  re- 
quired than  for  fuel-oil-burning  locomotives.  A  locomotive 
fired  up  at  6  a.  m.  can  leave  with  its  train  at  7  a.  m.,  and 
upon  arrival  at  the  destination  engine  house  can  be  immedi- 
ately fueled,  watered  and  housed,  the  slag  pan  being  dumped 
over  the  engine  stall  pit. 

Delays  incident  to  building  and  preparing  fires  and  clean- 
ing ashpans  out-bound,  and  for  waiting  to  get  on  ashpits  and 
to  inspect  and  clean  fires,  grates,  smokeboxes  and  ashpans  in- 
bound are  entirely  eliminated,  as  is  also  the  necessity  for  sub- 
jecting fireboxes  and  flues  to  the  chilling  effect  of  cold  air  due 
to  standing  around  and  hostlering. 

Through  the  possibility  of  enlarging  exhaust-nozzle  open- 
ings from  25  to  50  per  cent  as  compared  with  the  areas  re- 
quired for  burning  coal  on  grates  or  fuel  oil,  the  full  benefit 
of  expenditures  for  improved  cylinders,  valves  and  valve  gears, 
particularly  in  connection  with  cylinders  of  large  volume,  can 
now  be  obtained.  Heretofore  the  necessity  for  maintaining 
relatively  small  exhaust-nozzle  openings  to  produce  the  re- 
quired firebox  draft  has  enabled  but  little  benefit  to  be  gained 
from  improved  steam  distribution,  as  cylinder  back  pressures 
of  from  15  to  30  lb.  when  operating  at  maximum  capacity  of 


engine  and  boiler  are  not  at  all  uncommon  in  some  of  the  most 
recently  built  stoker-fired  single-expansion  locomotives.  As 
every  pound  of  cylinder  back  pressure  saved  is  equal  to  at 
least  2  lb.  added  to  the  boiler  pressure  when  a  locomotive  is- 
working  at  its  maximum  capacity,  and  further  provides  freer 
movement  and  less  wear,  tear  and  fuel  consumption,  the  bene- 
fits to  be  derived  are  obvious. 

As  the  limiting  factor  of  a  steam  locomotive  is,  or  should 
be,  the  ability  of  the  boiler  to  produce  steam,  the  rate  and 
effectiveness  of  combustion  become  the  controlling  factors. 
When  coal  is  burned  on  grates  a  rate  of  about  50  lb.  of  run- 
of-mine,  and  of  about  60  lb.  of  lump  bituminous  coal,  per  sq. 
ft.  or  fire  surface  per  hour  is  the  maximum  allowable  for  the 
greatest  boiler  etflcieney.  However,  as  this  limits  the  rate  of 
consumption  to  a  total  of  from  3,000  to  6,000  lb.  per  hour  for 
the  average  modern  locomotive  of  great  power,  and  as  the  ac- 
tual coal  supplied  to  the  firebox  by  mechanical  stoking  fre- 
quently reaches  a  rate  of  150  lb.  per  sq.  ft.  of  grate  area,  or 
a  total  of  from  9,000  to  15,000  lb.  per  hour,  the  boiler  effici- 
encies frequently  run  as  low  as  from  55  to  45  per  cent  and 
even  less.  Therefore  the  necessity  for  eliminating  grates  if 
much  over  12  lb.  of  water  per  sq.  ft.  of  evaporating  surface 
per  hour  is  to  be  obtained  with  reasonable  efficiency. 

From  results  established  during  the  past  six  months,  the 
quantity  of  live  steam  required  for  the  operation  of  pulver- 
ized-fuel-buming  equipment  when  the  locomotive  is  being 
worked  at  its  maximum  boiler-horsepower  capacity,  is  about 
lYo  per  cent  of  the  saturated  steam  generated,  which  is  con- 
siderably less  than  what  is  required  for  the  steam-jet  opera- 
tion of  mechanical  stokers  when  firing  coal  on  grates,  and 
very  much  less  as  compared  with  what  is  used  in  the  gener- 
ally existing  steam-jet  practice  of  burning  fuel  oil;  this  latter 
amount,  accoi-ding  to  reports  made  by  the  U.  S.  Naval  Board, 
is  approximately  about  6  per  cent  of  the  total,  steam  generated, 
exclusive  of  the  reduction  of  efficiency  in  combustion  due  to 
the  evaporation  of  steam  into  hydrogen  and  oxygen  and  back 
into  H,0  in  the  firebox. 

Compaiing  the  use  of  pulverized  fuel  and  fuel  oil  for  steam- 
locomotive  purposes,  it  may  be  stated  that  with  puherized  coal 
at  13,750  B.t.u.,  costing  $2.35  per  ton,  and  fuel  oil  at  19,500 
B.t.u.,  costing  $2.75  per  ton,  an  amount  of  at  least  $2.50  must 
be  expended  for  the  fuel  oil  necessary  to  perform  the  same 
useful  work  as  will  obtain  from  $1.00  expended  for  pulverized 
fuel. 

As  anthracite  slush  is  not  burned  on  grates,  no  comparison 
is  available  for  the  pulverized  jserformance.  However,  com- 
paring the  performance  of  anthracite  birdseye  hand-fired  on 
grates  equipped  with  forced  blast  below  and  induced  draft 
above  the  fire,  with  the  same  fuel  pulverized  and  burned  in 
suspension,  there  is  an  average  increase  of  over  40  per  cent 
in  the  evaporation  in  favor  of  the  latter. 

In  general,  it  may  be  stated  that  the  use  of  pulverized  an- 
thracite slush  will  double  the  steam-generating  capacity  of 
boilers  now  burning  birdseye  anthracite  hand-fired  on  grates, 
and  at  the  same  time  eliminate  fire  cleaning,  greatly  decrease 
the  amount  of  ash  to  be  handled,  and  reduce  the  boiler-plant 
labor  cost  about  40  per  cent.  Furthermore,  with  the  pulverized 
fuel  the  boiler  pressure  can  be  more  readily  maintained  or 
increased  or  reduced  to  meet  the  requirements,  and  when  one 
or  more  of  the  boilers  are  not  needed  temporarily,  the  fuel  feed 
can  be  stopped  and  started  at  will,  thereby  eliminating  the 
necessity  for  maintaining  banked  fires  and  burning  fuel  when 
not  required  in  order  to  have  the  boilers  ready  for  instant  use. 
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STEAM   BOILER   PAPERS 

f  I  fJVO  of  the  steam  boiler   papers  to  be  presented  and  discussed  at  the  Friday  mornin.ci  session  in  charge 
JL  of  the  Boiler  Code  Committee  are  given  below.     The  first  of  these  describes  a  nezv  type  of  contra- 

flozc  boiler.     The  second  is  a  practical  paper  on  safety  valves. 


THE  TALBOT  BOILER 

By  PAUL   A.   TALBOT,   NEW   YORK,    N.   Y. 
Non-Member 

THIS  is  essentially  a  boiler  of  the  eontra-flow  type,  water 
entering  near  the  stack  and  leaving  in  the  form  of 
steam  near  the  furnace.  The  eireulatiou  is  through  water 
tubes  and  is  forced  at  a  high  velocity  by  means  of  a  pump, 
doing  away  with  a  water  drum.  By  preventing  gravity  cir- 
culation, the  steam  is  drawn  directly  from  the  lower  tubes, 
eliminating  the  steam   drum.     The   boiler  is   internally   fired, 


Fig.  1    Front  of  Boiler,  Casing  Removed 

■a  Automatic  regulator  valve,   h  Oil  valve,   c  Hand  valve,   d 

Main  check  valve,  e  Main  steam  pipe,  /  Separator,  g 

Separator  drain,  h  Combustion  space,   m 

Atomizer  pipe,  n  Burner  valves 

and  hence  self-contained.  Feed  water  and  fuel  burners  are 
automatically  controlled  to  adjust  the  boiler  to  widely  varying 
demands  for  steam.  The  boiler  should  not  be  confused  with 
"  flash "  boilers  in  which  the  heat-charged  tubes  furnish 
■steam  in  direct  proportion  to  the  feed  supply  without  regard 

For  presentation  at  the  Annual  Meeting  of  The  American  Socibty 
OF  Mechanical  Kxgineekk.  New  York,  December  5  to  8,  1918.  The 
paper  is  liere  printed  in  alistract  form,  and  advance  eopie.s  of  the  com- 
plete paper  ma.v  be  obtained  gratis  upon  application.  All  papers  are 
.subject  to  revision. 


to  the  control  of  the  fire.  By  means  of  the  high  velocity, 
forced  circulation  and  contra-flow  principles,  the  evaporative 
capacity  of  the  boiler  is  largely  increased. 

Any  or  all  of  the  tubes  may  be  readily  removed  and  re- 
placed without  distuibing  any  manifolds,  pipes  or  connec- 
tions. Official  tests  recently  carried  out  in  the  Navy  Yard, 
New  York,  included  a  tube  renewal  test  of  a  100-horsepower 
boiler.  A  tube  was  removed  from  the  boiler  under  250  lb. 
steam  pressure  and  replaced  by  another  tube  in  61  seconds, 
the  total  period  between  the  time  of  shutting  off  the  fire  and 
feed  water  and  the  time  of  regaining  full  pressure  and  max- 
imum capacity  of  operation  being  3  minutes  and  16  seconds. 


Fig.  2    Rear  of  Boiler,  Casing  Removed 

/  Separator,  e  Main  steam  pipe,  g  Separator  drain,  i  Feed 
pipe,  k  Trap 


construction 

An  idea  of  the  general  construction  of  the  boiler  may  be 
obtained  from  Figs.  1  and  2.  Fig.  1  shows  the  front  and 
Fig.  2  the  rear  of  the  boiler  with  the  casing  removed.  Fig. 
3  shows  the  complete  boiler  with  its  easing.  The  illustra- 
tions are  of  a  boiler  having  an  evaporation  of  15,000  lb. 
of  water  per  hour  with  %  in.  of  water  draft,  20,000  lb.  per 
hour  with  1  in.  draft,  and  double  the  normal  capacity  at 
slightly  above  2  in.  draft. 

The  frame  consists  of  front  and  rear  sections,  roughly  re- 
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sembling  horseshoes  in  shape,  fastened  together  at  top  and 
sides  by  lateral  ties  and  at  the  bottom  by  the  ash  pan  and 
additional  ties.  The  stack  ring  and  upper  panel  work  are 
supported  by  frame  work  bent  to  conform  to  the  curve  of 
the  front  and  rear  frames.  For  fastening  the  boiler  in  posi- 
tion, feet  are  provided  wliich  are  bolted  to  the  main  frame 
through  the  ash  pan.  The  door  frame,  of  angle  cross-section, 
is  fastened  at  the  top  and  bottom  to  the  main  frame,  and 
serves  as  a  support  for  regulating  valves  shown  in  Figs.  1 
and  3  and  described  more  fully  later. 

The  tubes  throughout  the  boilei  are  all  alike.  As  will  be 
seen  in  Fig.  4,  the  crucible  steel  header  consists  of  two  sets 
of  overlapping  compartments,  into  one  of  which  is  screwed 
the  open-end  field  tubes,  and  into  the  other  the  generating 


Fig.  3    Front  of  Boilli;  with  Casing 
a  Automatic  regulator  valve,  c  Hand  valve,  n  Burner  valves 

tubes,  there  being  an  annular  space  between  the  two  tubes. 
The  end  of  each  generating  tube  is  welded  together  so  as  to 
close  it.  These  closed  ends  are  free  to  expand  and  are  sup- 
ported in  front  by  perforated  sheets  of  metal.  The  method 
of  fastening  the  tubes  into  the  headers  is  shown  in  Fig.  5. 
Both  tubes  are  threaded  with  double  the  standard  taper,  which 
makes  it  easy  to  remove  them.  The  fit  is  sufficiently  tight  to 
hold  a  pressure  of  1000  lb.  per  sq.  in.,  using  standard  weight 
pipe. 

Five  sets  of  tubes  with  horizontal  headers  are  placed  above 
the  combustion  space,  and  on  each  side  of  the  combustion 
space  is  placed  another  set  of  tubes  with  headers  arranged 
vertically.  The  rear  of  the  furnace  is  closed  by  a  wall  con- 
taining water-circulating  passages  connecting  the  tubes  on 
the  sides,  as  shown  in  Fig.  2. 

Between  each  set  of  headers  is  a  trap  connection,  shown 
in  Fig.  2.  These  traps  perform  the  important  fimction  of 
preventing  water  from  draining  by  gravity  from  one  header 


to  the  next  below  imtil  sufficient  water  is  forced  into  the 
upper  header.  The  formation  of  steam  prevents  the  water 
from  syphoning  when  circulation  is  at  rest,  and  the  correct 
amoimt  of  water  is  thus  maintained  in  each  header,  in  readi- 
ness for  full  capacity  demands. 

Accessibility.  There  are  three  doors  in  the  front  of  the 
boiler,  which,  when  opened,  give  access  to  the  free  ends  of  all 
the  tubes.  Any  tube  can  be  removed  by  applying  a  wrench 
to  its  end  and  unscrewing  it  from  its  header. 

OPERATION 

The  circulation  of  water  is  maintained  by  a  pump,  deliver- 
ing the  feed  water  to  the  main  check  valve  at  the  bottom  of 
the  doorframe,  from  whence  the  water  rises  in  a  core  and 
passes  around  the  door  frame  to  the  regulator  valve.  The 
water  then  passes  to  the  rear  of  the  boiler  to  the  uppermost 
set  of  tubes.  In  order  to  understand  the  circulation  through 
the  tubes,  reference  must  be  made  to  Fig.  4,  which  shows  a 
typical  header  and  tubes  forming  a  single  section,  the  path 
of  water  through  it  being  indicated  by  arrows. 

Having  passed  through  the  first  set  of  field  tubes  and 
returned  to  the  inner  compartment  of  the  header  by  way  of 
the  annular  space  in  the  generating  tube,  the  water  returns 
to  the  front  of  the  boiler  thi'ough  a  similar  annular  space 
in  the  next  set  of  tubes  and  back  to  the  outer  compartment 
of  the  header  by  way  of  the  inner  field  tubes.  This  process 
is  repeated  untU  the  water  has  traversed  to  the  opposite  end 
of  the  header,  where  it  passes  out,  through  a  trap  connec- 
tion, to  the  header  immediately  below.  Passing  from  header 
to  header  the  water  has  a  general  downward  direction  to  the 
set  of  tubes,  which  is  on  the  left  side  of  the  furnace,  as  seen 
in  Fig.  2.  The  circulation  through  all  sections  of  tubes  is  the 
same. 

Referring  to  Fig.  2,  the  steam  or  water  from  the  set  of 
tubes  on  the  left  of  the  furnace  enters  a  rear  wall,  which  is 
partitioned  to  carry  it  at  high  velocity  from  one  side  to  the 
other  until  it  is  finally  discharged,  at  the  bottom  of  the  right- 
liand  comer,  into  the  set  of  tubes  on  the  right  side  of  the 
combustion  chamber. 

During  this  passage  the  water  has  gradually  changed  to 
steam,  and  it  now  leaves  the  last  set  of  tubes  tlirough  the 
herringbone  steam  separator  at  the  back  of  the  boiler  and 
enters  the  steam  pipe,  crossing  to  the  front  of  the  boiler, 
where  safety  valve  and  steam  nozzle  are  located.  The  sep- 
arator drain  passes  to  the  front  of  the  boiler,  where  the  valve 
controlling  it  is  located. 

The  length  of  water  passage  from  the  point  of  entering 
the  boUer  to  the  point  of  leaving  it  varies  with  the  size  of  the 
boiler.  The  passage  in  a  1000-horsepower  boiler  is  795  ft. 
long,  668  ft.  of  which  is  thi-ough  tubes.  The  areas  through 
which  the  water  flows  also  vai^y  with  the  boiler  and  are  re- 
stricted to  increase  the  velocity  of  flow. 

The  friction  of  water  and  steam  bj'  reason  of  the  restricted 
areas  is  about  100  lb.  at  normal  load.  This  friction  increases 
as  the  load  increases. 

The  velocity  through  the  boilers  in  which  larger  tubes  are 
used  is  much  greater  than  when  smaller  tubes  are  used.  Thus 
the  velocity  of  the  steam  in  the  last  stages  of  the  boiler 
varies  from  6000  to  12,000  ft.  per  min.,  depending  upon  the 
size  of  boiler  tubes  used.  This  velocity  increases,  of  course, 
as  steam  is  formed,  so  that  the  velocity  in  a  large  boiler  is- 
about  500  ft.  per  min.  in  the  first  and  12,000  ft.  per  min.  in 
the  last  passages  when  in  the  form  of  steam. 

A  high  rate  of  evaporation  is  obtained  because  of  the  high 
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velocity  of  water  through  the  tubes.  The  tubes  which  line 
the  furnace  evaporate  as  much  as  30  lb.  of  water  per  sq.  ft. 
of  heating  surface,  while  the  average,  including  economizer 
and  superheating  surface,  is  8  lb.  per  square  foot  at  rated 
capacity. 

The  formation  of  scale  is  jirevented  by  the  high  velocity 
and  consequent  scouring  action  of  the  water,  which  keeps 
the  solids  in  constant  motion.  The  actual  velocity  great 
enough  to  prevent  scale  formation  is  not  known,  but  it  has 
been  determined  that  with  a  velocity  as  low  as  60  ft.  per 
min.  and  very  poor  water,  mud  forms  in  the  economizer  sec- 
tion of  the  boiler.  The  water  tested  was  alkali,  of  27  degrees 
hardness,  such  as  is  found  in  desert  regions.  With  a  normal 
velocity  of  500  ft.  per  min.,  such  as  is  used,  a  minimum 
velocity  of  150  ft.  per  min.  can  be  maintained  at  partial  loads. 
It  has  been  found  that  at  very  low  velocities  the  deposits 
have  been  confined  to  the  water  portion  of  the  boiler  where 
the  temperatures  are  between  100  and  150  deg.  fahr.  As  the 
entire  heating  surface  is  active  and  subjected  to  these  high 
velocities,  feed-water  purifiers  are  not  necessary  for  this  boiler. 

The  soot  blower.     The  soot  which  forms  on  the  economizer 
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Fig.  4    Diagrammatic  Section  through  Header  and  Tubes 
Arrows  show  Course  of  Water  Circulation 

surface  of  the  upper  sets  of  tubes  is  blown  from  them  by 
longitudinally  directed  steam  jets  situated  near  the  ends  of 
the  tubes.  Steam  is  supplied  from  the  main  steam  pipe,  and 
valves  for  the  control  of  the  jets  are  on  the  front  of  the 
boiler.  The  jets  have  proved  a  satisfactory  method  of  keep- 
ing the  surface  relatively  free  from  soot.  The  tubes  at  the 
sides  of  the  furnace  are  practically  free  from  soot,  and  it  is 
probable  that  if  any  soot  collects  on  them  it  eventually  ignites. 
Exterior  as  well  as  interior  surfaces  of  the  boiler,  therefore, 
are  always  clean,  eliminating  the  periodic  overhauling  and 
cleaning. 

THERMOSTATIC    CONTROL 

The  expansion  of  one  of  the  tubes  of  the  last  set  at  the 
side  of  the  furnace  under  the  varying  temperatures  of  steam 


contained  within  it,  is  multiplied  by  means  of  levers  and 
utilized  as  an  automatic  thermostatic  control  of  both  water 
and  fuel  supply.  Arrangement  is  made  so  that  the  operator 
may  easily  and  quickly  adjust  the  thermostat  to  meet  the 
demands.  The  slightest  rise  in  temperature  of  the  outgoing 
steam  -causes  suflBeient  expansion  of  the  tube  to  open  the 
regulating  valve  on  the  front  of  the  boiler  and  admit  a 
greater  quantity  of  water,  thus  lowering  the  temperature  of 
the  steam.  In  case  the  operation  of  the  thermostat  has  not 
prevented  the  rise  in  temperature,  as  might  happen  under 
partial  load  or  insuifieient  water  supply,  it  will  cut  off  the 
supply  of  fuel  to  the  furnace.  At  low  temperatures  the  sup- 
ply of  fuel  is  increased  by  this  same  thermostat. 

Details  of  the  thermostat.     The  expansion  and  contraction 
of  the  tube  and  the  movement  of  the  regulating  valve  is  shown 


Fig.  5    Inserting  Tubes  in  Header 

by  a  gage,  which  is  arbitrarily  graduated  for  convenience 
in  indicating  the  relative  temperatures,  and  may  be  calibrated 
by  means  of  a  mercurial  thermometer  so  that  the  operator 
may  judge  from  it  the  temperature  of  the  steam.  Thus  it 
might  be  determined  that  with  a  gage  reading  2%  the  tem- 
perature of  the  steam  is  650  deg.  fahr.  Having  determined 
the  point  for  the  temperature  he  desires,  the  operator  can 
regulate  the  thermostat  to  maintain  the  gage  at  this  point. 
This  reading  is  checked  occasionally,  as  changes  in  the  frame, 
header  or  tube,  due  to  wear  or  seasoning,  may  make  corre- 
sijonding  changes  in  the  calibration  of  the  gage,  so  that  some 
other  point  registers  the  650  deg.  which  the  operator  is  ti-ying 
to  maintain.  This  temperature  gage  serves  the  purpose  of  the 
water  column  of  the  ordinai-y  boiler.  The  temperature  of  the 
steam  delivered  tells  the  operator  whether  or  not  the  supply 
of  water  is  adequate,  as  it  is  obvious  that  with  too  little  water 
at  full  capacity  the  temperature  of  the  steam  will  rise  and 
indicate  this  condition  on  the  gage. 

Hand  valve.  The  action  of  the  automatic  valve  is  fairly 
close,  but,  due  to  the  fact  that  the  regulator  tube  is  not  in- 
stantly affected,  there  occur  periodic  changes  in  temperature 
and  pressure.  A  hand  valve  is  provided  for  eliminating  this 
action  under  normal  loads.     This  valve  is  arranged  to  shut 
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off  completely  the  supply  of  water  when  closed,  and  is 
marked  with  arbitrary  graduations  from  which  the  operator 
may  determine  at  what  point  it  should  be  set  for  the  best 
results.  When  the  hand  valve  is  closed  too  much,  it  is  obvious 
that  the  supply  of  water  may  be  so  limited  that  the  tempera- 
ture will  rise  to  a  point  where  the  fuel  valve  will  close.  When 
the  valve  is  opened  too  much,  there  will  be  a  periodic  varia- 
tion in  the  temperature  of  the  steam  due  to  the  lag  of  the 
controlling  thermostat.  The  point  should  be  determined, 
therefore,  which  will  allow  the  regulating  valve  to  be  opened 
all  of  the  time,  preventing  the  periodic  variation  in  tempera- 
ture due  to  too  frequent  shutting  down  of  the  fuel  valve.  The 
accuracy  of  adjusting  this  valve  determines  the  accuracy  of 
temperature  control  under  full-load  conditions.  Experience 
has  shown  that  on  a  25  per  cent  load  the  valve  does  not 
require  adjustment,  but  the  temperature  of  the  steam  will  be 
much  less  due  to  an  over  supply  of  water  to  a  reduced  fire. 
By  readjustment  of  the  valve  the  full-load  temperature  can 
be  maintained  at  fractional  loads.  At  less  than  25  per  cent 
capacity,  a  readjustment  is  necessary  to  prevent  the  periodic 
variation  in  temperature.  The  ordinary  tireman  can  easily 
maintain  a  constant  pressure  and  temperature  by  means  of 
this  hand  valve. 

OIL   BURNER 

A  steam  atomizer  oil  burner  is  arranged  at  the  front  of  the 
boiler  near  the  top  of  the  inflow  of  air  for  combustion.  The 
air  is  heated  and  carried  in  a  general  downward  direction 
by  the  air  duct,  a  sheet-metal  addition  to  the  front  of  the 
boiler  having  an  S-shaped  air  channel.  (See  Fig.  3.)  The 
quantity  of  air  can  be  adjusted  by  dampers  in  this  duct. 
Highly  superheated  steam  is  used  to  heat  and  vaporize  the 
oil  and  to  promote  the  velocity  of  the  hydrocarbon  mixture 
which  issues  from  the  burner  tips.  Very  heavy  Mexican  oil, 
11  Baume  can  be  used  in  this  burner.  A  nimaber  of  burner 
tips  shoot  the  flame  downward  into  a  firebrick  target  at  the 
lower  rear  end  of  the  furnace.  This  refractory  target  or  oven 
is  designed  to  distribute  the  heat  uniformly  over  the  entire 
heating  surface.  Temperatures  of  3800  deg.  fahr.  are  obtained 
within  this  oven,  but,  as  few  bricks  are  used,  the  upkeep  cost 
is  small. 

The  intensity  of  the  fire  is  easily  controlled  by  increasing 
or  decreasing  the  volume  of  steam  used  in  atomizing  the  oil. 
The  flame  has  the  effect  of  a  large  blow  torch,  and  as  the 
velocity  is  carried  to  an  extreme,  considerable  noise  is  expe- 
rienced. This  is  not  a  detracting  feature  in  marine  practice, 
as  it  is  confined  to  the  fire  room. 

FURNACE   JACKET 

As  the  heating  surface  surrounds  the  furnace  on  all  sides, 
the  insulation  of  the  jacket  is  easily  accomplished.  The  in- 
sulating material  is  applied  in  plastic  form  and  fills  the 
entire  space  between  the  sheet-metal  casing  and  the  tubes 
themselves.  While  this  system  is  preferred,  the  various  meth- 
ods of  applying  insulating  material  in  boilers  having  sheet- 
metal  jackets  may  be  used,  or  brick  settings  may  be  installed 
where  space,  weight  and  vibration  are  not  points  for  con- 
sideration. 

EFFECT   OP   FORCING 

The  thermal  efficiency  of  this  type  of  boiler  is  affected  in 
much  the  same  manner  as  in  boilers  of  other  types,  although 


the  drop  in  the  efficiency  cui-ve  is  not  so  pronounced  at  higher 
draft  pressures  and  higher  evaporative  rates,  due  to  the  fact 
that  when  forced  the  economizer  surface  in  the  upper  part 
of  the  boiler  is  correspondingly  increased  and  the  stack  tem- 
peratures are  relatively  lower.  More  water  is  introduced,  and 
the  superheating  surface  is  reduced  nearly  in  proportion  as 
the  load  is  increased. 

AN  ANALYSIS   OF  MARINE   SAFETY 
VALVES 

With  Suggestions  for  Repairs  and  Improvements 

BY  E.  F.  MAAS,  PUGET  SOUND,  WASH. 

Member  of  the  Society 

THE  PURPOSE  of  this  article  is  not  to  give  a  complete 
description  of  all  marine  safety  valves  to  be  found  on 
the  market  today,  but  to  analyze   certain   characteristics  of 
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Fig.  2    Later  Type  op  Valve 
WITH  Adjustable  Blow- 
Down 


Fig.  1    Old  Type  of  Safety 
Valve 


Fig.  3  Modern  Safety  Valve 
with  Adjustable  Blow- 
Down 


Fig.  4    Recent  Type  of 
Marine  Safety  Valve 


some  of  the  more  common  types,  to  indicate  advantages  and 
difficulties  to  be  expected  with  them,  and  to  point  out  helpful 
methods  in  repairing  and  improving  old  valves.  The  paper 
presents  the  results  of  observations  made  on  valves  under 
working  conditions  and  during  tests  of  repaired  valves  in  the 
mechanical  laboratory. 


For  presentation  at  the  Annual  Meeting  of  The  American  So- 
ciety of  Mechanical  Engineers,  New  Torls,  December  5  to  8,  1916. 
The  paper  is  here  printed  in  abstract  form,  and  advance  copies  of 
the  complete  paper  may  be  obtained  gratis  upon  application.  All 
papers  are  subject  to  revision 
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Fig.  1  represents  a  valve  of  an  obsolete  design,  probably 
not  being  made  by  any  manufacturer  today.  This  tyjie  is  still 
to  be  found  in  many  of  the  older  ships  and  should  be  taken 
in  consideration.  Fig.  2  shows  a  later  type  of  valve  having 
attachment  for  adjusting  the  blow-down,  an  indispensable  fea- 
ture in  a  modern  marine  safety  valve.  Fig.  3  is  much  the 
same  as  Fig.  2,  the  main  difference  between  them  being  in  the 
design  of  the  blow-down  adjustment.  Fig.  4  represents  one 
of  the  latest  and  most  successful  designs  at  the  present  time. 
In  Fig.  5  is  shown  a  valve  which  has  not  yet  fully  emerged 
from  the  experimental  stage,  but  one  for  which  a  preliminary 
analysis  and  test  reports  show  great  possibilities.  Figs.  6  and 
7  show  modifications  made  to  valves  of  the  tyjie  represented 
by  Fig.  3,  these  modifications  having  been  applied  during  the 
repair  of  these  valves  in  order  to  fit  them  for  further  service 
after  their  original  working  adjustment  had  been  destroyed 
through  long  service  or  neglect  in  maintenance. 
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Fig.  5   Experimental  Valve 


Fig.  6    Modified  Safety 
Valve  of  Type  3 


The  features  discussed  in  this  paper  are : 
«  Valve  seat,  flat  or  beveled,  and  tightness 
b     Pop    of    valve,    amount    of    simmering    before    pop,    and 

height  of  lift 
e     Closure  of  valve,  and  chattering  at  closure 
d     Blow-down  of  valve,  and  methods  for  adjusting 
e     Discharge  capacity 
/    Repair  and  adjustment   of  old  valves  and  improvements 

accomplished  at  slight  expense 

VALVE    SEAT 


A  glance  at  the  seven  figures  will  disclose  the  fact  that 
valves  in  Figs.  1  and  5  have  flat  seats,  the  other  five  having 
beveled  seats.  While  there  are  good  arguments  on  both  sides, 
the  experience  of  the  author  has  been  that  a  flat  seat  is  just 
as  easy  to  grind  in  and  make  tight  as  a  beveled  seat,  and  that 
the  flat  seat  is  more  likely  to  stay  tight.  On  account  of  the 
distortion  of  the  valve  seat,  which  will  result  from  a  slightly 
uneven  expansion  or  from  spring  of  the  material  under  high 
pressure,  the  tightness  of  a  beveled  seat  is  seriously  affected, 
and  the  more  so  the  gxeater  the  bevel.  A  flat  seat  will  remain 
steam-tight  even  after  a  considerable  distortion  has  taken 
place,  provided  the  valve  has  been  carefully  ground  to  its 
seat  in  the  first  place.  For  equal  lifts,  a  flat-seat  valve  will 
have  a  greater  discharge  capacity,  under  conditions  discussed 
later;  a  fact  which  will  weigh  in  favor  of  tlie  flat  seat.  It 
has  been  argued  that  a  beveled  seat,  especially  where  the 
bevel  is  about  45  deg.,  will  more  easily  rid  itself  of  particles 
of  scale  lodged  between   the  valve  and  its  seat.     Attention 


should  be  called  to  the  custom  where  there  is  scale  under  the 
valve,  of  tightening  the  valve  by  turning  the  valve  stem.  Such 
practice  is  likely  to  have  an  effect  directly  opposite  to  what 
is  desired.  It  is  better  to  lift  the  valve  from  its  seat  by 
the  easing  gear  and  thus  blow  the  scale  from  the  valve  seat. 
A  steeper  bevel  than  45  deg.  is  inadvisable  for  a  steam  safety 
valve  because  of  the  tendency  of  the  valve  to  stick.  While 
only  a  few  years  ago  most  safety-valve  specifications  called 
for  seats  beveled  at  an  angle  of  45  deg.,  this  has  now  been 
abandoned  in  many  specifications,  notably  those  of  the  U.  S. 
Navy  Department  and  various  State  boiler  rules.  It  is  the 
author's  opinion  that  a  change  from  the  beveled  to  the  flat 
seat  will  better  the  conditions  affecting  the  working  and  re- 
pairing of  marine  safety  valves. 

POP    OF    VALVE 

By  "  pop  "  of  a  safety  valve  is  meant  the  instantaneous  rise 
to  almost  full  lift  after  the  first  tendency  of  the  valve  to  move 
from  its  seat,  or  simmer.     A  satisfactory  pop  is  essential  in 


Fig. 


Another  Modified  Valve  of  Type  3 


a  successful  safety  valve.  The  absence  of  the  pop  will  mean 
a  prolonged  simmering  of  the  valve,  which  will  soon  score 
both  valve  and  seat,  especially  if  steam  is  superheated.  The 
pop  of  the  valve  in  Fig.  1  is  determined  by  the  diameter  of  the 
flange  A,  the  amount  of  the  distance  B  and,  to  some  extent, 
the  .shape  of  the  surface  C.  It  is  assumed  that  the  valve  has 
been  ground  to  its  seat  and  made  tight.  A  knowledge  of  the 
proper  relation  of  these  factors  is  necessary  for  the  design 
of  this  valve.  When  this  valve  is  refaced  and  reground  it  is 
of  utmost  importance  that  gages  for  the  original  shape  of 
both  valve  and  seat,  and  the  proper  distance  between  the  two, 
should  be  furnished  the  machinist.  A  valve  of  this  kind  re- 
quires a  long  spring  in  order  to  give  a  satisfactory  lift,  on 
account  of  the  comparatively  small  overhang  of  the  flange 
A  over  the  seating  surface  of  the  valve,  limiting  the  available 
additional  lifting  force  required  after  the  valve  has  started 
from  its  seat. 

In  a  valve  such  as  shown  in  Fig.  2,  the  pop  will  depend  on 
the  diameter  of  the  flange  A,  the  amount  of  the  distance  B, 
the  depth  C  of  the  main  pop  chamber,  and  the  size  and  num- 
ber of  the  holes  D.  Of  these  four  items,  A  and  D  are  deter- 
mined by  the  manufacturer  of  the  valve,  and  if  rightly  pro- 
portioned need  not  be  altered  in  repairing  the  valve.  Items 
B  and  C  are  affected  by  the  wear  and  repair  of  the  valve. 
The  lip  A  should  wear  down  in  the  same  proportion  as  the 
valve  and  seat,  but  as  this  is  very  seldom  the  case,  there  arises 
the  necessity  for  adjustment  when  the  valve  is  overhauled. 
The  depth  of  the  pop  chamber  does  not  influence  the  pop  as 
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greatly  as  does  the  distance  between  the  flange  lip  and  the 
valve  bushing.    Tlie  former,  therefore,  is  cheeked  only  roughly, 
while  the  distance  B  must  be  absolutely  correct. 

In  Figs.  3  and  6,  the  pop  is  decided  by  the  three  factors, 
size  of  flange  A,  distance  B,  and  depth  of  pop  chamber  C. 
The  distance  B  can  be  adjusted  after  the  valves  are  assembled, 
by  means  of  the  blow-down  ring,  B.  Thus  it  does  not  seem 
necessary  to  machine  accurately  the  lip  A  in  repairing  these 
valves.  Such  is  not  always  the  case,  however,  as  the  adjust- 
ing of  the  distance  B  for  a  satisfactory  pop  may  interfere 
with  the  adjustment  for  the  desired  blow-down.  This  will  be 
explained  in  more  detail  later. 

In  valves  of  Figs.  4  and  7  the  pop  depends  upon  the  size 
of  the  flange  A,  the  distance  between  flange  and  valve  seat  B, 
and  the  width  of  the  ring-shaped  opening  at  C .  In  Fig.  4  the 
deciding  factor  is  the  distance  B,  whereas  in  Fig.  7  the  pop 
will  be  determined  mainly  by  the  distance  C.  Therefore,  in 
overhauling  valve  of  Fig.  4,  strict  attention  must  be  paid  to 
the  distance  B  in  order  to  bring  it  back  to  its  original  value. 
In  valve  of  Fig.  7  only  a  rough  check  of  distance  B  need  be 
made,  and  as  the  width  of  the  ring  area  C  has  been  fixed  in 
making  the  valve  parts,  it  need  never  be  changed. 

The  pop  in  Fig.  5  depends  upon  the  distances  A  and  C, 
which  can  be  regulated  by  means  of  the  adjusting  rings  B 
and  D.  The  inner  ring  should  be  screwed  close  to  the  vahe 
disk  without  touching  it.  The  outer  ring  furnishes  the  greater 
part  of  the  additional  lifting  force. 


BLOW-DOVPN 

For  adjusting  the  blow-down,  or  difference  in  steam  pres- 
sure under  the  valve  at  popping  and  at  closure,  there  are 
two  systems  rejjresented  in  the  valve  shown.  Valve  of  Fig.  1 
has  no  adjustment  of  the  blow-down.  The  amount  of  blow- 
down  desired  must  be  decided  on  in  advance,  and  the  valve 
designed  accordingly. 

The  an-angement  in  Fig.  2  for  adjusting  the  blow-down 
is  probably  familiar  to  most  steam  engineers.  When  this 
valve  discharges,  part  of  the  steam  passes  through  the  holes 
E  drilled  in  the  bushing  and  into  the  chamber  F.  The  only 
exit  from  this  chamber  is  through  the  bushing  G  and  the  pas- 
sage H  communicating  with  the  discharge  space  of  the  valve 
casing.  By  turning  the  bushing  and  locking  it  in  different 
positions,  the  size  of  this  exit  passage  for  the  steam  can  be 
restricted,  thereby  regulating  the  pressure  under  the  valve  lip 

A.  The  holes  D  in  the  valve  flange  will  ha\e  a  similar  influ- 
ence on  the  blow-down.  The  size  and  number  of  these  holes 
are  generally  proportioned  to  admit  of  a  minimum  blow- 
down  of,  say,  4  lb.  A  smaller  blow-down  than  this  should  not 
be  used  in  any  safety  valve,  as  it  shortens  the  life  of  the  valve 
and  produces  a  tendency  to  chatter,  without  any  additional 
advantages. 

In  all  of  the  valves  of  Figs.  3  to  7  the  adjustment  of  the 
blow-down  is  accomplished  by  means  of  the  adjusting  rings, 

B.  Screwing  this  ring  up  will  increase  the  blow-down  and 
screwing  down  decrease  it.  The  rings  of  Figs.  4  and  .5  are 
especially  adapted  to  give  a  minimum  obstruction  to  the  flow 
of  steam  and  so  increase  the  discharge  capacity  of  the  valve. 
It  has  been  claimed  for  the  ring  of  Fig.  5  that,  in  conjunction 
with  the  lower  ring  B,  it  has  the  effect  of  reducing  the  lifting 
force  at  very  low  lifts  and  increasing  it  as  the  lift  increases. 
This  is  a  most  desirable  feature  in  any  safety  valve. 

The  ring  in  Fig.  7  has  been  designed  as  an  improvement  on 
those  of  Figs.  3  and  6.  It  has  already  been  pointed  out  that 
in  these  valves  the  pop  is  determined  by  the  distance  B;  and 


that  the  position  of  the  ring  D  determines  the  amount  of  the 
blow-down.  Thus  there  are  two  factors  to  be  considered  in 
determining  the  proper  position  of  these  adjusting  rings, 
and  each  of  these  factors  may  require  a  different  setting  of 
the  ring.  In  such  a  case  it  is  necessary  to  take  out  the  valve 
disk  and  machine  its  lip  A  until  the  proper  distance  between 
this  lip  and  the  adjusting  ring  is  obtained,  after  first  determin- 
ing the  position  of  the  adjusting  ring  for  the  desired  blow- 
down.  Such  a  procedure  is  tedious  unless  gages  are  avail- 
able for  the  machinist.  In  order  to  eliminate  much  of  the 
machine  work  in  overhauling  and  adjusting  this  kind  of  valve, 
the  modifications  shown  in  Fig.  7  were  devised.  The  lip  of 
the  valve  disk  has  been  cut  away  and  the  diameter  of  flange 
slightly  reduced.  The  shape  of  the  blow-down  ring  has  been 
changed  entirely  and  made  somewhat  similar  to  the  one  in 
Fig.  4.  The  feature  of  the  ring  in  Fig.  7  determining  the 
blow-down  is  the  angle  E.  An  angle  of  36  deg.,  30  min.  has 
been  found  to  give  a  range  of  blow-down  of  from  4  to  9  lb. 
The  laboratory  tests  on  this  improved  valve  have  given  very 
good  results  as  to  popping  and  blow-down. 


DISCHARGE   CAPACITY 

When  steam  under  pressure  is  allowed  to  flow  through  an 
opening,  the  maximum  discharge  will  be  obtained  when  the 
pressure  on  the  low-pressure  side  is  equal  to,  or  less  than,  58 
per  cent  of  the  pressure  on  the  high-pressure  side.  Under 
such  conditions,  the  pressure  at  th.e  throat  section,  or  most 
contracted  part  of  the  channel  through  which  the  steam  is 
flowing,  will  be  58  per  cent  of  the  high  i^ressure,  regardless 
of  how  much  the  pressure  in  the  discharge  chamber  falls  be- 
low this  value.  The  weight  of  steam  discharged  can  then  be 
calculated  from  the  well-known  Napier  formula :  Flow  in 
pounds  per  second  =  absolute  pressure  X  <i'>'ea  in  square  inches 
H-  70.  Valves  in  Figs;  1,  2,  4,  5  and  7  undoubtedly  have  their 
throat  section  at  the  inner  circumference  of  the  valve  seat. 
Therefore,  the  area  of  opening  at  this  section  will  determine 
the  discharge  capacity  of  the  valve,  provided  that  the  re- 
sistance to  the  flow  is  not  made  great  enough  to  raise  the  pres- 
sure in  the  valve  csising  above  58  per  cent  of  the  pressure 
under  the  valve  seat.  Based  on  Napier's  formula,  and  making 
allowances  for  reductions  of  the  free  opening  over  the  valve 
seat,  caused  by  guide  wings,  the  following  approximate 
formulae,  given  by  some  manufacturer,  are  obtained  for  cal- 
culating the  discharge  capacity : 

W  =  149  Ipd  for  a  flat  seat 

W  =  105  Ipd  for  a  45-deg.  bevel  seat 

where  IF  =  discharge  in  lb.  per  hour 
I  =  lift  of  valve  in  inches 

p  =  absolute  pressure  under  \alve  disk  in  lb.  pei'  sq.  in. 
d  =  diameter  of  valve  seat  in  inches 

For  equal  lifts,  then,  the  flat  seat  will  give  a  greater  dis- 
charge than  the  45-deg.  seat.  The  discharge  capacity  will  be 
influenced  to  some  extent  by  the  smoothness  of  the  ajiproach 
to  the  throat  section.  On  this  account  the  valve  of  Fig.  5 
should  have  an  excellent  discharge  capacity.  With  the  valves 
of  Figs.  3  and  6  it  is  frequently  found  that  the  actual  dis- 
charge capacity  is  considerably  below  that  obtained  from  the 
above  equations.  This  can  be  accounted  for  by  the  throttling, 
especially  at  lower  lifts,  taking  place  under  the  valve  lips. 

The  paper  concludes  with  jiaragraphs  dealing  with  simmer- 
ing before  lift,  essential  to  successful  working;  prevention  of 
chatter  at  closure,  and  methods  of  repairing  and  adjusting 
existing  valves  to  make  them  successful  and  satisfactory. 
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SPONTANEOUS  ignition  is  a  much  more  common  canse 
of  fires  than  is  generally  supposed.  Many  familiar  sub- 
stances can  ignite  spontaneously  at  slightly  elevated  temjiera- 
tures  or  if  acted  upon  by  strong  sunlight.  Fires  from  this 
source  are  in  the  class  most  dangerous  to  life  and  property, 
because  they  start  at  the  least  exjiected  time  and  place,  and 
when  no  one  is  near  to  extingnish  them  or  to  give  the  alarm. 
The  study  of  this  class  of  fires,  therefore,  offers  an  attractive 
field  of  usefulness  for  the  fire-protection  engineer;  but  the 
pursuit  of  such  studies  is  beset  by  difficulties  arising  from  a 
lack  of  e;act  knowledge  of  the  chemistry  of  oxidation  and 
lack  of  convenient  methods  of  studying  the  early  stages  of 
combustion. 

The  ignition  of  a  handful  of  excelsior  with  a  match  is 
familiar  to  all :  the  match  raises  the  temperature  of  a  small 
amount  of  the  wood  above  its  ignition  point,  which  is  about 
500  deg.  fahr. ;  the  combustion  of  this  wood  then  raises  the 
temperature  of  the  surrounding  particles  above  their  ignition 
point,  and  the  flame  spreads  rapidly  through  the  excelsior. 
If  the  excelsior  is  wet.  or  is  ]>ressed  close  against  a  cold  sur- 
face, the  velocity  of  combustion  may  not  be  sufficient  to  kee]) 
the  suri'ounding  temperature  up  to  the  ignition  point,  in  which 
ease  it  will  smolder,  and  its  flame  or  glowing  coal  will  ''  go 
out."  The  effect  of  the  flame  from  the  match  is  to  render  the 
oxygen  of  the  air,  which  at  lower  temperatures  is  inert,  suiTi- 
ciently  active  to  combine  with  the  wood. 

OXYGEN    CAN    BE    HADE    ACTIVE    BY    SUNLIGHT   AND    ELECTRIC 
CHARGE    AS    WELL    AS    BY    HEAT 


terial  should  burst  into  flame  spontaneously  at  the  ordinary 
temperature  of  the  air,  this  action  would  be  regarded  as  little 
short  of  a  miracle.  Nevertheless,  this  cotton  and  excelsior 
are  all  the  time  vei'y  slowlj'  burning  or  being  oxidized  at  the 
ordinary  atmospheric  temperature,  the  velocity  of  this  oxida- 
tion or  slow  combustion  depending  on  the  temperature,  mois- 
ture, light  and  mineral  or  organic  substances  associated  with 
the  cotton  or  wood. 

Cotton  cloth  which  has  been  e\])Osed  for  several  months  to 
.sunlight  and  atmospheric  moisture  to  the  extent  of  so-called 
"  dampness,"  exhibits  on  close  inspection  somewhat  of  the 
same  charred  appearance  that  it  has  after  a  few  seconds'  con- 
tact with  a  hot  iron.  The  addition  of  certain  mineral  sub- 
stances, known  to  chemists  as  catalyzers,  such  as  iron  and 
manganese,  which  can  act  as  carriers  of  oxygen,  accelerates 
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CUBIC    CENTIMETERS    OF  OXYGEN    ABSORCEO    FROM    AIR    PER    HOUR. 

Fifl.  1     Increase  in  Oxygen  Absorption  op  Oils  with 
Increase  in  Temperature 


This  quickening  of  oxidation  may  be  accomplished,  although 
much  less  thoroughly,  by  sunlight  or  other  light  of  short  wave 
lengths,  by  an  electric  charge,  or  by  radioactive  materials. 
Oxygen  in  this  condition  is  said  to  be  activated,  ionized,  or, 
when  in  this  state  as  a  result  of  just  emerging  from  a  chem- 
ical combination,  nascent. 

On  the  other  hand,  the  wood  instead  of  the  oxygen,  may 
become  activated.  If  the  wood  is  partially  rotted  or  charred, 
or  is  in  intimate  association  with  oxygen-carrying  materials, 
it  may  be  caused  to  ignite  after  a  considerable  time  at  a  sur- 
rounding temperature  below  300  deg.  fahr.,  or  very  much 
below  the  tempei-ature  at  which  it  can  be  ignited  under  normal 
conditions. 

The  sight  of  dry  cotton  or  of  the  fine  shavings  of  soft  wood 
known  in  the  trade  as  "  excelsior  "  in  contact  with  the  oxygen 
of  the  atmosphere  in  sunlight  with  no  apparent  oxidation  or 
combustion,  is  too  familiar  to  attract  attention.     If  such  ma- 

For  presentation  at  tbe  Annual  Meeting  of  The  American  Society 
OF  Mechanical  Enoineeu.s,  New  Yorl<,  December  5  to  S.  1916.  The 
paper  is  bere  printed  in  abstract  form,  and  advance  copies  of  tbe  com- 
plete paper  may  be  obtained  gratis  on  application.  .All  papers  are 
subject  to  revision. 


tliis  action.  This  slow  combustion  liberates  the  same  amount 
of  heat  per  pound  burned  that  would  be  liberated  by  the  more 
familiar  combustion  with  flame,  but  the  heat  is  given  off  over 
such  long  periods  of  time  that  tlie  resulting  rise  in  tempera- 
ture is  not  apiareciable. 


VELOCITY'    OP    COMBUSTION    INCREASES    RAPIDLY    WITH 
TEMPERATURE 

If,  however,  the  slowly  burning  substance  is  completely  in- 
closed by  material  of  high  lieat-insulating  power,  the  heat 
generated  by  the  combustion  will  be  made  to  escape  more 
slowly  and  the  temperature  will  be  increased  proportionally. 
The  velocity  of  combustion  increases  with  the  temperature 
and  more  raj)idly  than  the  first  power  of  the  temperature,  as 
shown  by  the  curves  in  Fig.  1  giving  the  rate  of  oxygen  ab- 
sorption, which  is  the  first  stage  in  combustion.  On  the  other 
hand,  the  escape  of  heat  will  be  more  rapid  with  higher  tem- 
perature and  the  same  heat  insulation;  so  that  in  most  cases 
in  common  experience  the  velocity  of  combustion,  the  rise  in 
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temperature  and   the   radiation   of   heat   each   soon   comes   to 
equilibiium. 

In  many  cases  where  the  suhstauee  is  enclosed  or  shielded 
from  atmospheric  circulation,  the  exhaustion  of  the  oxygen 
of  the  air  in  contact  with  the  burning  substance  limits  the  oxi- 
dation. If,  however,  the  heat  insulation  is  suflficiently  good 
and  the  necessary  air  sujjply  is  available,  and  if  the  tempera- 
ture is  sufficient  to  cause  the  combustion  to  proceed  at  a  rate 
which  increases  more  rapidly  than  the  increase  in  the  rate  at 
which  the  heat  is  being  radiated,  ignition  will  result. 

CURVE   OF  VELOCITY   OF   OXIDATION    SIGNIFICANT 

lu  this  connection  the  form  of  the  \elocity-of-combustion 
curve  gives  the  most  significant  characteristics  of  substances 
subject  to  spontaneous  ignition.  In  studying  this  hazard  it 
is  important  to  know  both  the  velocity  of  combustion  of  a 
given  substance  at  the  ordinary  temperature  of  the  air  and 
also  the  temperature  at  which  this  velocity  commences  to  in- 
crease rapidly,  as  indicated  by  the  hump  on  the  velocity 
curve;  such,  for  example,,  as  is  found  at  100  deg.  fahr.  for 
linseed  oil  and  at  200  deg.  for  cottonseed  oil.     See  Fig.  1. 
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Fig.  1 

To  obtain  practically  this  curve  of  the  velocity  of  combus- 
tion for  different  substances  at  the  ordinary  temperature  of 
the  air  is  a  difficult  matter.  To  determine  it  by  the  rate  of 
absorption  of  oxygen  as  shown  in  Fig.  1  is  a  troublesome  and 
uncertain  process,  owing  to  the  fact  that  there  are  doubtless 
many  intermediate  reactions  between  the  combination  of  oxy- 
gen and  wood  or  cotton  or  other  hydrocarbons  and  the  end 
products,  which  are  carbonic  acid  and  water.  Tiierefore,  any 
means  of  determining  this  curve  or  of  comparing  the  velocity 
of  oxidation  of  substances  of  which  the  characteristics  are 
unknown  with  that  of  substances  of  which  the  characteristics 
are  knoion,  will  be  a  valuable  help  in  studying  the  mysterious 
mechanism  of  spontaneous  ignition. 

SUBSTANCES    undergoing    AUTOMATIC    OXIDATION    GIVE    OFF 
HYDROGEN   PEROXIDE 

Schoenbein  showed  that  many  substances  undergoing  auto- 
matic oxidation  give  off  hydrogen  peroxide.'     Moritz  Traube 

'Gesnmmelte  Abhaiuilungf-u  v.mi  Moritz  Traube  (Borliii,  1S99),  p.  400. 


later  pointed  out  that  many  of  these  substances  would  not 
oxidise  automatically  except  in  the  presence  of  water^  and 
propounded  the  tlicory,  which  bears  his  name,  that  the  hydro- 
gen peroxide  is  formed  by  the  combination  of  the  oxidizable 
substance  with  the  oxygen  of  water,  the  hydrogen  of  the  water 
combining  with  free  oxygen  to  form  hydrogen  peroxide.  This 
cycle  would  make  moisture  a  necessary  part  of  an  automatic 
oxidation,  an  equal  number  of  molecules  of  water  and  oxygen 
being  required. 

Many  examples  can  be  cited  of  extremely  slow  oxidation 
and  of  oxidation  once  started  Avhieh  has  practically  stopped 
from  the  absence  of  water:  noticeable  among  which  are  the 
linen  cloths  wrapped  about  the  mummies  of  Egypt,  which 
have  oxidized  but  little  in  four  thousand  years,  and  also  the 
wooden  mummy  cases. 

HYDROGEN  PEROXIDE  CAN  MAKE  A  DEVELOPABLE  IMAGE  ON  A 
PHOTOGRAPHIC    PLATE 

The  hydrogen  peroxide  given  oft'  by  substances  undergoing 
automatic  oxidation  can  make  a  developable  image  on  a  pho- 
tographic plate  in  the  dark,  and  the  intensity  of  this  image 
appears  to  be  about  proportional  to  the  velocity  of  oxida- 
tion. Oils  subject  to  spontaneous  ignition  are  found  particu- 
uarly  active. 

INTENSITY  OF  IMAGE  PROPORTIONAL   TO  RATE  OF  OXIDATION 

In  order  to  determine  whether  the  intensity  of  the  image 
on  the  photographic  plate  is  proportional  to  the  velocity  of 
oxidation,  I  have  taken  samples  of  raw  linseed,  I'efined  cot- 
tonseed, and  lard  oils  and  have  measured  the  rate  of  absorp- 
tion of  oxygen  by  means  of  the  decrease  in  the  volume  of  air 
iu  contact  with  the  oil  for  short  periods  at  temperatures  from 
60  to  250  deg.  fahr.  The  results  of  my  experiments  are  shown 
in  Fig.  1.  In  Fig.  2  are  shown  the  imjiressions  made  on  pho- 
togTaphic  plates  by  placing  the  oils  near  them  in  the  dark. 

The  photogTaphic  plate  undoubtedly  indicates  only  the  tii'st 
stage  in  the  automatic  oxidation  reaction,  namely,  the  absorp- 
tion of  oxygen  by  the  unsaturated  oils  and  the  formation  of 
hydrogen  jjeroxide."  It  is  apparent  from  the  lack  of  parallel- 
ism between  the  curves  in  Fig.  1  for  lard  oil,  linseed  and  cot- 
tonseed oil  that  the  rate  of  absorption  at  low  temperature  is 
not  proportioned  to  the  so-called  iodine  values"  for  these 
oils.  The  lard  oil.  with  an  iodine  value  less  than  the  cotton- 
seed, absorbed  considerably  more  rapidly  up  to  about  230 
deg.  fahr.  Also  the  impression  made  by  the  lard  oil  on  the 
plate  is  stronger  than  that  by  the  cottonseed  oil,  which  has 
more  than  double  the  iodine  value.  The  photographic  plate 
can  only  be  used  at  low  temperatures. 

HUMP    IN    OXIDATION    CURVE    AN    IMPORTANT    FEATURE 

A  feature  worthy  of  careful  notice  with  reference  to  the 
spontaneous-ignition  hazard  is  the  decided  hump  in  the  ab- 
sorption curves  of  linseed  and  cottonseed  oil  at  100  deg.  and 
200  deg.  fahr.,  respectively ;  also  the  fact  that  lard  oil  at  ordi- 
nary temperatures  absorbs  oxygen  more  rapidly  and  acts  on 
the   photographic   plate   more   strongly   than   cottonseed   oil. 


'Ibid.,   p.  403. 

=Kritische  Studien  fiber  die  Vorgang  der  .\utoxydation,  C.  Englor. 

"Tlie  iodine  number  of  an  oil  is  the  percentage  of  iodine  wliicli  it 
can  absorb.  It  represents  tbe  amount  of  oxygen  which  can  be  ab- 
sorbed, while  the  photographic  image  represents  the  rate  at  which  the 
oxygen  is  absorbed,  which  is  the  important  fact<»r  in  spontaneous  ig- 
nition. 
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From  the  absorption  curve  of  cottonseed  oil  it  would  be  ex- 
pected that  the  spontaneous-ignition  danger  from  this  oil 
would  not  be  gi-eat  at  temperatures  below  150  deg.  fahr.,  and 
that  linseed  oil  eonld  be  used  for  almost  any  |iurpose  with 
comparative  safety  against  spontaneous  ignition  at  tempera- 
tures below  80  deg.  fahr.,  if  kept  out  of  the  sunlight;  also 
that  lard  oil  would  be  more  hazardous  than  cottonseed  oil  at 
room  temperatures. 

SUNLIGHT    INCREASES    THE    RATE    OF   OXIDATION 

A  potent  factor  in  hicreasing  the  rate  of  oxidation  at  room 
temperature  is  light,  not  necessarily  ultra-violet  light,  but 
ordinary  sunlight  which  has  passed  through  several  thick- 
nesses of  lead  glass  so  that  most  of  the  light  of  shorter  wave 
length  has  been  removed.  This  at  80  to  85  deg.  fahr.  in- 
creased the  rate  of  absorption  of  oxygen  by  cottonseed  and 
linseed  oils  by  about  ten  times,  while  with  lard  oil  it  appar- 
ently had  less  effect. 

Oils  painted  on  glass  and  maintained  at  120  deg.  fahr.  for 
several  days  while  being  exposed  to  a  photogTaphic  plate 
showed  a  stronger  activity  than  other  similar  samples  main- 
tained at  65  deg.  fahr.,  in  about  the  proportion  indicated  by 
the  Ovygen-absorption  curves. 


COLLOIDS    AND    CATALYZERS    FUNDAMENTAL    IN    PLANT    AND 
ANIMAL   PHYSIOLOGT 

Automatic  o  idation  and  reduction  at  low  temperatures  are 
fundamental  to  the  physiological  reactions  which  go  on  in 
plants  and  animals,  the  mechanism  by  which  these  reactions 
are  carried  out  being  a  combination  of  colloids  and  catalyzers. 
Gelatinous  substances,  starch  and  cellulose,  act  as  the  colloids, 
and  iron  and  manganese  compounds  are  chief  among  the 
catalyzers  or  carriers  of  oxygen.  Dony-Henreault'  has  shown 
that  many  of  the  o  idizing  reactions  given  by  organic  com- 
pounds known  as  oxidases  can  be  duplicated  by  a  combination 
of  gum  arable,  which  is  a  colloid,  and  minute  quantities  of 
manganese. 

Sunlight  is  not  only  an  important  factor  in  increasing  the 
rate  of  oxidation  and  photographic  activity  of  oils,  but  also 
the  photogi'aphic  activity  of  wood.  I  have  extracted  what 
was  ajaparently  one  or  more  of  the  materials  causing  this 
photographic  activity  from  wood  shavings,  and  the  impression 
which  this  made  on  a  iihotograjDhic  plate  had  an  intensity 
about  equal  to  that  made  by  olive  oil.  Moderate  heating  in- 
creases photographic  activity,  while  strong  heating  destroys  it. 

In  the  hard  pines  there  are  at  least  three  different  sub- 
stances which  can  cause  this  activity,  namely,  turpentine, 
resin,  and  the  water-soluble  substance  mentioned  above. 


SPONTANEOUS  IGNITION  OP  CHARCOAL 

Spontaneous  ignition  of  wood  is  doubtless  intimately  asso- 
ciated with  spontaneous  ignition  of  charcoal,  and  this  phe- 
nomenon has  a  much  wider  field  of  interest  than  would  appear 
at  first  sight.  In  dwellings  and  factories  numerous  fires  orig- 
inate in  the  woodwork  near  steam  pipes  or  other  heating  ap- 
pliances which  are  maintained  at  temperatures  far  below  the 
ignition  point  of  wood,  and  are  due  to  spontaneous  ignition 
of  charcoal  formed  by  slow  combustion  over  long  periods. 
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THE  USE  OF  POWDERED  COAL  AS  A  FUEL 

To  THE  Editor  : 

The  statement  made  in  Mr.  Harrington's  paper  on  page 
796  of  the  October  number  of  The  Journal,  that  "  all  the 
steam-making  installations  are  in  plants  of  the  manufacturers 
of  powdered-coal  equipment,  or  in  plants  very  directly  con- 
nected therewith,"  is  erroneous.  It  may  be  of  interest  to 
learn  of  a  very  successful  installation  for  burning  powdered 
coal  under  a  boiler  which  has  been  in  continual  and  regular 
service  in  the  American  Locomotive  Company's  Schenectady 
plant  since  March,  1915.  This  furnace  is  believed  to  be  en- 
titled to  a  world's  record  for  low  cost  of  maintenance. 

The    chart   in    Fig.    1   was   taken   from   an    ordinary    day's 


»  BuU.  .\cad.   Royal  Belg..  Class  de  .Science,   1907,   p.  TjZi;,   190S,   pp. 
103-163;  1909,   pp.  342-409. 


Fig.   1     CO.,   Chart  op   Powdered   Coal   Installation 


run  of  this  boiler,  and  shows  that  the  C0„  percentage 
rarely  drops  below  16  per  cent  and  is  oftener  above  17  per 
cent.  This  recorder  has  been  repeatedly  checked  by  the  Orsat 
apparatus,  which  gave  0.2  per  cent  higher  CO,,  and  some- 
times indicated  18  per  cent  CO,. 

Several  evapoiative  tests  made  by  W.  G.  Freer,  Mem. Am. 
Soe.M.E.,  showed  that  this  extremely  simple  furnace,  illustra- 
ted in  Fig.  2,  gave  a  materially  higher  evaporative  efficiency 
than  could  be  obtained  from  a  duplicate  Franklin  boiler  fired 
by  mechanical  stokers  and  suj^plied  with  feed  water  at  the 
same  temperature,  and  that  it  responded  much  more  promptly 
to  a  sudden  increased  demand  for  steam  than  the  adjoining 
stoker-fired  boilers.  An  ordmary  fireroom  helper  was  readily 
taught  to  give  the  furnace  all  the  attention  ever  required. 

Previous  to  the  installation  of  this  furnace,  between  No- 
vember, 1914,  and  March,  1915,  several  constmetive  revisions 
were  made  in  a  powdered-fuel  furnace  experimentally  in- 
stalled under  the  same  boiler.  Unfortunately,  the  brick  arches 
and  vertical  walls  comi)letely   failed   to  witlisfand   the  high- 
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temperature  flames,  and   there  were  excessive 

of  hard  slag  at  the  bottom  of  tlie  furnace  and  deposits  of  un- 

burned  products  around  the  tubes  and  in  the  gas  passes. 

Several  years  ago  the  writer  concluded  that  the  only  way 
to  prevent  the  destruction  of  vertical  walls  and  arches  in 
powdered-coal  furnaces  was  not  to  have  them,  and  substi- 
tute incandescent  ignition  surfaces  formed  by  simple  out- 
wardly inclined  walls  which  would  be  automatically  main- 
tained by  a  eoatmg  of  protecting  slag.  After  the  failure  of 
the  vertical  walls  and  the  arches  referred  to.  permission  was 
granted  by  J.  R.  Magarvey,  manager  of  the  Schenectady 
works  of  the  American  Locomotive  Company,  to  install  the 
furnace  shown  in  Fig.  2,  which  suggested  itself,  and  is  shown 
as  originally  installed.  This  furnace  now  has  been  in  con- 
tinual service  for  eighteen  months  without  a  single  repair  ex- 
pense on  the  hopper-shaped  furnace  walls.  These  walls  arj 
coated  with  about  1  in.  to  3  in.  thickness  of  slag,  and  are  seem- 
ingly in  as  good  condition  as  at  the  time  they  were  buill. 
Only  a  small  section  of  the  old  vertical  wall  which  remained 
from  the  former  furnaces  was  replaced  at  a  cost  of  about  five 


This  Drawing  Illustrates  the  Tempocory  Construction  of  ttie  Furnace  asOnqincHyrlLiJe  E.ir|j  ,n  Morct 
l915ond  which  is  in  Continuol  Daily  Service  without  fiav'ing  been  Chanqed  or  ^iteJ-ed 

Pig.  2    Powdered  Coal  Furnace  in  Operation  Since 
March,  1915 


hours  mason's  labor;  otherwise,  there  were  no  repairs  with  the 
exception  of  small  fire-clay  patches  under  the  powdered-coal 
inlet  tuyeres,  which  required  about  30-min.  work. 

Fig.  3  shows  the  temporary  construction  of  the  9-in.  front 
slope  wall  which  is  supported  by  scrap  boiler  tubes.  It  has 
not  been  repaired  since  March,  1915.  The  fire  pit  openings 
are  covered  by  temporary  iron  plates.  Part  of  the  brick  were 
not  laid  in  fire  day  for  convenience  in  removing  for  experi- 
ment.   They  were  never  removed  since  the  installation. 

The  three  original  inlet  tuyeres  are  yet  in  service  and  ap- 
parently may  be  in  service  for  another  year.  This  is  par- 
ticularly interesting,  since  they  consist  of  three  ordinary 
wrought-steel  pipe  nipples,  10  in.  in  diameter  and  24  in.  long, 
which,  when  originally  installed,  protruded  downwardly  a  few 
inches  into  the  furnace.  After  a  short  time  the  inner  ends 
burned  away  and  gave  them  their  present  form. 

Powdered  coal  is  fed  by  a  screw  feeder  from  a  hopper  into 
the  air  blast  at  a  point  about  3  ft.  away  from  the  fur- 
nace tuyeres.  This  distance  may  be  very  much  more,  but  not 
less,  for  the  purpose  of  thoroughly  mixing  the  coal  with  a 
properly  proportioned  air  blast  that  passes  downwardly 
through  the  tuyeres  at  a  pressure  of  %  to  1%  oz. 

A   plurality   of   tuyeres    and    feeders    is   essential   to   good 


combustion,  so  as  to  reduce  the  etfects  of  imperfect  feeding 
of  any  one  feeder  or  of  flooding  through  a  feeder  from  slips 
in  the  coal  hopper.  No  particular  form  of  feeders  is  neces- 
sary for  successful  operation.  Fig.  4  shows  a  feeder  set  with 
eight  outlets. 

There  is  a  very  slight  air  inlet  suction  at  the  slag-  hole  in 
the  base  of  the  furnace.  In  the  furnace  near  the  boiler  the 
pressure  is  equal  to  atmospheric.  In  the  gas  passes  the  pres- 
sure is  slightly  less  than  atmospheric,  an  amount  dejiending 
upon  the  resistance  of  friction  to  a  flow  of  the  gases  into 
the  uptake. 

The  lower  row  of  water  tubes  was  shielded  by  tiles  for  the 
jiurpose  of  giving  sutMcient  heat-reflecting  surface  to  maintain 


Fig.  3     Construction  of  Front  Slope  Wall 


Fic.  4    Powdered  Coal  Feeder  Set 

the  desired  furnace  temperature  for  the  working  capacity  of 
tlie  boiler.  The  amount  of  surface  was  determined  by  trial. 
During  the  first  trial  runs  too  many  tUes  caused  an  excessive 
furnace  temperature  and  too  strong  an  upward  draft  into  the 
flue  passes.  On  second  trial,  when  for  pm-pose  of  experiment 
nearly  all  the  tiles  were  removed,  the  furnace  temjierature 
was  too  low.  By  several  adjustments.  Mr.  Freer  finally  ob- 
tained the  best  results  when  approximately  the  lower  back  half 
of  the  water  tubes  was  shielded  as  illustrated  in  Fig.  2.  This 
amount  of  shielding  gives  ample  freedom  to  the  slowly  up- 
ward flowing  gases,  and  prevents  all  tendency  to  lift  and  de- 
posit unconsumed  fuel  in  the  passes,  which,  therefore,  do  not 
require  more  cleaning  than  the  passes  in  the  adjoining  mechan- 
ical-stoker-fed boilers.     No   trouble  whatever  is  experienced 
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from  coke  or  cinder-clogged  water  tubes;  this  is  largely  due 
to  the  hopper-shaped  furnace,  wherein  all  the  downwardly 
jetted  fuel  and  air  from  the  three  tuyeres  is  thoroughly 
blended  and  ignited  in  the  confined  space  between  the  inclined 
and  incandescent  walls  at  the  bottom  of  the  furnace.  There- 
after the  resulting  gases  are  permitted  to  freely  expand  as 
they  slowly  rise  upward  into  the  enlarged  space  under  the 
boiler,  in  a  manner  which  gives  the  flames  a  slow  rolling 
movement  from  the  bottom  rearward,  upward,  then  forward 
to  meet  the  front  end  of  the  boiler,  through  the  full  length 
of  a  30-ft.  path,  before  coming  in  contact  with  heat  absorbing 
surfaces.  This  insures  perfect  combustion,  as  indicated  by 
the  CO,  diagi-ams. 

Charles  L.  Heisler. 
Schenectady,  N.  Y. 


WATER    FLOW   THROUGH    PIPE    ORIFICES 

To  THE  Editor  : 

Professor  Judd's  paper  on  Experiments  on  Water  Flow 
through  Pipe  Orifices'  has  cleared  uj)  the  whole  subject  of  flow 
through  orifices  located  in  a  continuous  pipe  and  has  ex- 
plained many  apparent  inconsistencies  of  former  experiments. 

A  consideration  of  the  results  can  lead  one  to  no  other  con- 
clusion than  that  the  moving  particles  of  fluid  form  the  equiva- 
lent of  a  venturi  tube,  and  that  the  form  of  this  is  as  defuaite 
as  though  it  were  confined  by  a  solid  casing;  for  other  ex- 
periments to  which  the  writer  has  access  show  the  same  eoeffi- 
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Fig.  1     Reproduction  of  Fig.  10,  P.  714,  The  Journal,  1916 

cients  of  discharge,  or,  if  another  form  of  expressing  it  is 
preferred,  corresponding  pressure  drops  for  such  different 
fluids  as  water,  steam,  air  and  gas  when  the  ratio  of  diam- 
eter of  orifice  to  diameter  of  pipe  and  distances  of  connec- 
tions are  the  same.  This  phenomenon  is  more  obvious  for 
the  larger  ratios  of  diameter  of  orifice  to  diameter  of  pipe, 
because  for  any  given  pressure  drop  the  velocity  of  approach 
and  energy  of  the  fluid  will  be  greater  under  these  condi- 
tions. Also  the  surface  of  the  moving  stream  and  the  amount 
of  dead  fluid  compared  to  the  volume  of  the  jet  will  both  be 
less,  so  that  as  the  ratio  of  the  diameter  of  the  orifice  to  that 
of  the  pipe  diminishes,  the  factors  tending  to  break  up  and 
obscure  this  complete  restoration  of  velocity  head  as  static 
pressure  increase  very  rapidly.     It  is  found,  however,  with 


the  velocities  now  common  in  practice  that  if  it  be  desired 
to  use  one  recorder  for  measurement  with  a  number  of  ori- 
fices, the  orifices  show  a  comparatively  narrow  range  of  \a- 
riation  in  ratio  of  diameter  compared  to  diameter  of  pi])e. 
This  of  course  is  reasonable,  as  fluid  velocities  are  based  on 
permissible  pressure  drop,  which  is  a  fimction  of  velocity  and 
density,  and  of  course  varies  witli  different  classes  of  service. 

Professor  Judd  had  an  extremely  difficult  problem  to  plot 
his  results  so  as  to  make  it  plain  just  what  the  curves  repre- 
sent, and  in  Figs  5  to  9,  inclusive,  he  has  taken  the  simplest 
method  of  showing  the  comparative  readings  at  different  ra- 
tios of  flow.  For  the  enlarged  curves,  for  instance.  Fig.  1, 
which  is  a  reproduction  of  Fig.  10  of  the  paper,  the  writer 
prefers  the  curve  plotted  as  shown  in  Fig.  2,  everything  being 
taken  on  the  basis  of  pressure  above  or  below  that  at  A-10. 
In  this  way,  if  it  is  desired  to  ascertain  the  pressure  drop  be- 
tween any  two  points  it  is  only  necessary  to  measure  the  total 
ordinate. 

It  seems  curious  that  there  should  be  a  rise  in  pressure  be- 
tween the  point  A-10  and  the  orifice,  but  this  is  perhaps  to  be 
accounted  for  by  the  slowing  up  of  a  certain  proportion  of 
the  fluid  obstructed  by  the  orifice  and  the  transformation  of 
the  velocity  of  approach  into  static  pressure.     This  reason- 
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•Presented  at  the  Spring  Meeting  of  tlie  Society,  Ni'w  Orleans,  April, 
1916,  and  published  in  The  Journal,   September,  191(1. 


ing  is  sujiported  by  the  fact  that  the  increase  of  pressure  is 
most  noticeable  on  the  90  per  cent  ratio  orifice,  less  on  the  80 
per  cent  and  almost  disappears  below  the  70  per  cent. 

H.  D.  Fisher. 
Boston.  Mass. 


IMPACT  OR  SHEAR  TESTS 

To  the  Editor: 

I  should  be  glad  to  see  a  discussion  in  The  Journal  on  the 
testing  of  materials  by  impact  or  shear. 

The  impact  test  on  a  notch  bar  has,  of  course,  the  objec- 
tions that  the  notch  cannot  be  held  to  great  accuracy  and  that 
very  small  differences  in  it  make  a  big  difference  in  the  results 
obtained.  Attempts  have  been  made  to  get  away  from  this 
by  substituting  a  shearing  test,  in  which  the  foot  pounds  of 
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energj'  required  to  shear  are  given,  as  measured  by  the  travel 
of  a  pendulum. 

Last  June  Mr.  D.  J.  McAdam,  Jr.,  gave  a  talk  before  the 
American  Society  for  Testing  Materials  dealing  with  this, 
pointing  out  that  it  was  very  strange  that  ingot  ii'on  or  very- 
low  carbon  steel  showed  greater  energy  necessary  to  shear 
than  did  the  higher  grade  chrome-nickel  alloy. 

Tliis  phenomenon  has  been  known  for  some  time,  but,  un- 
fortunately, the  deduction  is  made  that,  therefore,  the  lower 
carbon  steel  or  ingot  iron  is  less  brittle  and  better  able  to 
resist  shear.  It  must  be  remembered,  however,  in  connection 
with  this,  that  an  energj'  diagram  is  really  the  measure  of  a 
rectangle,  and  a  rectangle  may  have  a  long  horizontal  side  or 
it  may  have  a  long  vertical  side.  In  the  case  of  the  chrome- 
nickel  alloy  steels,  this  rectangle  has  a  long  vertical  side,  and 
it  requires  a  very  much  greater  initial  pressure  to  shear  than 
does  the  other,  but  the  areas  are  almost  exactly  the  same. 

In  my  paper  on  A  Study  of  an  Axle  Shaft  for  a  Motor 
Truck,  which  appeared  in  the  June,  1915,  issue  of  The  Jour- 
nal, it  was  pointed  out  that  tests  are  nearly  always  made  as 
to  how  to  break  a  piece  of  steel,  whereas  the  engineer  really 
wants  to  know  how  not  to  break  it.  If  such  impact  tests 
could  be  carried  out  in  a  way  that  the  specimen  be  not  broken, 
or,  at  any  rate,  not  for  a  very  long  time,  it  would  be  found 
that  the  chrome-nickel  alloy  would  probably  resist  the  blows 
better  than  would  the  other.  In  other  words,  testing  above 
the  elastic  limit  is  of  little  value  to  the  engineer.  Strength 
tests,  etc.,  should  really  be  made  below  'the  elastic  limit,  or, 
at  any  rate,  what  is  known  as  the  elastic  limit. 

John  Younger.' 

Buffalo,  N.  Y. 

SAFETY  CODE  FOR  CRANES 

To  THE  Editor  : 

I  submit  the  following  suggestions  regarding  the  Proposed 
Code  of  Safety  Standards  for  the  Operation  of  Cranes  which 
is  to  be  presented  at  the  forthcoming  Annual  Meeting  by  the 
Sub-Committee  on  Protection  of  Industrial  "Workers,  and 
which  was  printed  in  the  November  issue  of  The  Journal : 

6  "Where  Access  to  the  Crane  Is  Xecessary,  Steps  or  Stairs 
with  Hand  Rails  Should  Be  Used." 

Should  also  include  "  fixed  ladders."  This  paragraph  might 
well  be  omitted,  as  same  subject  is  covered  in  more  detail  in 
Par.  8. 

7  "  Platforms  Should  Be  Provided  for  Changing  and  Re- 
pairing Truck  Wheels  on  End  Trucks  and  Provided  With 
Stairways  Leading  to  Them." 

This  does  not  seem  practicable,  and  in  many  eases  would 
require  extensive  building-construction  changes  to  allow  room 
for  the  "  stairways."  Fixed  ladders  would  take  less  room. 
Furthermore,  in  case  of  a  breakdown,  it  might  not  be  possible 
to  move  a  crane  to  the  repair  platform. 

10  "  Footwalks  Should  Be  Placed  Across  the  Ends  of  the 
Trolleys  at  Right  Angles  to  the  Bridge  Walks  and  Shall  Be 
Not  Less  Than  Twelve  (12)  Inches  in  Width." 

The  words  "  where  practicable "  should  be  put  after  the 
word  "  placed."  It  is  obvious  that  many  cranes  cannot  be  so 
equipped. 

14  (in  part)  "Sot  Less  Than  Twelve  (12)  Inches  Actual 
Clearance  Should  Be  Allowed  Between  Highest  Point  of  Crane 
and  Overhead  Trusses." 

While  this  is  desirable,  it  is  frequently  impracticable  on 
small  cranes  of  a  capacity  of  five  (.5)  tons  or  less,  and  which 


are  generally  installed  in  or  underneath  galleries  and  in  other 
places  with  low  headroom. 

24  "  The  Installation  of  Switchboard,  Wiring  and  All  Elec- 
trical Equipment,  Must  Fully  Comply  With  the  Industrial 
Board  Standards." 

The  U.  S.  Bureau  of  Standards  would  be  a  better  authority 
for  rules  for  use  in  all  states,  than  a  Pennsylvania  Board. 

35  "A  Capacity  Plate  Showing  the  Maximum  Capacity  of 
Each  Hoist  in  Pounds  Shall  Be  Placed  on  Each  Crane  Girder 
in  Such  a  Manner  as  to  Be  Clearly  Legible  from  the  Floor." 

Where  a  crane  is  located  in  the  main  bay  of  a  building,  a 
"  plate  "  large  enough  to  show  the  capacity  legibly  would  be 
expensive  to  make,  so  would  suggest  re-wording  that  para- 
graph as  follows : 

"  The  maximum  capacity  of  each  hoist  in  pounds  shall  be 
painted,  stencilled,  or  otherwise  placed  on  each  crane  girder 
in  such  a  manner  as  to  be  clearly  legible  from  the  floor." 

37  "  Trolley  Should  Be  Completely  Floored." 

The  meaning  of  this  paragraph  is  micertain  and  it  should 
be  re-worded  to  make  the  meaning  clear. 

The  Rules  for  Operators,  Floormen  and  Repairmen  are 
identical,  or  nearly  so,  with  the  Rules  for  Cranemen  which 
were  issued  by  the  National  Founders'  Association  over  a  year 
ago  and  which  have  been  found  to  be  very  satisfactory. 

M.  "W.  Alexander. 

W^est  Lynn,  Mass. 

[These  suggestions  have  been  acted  upon  by  the  Sub-Com- 
mittee on  Protection  of  Industrial  Workers  and  will  be  in- 
corporated in  the  Code  as  presented  at  the  Annual  fleeting. 
— Editor.] 

THE   MEASUREMENT    OF   VISCOSITY 

To  the  Editor: 

Havuig  read  the  paper  of  Messi-s.  Hayes  and  Lewis,  and 
its  discussion  in  the  August  issue  of  The  .Journal,  the  writer 
concurs  with  Mr.  Hayes  in  his  reply  to  the  criticisms  made, 
but  would  add  the  following  comments: 

Mr.  Hayes  misunderstands  Mr.  Bingham's  phraseology  in 
regard  to  the  j^lasticity  of  susiDensions,  which  refers  to  samples 
of  suspensions  under  test,  not  to  the  torsion  wire  itself.  Mr. 
Bingham's  conception  of  the  threshold  stress  below  which 
plastic  substances  do  not  exhibit  ordinary  viscous  flow,  is  an 
important  one,  more  fully  set  forth  in  Bureau  of  Standards 
Scientific  Paper  No.  278. 

The  authors'  treatment  of  the  errors  of  short  capillaries 
overlaps  considerably  the  treatment  previously  published  by 
Flowei-s  in  a  paper  of  the  same  title. 

In  the  course  of  experiments  on  the  change  in  viscosity 
under  pressure,  made  at  Harvard  University  during  the^past 
year,  the  writer  has  employed  a  torsion  viscosimeter  of  which 
the  outer  cylinder  consists  of  an  ordinary  test  tube.  Thus 
30  ec.  is  a  sufficiently  large  sample;  and  the  container  need 
not  be  cleaned,  for,  in  changing  samples,  one  test  tube  is 
removed  and  another  inserted.  The  inner  cylinder  is  slim 
enough  so  that  end  effects  are  small,  and,  therefore,  the  in- 
strument can  be  designed  mathematically  so  as  to  have  any 
desired  characteristics.  A  brief  account  of  this  work  will  ap- 
pear in  the  Journal  of  the  Washington  Academy,  probably 
in  an  early  issue,  under  the  title  The  Theory  of  the  Torsion 
and  Rolling-Ball  Viscosimeters,  and  Their  Use  in  Measuring 
the  Effect  of  Pressure  on  Viscosity. 

The  paper  of  Hayes  and  Lewis  is  one  of  the  most  sensible 
and  useful  papers  relating  to  lubrication  which  have  come  to 
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tlie  writer's  attention;  and  especially  so  because  of  the  vivid 
manner  in  which  Figs.  6  and  7  draw  attention  to  the  fact, 
which  ought  to  be  more  familiar  than  it  is,  that  the  viscosity 
scales  of  short  capillary  and  orifice  instruments  are  far  from 
proportional  to  efflux  times.  Their  second  contribution,  which 
they  state  is  in  preparation,  is  therefore  much  to  be  antici- 
pated. 

M.    D.    Herset. 
Washington,  D.  C. 

NOTES    ON   VISCOSIMETERS 

To  THE  Editor  : 

The  original  revolving-cup  torsion  viscosimeter  seems  to 
have  been  designed  by  Couette  about  1890.  The  essential  fea- 
ture of  this  instrument,  as  distinguished  from  others  of  the 
same  general  type,  is  the  use  of  stationary  i)rotecting  caps 
over  each  end  of  the  suspended  cylinder  to  eliminate  "  end 
effects,"  thus  rendering  the  calculations  quite. simple. 

This  is  a  high-grade  scientific  design,  and,  when  ]iroperly 
constructed  and  operated,  should  be  capable  of  giving  exceed- 
ingly accurate  results,  expressed  directly  in  C.  G.  S.  units. 
However,  owing  to  the  high  cost  and  the  number  of  parts 
required,  the  instrument  is  hardly  practical  for  general  com- 
mercial use. 

Several  years  ago  the  MacMichael  viscosimeter  was  designed 
without  previous  knowledge  of  similar  efforts  along  this  line 
for  practical  use  in  a  clay-working  establishment.  This  in- 
strament  is  quite  simple  in  construction,  is  durable  and  is 
easily  and  quickly  mani|iulated.  One  of  these  macliines  lias 
been  in  constant  use  for  several  years,  in  the  hands  of  un- 
skilled laborers,  and  has  given  excellent  service.  Under  these 
conditions  readings  ordinarily  chock  within  1  per  cent. 

No  attempt  is  made  to  calculate  viscosities  directly  from 
measurements  of  the  machine,  as  this  would  be  extremely  diffi- 
cult, if  not  impossible.  The  method  used  is  to  calibrate  the 
instrument  with  a  standard  testing  sarajile  of  known  viscosity, 
and  assume  that  other  readings  are  directly  proportional  in 
value.  Through  a  wide  range  this  does  not  seem  to  introduce 
serious  errors. 

For  a  standard  testing  fluid,  a  liigli-grade  neutral  mineral 
oil  of  high  viscosity,  such  as  some  of  the  medicinal  oils  now 
on  the  market,  is  suggested,  this  oil  to  be  supplied  in  metal 
containers  by  the  U.  S.  Bureau  of  Standards,  or  some  other 
recognized  authority.  The  viscosity  of  these  testing  samples 
may  be  determined  by  means  of  tlie  long  capillary  tube,  which 
is  sufficiently  accurate  for  all  practical  purposes. 

A  cane-sugar  solution  of  7  parts  by  weight  of  sugar  to  4 


jiarts  of  cold  water  also  gives  good  results.  This  should  be 
tested  after  mixing,  not  depending  on  the  weighed  ]>roportions 
to  produce  accurate  results.  Owing  to  its  stickiness  and 
tendency  to  form  incrustations,  this  fluid  is  not  so  agreeable 
to  use  as  an  oil,  but  otherwise  its  pro])erties  are  excellent. 

In  any  type  of  instrument,  wliether  capillary  or  torsional, 
a  critical  condition  occurs  at  which  turbulence  takes  place, 
and  incorrect  results  are  obtained.  Reducing  the  speed,  re- 
ducing the  dimensions  of  parts,  or  increasing  the  viscosity  of 
the  fluid  tends  to  check  this  action. 

Also,  in  a  freely  suspended  torsional  instrument,  at  certain 
speeds  and  viscosities  a  pendulum-like  oscillation  of  the  sus- 
IDcnded  member  occurs;  this  may  increase  rapidly  and  with 
violence,  ruining  the  torsion  wire  unless  cheeked.  lu  the 
MacMichael  instrument  this  is  prevented  by  a  suitably  ar- 
ranged, oil-filled  dashpot,  which  also  acts  as  a  damiser,  to 
improve  the  general  action  of  the  suspended  member. 

The  "  spiral  action "  referred  to  in  Messrs.  Hayes  and 
Lewis's  paper,  published  in  the  August  issue  of  The  -Journal, 
takes  place  also  in  the  Hayes-Lewis  machine,  but  as  it  occurs 
in  a  closed  vessel  it  is  not  so  easily  seen.  ITowever,  since  this 
effect  occurs  equally  with  both  the  standard  testing  fluid 
and  the  sample  being  tested,  and  as  the  action  itself  is  very 
moderate  indeed,  the  errors  introduced  cannot  be  very  serious. 
These  spiral  "  end  effects  "  are  eliminated  only  in  the  Couette 
machine,  as  noted  above. 

The  Hayes-Lewis  machine  appears  to  the  writer  to  have 
neither  the  high-gxade  scientific  features  of  the  Couette  in- 
strument, nor  the  practical  work-a-day  features  of  some  of  the 
simpler  designs. 

jicknowledgment  is  hereby  made  of  other  torsional  instru- 
ments recently  lirought  to  the  attention  of  the  writer,  descrip- 
tions of  wliicli  will  probaljly  a])i)ear  in  dur  lime.  Ho\vc\cr, 
none  of  these  instruments  seems  particularly  well  adapted  to 
general  work,  or  to  possess  advantages  over  tlie  models  already 
described. 

Torsion  viscosimeters  jirobably  have  an  important  field  in 
colloidal  chemistry,  and  in  the  measurement  of  suspensions, 
such  as  clay  slips.  Likewise,  they  are  well  adapted  for  the 
testing  of  oil  under  unusual  conditions,  such  as  at  very  high 
(II-  veiy  low  temperatures.  When  properly  built  they  are 
rajiid,  accurate,  and  easily  manipulated.  However,  they  are 
of  necessity  quite  expensive,  so  that  unless  a  very  radical 
change  occurs  in  public  opinion,  or  a  demand  arises  for  a 
standard  testing  machine  reading  in  absolute  units,  it  is  very 
doubtful  whether  they  will  ever  supplant  the  short-tube  com- 
mercial instruments  now  in  general  use. 

R.  F.  MacMichael. 

Pittsburgh,  Pa. 
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rllE  Boiler  Code  Committee  meets  monthly  for  the  pur- 
pose of  considering  communications  relative  to  the  Boiler 
Code.  Any  one  desiring  information  as  to  the  application  of 
the  Code  is  requested  to  communicate  with  tlie  Secretary  of 
the  Committee,  Mr.  C.  11'.  Oherl,  2'J  M'p.H  .19th  St.,  New  York 
City. 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 


The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  jaassed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  anyone  interested  may  readily  secure  the  latest 
infoi'mation  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  November  10,  1916,  in  Cases  Nos. 
62,  90,  99,  100c  and  104-112  inclusive.  In  this  report,  as  pre- 
viously, the  names  of  inquirers  have  been  omitted. 
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Case  Xo.  62 


Inquiry:  Is  there  no  specific  rule  in  the  Boiler  Code  for 
determining  the  maximum  distance  to  be  allowed  between 
tubes  and  livets  attaching-  crowfeet  to  the  braced  surface,  sim- 
ilar to  the  construction  used  in  horizontal  return  tubular  boil- 
ers? 

Reply:  The  maximum  distance  to  be  allowed  between  the 
edges  of  tube  holes  and  the  centers  of  rivets  attaching  crowfeet 
of  braces  to  the  braced  surface  should  be  determined  as  given 
in  Par.  203  for  determining  the  distance  between  centers  of 
rivets  attaching  the  crowfeet  of  braces  to  the  braced  surface, 
using  135  for  the  value  of  C. 

Case  No.  87  (In  the  hands  of  the  Committee) 
Case  No.  90 

Inquiry:  Can  the  limitation  of  copper  content  in  firebox 
boiler  plate  steel  as  prescribed  in  Par.  25  of  the  Boiler  Code 
be  increased  or  removed  entirely?  It  is  claimed  that  this  can 
be  dune  without  affecting  the  safety  or  serviceability  of  the 
boiler. 

Eeply:  Appeal  for  relief  from  this  requirement  was  made 
by  certain  steel  manufacturing  interests.  This  appeal  has  re- 
ceived the  support  of  the  Association  of  American  Steel  Man- 
ufacturers, and  several  representatives  of  large  users  .of 
boiler  plate  steel,  including  those  with  whom  this  portion  of 
the  specifications  originated,  have  signified  their  willingness 
that  this  requirement  be  eliminated  entirely.  Definite  action 
by  the  Boiler  Code  Committee  is  deferred  until  the  general  con- 
ference for  consideration  of  revisions  of  the  Code,  to  be  held 
December  8  and  9,  when  all  interested  parties  will  have  oppor- 
tunity' to  be  heard. 

Case  No.  99 

Inquiry :  How  shall  the  strength  of  angle  irons  used  on  the 
rear  head  below  the  tubes  of  a  horizontal  return  tubular  boiler 
be  estimated  in  complying  with  Par.  201? 

Reply:  In  calculating  the  strength  of  angle  irons  below 
the  tubes  in  a  horizontal  return  tubular  boiler  when  used  in 
pairs,  if  the  outstanding  leg's  of  the  two  angles  are  fastened 
together  so  that  they  may  act  as  one  member  in  resisting  the 
bending  action  produced  by  the  load  on  the  rivets  attaching 
the  angles  to  the  head  of  the  boiler,  and  provided  that  the 
spacing  of  these  rivets  attaching  the  angles  to  the  head  is  ap- 
proximately uniform,  the  angles  may  be  figured  as  a  single 
beam  uniformly  loaded  and  supported  at  the  points  where  the 
through  braces  are  attached. 

.   Case  No.  100c 

Inquiry:  May  a  cast  iron  Y-fitting  be  used  on  a  boiler 
and  comply  with  the  requirements  of  the  Boiler  Code? 

Reply:  A  Y-fitting  cannot  be  riveted  to  a  boiler  shell  un- 
less made  of  bronze  composition,  steel  east,  or  plate  steel,  in 
accordance  with  Par.  268  of  the  Code. 

Case  No.  104 

Inquiry:  Is  it  permissible  under  the  Boiler  Code  to  use 
cast  iron  handhole  plates?  In  view  of  the  requirements  of 
Par.  262,  it  would  seem  by  inference  that  the  use  of  such 
material  is  intended  to  be  prohibited. 

Reply:  The  Boiler  Code  does  not  prohibit  the  use  of  cast 
iron  for  handhole  plates  except  for  certain  pressure  and  tem- 
perature limits  as  specified  in  the  Code.     (See  Pars.  9  and  12.) 

Case  No.  105 

Inquiry:  a.  Is  there  a  rule  in  the  Boiler  Code  which 
covers  the  staying  of  conical  surfaces  smaller  than  38  in.  in 
diameter,  as  specified  in  Par.  231? 

b.     Is  the  surface  of  a  cone  top  smaller  than  38  in.  in  diam- 


eter tha-l  is  stayed,  better  construction  than  an  unstayed  sur- 
face? 

c.  Will  you  advise  the  thickness  of  plate  necessary  for  a 
cone  35%  in.  in  diameter  at  the  bottom,  17  in.  at  the  top,  and 
291/2  in.  in  height,  when  no  stays  are  used  and  the  boiler  is 
to  operate  at  125  lb.  pressure? 

d.  Can  the  value  of  staybolts  be  added  to  the  value  of 
plate  in  determining  the  maximum  allowable  working  pres- 
siu-e  on  a  cone  top  less  than  38  in.  in  diameter? 

Reply:  a.  Yes.  Conical  surfaces  requiring  staying  must 
be  braced  or  stayed  as  flat  plates  in  accordance  with  Pars. 
199  and  212  of  the  Boiler  Code. 

b.  The  comparative  value  of  unstayed  plates  and  stayed 
plates  is  a  matter  for  the  manufacturer  to  determine  by  cal- 
culation according  to  rules  given  in  the  Code. 

c.  The  plate  thickness  in  this  case  should  be  determined 
by  Par.  239,  formula  a. 

d.  No. 

Case  No.  106 

Inquiry:  Must  the  longitudinal  joint  on  the  outer  furnace 
sheet  of  a  vertical  tubular  boiler,  said  sheet  being  properly 
stayed,  comply  with  Par.  187? 

Reply:  The  portion  of  the  envelope  of  the  boiler  which 
is  staybolted  to  the  firebox  sheet  is  not  to  be  considered  a  part 
of  the  boiler  shell  referred  to  in  Par.  187.  The  joint  may  be 
of  less  value  and  of  a  different  type  than  that  used  on  the 
barrel,  but  must  result  in  a  factor  of  safety  of  at  least  five. 

Case  No.  107  (In  the  hands  of  the  Committee) 

Case  No.  108   (Annulled) 

Case  No.  109 

Iri^-rn/:  a.  Will  the  usual  form  of  double  riveted  joints 
sipply  for  manhole  reinforcement  as  required  in  Par.  260  of 
the  Boiler  Code? 

6.  Must  Par.  182  be  complied  with  in  the  arrangement  of 
rivets  for  such  a  joint? 

Reply:  a.  The  arrangement  of  rivets  commonly  used  on 
double  riveted  joints  is  permitted  for  manhole  reinforcement. 

b.  The  requirement  of  Par.  182  must  be  complied  with  in 
the  design  of  such  a  joint. 

Case  No.  110 

Inquiry:  Does  Par.  317  of  the  Boiler  Code  require  a  check 
valve  near  the  boiler  and  a  valve  or  cock  between  the  check 
valve  and  the  boiler  on  each  of  the  three  feed  connections  to 
a  three  drum  water  tube  boiler,  or  in  the  case  of  a  battery 
of  two  boilers  with  three  drums  each,  does  it  mean  that  each 
individual  boiler  shall  have  only  one  check  and  globe  valve 
on  the  main  feed  pipe  to  each  boiler? 

Reply:  Where  a  single  boiler  is  concerned,  one  check  valve 
and  a  valve  and  cock  between  the  check  and  the  boiler  is  all 
that  is  required.  If  more  than  one  boiler  is  used,  an  addi- 
tional globe  valve  placed  outside  the  cheek  valves  on  the 
branch  to  each  boiler  must  be  supplied,  iiTespective  of  the 
number  of  drums. 

Case  No.  Ill  (In  the  hands  of  the  Committee) 

Case  No.  112 

Inquiry:  Is  not  a  lap  longitudinal  joint  on  the  shell  of  a 
type  of  boiler  formed  of  concentric  shells  with  radial  fire 
tubes  fitted  between  and  expanded  into  the  inner  and  outer 
shells  and  beaded  over  so  that  the  tubes  act  as  stays,  in  con- 
tradiction to  the  requirements  of  the  Boiler  Code? 

Reply:  A  properly  designed  lap  joint  for  the  outer  sheet, 
under  the  conditions  named,  where  the  outer  sheet  is  properly 
stayed  by  the  tubes,  does  not  conflict  with  any  requirement 
of  the  Code. 
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A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Pi'ofessional 

Affairs  of  Interest  to  the  Membership 

COUNCIL  NOTES 


A  MEETING  of  the  Council  was  held  on  November  10,  at 
which  the  following  were  present:  D.  S.  Jacobus, 
President;  John  H.  Barr,  W.  F.  M.  Goss,  Arthur  M.  Greene, 
Jr.,  Frederick  R.  Hutton,  W.  B.  Jackson,  Charles  T.  Main, 
H.  de  B.  Parsons,  J.  E.  Sague,  Jesse  M.  Smith,  E.  H.  Whit- 
lock,  R.  M.  Dixon,  Chairman  of  the  Finance  Committee,  Cal- 
vin W.  Rice,  Secretary,  and,  by  invitation,  I.  E.  Moultrop, 
Chairman  of  the  Publication  Committee. 

Boiler  Code  Committee.  Interpretations  of  this  Committee 
Nos.  62,  87,  90,  99,  100c  and  104  to  112  inclusive  were  ap- 
proved with  slight  corrections  and  ordered  published.  They 
appear  elsewhere  in  this  issue  of  The  Journal. 

The  Journal.  It  was  voted  to  approve  an  additional  ap- 
propriation for  the  development  of  The  Journal  in  accord- 
ance with  the  recommendation  of  the  Publication  and  Finance 
Committees.  These  recommendations  are  published  in  the  Re- 
port of  the  Publication  Committee,  which  appears  elsewhere 
in  this  issue. 

Condensed  Catalogues.  A  year  ago  the  Council  voted  to 
discontinue  the  annual  volume  of  Condensed  Catalogues  at  the 
earliest  practicable  moment.  Since  that  time,  however,  many 
members  have  expressed  themselves  as  in  favor  of  continu- 


ing the  publication  of  this  volume  on  account  of  its  utility. 

It  was  voted  at  this  meeting  that  the  question  of  continu- 
ance of  Condensed  Catalogues  sliould  be  referred  to  letter 
ballot  of  the  membership. 

Committee  on  Filter  Standardization.  The  report  and 
recommendations  of  this  committee  were  received  and  ordered 
printed.  It  will  be  distributed  with  other  reports  at  the  An- 
nual Meeting  and  also  published  in  The  Journal. 

The  appointment  of  Prof.  H.  B.  Langille  as  Honorary 
Chairman  of  the  University  of  California  Student  Branch 
was  announced  by  the  President. 

American  Association  for  the  Advancement  of  Science.  An 
invitation  from  this  Association  for  a  joint  meeting  of  its 
Engineering  Section  and  the  national  engineering  societies 
during  the  week  of  December  28,  1916  was  accepted,  and  Dr. 
D.  S.  Jacobus  and  Mr.  W.  B.  Jackson  and  the  Society's  rep- 
resentatives on  the  Advisory  Council  of  the  A.A.A.S.  were 
requested  to  cooperate  with  the  chairmen  of  the  Committee 
on  Meetings  and  of  the  New  York  Local  Committee  in  carry- 
ing out  the  program. 

Calvin  W.  Rice, 

Secretary. 


SECRETARY'S  CHAT  WITH  THE  MEMBERS 


THE  President  and  the  Secretary  have  had  the  privilege 
during  the  last  month  of  visiting  a  number  of  the  Sec- 
tions and  Student  Branches  of  the  Society.  The  enthusiasm 
in  all  places  is  magnificent  and  indicates  that  there  is  a  move- 
ment on  foot  in  the  whole  engineering  profession  which  pre- 
sages everything  that  is  good  for  our  profession  and  is  a 
source  of  inspiration  to  the  officers  of  the  Society. 

The  most  remarkable  one  feature  of  each  of  these  gather- 
ings is  the  spirit  of  cooperation.  We  are  indebted  to  the 
work  of  the  Industrial  Census  for  bringing  us  in  contact 
with  the  chemists,  and  we  trust  that  they  are  now  joined  for 
all  time  with  the  engineers  in  all  cooperative  work  for  the 
good  of  our  country  and  society  generally. 

It  has  been  said  more  than  once  that  the  capacity  for  co- 
operation with  respect  to  a  nation  is  the  gage  of  its  civiliza- 
tion. What  has,  therefore,  been  said  of  the  nation  could  be 
said  probably  with  equal  truth  of  a  lesser  organization. 

In  England,  Sir  Robert  Hadfleld,  Mem.Am.Soc.M.E.,  Past- 
President  of  the  Iron  and  Steel  Institute  of  Great  Britain,  is 
proposing  a  scheme  for  increasing  the  scope  of  usefulness  of 
the  Institute,  and  similarly  in  Germany  there  has  already  been 
instituted  an  association  of  all  the  technical  and  scientific 
establishments  of  the  German  Empire,  including  engineers, 
architects,  chemists,  numbering  in  all  sixty  thousand,  to  such 
a  degree  that  a  Central  Euro])ean  Institute  is  now  contem- 
plated. These  co6]ierati\e  movements  in  I'^ngland  and  in  Ger- 
many obviously  have  as  their  motives  the  protecting  of  the 
industries  of  the  nations  represented. 


We,  on  our  part,  should  not  only  protect  the  industries  of 
our  country  for  the  benefit  of  the  industries  themselves,  but 
our  fundamental  motive  should  be  that  after  having  pro- 
tected and  developed  those  interests  we  should  devote  them  to 
the  benefit  of  mankind.  There  is  nothing  inconsistent  with 
the  self-development  and  devotion  to  good  works.  Prepared- 
ness is  the  best  insurance  for  peace. 

The  members  of  the  societies  brought  together  by  Mr.  W. 
L.  Saunders,  Mem.Am.Soc.M.E.,  to  consider  the  formation  of 
an  organization  of  engineers  and  chemists  which  could  bring 
its  influence  to  bear  on  subjects  of  a  civic  character  in  which 
the  profession  is  interested  has  resulted  in  the  creation  of  an 
Organization  Committee,  of  which  the  writer  is  secretary. 
Another  meeting  has  been  held,  and  a  rejiort  of  progress 
made  to  the  officers  and  council  of  the  societies  participating 
in  the  Industrial  Census.  Included  in  this  report  of  progress 
is  a  suggested  form  of  organization,  at  present  called,  for 
lack  of  a  better  name,  the  Civil  Scientific  Alliance. 

In  the  writer's  individual  opinion  the  scope  of  the  present 
societies  preferably  should  be  enlarged,  in  distinction  from 
forming  a  new  organization  to  undertake  civic  work.  The 
writer  has  corresponded  with  a  large  number  of  the  officers 
of  the  Society  and  the  Chairmen  of  its  Sections  and  others 
throughout  the  United  States  and  finds  almost  unanimous 
agTcement  with  this  view. 

As  a  direct  recommendation,  and  which  expresses  the  earnest 
desire  of  the  Council,  the  members  of  our  Society  in  all  parts 
of  the  world  are  encouraged  to  oraanize  Sections  of  the  So- 
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eiety,  each  section  to  be  formed  with  the  co-existing  thous'bt 
that  it  is  to  be  only  one  of  a  gi-oup  of  sections,  each  repre- 
senting some  branch  of  the  profession.  These  several  gi-oups, 
in  turn,  should  be  brought  together  under  the  auspices  of 
some  local  engineering  society,  that  organization  to  provide 
for  the  development  of  the  professional  spirit  in  the  com- 
munity. Of  course,  it  is  understood  that  in  sparsely  settled 
portions  of  the  world  these  organizations  cannot  be  obtained, 
and  it  may  be  that  in  some  cases  the  members  in  several  states 
will  have  to  be  brought  together  in  order  to  form  a  section, 
in  distinction  from  a  number  of  cities.  On  the  other  hand, 
where  there  are  a  number  of  large  communities  very  close  to- 


gether, the  demarcation  of  the  territory  becomes  somewhat 
ditficult,  and  patience  and  a  spirit  of  cooperation  will  have 
to  be  exercised  by  the  members  to  assist  the  Committee  on 
Sections  to  determine  how  best  to  group  the  members  in  their 
respective  sections. 

In  every  movement  for  such  sections  the  spirit  should  be — 
how  can  we  best  develop  the  professional  atmosphere  in  our 
community  and  how  can  we  make  that  serve  the  community, 
and  one's  benefit  in  membership  in  an  engineering  society 
will  be  in  projiorfion  to  his  contribution  to  this  movement. 

Calvin  W.  Rice, 

Secretary. 


THE   THIRTY-SEVENTH  ANNUAL  MEETING 

NEW  YORK  CITY.  DECEMBER  5  TO  8 


THE  success  of  the  Annual  Meeting  will  be  measured 
entirely  by  the  pleasure  and  benefit  each  member  and 
guest  who  attends  derives  from  it.  After  three  months'  work 
on  the  part  of  the  Meetings  Committee,  taking  care  of  the 
professional  features,  and  the  New  York  Section  Committee, 
providing  for  the  social  events,  all  arrangements  are  satisfac- 
torily completed.  It  remains  for  those  who  attend  the  meeting 
to  take  advantage  of  them,  and  to  the  extent  to  which  they 
take  such  advantage  will  they  be  benefited. 

The  Society  has  now  come  to  be  a  very  large  organization — 
its  membei-ship  has  doubled  in  six  years,  and  is  fast  approach- 
ing the  ten-thousand  mark.  Its  headquarters  are  in  the 
largest  building  of  its  kind  in  the  world,  which  is  also  occu- 
pied by  sister  organizations  as  large  as  our  own.  It  is  natural, 
therefore,  that  members  coming  to  the  Engineering  Societies 
Building  for  the  first  time  will  find  themselves  surrounded  with 
unfamiliar  faces.  They  can  cjuickly  overcome  this  by  intro- 
ducing themselves  l)y  emblem  and  by  name  to  their  fellow- 
members,  who  will,  in  their  turn,  appreciate  such  introduction. 
Name  badges  will  be  provided  for  all  and  may  be  obtained 
upon  arrival  at  the  registration  desk;  these,  worn  throughout 
the  meeting,  will  furnish  an  effective  means  of  identification 
and  overcome  the  initial  embarrassment  of  exchanging  names. 
At  every  meeting  many  desirable  acquaintances  are  formed, 
but  unfortunately,  due  to  the  inertia  of  human  nature,  they  do 
not  usually  materialize  until  toward  the  end  of  the  meeting. 
As  last  year,  an  Acquaintanceship  Committee  has  been  ap- 
pointed for  each  day,  and  the  members  of  these  committees 
will  devote  their  especial  attention  to  seeing  that  members  get 
to  know  each  other.  The  personnel  of  these  committees,  as 
well  as  of  the  Committee  on  President's  Reception,  Excursion 
Committee,  Ladies'  Reception  Committee,  etc.,  who  will  each 
take  charge  of  their  respective  functions,  will  be  found  in  the 
programs  issued  at  the  registration  desk. 

As  last  year,  an  Information  Bui'eau  will  be  maintained, 
located  in  a  prominent  place,  where  full  jiarticulars  regarding 
any  event  may  be  obtamed. 

Below  is  given  a  brief  account  of  the  main  features  of  the 
meeting,  followed  by  the  program.  Members  should  note  that 
all  the  gatherings  will  be  informal. 

OPENING    FE.\TURES 

Dr.  D.  S.  Jacobus,  who  during  his  term  in  the  highest  ex- 
ecutive office  of  the  Society,  has  done  much  to  promote  the 
welfare  of  the  organization  and  that  of  its  indi%idual  mem- 
bers, a  large  number  of  whom  he  has  met  personally  in  the 


centers  in  which  the  Society's  activities  are  established,  will 
deliver  his  Presidential  Address  on  Tuesday  evening  on  the 
Relation  of  Education  to  Engineering.  This  will  be  given  in 
the  Auditorium  of  the  building,  and  will  be  followed  by  a 
reception. 

On  Wednesday  morning  there  will  be  a  business  meeting 
which  all  should  make  it  a  point  to  attend  on  account  of  the 
importance  to  every  member  of  the  Society  that  he  keep  in- 
formed on  the  business  affairs  of  the  Society  and  participate 
in  their  conduct.  Junior  and  Student  Prizes  for  the  year  will 
be  awarded  at  this  meeting. 

This  will  be  followed  by  a  memorial-  meeting  in  honor  of 
the  memory  of  Dr.  John  E.  Sweet,  Past-President,  Honorary 
Member  and  founder  of  the  Society,  who  passed  away  on 
May  8, 1916. 

Not  only  was  Dr.-  Sweet  a  founder  of  the  Society,  but  it 
may  be  said  that  he  was  also  the  founder  of  modern  practice 
in  machinery  building  in  this  country.  He  possessed  an  in- 
fallible intuition  for  mechanics;  he  had  a  wonderful  apprecia- 
tion of  correctness  in  details,  and  his  influence  over  men  was 
remarkable. 

Four  years  ago  we  commemorated  his  eighlieth  birthday  by 
a  dinner  at  the  Annual  Meeting,  and  many  members  of  the 
younger  generation  had  the  special  privilege  of  meeting  him 
there.  These  will  join  with  his  "  boys  "  who  gathered  with 
him  year  after  year  on  the  occasion  of  his  birthday,  and  who 
now,  feeling  the  loss  of  his  endeared  figiire  most  of  all.  will 
pay  this  tribute  to  his  memory. 


PROFESSIONAL    FE.A.TURES 

The  technical  papers  to  be  presented  and  discussed  at  the 
eleven  professional  sessions  are  truly  representative  of  the 
broad  field  of  the  Society's  activities. 

The  main  professional  feature  of  this  meeting  will  be  the 
^"aluation  Session,  which  has  been  assigned  to  Thursday  morn- 
ing, and  which  all  will  have  the  opportunity  of  attending. 
The  subject  of  valuation  is  a  new  one  in  the  proceedings  of 
the  Society;  it  is  a  basic  one  to  engineers,  although  it  has 
received  most  discussion  outside  engineering  circles.  The 
session  will  appeal  to  a  large  proportion  of  the  membership. 

Special  attention  is  called  to  the  sessions  under  the  auspices 
of  Sub-Committees  of  the  Committee  on  Meetings — the  Rail- 
road Session,  the  Gas  Pow-er  Session,  the  Machine  Shop  Ses- 
sion, the  Industrial  Safety  Session,  and  the  Textile  Session, 
and  to  the  one  in  charge  of  the  Boiler  Code  Committee. 
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As  at  previous  meetings,  those  concerned  with  the  problems 
of  generation  of  power,  as  well  as  those  engaged  in  tlie  design 
and  manufacture  of  tools  and  machinery,  will  find  papers  of 
interest  to  them.  On  account  of  the  length  of  the  prograui. 
papers  of  the  nature  of  either  of  these  are  grouped  into  simul- 
taneous sessions,  and  it  remains  for  members  to  attend  those 
sessions  of  fii'st  interest  to  them. 

Comprehensive  abstracts  of  papers  to  be  presented  were 
published  in  the  November  issue  of  The  Journal  and  are  con- 
tinued in  this  issue.  Pamphlet  copies  of  any  of  the  papers 
will  be  sent  to  members  of  the  Society  gratis  upon  ai)plication. 
in  advance  of  the  meeting.  Written  discussion  of  the  papers 
is  solicited,  and  should  be  sent  to  the  Secretary  before  the 
meeting. 

The  following  papers  and  reviews,  also  to  be  presented  at  the 
meeting,  will  be  abstracted  comprehensively  in  a  later  issue  of 
The  Journal. 


ILLUSTRATED     REVIEW     OF     THE     WERKSPOOR 

MARINE  DIESEL  ENGINES 

By  TuojiAS  O.  LisiE 

This  pajjer  reviews  the  results  of  six  years'  development  ot 
the  Werkspoor  Marine  Diesel  Engine.  The  firm  of  Werkspuur 
has  to  date  completed  the  engines  of  twenty-four  sea-going 
mercantile  ships,  representing  a  total  of  about  35,000  h.p. 

Werkspoor  was  one  of  the  first  firms  in  the  world  to  build 
Diesel-type  engines  on  an  extensive  scale,  having  been  building 
stationary  motors  of  this  class  for  over  sixteen  years.  Despite 
this  experience,  and  although  they  had  also  the  benefit  of  about 
half  a  century's  marine  engine  construction,  their  first  at- 
tempts at  building  the  machinery  of  motor  ships  were  most 
modest.  When  the  firm  first  turned  its  attention  to  marine 
Diesel  engines,  it  decided  that,  unless  the  engine  can  be  re- 
paired in  any  port  in  the  world  where  steam  engines  can  be  re- 
paired, it  is  of  no  use  to  ocean-going  ships.  To  this  day  they 
have  adhered  to  this  policy,  consecjuently  their  engine  is  exactly 
similar  to  any  of  the  marine  steam  engines. 

The  review  will  incliide  illustrations  taken  from  the  engines 
of  the  twenty-four  vessels  constructed  by  the  concern,  showing 
how  a  number  of  important  and  distinctive  features  have  been 
evolved. 


THE   I)E^'ELOPMENT   OF   OUR  FLEET   AND   NAVAL 
STATIONS 

By  William  L.  Cathcart 

The  author  will  give  a  rapid  review  of  the  broad  subject  of 
the  development  of  our  fleet  and  naval  stations,  a  cjuestion  of 
impelling  interest  to  engineers.  The  topics  he  will  consider 
are: 

The  Engineer  a  iiiiijlily  factor  in  Ihe  sea  power  of  our  time. 
Why  ive  need  a  yreat  Navy. 

Our  country  is  the  richest,  and,  owing  to  its  vast  extent  of 
coast  line,  the  most  vulnerable  of  all  the  great  powers. 
Strategic  situation,  Eastern  coast. 

The  elements  of  naval  strength  are  its  ships  and  men  and  its 
shore  stations.  The  location  of  these  stations  with  regard  to 
our  possible  battlegrounds  of  the  future  is  of  primary  import- 
ance. 

Strategic  situation,  Caribbean  Sea. 
Strategic  situation,  North  Pacific  Ocean. 


'Lite  needs  of  our  naval  stations. 

In  the  up-building  and  maintenance  of  our  Navy,  we  need 

a  large  number  of  Navy  Yards,  with  channels  of  approach 

dredged  to  full  depth-  and  with  modern  equipment  for  building 

and  repairing  both  hulls  and  machinery  of  naval  vessels. 

'Hie  Passive  Defense:  Mines  and  Submarines. 

For  continuous  effectiveness  we  need  an  almost  completee 

reliance  on  a  wall  of  mines  and  submarines  for  the  defense  of 

our   shores.      These   weapons   in    turn    require    protection   by 

sliore  batteries  or  the  guns  of  a  fleet. 

Uow  large  should  our  Navy  be' 

Not  for  aggression,  but  to  keep  the  peace,  anil  to  exert  what 

Mahan  called  "  the  silent  force  of  sea  power,"  we  need  a  great 

Navy. 

Some  Points  as  to  Guns  and  Powders. 

Modern  battle  ranges. 

Is  a  vessel  with  twelve  14-in.  guns  more  formidable  at  an 

8-mile  range  than  one  with  eight  16-in.  guns? 

Our  Proposed  Dreadnaughts. 

The  markmanship  of  our  Navy. 

A  battleship  is  essentially  but  a  mobile  gun  platform,  and 
its  ability  to  hit  with  that  primary  weapon,  the  gun,  is  virtually 
its  sole  reason  for  existence. 

Fire-control  methods. 

The  foundation  of  modern  methods  of  Fire  Control  was 
laid  by  Rear  Admiral  B.  A.  Fiske  of  our  Navy  in  his  invention 
and  successful  application  of  the  Telescopic  Sight  to  naval 
guns  in  1892. 

Our  Relative  Naval  Strength. 

Admiral  Fiske's  Greeting. 

There  are  no  other  men  in  the  United  States  so  immediately 
and  directly  powerful  in  developing  the  fleet  and  naval  sta- 
tions as  the  engineers.  While  the  strategist  estimates  the  gen- 
eral situation,  and  determines  the  application  of  the  general 
principles  of  strategy  to  each  situation  as  it  arises;  and,  while 
the  tactician  handles  the  units  of  personnel  and  material  in 
actual  battle  and  in  preparation  for  it,  it  is  the  engineer  who 
provides  the  strategist  and  the  tactician  with  the  mechanism 
with  which  to  carry  out  their  respective  and  collective  aims. 

HEAT    TREATMENT    OF    WROUGHT    IRON    CHAIN 

CABLE 

By  Frederic  G.  Coburn,  W.  W.  Webster 
and  E.  L.  Patch 

Extensive  investigations  have  been  conducted  at  the  Boston 
Navy  Yard  on  methods  for  heat-treating  power-forged  chain 
cable,  under  the  direction  of  Frederic  G.  Coburn,  Naval  Con- 
structor. The  work  was  done  largely  bj'  W.  W.  Webster  and 
E.  L.  Patch,  assistant  naval  constructors  and  graduate  students 
at  the  Massachusetts  Institute  of  Technology. 

All  the  chain  cable  for  the  Navy  are  made  in  the  Smith  shop 
of  the  U.  S.  Navy  Yard,  Boston. 

Previous  to  July,  1914,  this  chain  was  hand-forged  and  came 
up  to  all  requirements  without  heat  treatment.  At  that  time, 
however,  the  process  of  manufacture  was  changed  by  the  intro- 
duction of  power  forging  and  test  links  repeatedly  and  consist- 
ently failed  to  come  up  to  the  required  strength.  The  fracture 
almost  invariably  occurred  across  the  welded  quarter,  not  in  the 
weld,  and  showed  a  rather  coarse  granular  structure.  The  links 
showed  little  tendency  to  change  sliape  and  stretch  before 
breaking,  as  did  the  hand-forged  links. 
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It  was  evident  that  the  unaunealed  links  were  too  "  stiff  " ; 
that  is,  while  the  material  was  strong  enough  in  direct  tension 
it  was  not  ductile  enough  to  get  the  full  benefit  of  the  tensile 
strength,  on  account  of  the  shape  of  the  hnk.  Because  of  this 
stiffness,  the  shear  across  the  bent  quarter  would  reach  its  limit- 
ing value  long  before  the  direct  stress.  The  annealing  relieved 
this  stiffness  and  produced  a  relation  between  the  strength  and 
ductilitj'  of  the  met-al  which  greatly  increased  the  strength  of 
the  link.  It  was  evident  that  in  order  to  obtain  uniform  and 
satisfactory  results  a  systematic  investigation  of  the  whole  sub- 
ject of  the  heat  treatment  of  wrought  iron  cable  should  be 
made  to  develop  scientific  methods  to  replace  the  eut-and-try 
methods  formerly  used. 

Accordingly  a  complete  laboratory  was  equipped  for  this 
purpose  at  the  Navy  Yard  and  systematic  tests  were  conducted, 
first  on  the  stock  material  used  in  the  manufacture  of  chains 
and  later  upon  links  taken  from  the  chains  themselves.  These 
tests  included  chemical  analyses,  tensile  and  impact  tests,  and 
metallogi-aphie  examination.  Preliminary  to  the  tests  on  the 
fuU-sized  chain  links,  large  experiments  were  conducted  on 
heat-treated  specimens  of  the  material. 

The  paper  gives  the  results  of  several  of  these  series  of 
tests  with  conclusions. 


THE  DOWNFLOW  TYPE  OF  STEAM  BOILER 
By  John  C.  Parker 

This  paper  describes  the  early  experiments  which  demon- 
strated the  possibility  of  circulating  the  water  in  boilers  ap- 
parently contrary  to  the  natural  way,  that  is,  downward  rather 
than  upward.  From  these  there  was  developed  the  downflow 
boiler  which  was  designed  by  the  author  and  has  been  built  by 
him  for  a  number  of  years. 

In  the  circulating  system  there  are  non-return  valves  which 
compel  the  circulation  to  proceed  in  the  downward  course  and 
'prevent  reversal  of  the  flow.  The  more  the  fire  is  forced,  the 
more  rapid  is  the  flow  through  the  tubes  and  the  greater  the 
steaming  capacity. 

Chief  among  the  advantages  claimed  for  the  downflow  prin- 
ciple is  that  the  course  of  the  water  and  steam  are  opposite  to 
those  of  the  flame  and  hot  gases,  consequently  the  hottest  par- 
ticles of  each  are  in  communication  with  the  hottest  particles 
of  the  other  and  there  is  a  minimum  difference  of  temperature 
between  the  adjacent  particles  of  the  two. 

The  tubes  are  formed  into  a  number  of  vertical  coils  by  con- 
necting their  ends  together  through  junction  boxes,  and  one  of 
the  special  problems  in  the  manufacture  of  this  boiler  was  the 
design  of  these  junction  boxes.  The  paper  describes  these 
boxes,  which  are  constructed  of  malleable  iron. 

An  interesting  feature  of  the  boiler  is  that  the  changes  in 
temperature  from  heating  and  cooling  when  cleaning  and 
banking  cause  sufficient  expansion  and  contraction  to  crack 
off  large  quantities  of  scale,  and  the  force  of  the  flow  of  the 
water  and  steam  carries  this  scale  out  of  the  tubes  and  into  the 
drum  in  which  a  pocket  is  provided  to  collect  it. 

Another  interesting  form  of  construction  described  in  the 
paper  is  a  double-ended  design  in  which  there  are  two  furnaces 
back  to  back,  the  products  of  combustion  from  which  unite  and 
flow  together  through  the  same  course  as  in  a  single-ended 
boiler.  The  advantage  is  that  the  entire  floor  space  is  utilized 
for  grate  surface,  and  at  the  same  time  long  tubes  and  horizon- 
tal travel  of  the  gases  are  retained.  Several  stations  have  been 
enabled  to  greatly  increase  their  boiler  capacity  in  this  way 
without  requiring  any  more  boiler-room  space. 


AUTHORS  OF  THE  PAPERS 

The  large  number  of  papers  this  year  makes  them  no  less 
authoritative,  as  the  following  brief  notes  regarding  authors 
wiU  show: 

Victor  J.  Azbe,  Combustion  Engineer,  is  at  present  in  charge  of 
the  two  modernly  equipped  boiler  houses  of  the  Anheuser-Busch 
Brewing  Association,  of  St.  Louis,  Mo.,  containing  boilers  to  the 
capacity  of  12,600  h.p.  He  has  given  much  time  to  the  study  of 
inefficiently  operated  boUer  plants  and  to  means  for  their  improve- 
ment. 

J.  K.  Bailey,  Professor  of  Organic  Chemistry,  University  of 
Texas,  prior  to  his  appointment  spent  several  years  in  research 
work  in  European  laboratories,  receiving  the  degree  of  Ph.D.  from 
the  University  of  Munich.  He  has  been  a  frequent  contributor  to 
domestic  and  foreign  chemical  journals,  and  in  the  course  of  his 
professional  activities  has  done  much  water-analysis  work  both  for 
the  U.  S.  Government  and  for  private  clients. 

Carl  G.  Barth,  senior  member  of  the  firm  of  Carl  G.  Barth  and 
Son,  Consulting  Engineers,  Philadelphia,  was  one  of  the  first  en- 
gineers in  the  country  to  become  associated  with  the  late  Frederick 
W.  Taylor  in  the  development  of  his  system  of  factory  manage- 
ment, and  is  at  present  actively  engaged  in  installing  that  system 
in  several  important  industries.  Before  taking  up  this  line  of  work 
JTr.  Barth  spent  some  fifteen  years  as  designer  tor  several  machine- 
tool  builders  iu  Philadelphia. 

A.  F.  Batchelder  has  been  connected  with  the  railway  department 
of  the  General  Electric  Company  since  its  formation  in  1895,  serv- 
ing respectively  as  engineer  in  charge  of  railway  equipment  repairs, 
designing  engineer,  and  engineer  of  the  railway  locomotive  depart- 
ment. 

O.  C.  Berry,  Assistant  Professor  of  Experimental  Engineering, 
Purdue  tJniversity,  since  191-1.  entered  the  employment  of  the  Fair- 
banks-Morse Manufacturing  Company,  at  Beloit,  Wis.,  in  1906, 
where  he  became  interested  in  gas-producer  problems.  Two  years 
later  he  took  up  instruction  work  at  the  University  of  Wisconsin, 
where,  as  at  Purdue  later,  laboratory  faculties  for  investigation 
were  placed  at  his  disposal. 

Geo.  B.  Brand,  of  the  Remington  Typewriter  Works,  Uion.  N.  Y., 
for  eighteen  years  has  been  identified  with  the  development  of  type- 
setting and  typewriting  machines,  and  for  a  part  of  this  time  was 
in  charge  of  cost  and  production  at  the  Monarch  Typewriter 
Works,  Syracuse,  N.  Y. 

L.  P.  Breckenridge,  professor  of  mechanical  engineering.  Sheffield 
Scientific  School,  Yale  University,  since  1910.  was  previously 
engaged  in  engineering  educational  work  at  Lehigh  University  and 
the  University  of  Illinois,  being  head  of  the  experimental  engineer- 
ing laboratories  at  the  latter  institution,  as  he  is  now  at  Sheffield. 
His  services  in  the  capacity  of  expert  are  in  much  demand. 

W.  A.  Buck  was  in  the  turbine  research  department  of  the 
General  Electric  Company  in  1914.  He  was  a  fellow  in  steam  and 
gas  engineering  at  Kansas  State  Agricultural  College  from  1914 
to  1916.  He  is  now  assistant  instructor  in  steam  and  gas  engineer- 
ing at  the  Kansas  college. 

F.  G.  Coburn,  Naval  Constructor,  U.  S.  N..  now  located  at  the 
U.  S.  N.avy  Yard,  Boston,  Mass.,  has  been  continuously  in  charge 
of  navy-yard  shop  production,  both  at  Mare  Island  and  Philadel- 
phia, since  1908.  He  has  given  much  attention  to  management 
problems  and  introduced  the  task-and-bonus  system  of  wage  pay- 
ment in  the  Philadelphia  yard. 

Robert  F.  Earhart,  Professor  of  Physics.  Ohio  State  University, 
has  conducted  numerous  investigations,  principally  in  the  field  of 
pure  science.  He  collaborated  with  S.  S.  Wyer  in  preparing  a 
paper  entitled  Deviation  of  Natural  Gas  from  Boyle's  Law.  which 
was  presented  at  the  1916  Spring  Meeting  of  the  Society. 
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W.  S.  Finlay,  Jr.,  now  Constvuctiou  Eiigiueei'.  Motive  Power 
Department,  Interborough  Rapid  Transit  Company,  and  in  charge 
of  mechanical  design  and  construction,  has  been  engaged  in  similar 
work  since  1904,  barring  the  period  1910-1915,  in  which  year  he 
first  became  associated  with  the  Interborough  Company. 


Charles  Piez,  President  and  Treasurer  of  the  Link  Belt  Company, 
Chicago,  entered  the  employ  of  the  Link  Belt  Engineering  Com- 
pany, Philadelphia,  in  1S85  as  draftsman,  rising  to  the  positions  of 
general  manager  and  chief  engineer  in  1906.  Three  years  later  he 
became  president  of  the  corporation  with  which  he  is  now  identified. 


Henry  L.  Gantt,  Consulting  Engineer,  was  associated  with  the 
late  Frederick  W.  Taylor  in  the  initial  stages  of  development  of  the 
latter's  system  of  industrial  management,  and  for  more  than  ten 
years  past  has  given  his  professional  attention  to  administration, 
management,  and  other  subjects  which  confront  the  industrial  engi- 
neer. He  has  presented  many  valuable  papers  on  management  and 
kindred  topics  before  the  Society,  and  has  otherwise  embodied  his 
ideas  in  published  works  that  have  become  a  part  of  the  authorita- 
tive literature  on  the  subject. 

H.  K.  Hathaway  entered  the  employment  of  the  Midvale  Steel 
Company  at  about  the  time  the  late  Frederick  W.  Taylor  was  be- 
ginning the  reorganization  of  the  production  methods  and  manage- 
ment of  that  concern,  and  has  since  been  almost  continuously  con- 
nected with  the  development  and  extension  of  the  Taylor  system, 
giving  much  attention  to  its  application  in  machine  shops. 


Reginald  J.  S.  Pigott,  now  Power  Engineer  of  the  Bridgeport 
(Conn.)  Arms  Works  of  the  Remington  Arms-Union  Metallic  Cart- 
ridge Company,  was  for  ten  years  connected  with  the  Interborough 
Rapid  Transit  Company,  of  New  York  City,  in  the  respective  ca- 
pacities of  assistant  engineer  and  mechanical  construction  engineer, 
where  he  was  in  charge  of  the  design  and  construction  of  power 
stations,  of  tests  and  investigations  of  engines,  turbines,  stokers, 
etc..  and  of  the  calculation,  layout,  and  installation  of  low-pressure 
turbines.  His  later  work  included  the  preliminary  design  and  lay- 
out of  the  extension  of  the  74th  Street  power  station  for  the  30,000- 
kw.  units  recently  installed. 

Walter  N.  Polakov  during  the  past  ten  years  has  had  a  wide 
practice  as  consultant  on  power-plant  operation  and  factory  man- 
agement. His  earlier  engineering  experience  w-as  acquired  in  a 
number  of  Russian  works  of  varied  character. 


Frederick  .7.  Hoxie  has  been  Engineer  and  Special  Inspector  of 
the  Associated  Factory  Mutual  Insurance  Companies,  Boston. 
Mass.,  since  1907.  Previous  to  that  time  he  had  about  fifteen  years 
of  varied  engineering  experience,  much  of  it  involving  work  of  an 
experimental   nature. 

E.  F.  Maas,  in  charge  of  machinery,  electrical  and  ordnance 
drafting  at  the  Puget  Sound  Navy  Yard,  has  had  15  years'  experi- 
ence in  the  design  of  rolling-mill  and  marine  machinery,  and  has 
given  special  attention  to  the  latter. 

Sanford  A.  Moss,  Engineer  in  charge  of  the  Turbine  Research 
Department  of  the  General  Electric  Company,  during  the  course 
of  his  extended  connection  with  that  company  has  carried  out  a 
number  of  important  investigations  dealing  with  the  mechanics  of 
fluids  and  of  rotating  machine  members,  some  of  which  have  formed 
the  subjects  of  papers  presented  by  him  before  the  Society. 

John  G.  Morse,  Chief  Appraiser  of  the  Associated  Factory  Mu- 
tual Fire  Insurance  Companies,  has  been  engaged  for  more  than 
15  years  in  making  insurance  appraisals  of  industrial  plants.  The 
development  of  the  present  method  of  making  rapid,  complete  and 
accurate  appraisals  is  largely  due  to  his  efforts,  and  he  has  applied 
this  system  successfully  to  some  of  the  largest  textile,  metal-work- 
ing, paper-  and  rubber-manufacturing  plants  in  the  country. 

John  E.  Muhlfeld,  since  graduation  from  Purdue  University  in 
1893,  has  been  almost  continuously  engaged  in  railw.ay  motive- 
power  engineering,  rising  to  the  position  of  General  Superintendent 
of  Motive  Power,  Baltimore  &  Ohio  Railroad.  In  1911  he  was 
made  Vice-President  and  General  Manager  of  the  Kansas  City 
Southern  Railway.  In  the  course  of  his  work  he  has  brought  out 
original  designs  of  heavy  locomotives  of  different  types,  of  pas- 
senger and  freight  cars,  of  power  plants,  etc. 


Geo.  A.  Orrok  from  1898  to  the  present  year  with  the  New  York 
Edison  Company  and  latterly  its  mechanical  engineer,  has  given 
much  attention  to  the  subject  of  surface  condensation,  his  re- 
searches in  this  line  having  formed  the  basis  of  several  important 
papers  presented  before  the  Society  and  of  numerous  contributions 
to  the  technical  press. 

John  C.  Parker,  General  Manager  of  the  manufacturing  company 
bearing  his  name,  has  since  1897  been  continuously  engaged  in  the 
design,  development  and  manufacture  of  the  particular  type  of 
steam  boiler  described  in  his  paper.  Prior  to  that  date  his  engi- 
neering interests  centered  on  steam  and  gas  engines. 

G.  Hawthorne  Perkins  has  been  head  of  the  textile  engineering 
department  of  the  Lowell  ( ilass. )  Textile  School  for  a  number  of 
years.  Prior  to  his  assumption  of  the  position,  he  devoted  his  at- 
tention to  mill  engineering  and  the  design  of  textile  machinery. 


Andrew  A.  Potter,  Dean  of  the  Division  of  Engineering  and  Pro- 
fessor of  Steam  and  Gas  Engineering,  Kansas  State  Agricultural 
College,  has  been  connected  w-ith  that  institution  since  190.5.  In 
the  two  preceding  years  he  carried  out  a  number  of  thermodynamic 
investigations  dealing  with  steam  turbines  and  superheated  steam 
in  the  laboratories  of  the  General  Electric  Company.  During  his 
present  incumbency  he  has  done  much  consulting  work  along  steam 
and  gas  engineering  lines. 

Arthur  D.  Pratt  has  been  connected  with  the  Babcock  &  Wilcox 
Company  for  the  past  ten  years,  serving  in  the  latter  half  of  that 
period  as  Assistant  to  the  Advisory  Engineer.  He  has  specialized 
in  superheater  and  economizer  performance  and  in  the  laws  govern- 
ing heat  transfer,  and  during  the  past  few  years  has  given  particu- 
lar attention  to  the  utilization  of  waste  heat  and  the  development 
of  the  modern  waste-heat  boiler. 

Donald  I'..  Prentice,  with  the  exception  of  one  year  spent  in  out- 
side work,  since  his  graduation  from  Sheffield  Scientific  School, 
Yale  University,  in  1910,  has  been  assistant  instructor  in  the  me- 
chanical engineering  department  of  that  institution. 

Herbert  B.  Reynolds,  Assistant  Engineer,  Motive  Power  Depart- 
ment, Interborough  Rapid  Transit  Company,  New  York,  for  the 
past  three  years,  has  given  much  attention  to  testing  and  research 
work  on  boilers,  turbines  and  air  compressors  in  his  previous  con- 
nections with  the  Westinghouse  and  General  Electric  companies. 

Henry  G.  Stott,  since  1908  Superintendent  of  Motive  Power,  In- 
terborough Rapid  Transit  Company,  and  New  York  Railroad  Com- 
pany, held  a  similar  position  with  the  Manhattan  Railway  Com- 
pany for  some  years,  prior  to  which  he  was  engaged  for  some  ten 
years  in  the  construction  and  operation  of  electric-light  plants. 

Arthur  N.  Sheldon  was  graduated  from  Lawrence  Scientific 
School,  Harvard  University,  in  1809,  and  since  that  time  has  been 
connected  in  various  capacities  with  the  firm  of  F.  P.  Sheldon  and 
Sons,  Engineers  and  Architects,  Providence,  R.  I. 

Dr.  Arthur  C.  Scott,  President  of  the  Scott  Engineering  Com- 
pany, Dallas.  Texas,  has  been  engaged  in  consulting  work  in  gen- 
eral engineering  for  the  past  ten  or  more  years,  and  in  the  course 
of  his  practice  has  given  considerable  attention  to  water  problems 
of  the  Southwest.  For  several  years  prior  to  1911  he  was  professor 
of  electrical  engineering  at  the  University  of  Texas. 

Philip  W.  Swain,  Instructor  in  Mechanical  Engineering,  Shef- 
field Scientific  School,  Yale  University,  was  graduated  from  Syra- 
cuse University  in  1911  and  received  the  degree  of  M.  E.  from  Yale 
in  1915.  In  addition  to  his  classroom  and  laboratory  instruction 
work  he  has  found  time  to  carry  out  considerable  commercial  re- 
search work  in  various  lines. 
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I'aiil  A.  Talbot,  president  of  the  Talbot  Boiler  Company,  New 
York,  had  his  attention  drawn  to  boiler  problems  at  about  the  time 
of  the  Klondike  gold  rush,  and  in  succeeding  years  carried  out 
many  exporimouts  to  determine  the  advantages  to  be  gained  by 
rapid  forced  circulation.  The  prototype  of  the  boiler  described  in 
his  paper  was  brought  out  in  1907,  since  which  time  Mr.  Talbot 
has  given  his  entire  time  to  its  development  and  manufacture. 


ENTERTAINMENT    FEATURES 

The  members'  get-together,  get-aequainted,  have-a-good- 
tiine  smoker,  so  successful  last  year,  will  be  repeated.  This 
will  be  held  on  Wednesday  night  on  the  fifth  floor  of  the  Engi- 
neering Societies  Building,  where  there  is  now  ample  accom- 
modation for  the  large  attendance  expected.  Frank  P.  Gil- 
breth,  Mem. Am.Soc.M.E..  will  give  a  talk  on  his  ex'periences 
in  Eurojie  during  the  war. 


Luncheons  for  members  and  guests  will  be  served  on 
Wednesday  and  Thursday  at  noon,  also  on  the  fifth  floor.  A 
charge  of  50  cents  per  person  will  be  made. 

A  popular  lecture  will  be  delivered  in  the  Auditorium  on 
Thursday  evening,  and  this  will  be  followed  by  the  annual 
reunion  and  dance,  given  on  the  fifth  floor.  Tickets  will  be 
issued  for  the  latter,  and  it  will  be  neee.ssary  to  secure  these 
in  advance  at  the  registration  desk. 

Excursions  have  been  arranged  to  points  of  e.\-ceptional 
interest  in  New  York  and  vicinity.  Times  and  places  will  be 
announced  in  the  program  given  out  at  the  meeting. 

The  ladies  will  be  entertained  at  a  musicale  and  tea  on 
Wednesday  afternoon. 

A  number  of  colleges  in  the  vicinity  of  New  York  will  hold 
reunions  on  Friday  night.  To  these  the  members  of  the  Society 
are  invited.     Particulars  are  siven  elsewhere  in  this  issue. 


PROGRAM  OF  THE  ANNUAL  MEETING 


Tuesday,  December  5 

CoxFEKEXCE  OF  LocAL  Sectiox.s.  Luucheou  of  the  official 
delegates  from  the  Sections  at  Atlanta,  Birmingham,  Boston, 
Buffalo.  Chicago,  Cincinnati,  Detroit,  Indianapolis,  Los  An- 
geles. Minnesota,  New  Haven.  New  Orleans,  New  York,  Phila- 
delphia, St.  Louis,  San  Francisco  and  Worcester,  and  the 
members  of  the  Council  of  the  Society.  This  will  be  followed 
by  a  business  meeting  to  discuss  plans  of  Section  activities. 

Registration  Bureau  opens  12  noon. 
Council  Meetmg,  2  jj.m. 

Meeting  of  Sitb-Committee  on  the  Protection  of  Industrial 
Workers,  2  p.m. 

Tuesday  Evening 

Presidential  Address  and  Reception 

Presidential  Address  by  Dr.  D.  S.  Jacobus,  President  of 
the  Society,  on  the  Relation  of  Education  to  Engineering. 
This  will  be  followed  by  the  annual  report  of  the  Tellers  of 
Election  of  Officers,  the  introduction  of  the  President-elect, 
and  a  reception  to  the  President,  President-elect,  ladies,  mem- 
bers and  guests.     This  gathering  will  be  informal. 

Wednesday  Morning,  December  6 

Morning  sessions  begin  at  10  a.m.  and  afternoon  sessions 
at  2  p.m.  throughout  the  meeting. 

Opening  Session 
Business  Meeting. 

Reports  of  the  Council,  Standing  Committees  and  Special 
Committees,  Constitutional  Amendments  and  new  business. 
Award  of  Jtmior  and  Student  Prizes. 

John  E.  Sweet  Memorial 

The  regular  business  of  the  first  session  wdll  be  suspended 
at  11  a.m..  when  there  will  be  memorial  exercises  in  honor  of 
the  memory  of  John  E.  Sweet,  Past-President,  Honorary  Mem- 
ber and  founder  of  the  Society. 

Miscellaneous  Session 

The  Proportioning  of  Surface  Condensers,  George  A.  Or- 

rok,  Mem.Am.Soc.M.E. 
The  Testing  of  House-Heating  Boilers,  L.  P.  Breckenridge, 

Mem.Am.Soc.M.E.,  and  D.  B.  Prentice,  Jmi.Am.Soc.M.E. 


Water  foe  Steam  Boilers — Its  Significance  and  Treat- 
ment, Arthur  C.  Scott,  Mem.Am.Soc.M.E.,and  J.  R.  Bailey. 

The  following  eight  papers  will  be  presented  by  title  with- 
out discussion  at  the  meeting.  Written  discussion  is  solicited 
for  publication  and  should  be  received  by  January  1. 

Steam  Safety  Valves,  George  H.  Clark 

Contributed  by  the  Boston  Section 

Effictency  op  Propulsive  Machinery  and  Late  Develop- 
ments IN  Naval  Engineering,  H.  C.  Dinger 

Contributed  by  the  Philadelphia  Section 

Standardization  of  Power  Plant  Operating  Costs,  Walter 
N.  Polakov,  Mem.Am.Soc.M.E. 

Contributed  by  the  New  York  Section 

Tests  of  30,000-Kw.   Turbine,  H.   G.   Stott,  Mem.Am.Soc.- 
M.E., and  W.  S.  Finlay,  Jr.,  Mem.Am.Soc.M.E. 

Contributed  by  the  New  York  Section 

The  Design  and  Test  of  a  Large  Reclamation  Pumping 
Plant,  G.  C.  Noble 

Contributed:  by  the  San  Francisco  Section 

Bearing  Lubrication,  Boynton  M.  Green 
An  Investigation  op  the  Dynamic  Pressure  on  Submerged 
Flat  Pl.4tes,  Howard  E.  Stevens 

The  Adaptability  of  the  Internal  Combustion  Engine  to 
Sugar  Factories  and  Estates,  M.  Adam 

Industrial  Safety  Session 

Under  the  auspices  of  the  Sub-Committee   on  Protection   of 
Industrial  Workers 

Report  on  Safety  Standards  for  the  Operation  of  Cranes 

Wednesday  Afternoon 

Miscellaneous  Session 

The   Utilization  of  Waste  Heat  for   Steam-Generating 

Purposes,  Arthur  D.  Pratt,  Mem.Am.Soc.M.E. 
Graphic  Methods  or  Analysis  in  the  Design  and  Opera- 
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Tiox  OF  Steaji  Power  Plants,  R.  J.  S.  Pigott,  Assoc- 
Mem.Aiii.Soe.M.E. 
Power  Plant  Efficiency,  Victor  J.  Azbe,  Juii.Am.Soe.M.E. 

Textile  Session 
Under  the  auspices  of  the  f^ub-C'ommittee  on  Textiles 

Heat    Transmission    Through    Various    Types    op    Sash, 

Ai-tluir  N.  Sheldon,  Mem.Am.Soe.M.E. 
Spontaneous  Ignition  Studied  by  Means  op  Photographic 

Plates,  Frederick  J.  Hoxie,  Mem.Am.Soe.M.E. 
Vibrations  in  Textile  Mill  Buildings,  G.  H.  Perkins,  Mem. 

Ani..Soc.!M.E. 

Machine  Shop  Session 

rmltr   tl.i'  iiKsjiicPN   of  the  Sub-Committee   on  Machine  Shop 
Practice 

Standardization  of  Machine  Tools,  Carl  G.  Barth,  Mem. 

Am.Soe.M.E. 
A  Proposed  Plan  for  the  Activities  op  the  Machine  Shop 
Section  of  The  American  Society  op  Mechanical  En- 
gineers, H.  K.  Hathaway,  Mem.Am.Soe.M.E. 
(-'onperence  op  Local   Sections — Meetings  of  official   Sec- 
tion's delegates  with  officers  of  sections  of  sister  societies. 
During-  the  afternoon  a  Musicale  and  Tea  will  be  given  in 
the  rooms  of  the  Society  to  the  visiting  ladies,  members  and 
tiuests  under  the  auspices  of  the  Ladies'   Committee.     This 
will  be  one  of  the  important  social  features  of  the  Annual 
Meeting  and  all  are  cordially  invited  to  attend. 
("onference  op  Student  Branches. 

Wednesday  Ecening 
Smoker 

The  success  of  last  year's  smoker  has  decided  the  repeating 
of  tliis  form  of  entertainment  for  Wednesday  evening.  En- 
tertainment will  be  provided,  and  a  feature  will  be  a  short 
talk  by  Frank  B.  Gilbreth,  Mom. Am.Soe.M.E.,  on  his  experi- 
ences in  Europe  during  the  war. 

Thursday  Morni)iij,  December  7 
Valuation  Session 

Accurate  Appraisals  by  Short  Methods,  J.  G.  Morse 
Relation  Between  Perpetual  Inventory  Value  and  Ap- 
praisal Value,  Charles  Piez,  Mem.Am.Soe.M.E. 

Thursday  Afternoon 
Second  Valuation  Session 

Valuation  op  Industrial  Properties  vs.  Valuation  of  In- 
dustrial Methods,  Walter  N.  Polakov,  Mem.Am.Soe.M.E. 

Productive  Capacity  a  Measure  of  Value  of  an  Industrial 
Property.  H.  L.  Gantt,  Mem.Am.Soe.M.E. 

Conference  of  Locai^  Section.s — Meeting  of  official  Section's 
delegates  with  Committee  on  Increase  of  Membership. 

Excursions 

Instead  of  ]iroviding  for  a  large  number  of  excursions,  as 
in  previous  years,  the  New  York  Local  Committee  has  ar- 
ranged for  a  few  of  exceptional  interest.  Announcement  of 
excursions  will  be  made  in  the  final  program  issued  at  the 
meeting. 


Gas  Power  Session 


Under  the  auspices  of  the  Sub-Committee  on  Gas  Power 

A  Gas  Producer  for  Bituminous  Fuel,  0.  C.  Berry 

Commercial  Sampling  and  Gas  Analysis,  P.  W.  Swain, 
Jun.Am.Soe.M.E. 

An  Investigation  of  the  Internal-Combustion  Engine  as 
Applied  to  Traction  Engines,  A.  A.  Potter,  Mem.Am. 
Soc.M.E.,  and  W.  A.  Buck 

The  Ratio  op  the  Specific  Heats  and  the  Coefficient  of 
Viscosity  op  Natural  Gas  from  Typical  Fields,  Rob- 
ert F.  Earhart 

Illustrated  Review  op  the  Werkspoor  Marine  Die.sel  En- 
gines, Thomas  0.  Lisle 

Thursday  Ercning 
Lecture  and  Annual  Reunion 

The  Committee  has  made  arrangements  for  a  Popular  Lec- 
ture to  be  given  in  the  Auditorium  on  Thursday  evening. 

Following  the  lecture,  the  members  and  guests  are  invited 
to  adjourn  to  the  fifth  floor  of  the  Engineering  Societies  Build- 
ing for  the  Annual  Reunion  and  Dance. 

Friday  Morning,  December  S 

Miscellaneous  Session 

The  Impact  Tube,  Sanford  A.  Moss,  Mem.Am.Soe.M.E. 
Heat  Treatment  op  Wrought  Iron  Chain  Cable,  F.   G. 

Coburn,  Mem.Am.Soe.M.E.,  W.  W.  Webster  and  E.   L. 

Patch 
The  Flow  op  Air  and  Steam  Through  Orifices,  Herbert  B. 

Reynolds,  Jun.Am.Soe.M.E. 
Illustrated  Review  op  the  Development  of  Our  Fleet  and 

Naval  Stations,  W.  L.  Catheart,  Mem.Am.Soe.M.E. 

Railroad  Session 
Under  the  auspices  of  the  Sub-Committee  on  Itailroads 

Clasp  Brakes  for  Heavy  Passenger  Equipment  Cars,  T.  L. 
Burton 

Pulverized  Fuel  for  Locomotives,  J.  E.  Muhlfeld,  Mem.Am. 
Soc.M.E. 

Mechanical  Design  of  Electric  Locomotives,  A.  F.  Batch- 
elder,  Mem.Am.Soe.M.E. 

Steam  Boiler  Session 

Under  the  auspices  of  the  Boiler  Code  Committee 
An  Analysis  op  the  Working  Parts  op  Safety  Valves 
Met  with  in  Marine  Practice,  with  Suggestions  for 
Repairs  and  Ijiprovejients,  E.  F.  Maas,  Mem.Am. Soc. 
M.E. 
The  Talbot  Boiler,  Paul  A.  Talbot 
The  Parker  Boiler,  .John  C.  Parker,  Mem.Am.Soe.M.E. 

Friday  Afternoon 

Puiir.ic  Hearing  by  the  Boiler  Code  Committee.  This  is 
open  to  all  persons  interested,  and  upon  request  special 
invitations  will  be  sent. 

Saturday  Morning,  December  9 
Public  Hearing  by  Boiler  Code  CoinrrrTEE  Continued. 


JOINT    "PREPAREDNESS"   MEETING   AT  NEW   LONDON 


SATl'RDAY,  NOVEMBER  11,  lOKi 


HE  members  of  the  local  Sections  at 
Boston,  New  Haven,  New  York,  and 
Worcester,  members  of  the  Provi- 
dence Engineering  Society,  members 
of  the  Society  at  Meriden,  Conn.,  and 
their  friends,  with  guests  from  the 
American  Society  of  Civil  Engineers, 
the  American  Institute  of  Electrical 
_^^^l^^— d  Engineers,  the  American  Institute  of 

M4|PJH.Jk,.  Mining  Engineers,  the   Boston   Soci- 

^'^■**"-^''  ety  of  Civil  Engineers,  the  Brooklyn 

Engineers  Club,  the  New  York  Engi- 
neers Club,  the  Providence  Engineer- 
ing Society,  the  Philadelphia  Engi- 
neers Club,  the  engineering  alumni 
and  students  of  Brooklyn  Polytechnic  Institute,  Brown  Uni- 
versity, Columbia  University,  Massachusetts  Institute  of  Tech- 
nology, New  Y'ork  University,  Stevens  Institute  of  Technol- 
ogj',  Worcester  Polytechnic  Institute,  and  Yale  University, 
took  part  in  a  joint  excursion  on  November  11  to  New  Lon- 
don, Conn.,  to  inspect  the  plant  of  The  New  London  Ship 
and  Engine  Company,  manufacturers  of  Diesel  engines,  and 
to  witness  a  special  exhibition  of  U.  S.  submarines  under  the 
personal  direction  of  Rear  Admiral  A.  W.  Grant,  commander 
of  the  submarine  forces  of  the  United  States. 

The  excursion  was  a  success,  but  the  opportunity  attracted 
a  much  larger  number  than  had  notified  the  committees  on  ar- 
rangements, and  while  every  officer  did  his  best  to  take  care  of 
the  imusual  situation,  the  facilities  provided,  and  even  the  re- 
sources which  could  be  requisitioned  at  the  last  minute,  proved 
inadequate.  More  than  1,600  took  part  in  the  excursion,  which 
is  more  than  have  attended  even  the  largest  general  meeting 
ever  held  by  the  Society,  that  of  last  December. 

While  all  the  members  of  the  various  parties  were  not  able 


1 

— ~*  -  *.iSi2!^H^^B 

"  Freedom  of  the  Ship  "  on  the  Bushnell 

to  see  everything  they  had  anticipated,  at  least  every  one  had 
a  good  day's  outing  and  the  opportunity  for  increasing  his 
acquaintanceship.  The  weather — usually  an  important  one  of 
the  large  number  of  variables  on  an  excursion  of  this  kind — 
was  perfect,  which  probably  accounted  for  the  general  spirit 
of  good  nature  that  prevailed  in  spite  of  the  overcrowded  con- 
ditions. 


According  to  the  original  plans,  the  five  train  contingents 
from  Boston,  New  York,  New  Haven,  Providence,  and  Wor- 
cester, together  with  automobile  parties  from  other  centers, 
were  all  to  arrive  in  New  London  just  before  noon,  all  lunch 
at  the  Hotel  Mohican,  and  all  visit  the  plant  and  witness  the 
submarine  exhibition  together.  Sending  out  invitations  to 
participate  brought  in  so  many  applications  for  tickets,  how- 
ever, that  these  plans  had  to  be  replaced  and,  as  still  more 
api)lications  came  in,  replaced  again.     The  lunch  capacity  of 


■  A.S.M.E.  Special  "  from  New  York  Arrives 

the  Mohican  was  augmented  by  that  of  the  Crocker  House, 
and  when  this  did  not  sutflce  two  sittings  were  arranged  at 
each,  but  when  the  time  came  even  these  were  not  ample,  and 
several  of  the  party  had  to  get  their  lunch  elsewhere. 

In  the  same  way  the  arrangements  for  boats  to  carry  the 
party  to  the  submarine  exhibition  were  insutficient. 

The  party  from  New  York  left  the  Grand  Central  Station 
at  8 :36  a.m.  by  a  special  train  of  eleven  coaches.  This  party 
numbered  641.  At  New  Haven  two  coaches  were  attached  to 
the  train,  with  130  members  and  guests  of  the  New  Haven 
Section. 

The  party  from  Boston,  numbering  300,  left  South  Station 
at  8 :29  a.m.,  also  by  special  train.  This  stopped  at  Provi- 
dence and  took  on  160  members  and  guests  of  the  Providence 
Engineering  Society. 

The  party  from  Worcester  came  by  regular  train,  leaving 
Worcester  at  8:36  a.m.;  this  party  numbered  120. 

Besides  these  train  parties,  a  number  of  members  and  their 
friends  residing  in  the  vicinity  of  New  London  attended, 
bringing  the  total  above  the  1,600  mark. 

Immediately  on  arrival  the  members  proceeded  to  the  re- 
spective hotels  to  which  they  had  been  assigned  for  luncheon, 
and,  as  already  mentioned,  those  who  could  not  be  accommo- 
dated at  these  places  were  asked  to  make  their  own  arrange- 
ments. 

The  following  were  guests  of  the  Societj'  at  limcheon  at  the 
Hotel  Mohican: 

Rear  Admiral  A,  W,   Grant,   Commander  of  the  submarine 

forces  of  the  United  States. 
Commander  Yates  Sterling,  in  charge  of  the  U.  S.  Submarine 

Base  at  New  London. 
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Commander  John  K.  Robinson,  in  eliarge  of  the  Naval  Train- 
ing Station  at  Newport. 
Mr.  Gregory  C.  Davison,  Vice-President  of  The  New  London 

Ship  &  Engine  Company. 
Mr.    Charles   H.   Bedell,   Electrical    Engineer,    Electric   Boat 

Company. 
Hon.  Ernest  E.  Rogers,  Mayor  of  New  London. 

Following  the  luncheon,  the  party  was  taken  on  board  the 
U.  S.  S.  Bushnell  and  the  TJ.  S.  S.  Fulton,  both  submarine 
tenders,  the  army  transport  steamer  General  Nathanael  Greene 
and  the  New  London  Company's  Diesel  engine  ferries  Nelseco 
and  Helys,  all  of  which  were  provided  for  the  trip  down  the 
Thames.  The  vessels  proceeded  down  the  river,  accompanied 
by  five  submarines — 2  "  D  "  type  and  3  "  L  "  type  boats. 


L-4;j  Cleared  Keauy  to  Subjierge 

On  the  way  down  the  river  tlje  captains  of  the  vessels  al- 
lowed their  parties  the  "  freedom  of  the  ship,"  and  every  fa- 
cility was  afforded  to  see  everything  on  board. 

The  vessels  steamed  to  a  point  off  Fishers  Island  at  the 
mouth  of  the  Thames  River,  where  the  submarines  gave  an 
exhibition  of  submerging  and  diving,  and  the  party  returned. 

Arriving  back  opposite  New  London,  all  those  on  the 
Greene,  Nelseco,  Helys  and  Fulton  and  about  half  of  those 
on  the  Bushnell  were  taken  to  the  plant  of  The  New  London 
Ship  &  Engine  Company,  across  the  river  at  Groton,  Conn., 
where  they  were  shown  the  processes  of  manufacture  of  Diesel 
engines  for  submarines  of  the  United  States  Navy. 

The  New  London  Ship  &  Engine  Company  is  building  the 
"  Nelseco  "  Diesel  4-cycle  engines  for  both  naval  and  commer- 
cial vessels  in  units  of  60  to  3,000  h.p.  in  the  4-cycle  reversible 
gear  type,  directly  reversible  type  and  double-acting  type. 
The  engines  have  been  furnished  for  installation  in  United 
States  submarines  and  in  submarines  of  many  foreign  nations, 
as  well  as  in  commercial  vessels  on  both  the  Atlantic  and 
Pacific  coasts  and  in  foreign  countries. 

In  addition  to  the  Diesel  engines,  the  company  manufac- 
tures all  machinery  installed  in  submarine  torpedo  boats  of 
the  Electric  Boat  Co.  type. 

When  this  company  was  organized  five  years  ago  the  first 
buildings  were  the  office  building.  102  x  71  feet,  and  the  two- 


story  machine  shop,  IGj  .x  105  feel.  Since  then  each  building 
lias  had  additions  made  to  it  and  other  buildings  have  been 
erected,  a  notable  point  being  the  modern,  sanitary  construc- 
tion, with  every  provision  for  light  and  ventilation  and  the 
best  working  conditions  in  all  departments.  Well-kept  lawns 
with  attractive  flower-beds  present  an  inviting  appearance 
around  the  office  building,  which  fronts  the  street  and  with  its 
additions  makes  a  three-story,  perfectly  appointed  brick 
building  of  101  feet  frontage  and  two  wings  154  feet  deep. 

To  the  rear  of  the  office  building  and  a  short  distance  from 
it  are  the  machine  sho)i,  pattern  shop  and  storehouse,  pipe 
shop,  power  house  and  other  buildings. 

Successive  additions  to  the  machine  shop,  built  of  concrete 
and  steel,  have  increased  this  to  several  times  its  original  size, 
and  it  now  is  600  feet  long  by  130  feet  wide. 

East  of  this  is  the  store  house  and  pattern  shop,  a  wooden 
building,  first  built  in  1911  and  enlarged  this  year  to  its  pres- 
ent size  of  239  x  60  feet.  Two  pipe  shops  adjoin  and  connect 
with  the  machine  shop  on  the  west,  furnishing  the  necessary 
facilities  for  this  work  in  a  building  204  x  65  feet. 

Here  also  is  the  power  house,  first  built  in  1912  and  in- 
creased in  size  this  year  to  the  dimensions  of  93  x  112  feet. 

At  the  southerly  end  of  the  plant  is  the  new  iron  foundry, 
just  completed  and  in  operation  in  a  building  178  x  85  feet. 
Adjoining  this  is  the  bronze  foundry  in  a  building  249  x  63 
feet. 

The  time  of  the  visit  to  the  plant  was  particularly  oppor- 
tune, as  the  shops  were  full  of  work  and  engines  of  all  sizes 
were  on  the  testing  floor.     The  party  thus  obtained  a  fairly 


L-42  Running  Alongside  the  Bushnell 

representative  idea  of  the  processes  and  methods  of  construc- 
tion of  machinery  for  submarine  service. 

The  visitors  returned  to  New  London  on  the  company's  pri- 
vate ferry  in  time  for  their  respective  trams. 

On  the  return  train  journey  each  member  of  the  New  York 
party  was  served  with  a  box  lunch. 

We  may  well  be  optimistic  regarding  the  future  of  our  So- 
ciety, and  may  well  come  to  the  realization  of  the  growth  of 
its  Sections  when  we  contemplate  the  overwhelming  response 
to  this  Preparedness  Excursion — without  question  the  lai'gest 
meeting  of  its  kind  ever  held  or  likely  to  be  held  for  some  time 
to  come. 

Too  much  praise  and  appreciation  cannot  be  given  to  the 
officers  of  the  United  States  Navy  and  of  the  New  London 
Ship  and  Engine  Company  (Electric  Boat  Co.)  for  the  uni- 
form patience  they  displayed  and  for  the  courtesy  they  ex- 
tended to  our  members  and  guests. 
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PUBLIC  HEARING  ON  BOILER  CODE 

Aunouiicement  has  been  made  in  the  October  and  Novem- 
ber issues  of  The  Journal  of  a  public  hearing  on  the  Boiler 
Code,  commencing  Friday,  December  8,  1916,  at  2  p.m.,  in 
the  Engineering  Societies  Building,  New  York,  and  continu- 
ing on  Saturday  and  into  the  next  week  if  occasion  requires. 

This  hearing  is  in  pursuance  of  the  following  recommenda- 
tion of  the  Boiler  Code  Committee  to  the  Council: 

Your  Committee  recommends  that  you  appoint  a  permanent 
Committee  to  make  such  revisions  as  may  be  found  desirable 
in  these  Rules,  and  to  modify  tliem  as  the  state  of  the  art 
advances,  and  that  such  Committee  should  hold  meetings  at 
least  once  in  two  years  at  which  all  interested  parties  may  be 
heard. 

In  view  of  several  matters  of  considerable  importance  hav- 
ing arisen  in  connection  with  the  re^'ision  period,  a  technical 
session  of  the  Annual  Meeting  will  be  devoted  to  the  Boiler 
Code  Conmiittee,  at  which  three  or  more  papers  will  be  read 
that  pertain  to  boiler  questions  under  discussion.  These  are 
as  follows:  Safety  Valves,  by  E.  P.  Maas;  The  Talbot 
Boiler,  by  P.  A.  Talbot,  and  the  Parker  Boiler,  by  John  C. 
Parker.  Another  paper  on  the  subject  of  the  pencil  elec- 
trode welding  for  boiler  joints  has  also  been  offered.  This 
session  will  be  held  Friday  morning,  December  8,  beginning  at 
10  a.m.,  and  it  is  hoped  that  all  engineers  interested  in  steam 
boiler  problems  and  design  will  arrange  to  attend  this  session 
and  discuss  the  papers. 

The  public  hearing  will  follow  immediately  after  this  tech- 
nical session  on  the  boiler  subjects  and  the  Boiler  Code  Com- 
mittee invites  all  who  are  interested  in  boiler  subjects  in  gen- 
eral, and  the  A.S.M.E.  Boiler  Code  in  particular,  will  be  in 
attendance  and  present  their  views. 


SECTIONS'  CONFERENCES   AT   ANNUAL 
MEETING 

Those  who  have  followed  the  atifairs  of  the  Society  appre- 
ciate that  our  Sections  are  fast  becoming  one  of  the  strongest 
elements  in  the  life  of  our  organization.  Sections'  meeting 
places  are  becoming  the  headquarters  of  the  engineers  in  their 
vicinity.  In  their  meetings  the  Sections  are  joining  with  the 
local  branches  of  the  other  national  organizations  and  are 
carrying  out  well  the  spirit  of  cooperation  now  dominant  in 
the  activities  of  the  parent  societies.  They  are  contributing, 
tlirough  their  meetings,  valuable  papers  for  the  Society's  pub- 
lications. They  are  constituting  a  valuable  medium  for  trans- 
mitting the  influence  of  the  Society  to  the  mechanical  engineer- 
ing profession  in  various  parts  of  the  country.  They  are  help- 
ing to  increase  the  membership  of  the  Society. 

All  the  indications  seem  to  justify  the  action  taken  by  the 
Council  two  years  ago,  of  inviting  representatives  from  the 
Sections  to  come  into  personal  contact  with  the  Council  and 
the  management  of  the  Society.  With  this  end  in  view,  the 
Society  pays  the  I'ailroad  fare  of  one  official  delegate  from 
each  Section  to  each  general  meeting,  and  arranges  confer- 
ences for  the  delegates. 

These  Sections'  Conferences  include  "  experience  meetings," 
where  delegates  relate  what  their  own  Section  is  doing  and 
hear  what  methods  the  other  Sections  are  following.  One  meet- 
ing is  held  at  which  members  of  the  Council  are  present;  tliis 
is  for  the  purpose  of  bringing  the  executive  body  of  the  So- 
ciety into  closer  relationship  with  the  membership. 


The  Conference  at  the  coming  Annual  Meeting  will  begin 
with  a  luncheon  at  noon  on  Tuesday,  December  5;  the  mem- 
bers of  the  Council  will  also  be  jjresent  at  this  luncheon.  At 
2  o'clock  the  first  business  session  of  the  Conference  will 
convene.  On  Wednesday,  December  6,  a  second  luncheon  will 
be  held,  at  which  the  officers  of  the  sections  of  sister  societies 
will  be  welcomed,  and  a  second  business  session  will  be  held 
Wednesday  afternoon. 

At  the  third  luncheon  on  Thursday,  December  7,  the  mem- 
bers of  the  Committee  on  Increase  of  Membership  will  meet 
the  Sections'  delegates  and  afterward  join  them  in  the  discus- 
sion of  matters  of  mutual  interest. 


STUDENT  BRANCH    CONFERENCE  AT 
ANNUAL   MEETING 

One  of  the  features  of  the  Annual  Meeting  which  has  now 
become  a  pennauent  factor  is  the  Conference  of  Student 
Branch  representatives.  Each  of  the  forty  Branches  is  in- 
vited to  send  a  delegate  to  attend  this  Conference,  which  this 
year  will  be  held  on  the  afternoon  of  Wednesday,  December 
6,  from  4.30  to  5.30  o'clock. 


CORRECTION 

Mr.  F.  P.  Sheldon,  author  of  the  paper  on  Heat  Transmis- 
sion Through  Various  Types  of  Sash,  calls  attention  to  the 
following  typographical  errors  in  the  abstract  of  this  paper 
jiublished  in  the  November  issue  of  The  Journal : 

Page  891.  second  column,  line  8  should  read  "  40  deg.  and 
70  deg." 

Page  892,  bottom  of  first  column,  "  Sample  Ao.  2  ''  should 
read  "  Sample  No.  3,"  and  vice  versa. 

Page  893,  first  column,  under  Proposition  A,  single-glazed 
steel  sash,  "  cost  of  heating  system  to  sup]ily  heating  loss 
only  '■  should  read  "  cost  of  heating  sj'stem  to  snpjDly  icindow 
loss  only." 

Page  894,  first  column,  fourth  line  under  the  heading  "  In- 
ternal Condensation  in  Double-Glazed  Sash,"  delete  "not." 


LIBRARY  NOTES 

Dr.  James  Douglas,  of  New  Y'ork,  has  presented  .>fl()0,000 
to  the  United  Engineering  Society,  the  income  to  be  used  for 
the  benefit  of  the  Library. 

The  Trustees  of  the  Society  have  perfected  plans  for  the 
development  and  the  extension  of  the  usefulness  of  this  great 
Engineering  Library  and  are  endeavoring  to  secure  endow- 
ments aggregating  $1,000,000,  the  income  to  be  used  for  the 
Library. 

The  plans  of  the  Trustees  having  been  submitted  to  and 
carefully  examined  by  Dr.  Douglas  have  been  approved  by 
him,  and  he  has  signified  this  approval  by  his  gift  of  $100,000, 
which  has  just  been  made. 

Now  that  the  Librai'y  of  the  American  Society  of  Civil  En- 
gineers has  been  united  with  the  libraries  of  the  Institutes  of 
Mining,  Mechanical  and  Electrical  Engineers  in  the  Engineer- 
ing Societies  Building,  the  combined  library  forms  the  great- 
est engineering  collection  in  the  world.  It  is  the  purpose  of 
the  Trustees  to  Jjreatly  extend  its  usefulness  and  it  is  hoped 
that  the  splendid  endorsement  which  Dr.  Douglas  has  given 
will  stimulate  other  similar  endowments  until  the  necessary 
million  dollars  has  been  obtained. 


REPORTS  OF  STANDING  COMMITTEES 


THE  reports  of  Standing  Committees  for  the  fiscal  year 
ended  September  30,  1916,  will  be  presented  at  the  An- 
nual Meeting  as  an  appendix  to  the  Annual  Report  of  the 
Council  of  the  Society's  activities  for  the  year.  The  Standing 
Committee  reports  are  publislied  below . 

REPORT  OF  THE  FINANCE  COMMITTEE 

The  Finance  Committee  reports  that  the  income  of  the  So- 
ciety for  the  year  ending  September  30,  1916,  was  $167,141.72. 
The  total  expenditures  chargeable  to  income  were  $143,023.31, 
leaving-  an  excess  of  income  over  expenditures  of  $24,118.41, 
this  being  a  net  balance  after  reserving  $10,350.00  for  obliga- 
tions undertaken  but  not  yet  completed. 

The  expenditures  of  the  Society  per  member  for  the  fiscal 
year  just  closed  are  as  follows: 

General  Salaries   $  2.25 

Headquarters,  library,  supplies,  etc 1.80 

Committees   on   Membership   and   Increase   of 

Membershi])     1.23 

Sections    90 

Employment  Bulletin 23 

Council  contingencies 41 

House   Committee    24 

Annual  and  Spring  meetings 1.07 

Year  Book    56 

Journal  and  Condensed  Catalogues 7.00 

Transactions    2.08 

Other  activities 2.03 

Making  a   total   of $19.80 

The  recommended  Budget  AjJiirojiriation  for  the  year  1916- 
1917  is  as  follows : 

Finance  Com.  Incl.  Lil).  Asst $32,400.00 

Membership    Committee    2.500.00 

Council  Contingencies    .$2,000.00 

Mileage  at  7c 2,000.00 

Employment   Bui 2,000.00 

6,000.00 

Sections    9.000.00 

Inc.  Membership  ( 'oni 6.500.00 

House  Committee — 

Depreciation    $2,500.00 

Other   975.00 

3,475.00 

Meetings    Com 9,000.00 

Publication    Com 80,000.00 

Research   Com 300.00 

Student  Branches   750.00 

Junior  Prizes   100.00 

Sales  Expenditures    10,000.00 

John  Fritz  Medal 125.00 

Total $160,150.00 

The  estimated  income  for  the  year  1917  is  $167,000.00. 

The  Committee  takes  pleasure  in  announcing  that  on  July 
1  last  the  Certificates  of  Indebtedness  of  the  Society  were 
paid  and  that  the  Society  is  out  of  debt. 

Appended    will    be    found    reports    of    tlie    acKriiits    of    the 
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Society  as  shown  in  the  book  for  the  fiscal  year  ending  Sep- 
tember 30,  1916. 
Respectfully  submitted, 

R.   M.   Dixon,   Chairman, 
W.  H.  Marshall, 
Geo.  M.  Forrest, 
a.  e.  forstall, 

Finance  Committee. 

REPORT  OF  ACCOUNTS 

Mr.  R.  M.  Dixon, 

Chairman,  Finance  Committee. 
Dear  Sir: 

In  accordance  with  your  instructions  we  have  examined  the 
books  and  accounts  of  The  American  Society  of  Mechanical 
Engineers  for  the  twelve  montlis  ended  September  30th,  1916. 

The  results  of  this  examination  are  set  forth  in  the  three  ex- 
liibits,  attached  hereto,  as  follows : 

Exhibit  A     Balance  Sheet,  September  30,  1916. 
Exhibit  B     Income    and    Expenses     for   the    twelve 

months  ended  September  30,  1916. 
Exhibit  C     Receipts     and     Disbursements    for    the 

twelve    months    ended    Sejitember    30, 

1916. 

We  hereby  certify  that  the  accompanying  Balance  Sheet  is 
a  true  exhibit  of  its  financial  conditions  as  of  September  30, 
1916,  and  that  the  attached  statements  of  Income  and  Ex- 
penses, and  Receipts  and  Disbursements  are  correct. 
Respectfully  submitted, 

(Signed)  Wm.  J.  Struss  &  Co., 
Certified  Public  Aecountcmts. 

EXHIBIT  A 

BAiiANCE  Sheet,  September  30,  1916 
resources 

Equity  in  Society's  BIdg.,  (No.  25 

to  33  West  39th  St.) $353,346.02 

Equity  in  1-3  Cost  of  Land    (No. 

25  to  33  AVest  39tli  St. ) 180.000.00 


Library   Books    13,000.00 

Furniture  and   Fixtures 5,000.00 

Stores,  including  plates  and  fin- 
ished publications   

rust  Fund  Investment 

New  York  City  3V2's  1954    (par 

.$45,000)     .39,696.81 

St.  Louis,  Peoria  &  N.  AV.  1st  5's 

1948  (par  $10,000) 10,613.89 

United   N.    J.     Canal     Co.     (par 

$1,000)     970.00 

Cash  in  Banks  representing  Trust 

Funds    6,508,71 

Cash  in  Banks  for  General  Pur- 
poses            44,283,43 

Petty  Cash,  on  hand 500.00 


-.$533,346.62 

18,000.00 
20.051.67 


57.849.41 


44,783.43 
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Accounts  Receivable 

Membership  Dues 14,31)2.34 

Initiation   Fees    2,005.00 

Sales    of    Publications,    Advertis- 
ing,  etc 27,336.93 

Advance   payments 


43,734.27 
2,907.14 


$720,672.54 


LIABILITIES 

Trust  Funds 

Life   Membership    Fund $45,343.81 

Library    Development 4,902.71 

Weeks    Legacy 1,957.00 

Initiation    I'ee 2,352.90 

Junior  and  Student  Prizes 2,000.00 

Melville  Fund    1,084.00 

Hunt  Memorial   208.99 

Dues  and  Initiation   Fees  paid  in  ad- 
vance      821.57 

Initiation  Fees  uncollected 2,005.00 

Unexpended  Appropriation  1915-16.  .  7,301,69 

Unapportioned    Revenue 27,166.72 

Capital  Investment    551,346.62 

Surplus  and   Reserve 74,166.20 

Annual  Meeting  Social 


$  57,849.41 


37,294.98 


-  625,512.82 
15.33 

$720,672.54 


EXHIBIT  B 

Income  and  Expenses  for  the  Twelve  Months  Enukd 

September  30,  1916 

income 

Membership    i'ees    .$97,561.87 

Sales — Gross  receipts    13,488.97 

Advertising    51,855.26 

Interest    and    Discount 4,235.62 

Total    $107,141.72 

expenses 
Finance  Committee 

Office  Administration    20,344.77 

Occupancy   Building    4,800.00 

Library     4,021.55 

29,166.32 

Membership    Committee 2,366.82 

Council 

Contingencies   2,050.44 

Mileage   975.10 

Employment  Bulletin    1.645.78 

4.671.32 

Sections  Committee   6,432.07 

Increase  of  Jlembership  Committee. . .  6,498.70 

House  Committee    1,697.94 

Meetings  Committee    7,725.12 

Publication  Committee 

Advertising    26,703.23 

Journal  Text   24,056.61 

Revises    335.90 

Transactions    15,668,83 


Year  Book  3,988.72 

70,753.29 

Sales 

General    6,346.24 

Boiler  Code   2,021.43 

Power  Test  Code , .  .  1,207.41 

Society   History    1,004.00 

10,579.08 

Research  Committee   232.28 

Students'   Committee 787.02 

Junior  Prize    59.96 

Library   Service    250.00 

John  Fritz  Jledal 3.39 

Engineering  Congress   1.800.00 

Total $143,023.31 

Excess  of  Income  over  Expenses.  24,118.41 

Note:  The  item  of  Total  Expenses  includes 
$10,350.00  not  yet  paid  to  complete  work 
already  in  progress,  chargeable  to  this 
year's  activities. 

EXFIIBIT  C 

Receipts  and   Disbursements   for   the    Twelve    Months 

Ended  September  30,  1916 

receipts 

Membei-ship  Dues    .$96,332.85 

Initiation  Fees   20,100.00 

Membership  Dues  paid  in  advance.  .  .  1,327.32 
Sales  of  Publications,  Badges,  Adver- 
tising, etc • 67,488.86 

Interest    3,398.76 

City  of  East  Orange  Loan 20,000.00 


$208,647.79 
Cash  on  hand  and  in  Banks — 

General  and  Trust  Fmids,   Sep- 
tember 30,  1915 40,707.56 


-$249,355.35 


disbursements 
Disbursements  for  General  Purposes    $143,903.21 
Certificates  ol  Indebtedness  redeemed         54.100.00 


$198,003.21 


Cash  on  hand  and  in  Banks — 

General  and  Trust  Fvmds,  Sep- 
tember 30,  1916 


51.352.14 


-$249,355.35 


REPORT  OF  COMMITTEE  ON  MEETINGS 

The  attendance  at  the  last  Annual  Meeting  was  the  largest 
in  the  history  of  the  Society,  the  total  registration  reaching 
1,437.  Seven  sessions  were  lield,  of  which  four  Avere  in  charge 
of  sub-committees.  There  were  23  papers,  exclusive  of  six 
from  the  Local  Sections  assigned  to  be  read  by  title. 

During  the  first  session,  there  were  memorial  exercises  in 
honor  of  the  memory  of  our  distinguished  Past-President,  Dr. 
Frederick  W.  Taylor.  The  other  sessions  were  purely  tech- 
nical, one  of  which  was  on  the  general  subject  of  industrial 
safety,  now  receiving  attention  throughout  the  country.  The 
widespread  interest  in  the  various  activities  of  the  Society  was 
evident  by  the  numerous  committee  meetings  throughout  the 
Annual  Meeting,  including  several  conferences  by  local  com- 
mittees. 
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The  smokei'.  held  iji  phioe  ul'  the  usiuil  lecture  on  Wednes- 
day evening,  received  genei'al  approval,  but  the  large  attend- 
ance badly  overcrowded  the  Society's  rooms.  The  chairman  is 
pleased  to  report  that  the  committee  has  since  taken  action 
which  has  resulted  in  the  remodeling  of  the  fifth  floor  of  the 
Engineering  Societies  Building,  with  a  new  floor  suitable  for 
dancing. 

The  Spring  ^Meeting  at  New  Orleans,  April  11  to  14,  af- 
forded an  opportunity  to  visit  a  section  of  the  country  having 
distinctive  engineering  features,  and  the  meeting,  including 
the  stop-over  at  Birmingham,  was  most  successful.  A  notable 
feature  was  the  discussion  on  Industrial  Preparedness,  which 
drew  out  many  practical  suggestions  and  valuable  contribu- 
tions from  every  part  of  the  country. 

Comparing  the  coming  Annual  Meeting  with  that  of  a  year 
ago,  we  find  that  there  will  be  eleven  sessions,  of  which  six 
are  in  charge  of  sub-committees.  There  will  be  32  papers,  ex- 
clusive of  four  from  the  local  Sections  to  be  read  by  title.  One 
session  designed  to  be  of  interest  to  the  membership  generally, 
has  been  arranged  on  The  Valuation  of  Industrial  Property. 
Following  the  regular  business  session  there  will  be  memorial 
exercises  in  honor  of  the  memory  of  John  E.  Sweet,  Past- 
President,  Honorary  Member  and  founder  of  the  Society.  This 
year  for  the  first  time  the  reunion  and  dance  of  Thursday 
evening  will  be  in  the  Engineering  Societies  Building  as  a  re- 
sult of  the  remodeling  of  the  fifth  floor. 

H.   L.   Gantt,    Chairman, 
K.  H.  Fernald, 
John  H.  Barr, 
L.  P.  Alford, 
D.  S.  Kimball. 


REPORT   OF  PUBLICATION    COMMITTEE 

The  publications  of  the  year  have  been  The  Journal,  issued 
monthlj',  the  annual  volume  of  Transactions,  the  Year  Book, 
the  sixth  annual  volume  of  Condensed  Catalogues,  and  the 
Power  Test  Code  (reprinted  from  vol.  37  of  Transactions). 

The  Journal 

In  its  Annual  Report  for  1915,  your  committee  made  the 
following  recommendations  respecting  The  Journal: 
That  The  .Journal  shall  contain : 

(a)  All  of  the  papers  and  discussions  presented  at  regular 
meetings  of  the  Society,  preferably  in  substantially  com- 
plete form,  or  adequately  abstracted,  according  to  the 
ehai'acter  of  the  paper,  as  soon  after  the  meetings  as  pos- 
sible. 

(6)  Papers,  or  abstracts,  with  discussion,  presented  at  meet- 
ings of  Local  Sections. 

(c)  Announcements  and  reports  upon  Societ.v  affairs  and 
incidents,  employment  bulletin,  library  notes,  personal 
notes,  etc. 

(d)  Department  for  contributed  discussion  on  papers  pre- 
viously published,  or  new  matter. 

(e)  Members'  correspondence  department,  including  sugges- 
tions on  Society  affairs. 

(/)     Review  of  world's  technical  press. 

(g)     Reviews  of 'technical  books,  by  experts  selected  by  the 
committee. 
In  respect  to  the  accomplishment  of  those  recommendations, 
we  have  to  report  as  follows : 

(a)  The  papers  and  discussions  presented  at  general  meet- 
ings have  been  abstracted  to  approximately  one-half  of 
their  original  length,  this  being  the  largest  fraction  allow- 
able under  the  existing  appropriation. 

(b)  The  Sections  held  about  100  meetings  during  the  year, 
hut  the  material  presented  at  all  of  these  was  not  of  the 


nature  for  publication.  As  the  result  of  our  regular  so- 
licitation, from  month  to  month,  twenty-three  papers  were 
received  from  Sections;  twenty-one  were  published  in 
The  Journal  and  two  were  held  over  on  account  of  lack 
of  space. 

(c)  The  Societ.v  Affairs  Section  has  averaged  twent.v-eight 
pages.  The  amount  of  material  available  for  this  dejiart- 
ment  has  increased  steadily  and  material  is  now  being  lield 
out  for  lack  of  space. 

{d)  and  (e)  The  Correspondence  Def)artments,  started  in 
January,  1916,  are  now  quite  pretentious.  We  are  now 
averaging  four  contributions  per  issue. 

(/)  The  scope  of  the  Engineering  Survey  Section  has  been 
increased,  but  appropriations  have  not  allowed  develop- 
ment to  the  point  of  the  committee's  recommendation, 
i.e.,  to  cover  the  world's  technical  press.  As  a  com- 
promise, important  articles  not  abstracted  have  been  listed 
monthly. 

(g)  Appropriation  has  not  been  sufficient  to  undertake  book 
reviews.  Preliminary  work  for  this  department  has  been 
done,  and  the  reviews  can  be  started  as  soon  as  funds  are 
available. 

The  scope  of  the  Society's  work  has  broadened  so  rapidly 
since  the  committee  made  its  recommendations  that  we  need 
to  increase  the  scope  of  The  Journal  even  beyond  that  recom- 
mended. We  propose  to  now  extend  these  recommendations 
as  follows : 


i'HOPO.SED    SCOPE    OF    THK    JOURNAL 

Technical  Secliun. 

Papers  and  Discussions  presented  at  Spring  and  Annual 

Meetings  and  at  Local  Meetings. 

Technical  Correspondence,  including  brief  original  articles 

on  sub.jects  not  related  to  papers  and  now  precluded  by 

lack  of  appropriation. 

Teclmical  Items  of  Interest.     Pages  or  paragxaphs  from 

other  publications  referring  to  the  subject-matter  of  the 

current  technical  section. 

Summaries  of  Engineering  Information,  such  as: 

Lists  of  Books  on  certain  subjects,  such  as  those  in  the 

current  technical  section. 

Synopses  of  Current  Researches. 

Lists  and  Synoijses  of  Engineering  Standards.  This  is 
greatly  needed  by  engineers  generally,  and  is  matter  so 
important  and  of  such  great  magnitude  as  to  require  spe- 
cial provisions  for  its  adequate  handling. 

Society  Affairs. 

Announcements,  Reports  of  Meetings,  Special  Articles, 
such'  as  Biographical  Sketches.  Committee  Reports,  Sec- 
tion and  Student  Branch  News,  Communications,  Appli- 
cations for  Membership,  Necrology,  General  Notes,  etc., 
substantiall.y  as  conducted  now. 

Engineering  Survey. 

Review  of  the  World's  Technical  Literature,  extended  and 
improved  as  previously  recommended  by  the  Committee, 
and  classified. 

Selected  classified  lists  of  leading  articles  in  current  pe- 
riodicals. 

Rejaorts,  Synopses  and  Lists  of  Researches  conducted  by 
governmental,  industrial  and  collegiate  laboratories,  to  be 
secured  by  editorial  staff  by  personal  solicitation  and  from 
cooperation  with  the  National  Research  Council. 
Review  of  Important  Events  secured  through  the  Local 
Sections  and  from  regularly  appointed  correspondents, 
from  individual  members  and  from  the  technical  and  daily 
press. 

Reports  of  Meetings  of  Engineering  Societies  closely  re- 
lated to  the  field  of  mechanical  engineers,  these  reports  to 
be  ijrepared  by  representatives  of  The  Journal  in  actual 
attendance  at  the  meetings. 

Miscellaneous  Department. 
Employment  Bulletin. 
Book  Reviews. 
Personals. 
Librarv  Notes  and  Accessions. 
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Transactions 

Volume  37  of  Transactions,  issued  during  the  summer  to 
standing  members  in  1915,  was  the  largest  ever  published  by 
the  Society,  containing  nearly  1600  pages. 

The  volume  recorded  the  affairs  of  the  Society  during  1915, 
and  included  a  general  review  of  the  work  of  the  Society  for 
this  year,  given  in  the  Annual  Report  of  the  Council.  It  con- 
tained a  calendar  of  all  the  meetings  of  the  Society — general 
meetings  and  local  meetings — held  during  the  year;  and  the 
papers,  with  discussion,  presented  at  the  Spring  Meeting  in 
Buffalo,  April,  1915,  the  Annual  Meeting  in  New  York,  De- 
cember, 1915,  and  the  additional  general  meeting  in  San  Fran- 
cisco, September,  1915,  in  connection  with  the  International 
Engineering  Congress  1915.  Papers  read  at  local  meetings 
and  presented  subsequently  at  a  general  meeting  were  also 
included.  The  reports  of  special  committees  received  by  the 
Council  during  1915  and  ordered  published  were  published 
in  the  volume;  of  special  note  among  these  is  the  report  of 
the  Power  Test  Committee. 

The  Year  Book 

The  rapid  growth  in  membership  of  the  Society  has  forced 
the  Committee  to  again  give  attention  to  the  problem  of  the 
size  of  the  Year  Book. 

Six  years  ago,  when  the  pocket  list  of  members — the  small- 
size  Year  Book — was  adopted,  the  total  membership  in  the  So- 
ciety was  3680;  this  allowed  a  volume  of  310  pages,  with  an 
average  of  sixteen  names  on  a  page.  At  the  present  rate  of 
increase  of  membership,  the  1917  volume  will  contain  nearly 
8000  members. 

The  1916  Year  Book  included  an  alphabetical  register  of 
6931  names  printed  within  the  space  of  254  pages,  and  a  geo- 
graphical list  occupying  142  pages.  This  conservation  of 
space  was  accomplished  by  using  a  condensed,  but  perfectly 
clear,  face  of  tyi)e  and  by  careful  editing  of  entries  and  use  of 
abbreviations. 

The  new  arrangement  will  probal)ly  serve  for  two  years 
more,  when  the  Committee  will  ha\'e  to  again  give  considera- 
tion to  the  matter,  as  both  further  reduction  in  type  and  fur- 
ther abbreviation  of  words  will  sacrifice  clearness. 


REPORT  OF    MEMBERSHIP  COMMITTEE 

The  Committee  on  membership  held  ten  meetings  during  the 
year  1915-1916. 

The  number  of  applications  considered  in  the  transaction  of 
Its  work  and  a  summary  showing  the  action  taken,  follows : 

Applications  pending  Oct.  1,  1915 492 

Applications  received  during  fiscal  year 1387 

Total    1879 

The  following  action  was  taken  on  these  applications: 

Recommended    for    membership 1143 

Recommended  for  membership   (special  cases)  14 

Deferred    indefinitely 6 

Deferred     14 

Denied   promotion    2 

In  regular  course  of  procedure  (seven  of  which 

are  held  for  special  investigation) 700 

Total    ISTfT 

Reinstatements  and   Reconsiderations  pending  9 

Those  recommended  for  membership  were  divided  into  the 
following  gradings: 

Members     371 

Promotion   to  Member 58 

Associates    37 

Associate-Members   236 

Promotion  to  Assoc.-Mem 46 

Juniors    395 

Total     llliT 

The  reinstatement  of  sixteen  members  was  recommended  to 
the  Council. 

Under  B  16,  it  was  recommended  to  tlie  Council  that  the 
dues  of  seventeen  members  be  permanently  remitted. 

Henry  C.  Meter,  .Jr.,  Chairman. 
L.  R.  Pojieroy, 
HosEA  Webster, 
Charles  E.  Lucke, 
Fred  J.  Miller. 


Condensed  Catalogues 

The  sixth  annual  volume  of  Condensed  Catalogues  contained 
data  concerning  the  products  of  267  firms,  and  a  Classified 
Directory  Section  listing  the  products  of  2500  manufacturers 
classified  under  2000  different  subject  headings.  The  Engi- 
neering Data  Section,  a  feature  commenced  in  the  1915  vol- 
ume, was  continued,  and  contained  40  pages  of  data  selected 
from  Volume  37  of  Transactions  and  from  The  Journal  for 
1915. 

Power  Test  Report 

As  stated  above,  this  report  was  included  in  the  euiTent 
volume  of  Transactions.     Your  Committee  anticipated  a  large 

demand  for  copies  of  the  report,  and  so  had  fifteen  hundred 

reprints  bound   and   issued  as  a   publication   of  the   Society. 

Over  one  thousand  copies  of  this  publication   have  been  sold 

to  date. 

I.  E.  MouLTROP,  Chairman, 
Feed.  R.  Low, 
Fred.  J.  Miller, 
Henry  Hess, 
('.  I.  Earll. 


REPORT  OF  RESEARCH  COMMITTEE 

A  new  Sub-Committee  for  tite  Consideration  of  Bearing 
Bletals  has  been  instituted,  headed  by  Mr.  C.  H.  Bierbaum  as 
chairman.  Prof.  H.  Diedericbs  and  Mr.  John  A.  Capp  have 
been  appointed  on  this  committee. 

The  Centigrade  Thermonietrie  Scale  and  the  Metric  System. 
The  question  of  the  adoption  of  the  centigrade  scale,  as  pro- 
posed by  a  member  of  Congxess,  without  the  accompanying 
change  to  the  metric  system  of  other  weights  and  measures, 
was  referred  to  the  Research  Committee;  the  ciuestion  was  re- 
ferred back  to  the  Council  with  tlie  recommendation  that  it  be 
tunied  over  to  the  Joint  Committee  on  the  adoption  of  the 
Metric  System,  together  with  the  expressed  opinion  that  such  a 
cliange  was  absolutely  undesirable,  in  that  it  would  cause  worse 
confusion  than  we  have  at  present.  It  was  pointed  out  that  we 
have  many  advocates  for  both  systems,  the  i^resent  weight  of 
opinion  being  aj^parently  in  favor  of  the  English  system  of 
weights  and  measures.  As  far  as  we  are  aware,  no  engineer 
would  be  willing  to  support  a  combination  of  the  two. 

The  Suh-Committee  on  the  Clinkering  of  Coal  (Prof.  Lionel 
S.  Marks,  chairman]  has  been  suspended  until  the  research 
which  is  at  present  under  wav  by  the  Bureau  of  !Mines  and 
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the   Bureau   of   Standards  shall   have   been   compleled,   which 
will  take  about  another  year. 

The  Sub-Committee  on  Flow  Meters  (K.  J.  S.  Pigott, 
chairman).  This  committee  has  prepared  a  bibliography  of 
their  references  and  is  making  a  compendium  abstracted  from 
the  references.  Experiments  have  been  carried  out  on  the 
relative  accuracy  of  five  commercial  makes  of  flow  meters; 
special  tests  being  carried  on  in  relation  to  the  internal  fric- 
tion of  recording  mechanism  and  the  peculiarities  of  the  in- 
dividual machines.  As  all  of  these  meters  (twenty-eight  in 
number)  are  in  regular  service,  operating  records  on  the 
troubles  with  them  are  also  being  accumulated.  The  results  of 
these  tests,  part  of  which  will  be  made  by  the  CO,  method  ad- 
vanced by  Mr.  E.  G.  Bailey  and  part  by  a  Thomas  electric 
meter  method,  will  be  published  during  the  year. 

Sub-Committee  vu  Fuel  Oil  (Prof.  Danforth,  chairman). 
This  committee  ha.s  prepared  a  questionnaire  on  the  subject  of 
fuel  oil,  which  is  at  the  present  time  about  one-half  completed. 

Sub-Committee  on  Lubrication  (Mr.  Albert  Kingsbury, 
chairman).  A  bibliography  of  the  references  on  lubrication 
lias  been  prepared. 

Sub-Committee  on  tlie  Cutting  Action  of  Machine  Tools 
(Mr.  L.  P.  Alford,  chairman).  Correspondence  has  been  taken 
up  with  the  Bureau  of  Standards,  but  due  to  pressure  of  other 
«ork  in  ihe  Bureau  and  lack  of  facilities,  has  come  to  nothing. 
Efforts  are  being  made  to  develop  interest  in  other  quarters. 

Sub-Committee  on  Materials  of  Electrical  Engineering  (Mr. 
R.  D.  Mershon,  chairman).  This  committee  was  suspended 
for  a  year  during  tlie  activities  of  the  members  on  Prepared- 
ness work. 

Sub-Committee  on  Safety  Valves.  Several  papers  were  pro- 
duced on  the  subject  of  safety  valves  as  the  result  of  efforts 
of  this  committee.  The  resignation  of  Prof.  E.  F.  Miller,  the 
chairman,  halts  progress  for  the  present,  particularly  as  the 
immediate  grounds  have  been  covered. 

Sub-Committee  on  Worm  Gearing  (Mr.  Fred.  A.  Ilalsey, 
chairman).  The  work  of  this  committee  is  at  a  standstill  for 
the  present,  due  to  lack  of  funds  to  undertake  the  actual  re- 
search work  required.  'Work  will  probably  not  be  taken  up 
again  for  another  year. 

lFo/7i;  for  1916.  At  the  meeting  held  September  15,  a  plan 
was  put  forward  to  insure  a  certain  amount  of  work  being 
covered  by  the  various  sub-committees.  Bibliographies  will  be 
prepared  on  all  those  subjects  requiring  reference  w'ork,  and 
from  tliese  bibliographies  a  compendium  of  the  subject  under- 
taken will  be  reported;  this  work  is  to  be  completed  during 
the  ensuing  year.  It  is  possible  experimental  work  will  be  un- 
dertaken :  in  the  case  of  the  Flow  Meters  Committee  this  is  at 
present  under  way. 

The  present  method  of  action  of  the  Researeli  Committee  is 
almost  entirely  by  correspondence.  Meetings  of  the  main  com- 
mittee and  the  chairmen  of  the  sub-committees  are  held  three 
times  a  year  only;  all  other  work  being  carried  on  by  corres- 
pondence between  the  members  of  committee  and  the  chairmen 
of  the  sub-committees.  A  monthly  progress  report  is  also  re- 
quested to  keep  the  members  of  the  Standina'  Committee  in 
touch  continually  with  the  work  being  done  by  various  sub- 
connnittees. 

E.  J.  S.  PuiOTT,  Vliairman, 
EicHAKD  H.  Bice, 
R.  D.  Mershon, 
A.  M.  Greene,  Jr., 
Carl  C.  Tho.mas. 


REPORT   OF   LIBRARY   COMMITTEE 

During  the  year  ended  Septemlier  30,  1916,  there  were 
added  to  the  library  of  the  Society  579  volumes  and  161 
pamphlets.  The  United  Engineering  Society  Library,  the 
joint  collection  of  which  the  Society's  Library  is  now  a  part, 
had  on  the  above  date  49,702  volumes  and  pamphlets. 

The  duplicate  collection  of  some  12,000  volumes  has  been 
listed  and  sold,  and  the  proceeds,  $2,500.00,  have  been  added 
to  the  endowment  fund  of  the  Library. 

The  American  Society  of  Civil  Engineers  having,  by  a  large 
majority  vote  of  its  membership,  accepted  the  invitation  to  be- 
come a  Founder  Society,  the  library  of  this  Society  will  be  in- 
corporated in  the  joint  library  as  soon  as  proper  shelving  can 
be  provided. 

The  attendance  during  the  year  was  13,981. 
The  research  work  done  by  the  Library  Service  Bureau  has 
increased   greatly   in   volume.   Requests  for  information   have 
come  from  68  localities  in  23  foreign  countries,  and  from  2:!0 
localities  in  the  United   States. 

.lOHX  W.  LiEB,  Chairiiiirii, 
-  Leonard  Waldo, 
Jesse  M.  Smith, 
W.  M.  McFabland, 
The  Secretary. 


REPORT  OF  HOUSE  COMMITTEE 

The  House  Committee  has  held  its  regular  meetings  during 
the  past  year,  and.  most  fortunately,  a  full  attendance  has 
been  present  at  each  meeting. 

At  the  expiration  of  the  fire  insurance  policies,  which  have 
been  taken  out  for  a  three-year  term,  a  new  rate  was  made, 
which  increased  the  insurance  premium  to  some  300  jier  cent. 
A  special  meeting  was  immediately  called  and  arrangements 
were  made  to  cover  the  effects  of  the  Society  by  special  in- 
surance until  this  most  unusual  occurrence  could  be  investi- 
gated. 

It  was  found  that  the  classification  under  which  the  pre- 
vious policies  had  been  written  would  no  longer  be  acce):ted. 
and  after  five  or  six  months  of  constant  application  a  series 
of  reductions  was  obtained  which  lowered  the  new  late  ma- 
terially, but  still  left  it  60  jier  cent  above  what  the  Society 
had  previously  paid. 

While  dealing  with  this  insurance  matter  it  also  developed 
that,  owing  to  the  nature  of  some  of  the  insured  property,  in 
the  event  of  loss  by  fire,  an  opportunity  w^ould  be  immediately 
presented  for  a  decided  difference  of  opinion  as  to  the  amount 
of  claim  which  the  insurance  company  would  recognize.  This 
being  the  case,  a  schedule  was  prepared  separating  the  purely 
commercial  projierty  from  that  whose  value  could  not  be  so 
cla,ssed,  and  this  schedule  has  been  placed  in  the  hands  of  the 
insurance  broker  with  a  view  to  having  it  accepted  by  the 
insurance  company  and  filed  as  a  part  of  the  insurance  pol- 
icies covering  property  on  the  eleventh  floor.  The  proi'city 
of  the  Society  on  the  twelfth  and  fourteenth  floors  is  of  com- 
mercial nature,  and  the  properly  of  the  Society  in  the  Li- 
lirary  is  not  under  the  House  Committee's  jurisdiction. 

With  the  decision  of  the  American  Society  of  Civil  Engi- 
neers to  change  its  headquarters  to  the  Engineering  Societies 
Building,  a  problem  was  presented  to  tlio  House  Committee 
•due  to  certain  changes  in  the  building  essential  to  the  carrying 
of  the  additional  three  floors.  Four  steel  colunms  were  neces- 
sitated fiiiiri  (lie  fnundalion  to  the  roof  of  Ihe  original  struc- 
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ture  and  one  of  these  coliuuns  jiasses  directly  through  the 
Board  Room  of  the  Society  in  a  location  most  inconvenient  to 
the  symmetrical  arrangement  of  the  rooms. 

A  number  of  plans  were  prepared,  and  after  careful  con- 
sideration it  was  decided  to  change  the  arrangement  of  the 
partitions  and  to  install  a  cabinet  in  such  a  way  that  the 
available  floor  space  would  not  be  diminished  to  any  material 
extent  and  the  symmetry  of  the  rooms  would  be  maintained. 

At  the  time  this  change  is  made  the  three  rooms,  including 
the  Secretary's  office,  will  be  redecorated  with  a  warmer  tint 
than  is  now  on  the  walls,  and  the  reception  hall  will  also  be 
redecorated  in  harmony  with  these  rooms.  It  had  been  hoped 
that  the  building  changes  would  be  completed  in  season  to 
permit  the  use  of  the  rooms  being  redecorated  prior  to  the 
annual  meeting  of  the  Society  in  December.  However,  owing 
to  the  delays  in  the  structural  work,  it  has  been  deemed  un- 
wise to  attempt  this,  as  confusion  might  result  during  con- 
vention week. 

Those  who  attended  the  President's  Reception  last  year 
will  recall  the  crowded  conditions  of  the  rooms  and  the  con- 
fusion resulting  during  the  early  part  of  the  evening.  Hav- 
ing this  in  mind,  and  also  that  the  membership  has  increased 
some  700  during  the  past  year,  the  House  Committee  finally 
decided  to  hold  the  President's  Reception  on  the  fifth  floor 
of  the  Engineering  Societies  Building.  This  marks  quite  an 
innovation,  and  before  reaching  this  decision  careful  consider- 
ation was  given  to  the  sentiment  which  has  existed  as  to  the 
propriety  of  not  holding  this  function  in  the  Society's  own 
rooms,  but  the  physical  impossibility  of  properly  accommo- 
dating a  large  attendance  at  this  function  determined  the 
change. 

Steps  were  immediately  taken  with  a  view  to  rendering  the 
fifth  floor  more  suitable  to  such  an  occasion.  With  the  gen- 
erous cooperation  of  the  Board  of  Trustees  of  United  Engi- 
neering Society,  the  partitions  have  been  changed  between  the 
two  large  assembly  rooms  and  a  hardwood  floor  laid  in  the 
larger  of  these  rooms.  With  these  added  facilities  thus  avail- 
able and  the  consequent  opportunity  to  enlarge  upon  the 
social  features  of  this  occasion,  it  is  hoped  that  this  most  im- 
portant evening  of  the  annual  convention  will  be  rendered 
even  more  enjoyable  than  those  which  liave  afforded  an  en- 
thusiastic membership  opportunity  to  meet  the  incoming  pres- 
ident ill  past  years. 

Pictures  of  the  following  Honorary  Members  have  been 
added  during  the  year:  B.  F.  Isherwood,  Dr.  Ing.  Oscar  von 
Miller,  0.  Hallauer,  Jos.  Ilirsch,  Henry  Lcaute,  F.  Reuleaux 
and  Ambrose  Swasey. 

William  N.  Dickinson,  Chairman, 
Frederick  A.  Schepplee, 
James  W.  Nelson, 
Orkie  P.  Cdmmings, 
Maxwell  M.  Upson. 

REPORT    OF  STANDARDIZATION  COMMITTEE 

The  Committee  on  Bureau  of  Engmeering  Standards  was  a 
special  one  appointed  to  consider  and  make  recommendations 
on  the  unification  of  the  general  work  of  standardization  with- 
in The  American  Society  of  Mechanical  Engineers,  and  to 
consider  and  make  recommendations  also  looking  toward  the 
cooperation  of  all  engineering  societies,  national  as  well  as  in- 
ternational, on  all  matters  dealing  with  standards. 

The  work  of  that  Committee  culminated  in  a  report  that  it 
made  to  Council  and  through  Council  to  the  membership.  This 


report  was  published  and  then  adopted  by  the  meuiberslrip. 
With  that  adoption  the  Committee's  work  was  done  and  the 
Committee  was  discharged. 

In  order  to  make  ettective  the  work  of  the  special  commit- 
tee and  realizing  that  the  activities  involved  would  be  con- 
tinuous, the  present  Standing  Committee  on  Standardization 
was  pi-ovided  for  by  an  amendment  to  the  Constitution. 

It  has  not  been  considered  advisable  to  bring  the  \arious 
committees  on  special  standards  that  were  appointed  before 
your  Standing  Committee  on  Standai-ds  under  the  new  rules, 
but  aU  new  committees  are  being  appointed  and  made  up  in 
accordance  with  the  lines  laid  down. 

It  is  gratifying  to  know  that  other  engineering  societies 
have  also  realized  the  desirability  of  cooperation  in  this  work 
of  standardization :  the  American  Institute  of  Electrical 
Engineers  in  particular  is  active,  and  a  mutual  consideration 
by  the  various  societies  is  now  being  given  to  this  subject. 

Henry  Hess,   Chairman, 
H.  L.  Gantt, 
Henry  G.  Stott, 
Carl  Schwartz, 
Wm.  F.  Kiesel.  Jr. 


COLLEGE   REUNIONS   DURING   ANNUAL 
MEETING 

As  has  been  customary  dui'ing  the  past  few  years,  the  New 
York  Alumni  Associations  of  various  colleges  where  technical 
courses  are  given  will  hold  reunions  during  the  Annual  Meet- 
ing. The  following  colleges  are  among  tiiose  which  have 
planned  reunions  for  College  Reunion  night,  which  this  year 
will  be  on  December  8.  Complete  details  are  omitted  on  ac- 
count of  lack  of  space,  but  will  be  included  in  the  final  pro- 
gram. 

BROWTsr  university 
The  Brown  University  Alumni  will  hold  an  informal  ban- 
quet at  the  Brown  University  Club,  44  West  44th  Street,  on 
Friday  evening,  December  8,  at  6.30  p.m.  Prof.  William  H. 
Kenerson  will  be  toastmaster.  All  alumni  interested  in  engi- 
neering and  desiring  to  attend  are  requested  to  communicate 
with  Francis  P.  Davis,  195  Broadway,  New  York  City. 

CORNELL     UNIVERSITY 

The  Mechanical  Engineering  Alumni  of  Cornell  University 
will  hold  an  informal  dinner  at  Cornell  Club,  65  Park  Avenue, 
New  York  City,  at  C.30  p.m.  Further  information  may  be 
had  from  William  F.  Hunt,  115  Broadway,  New  York. 

LEHIGH     UNIVERSITY 

The  Lehigh  Club  of  New  York  will  hold  an  informal  dinner 
and  smoker  at  the  Machinery  Club,  50  Church  Street,  New 
York,  at  6.30  p.m.,  at  which  Alvan  Maeauley,  Lehigh  "92, 
President  of  the  Packard  Motor  Car  Company,  will  be  the 
Guest  of  Honor.  Further  information  may  be  had  from  Mr. 
deCourcy  Browne,  Room  2203,  Equitable  Building.  120  Broad- 
way, New  York  City. 

BROOKLY"N   POLYTECHNIC   INSTITUTE 

The  Mechanical  Engineering  Alumni  of  the  Polytechnic  In- 
stitute of  Brookhii  will  hold  a  reunion  at  the  Engineering 
Societies  BuUding,  at  which  Frank  Gilbreth,  Mem.Am.Soc. 
M.E.,  will  deliver  his  lecture  on  Motion  Study  for  Crippled 
Soldiers.  Aii  informal  reception  and  dance  will  follow.  Fur- 
ther details  may  be  obtained  from  H.  A.  Brandt,  Polytechnic 
Institute  of  Brooklyn.  Brooklyn,  N.  Y.     (Main  4314.) 


APPLICATIONS    FOR     MEMBERSHIP 


MEMBERS  are  requested  to  scrutinize  with  care  the  fol- 
lowing list  of  candidates  who  have  filed  applications 
for  membership  iii  the  Society.  These  are  subdivided  accord- 
ing to  the  grades  for  which  their  ages  qualify  them,  and  not 
with  regard  to  professional  qualifications,  i.e.,  the  ages  of  those 
under  the  first  heading  place  them  under  either  Member,  Asso- 
ciate or  Associate-Member,  those  in  the  next  class  under  Asso- 
ciate-Member or  Junior,  and  those  in  the  third  under  Junior 
grade  only.  Applications  for  change  of  gi'ading  are  also 
posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 


the  members  to  assume  their  share  of  the  responsibilHy  of 
receiving  these  candidates  into  membership  by  advising  the 
Secretary  promptly  of  any  one  whose  eligibility  for  member- 
ship is  in  any  way  questioned.  All  correspondence  in  regard 
to  such  matters  is  strictly  confidential,  and  is  solely  for  the 
good  of  the  Society,  which  it  is  the  duty  of  every  member  to 
promote.  Unless  objection  is  made  to  any  of  the  candidates 
posted  by  January  10,  1917,  and  providing  satisfactory  replies 
have  been  received  from  the  required  number  of  references, 
these  candidates  will  be  balloted  upon  by  the  Council.  Those 
elected  will  be  notified  about  February  15,  1917. 


NEW    APPLICATIONS 

FOR    CONSIDERATIOX    AS     MEMBER,     ASSOCIATE    OR    ASSOCIATE-MEMBER 


ADAJIS.  EAfiL  E..  Western  Eeprescutsitive. 
Metals  Production  Equipment  Co., 


BILYEU.  WILLIAM  F.,  Manager  Feed-Water  Heater  Dept., 

Warren  Webster  &  Co.,  Camden 


Springfield,  Mass. 
N.   J. 


BERGLAND.  EEIC  L..  Engineering  Dept. 
E.  I.  du  Pout  de  Nemours  &  Co., 


Ligbt,  Heat  &  Pwr.  Div., 

Wilmington,  Del. 


BRAGG,  SUMNER  B.,  Foreman,  Nosing  French  Shells. 
Midvale  Steel  Co., 

BREEZE,  ALFRED,  Vice-President, 
The  Cincinnati  Ball  Cranli  Co., 


Cincinnati 
Assistant  Structural  Engineer, 


CHAPIN,  WARREN  W., 
Carrere  &  Hastings, 

COONLEY,   HOWARD,    President, 
Walworth  Manufacturing  Co., 

DOW,   HERBERT  W., 

Willi  Nordberg  Manufacturing  Co., 

EISLER,  CH.ARLES,  Chief  Designer, 
Westinghouse  Lamp  Co., 

EK,  ALM.-\.  Master  Mechanic, 
Braden  Copper  Co., 

EVANS,  GEORGE  A..  Assistant  to  Mechanical  Engineer, 

Public  Service  Electric  Co.,  Newark, 


Philadelphia,  Pa. 
Ohio 
New   Yorli 
Boston,   Mass. 
Milwaukee,  Wis 
Bloomfield,  N.  ,1. 


Rancagua,  Chile,  S. 


N.   .1. 


PISHLEIGH,   WALTER  T.,   Associate  Professor  Automobile   Engineer- 
ing, University  of  Michigan,  .\nn  .Vrhor,  Mich. 

GR.ATIOT,  JAMES  T.,  Manager  Machinery  Department, 
Fairbanks.  Morse  &  Co., 


GROSSIIEIM.  M.  K..  Designing  Draftsman, 
Harry  Bentz  Eng.  Co., 

HALL,  LOUIS  J.,  President, 
Columbian  Brass  Foundry, 

KELLEY,  .\UGUSTUS  N.,  Superintendent, 
The  Modern  Foundry  Co., 

LACKNER.  RAYMOND  A.,  General  Manager, 
Neely  Nut  &  Bolt  Co., 

LEWIS,  KENNETH  B.,  Manager  Dept.  of  Wire  Drawing  Equipment, 
Morgan  Construction  Co.,  Worcester,  Mass, 

LIDBURY,  FRANK  A..  Works  Manager, 

Oldbury  Electro  Chemical  Co.,  Niagara  Falls 

Special  Rep 


Denver,  Colo. 

New  York 

Freeport,  L.  I.,  N.  Y. 

Oakley,  Cincinnati,  Ohio 

Pittsburgh.   Pa. 


Assistant  Engineer, 


McGINNlS,  CRAWFORD  P., 
Pyle  National  Co., 

McINTIRE,  CHARLES  V., 
Otto  Coking  Co.,  Inc., 

McLEAN,  ALVA  W., 

with  The  American  Well   Works, 

MEIER.  CHARLES. 

with  The  Cincinnati  Planer  Co., 


N.  Y. 
Chicago,  III. 
New  York 
.\urora.    III. 
Ohio 


Oakley,  Cincinnati, 

MELNIKOFF.  NICHOLAS  P.,   Chief  Engineer. 

Cabinet  of  His  Majesty  the  Emperor  of  Russia,  Petrograd.  Russia 

METZ,  ELLWOOD  A..  Chief  Draftsman, 

Thurlow  Steel  Works,  Inc.,  Chester,  Pa. 

PAIGE,  HARRISON  N.,  Motive  Power  Department, 
Mount  Lyell  Mining  &  Railway  Co.,  Ltd., 

Queenstown,  Tasmania 

ROGERS,  CLARENCE  M.,  Civil  Engineer, 


RUSSELL,   .ALBERT  B.,  Works  Manager, 
Library   Bureau, 

SMITH,   WILLIAM.  Mechanical  Engineer, 
Henry  Disston  &  Sons,  Inc., 

TALIAFERRO,  ROBERT  R., 

with  Carrier  Air  Conditioning  Co., 

TONNE,  HER.MAN  A.,  Machine  Designer, 
The  Standard  Shade  Roller  Corp., 


.\ustralia 

Daytona,   Fla. 

Ilion.  N.  Y. 

Tai  ony.  Pa. 

Cincinnati,  Ohio 


Ogdensburg,   N.   Y. 


UNDERHILL,  CHARLES  R.,  Chief  Electrical  Engineer, 

The  Acme  Wire  Co.,  New  Haven,  Conn. 

WATT.   H.\ROLD  W.,   Engineer,   Electric  Distribution, 

Westchester  Lighting  Co.,  Mount  Vernon,   N.   1. 

WILSON,   THOMAS,  Western   Editor  "  Power," 

Hill    Publishing  Co.,  Chicago, 


YOUNG,  WILLIAM  J..  Engineer, 
Hydraulic  Turbine  Corp., 


111. 
Camden,  N.  Y. 

FOR    CONSIDERATION    AS    ASSOCI.ATE-MEMBER    OR    .H'NIOR 

Cincinnati,  Ohio 
Cincinnati,  Ohio 


BINNS.  GEORGE  W.. 

with  Cincinnati  Milling  Machine  Co.. 

COOK,  HOWARD  B., 

with  the  Warner  Elevator  Manufacturing  Co., 


FALLOWS,  ERNEST,  Mechanical   Superintendent. 
Jenckes  Spinning  Co., 


HARRISON,   CLIFFORD  E.,   Inspector, 
The  American  Engineering  Co., 

KUEHN,  HUGO  R.,  Mechanical  Engineer. 
Illinois  Steel  Co., 

LINN,  SUB  SUING,  Draftsman, 
The  American  Locomotive  Co., 

McKAIG,  ALVIN  W.,  Chief  Engnieer, 
George  F.  Shevlin  Mfg.  Co., 

MAGDEBURGER,  EDW.^RD  C,  Designing  Engineer 
Busch-Snlzer  Bros. — Diesel  Engine  Co., 


MALONE,  JOSH  G., 
Mirck  &  Co., 


Draftsman, 

Engineer, 


MIDDLETON,   N.A.THAN  A 
Hornblower  &  Weeks, 

MOORE,  JAMES  W.,  Engineer, 
.American  Cast  Iron  Pipe  Co., 

NICHOLS,  .\LLEN  E.,  Designing  Engineer, 
Bureau  of  Waste  Disposal, 

OVERSTRUD,  MELVIN,  Production  Engineer, 
Minneapolis  Steel  &  Machinery  Co., 

SEAVEY,  C.  LAWRENCE.   Industrial  Engineer 
Remington  Typewriter  Works, 


I'awtucket,  K.   I. 

Philadelphia,   Pa. 

Joliet,  III. 

Schenectady,  N.  Y. 

Saratoga  Springs,  N.  Y. 

St.  Louis,  Mo. 

Rahway,  N.  J. 

Boston,  Mass. 

Birmingham.  Ala. 

City  of  Chicago.  111. 

Minneapolis,  Minn. 

Ilion,   N.   Y. 


FOE    CONSIDERATION    AS    JUNIOR 

BAKER,  PHILIP  C,  Designing,  Engineering  Dept., 

Board  of  Water  Commissioners,  Detroit.  Mich. 

BEEKMAN,  HENRY  M.,  Engineering  Dept.,  Primary  Battery  Div., 

Thomas  A.  Edison,  Inc.,  Bloomfleld,  N.  J. 

BILLINGTON,  RONALD  V.,  Draftsman, 

Great  Western  .Sugar  Co.,  Denver,  Colo. 

BRAKES,  JAMES.  JR.,  Instructor  in  Mechanical  Engineering  Lab., 

Syracuse  University,  Syracuse.   .\.    1. 

COOKE,  EUGENE  L..  Assistant  to  Engineer  of  Tests, 

New  York  Edison  Co.,  New  York 


Bridgeport,   Conn. 
Jersey  City.  N.  J. 


DILLEY,  JESSE  R.,  Mechanical  Engineer. 

Remington  .\rms-Union   Metallic  Cartridge  Co., 

FRANCIS,  HARRIS  S.,  Foreman  Production  Dept., 
Safety  Car  Heating  &  Lighting  Co.. 

GAILL.\RD,   DAVID  S.,   Superintendent,  Experimental  Plant. 

American  Cyananid   Co.,  New   York 

HORNER,  BENJAMIN  B..  Engineer. 

Consolidated  Water  Power  &  Paper  Co., 

L.\NE,  ABBOTT  A..  Inspector  of  Aeroplanes  and  Motors. 
United  States  Signal  Service  at  Large,  woi,i,i 

LLOYD,  AXTELL  A.,   Inspector, 
.American  .\mmunition  Co., 

PENN,  MARION.  Assistant  Div.  SupcriuteudenI, 
Public  Service  Electric  Co., 


Grand  Rapids,  Wis. 
Washington,  D.  C. 
New  York 
Elizabeth,   N.   J. 


POIRIER,  AUSTIN  E.,  Assistant  to  Millwrigbt, 

Works  Engineer's  Office,  Union  .Metallic  Cartridge  Co., 

Bridgeport,  Conn. 
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RIDER,  DAVID  S.,  Assistant  Engineer,  Power  Plant. 

Scovill  Mfg.  Co.,  ^^  aterbury,  Conn. 

STEDM.\N,  H.VROLD  W.,  Foreman.  Electrioal  Department, 

Cbase  Metal  Works,  Waterville,  Conn. 

SUTERMEISTER,  FREDERICK,  Assistant  Mechanical  Engineer, 

.ti.-i —  i.^:,,..J  T.<;ii„  Brooklyn,  N.  Y. 

Cincinnati,  Obio 

Miami.  Ariz. 

Hanover,   N.   M. 


Cbelseo  Fibre  Mills 

VIXNEDGE,  EARLE  W., 

witU  Wortliington  Pump  &  Machinery  Co., 

WARREN,  WILLIAM  H.,  Efficiency  Engineer, 
Inspiration  Consolidated  Copper  Co., 

WILLIAMS,  GEORGE  L.,  Mechanical  Engineer, 
Empire  Zinc  Co., 


APPLICATIONS    FOR    CHANGE    OF    GRADING 

Columlius.  Ohio 
Pbilarclphia.    r':i. 


BAILEY.  HAZIL  H..  Resident  Engineer, 
E.  W.  Clark  &  Co.,  Management  Corp, 


BAILEY.  WILLI.VM  J.;  District  Manager, 
T'nitert  Coal   Corp.. 


BORDEN,  WILLIAM  H.,  Operator, 
Pacific  Gas  &  Electric  Co., 

BOYD,  W.  WALLACE,  Chief  Engineer. 
Buffalo  Scale  Co., 

MACDON.\LD.   .).\MES  V..  Member  of  Firm, 
Ranald  H.  Macdonald  &  Co., 

ROSE,  FRED  W..  Consulting  Engineer, 
Rose  &  Harris,  Engineers, 

SMITH,  ROY  H.,  Treasurer, 
The  Falls  Rivet  Co.. 

WEBER,  EKWIN  L.,  Consulting  Engineer, 


SUMMARY 


Xi'w   .\ii])liiations    

.Vlit.)ii(atiuns  for  change  of  j 
I'niniiilinn   from  Junior.. 

Total 


;rading  : 
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San  Francisco,  Cal. 

Buffalo,  N.  Y. 

New  York 

Minneapolis.  Minn. 

Kent.  Ohio 
Seattle,  Wash. 


68 

8 

76 


.\liibniiia 

Biiiningham — Moore,  J.  W. 
.\rizona 

Miami — Warren.  W.   II. 
California 

San  Francisco — Borden,  W.  11.  (J.) 
Colorado 

Denver — Billington,   R.   V. 
Gratiot,  J.  T. 
Connecticut 

Bridgeport — Dilley,  J.   R. 
Poirier.  A.  E. 

New  Haven — Underbill,  C.  R. 

Waterburv — Rider,  D.  S. 

Watervilte — Stedman,  H.  W. 
Delaware 

Vilmitiijton — Bcrglaud,  E.  L. 
District  of  Columbia 

Washington — Lane,  .\.  .\. 
Florida 

Dautona — Rogers,   C.   M. 
Illinois 

Aurora — McLean,    A.    W. 

Chicago — McGinnis,  C.  P. 
Nichols.  A.  E. 
Wilson.  T. 

Jolict — Kuehn,  H.  R. 
Massachusetts 

Boston — Coonley.    II. 

Middleton,  N.  A. 

Springfield — .\dams,  E.  E. 

Wurccsler — Lewis.  K.  B. 


GEOGRAI'inc.\L     LIST 

^licliigan 

Ann  Arbor — Fishleigh,  W.  T. 
De<TOi(— Baker,  P.  C. 
Minnesota 

MiiineapoJis — Overstrud,  M. 
Rose,  F.  W. 
Missouri 

.S't.  Loim — Magdeburger,  E.  C. 
New  Jersey 

Bloomfteld — Beekman,   H.   M. 

Eisler,   C. 
Camden — Bilyeu,  W.  F. 
F.lizabeth — Penn.  M. 
Jorseit  Citii — Francis,  H.  S. 
\cicark — Evans,  G.  A. 
Raliuoy — Malone.  J.  G. 
New  Mexico 

llonover — Williams  G.   L. 
New  York 

Brooklyn — Sutermeister,  F. 
Buffalo — Boyd.   W.   W.    (.1.) 
Camden — Young,  W.  J. 
Freeport — Hall,  L.  J. 
Ilion — Russell,  A.  B. 
Seavey,   C.    L. 
Mount  Tertwn — Watt.   II.  W. 
;\'eH!  York — Chapin,   W.   W. 
Cooke.  E.  L. 
Gaillard.  D.  S. 
Grossheim,  M.  K. 
Lloyd,  A.  A. 
Mclntyre.  C.  V. 
Macdonald.  .1.  \'. 
\iiiiiina   Fiilli — Lidbury.   F.   .\. 


Ogdensgurg — Tonne.   H.  A. 
Saratoga  Springs — McKaig,  .\. 
Schenectady — Linn,   S.   S. 
Syracuse — Brakes,  J.,  Jr. 


Cincinnati- 


Cohtnibns- 


-Binns,   G.  W. 
Breeze,  A. 
Cook,  H.  B. 
Kelley,  A.  N. 
Meier,  C. 
Taliaferro,  R.  R. 
Vinnedge,  E.  W. 
-Bailey,  H.  H.    (J.) 


Kent — Smith,  R.   H. 
Pennsylvania 

Chester — Metz.  E.  A. 

Philadelphia — Bailey,   H.   H.    (J.) 

Philadelphia — Bragg,  S.  B. 

Harrison,  C.  E. 

Pittsburgh — Lackner,   R.  A. 

Tacony — Smith,  W. 
Riiode  Island 

Ftnrtucket — Fallows,   E. 
Washington 

Seattle — Weber.  E.  L.   (J.) 
Wisconsin 

drnml   Rapids — Ildriier.    P..    B. 

ilihraukee — Dow.  II.  W. 
.Vustralia 

Quceustoicn — Paige.    11.   N. 
Chile,  S.  A. 

liancagutt — Ek,  A. 
Russia 

Petrograd — Jlclnikoff.  N.   P. 


PERSONALS 


/N  these  columns  are  inserted  items  concerning  members  of 
the  Society  and  their  professional  activities.  Members 
are  always  interested  in  the  doings  of  their  fellow-members, 
and  the  Society  welcomes  notes  from  members  and  concerning 
members  for  insertion  in  this  section.  All  communications  of 
personal  notes  should  be  addressed  to  the  Secretary  and  items 
should  be  received  by  the  18th  of  the  month  in  order  to  appear 
in  the  succeeding  issue  of  The  Journal. 


CH.INGES    OF    POSITION 

M.  R.  Jonas  has  accepted  a  position  with  the  By-Product  Coke 
Works  of  the  River  Furnace  Company  of  Cleveland.  O.,  in  the  capacity 
of  test  engineer. 

P.  S.  Steexstrup,  formerly  associated  with  the  export  department  of 
the  Hupp  Motor  Car  Company  of  Detroit,  Mich.,  has  become  affiliated 
with  the  General  Motors  Export  Company  of  the  same  city. 

.Albert  C.  Diceersias,  formerly  affiliated  with  Warren  B.  Lewis, 
consulting  engineer  of  Providence,  R.  I.,  is  now-  associated  with  the 
engineering  department  of  the  Sayles  Finishing  Plants,  Saylesville, 
R.  I. 

Ralph  M.  Fekry  has  assumed  the  duties  of  superintendent  of  the 
Northern  Aluminum  Company.  Ltd.,  Toronto,  Out..  Canada.  He  was 
formerly  associated  with  the  U.  S.  Aluminum  Company,  New  Kensing- 
ton, Pa. 

H.  O.  C.  I.sE.NEERG,  until  recently  in  the  employ  of  the  Ferro  Machine 


and  Foundry  Company,  Cleveland,  O.,  has  become  connected  with  the 
Scripps  Booth  Company  of  Detroit,  Mich.,  in  the  capacity  of  chief 
engineer. 

John  S.  Repko,  J'r.,  formerly  assistant  maintenance  engineer  of  the 
I'.osch  Magneto  Company,  Springfield,  Mass.,  has  accepted  a  position 
with  the  Guanica  Central  Sugar  Company,  Porto  Rico,  as  assistant 
iiii'chanical  engineer. 

.loHN  A.  McCrary  has  accepted  a  position  with  the  C  and  R  Depart- 
in. 'iit  of  the  Navy  Yard,  Washington,  D.  C.  He  was  formerly  drafts- 
man and  assistant  to  general  superintendent  of  The  Mathieson  .Alkali 
Works,  Saltville.  Va. 

Frank  J.  Bryant  has  severed  his  connection  with  the  Andrew  Mc- 
Lean Company,  Passaic,  N.  J.,  and  has  assumed  the  position  of  New 
.Tersey  manager  of  the  Huber  Hand  Stoker  Company,  with  headquarters 
in  Passaic.  N.  J. 

Aldex  W.  Baldwi.v.  formerly  with  the  engineering  department  of 
The  Deane  Steam  Pump  Plant,  Holyoke.'Mass.,  is  now  an  instructor  in 
mechanical  engineering  in  the  Towne  Scientific  School.  University  of 
Pennsylvania,  Philadelphia,  ^a. 

SUKKEY  W.  SL.4TER,  formerly  assistant  superintendent  of  the  holder 
distribution  department  of  The  Brooklyn  Union  Gas  Comijauy.  Brook- 
lyn, N.  1'.,  has  been  appointed  engineer  of  The  St.  Maurice  Pulp  and 
Paper  Company,  Cap  Magdeleine,  Que.,  Canada. 

Harry  A.  Nadler  has  assumed  the  duties  of  factory  superintendent 
of  Central  Fortuna,  Porto  Rico.  He  was,  until  lately,  associated  with 
the  Guanica  Centrale  Sugar  Company,  Ensenada.  Porto  Rico,  in  the 
capacity  of  assistant  chief  engineer. 

C.  A.  Black,  who  foi-  many  years  iias  been  superintendent  of  dredg- 
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ing  in  the  secouil  ilistrict  consisting  of  tlie  nortliern  lialf  ot  the  Panama 
Canal  and  Gatun  Dam,  was  on  September  1,  when  all  dredging  dis- 
tricts were  combined,  promoted  to  superintendent  of  the  entire  dredg- 
ing division  with  headquarters  at  Paraiso. 

ANNOUNCEMENTS 

E.  GVBBON  Si'ii.Kuuitv  lias  gone  to  Cuba  on  professional  worl<  aud 
will  be  absent  about  three  weeks. 

James  Guthkie,  until  recently  in  the  employ  of  the  Curtiss  Aeroplane 
and  Motor  Corporation,  Buffalo,  N.  Y.,  has  opened  a  consulting  en- 
gineering office  in  Cleveland,  O. 

F.  H.  Ballou,  traveling  engineer  of  the  Great  Wetsern  Sugar  Com- 
pany, Denver,  Colo.,  has  been  transferred  to  the  Montana  district, 
Billings,  Mont.,  in  the  capacity  of  assistant  engineer. 

Saxford  E.  Thomtsox  announces  the  opening  ot  new  offices  and 
laboratory  in  the  Federal  Street  Building,  Boston,  Mass.  These  re- 
place both  the  Newton  Highlands  and  the  Milk  Street  offices. 

R.  G.  Cli-ne,  for  the  past  seven  years  with  the  Western  Cartridge 
Company  ot  East  Alton,  111.,  as  mechanical  engineer,  has  resigned  and 
will  go  into  business  tor  himself  in  St.  Louis,  Mo.,  designing  and 
building  special  machinery.  He  has  devoted  over  26  years  to  this  class 
ot  work. 

appointments 

J.  Haeland  Billings  is  now  lecturer,  in  charge  of  the  machine  de- 
sign department,  at  the  University  of  Toronto,  Toronto,  Ont.,  Canada. 

J.  R.  BoLGiAXO  has  been  assigned  by  the  Emerson  Company,  with 
whom  he  is  associated,  to  the  efficiency  department  of  the  Dayton 
Malleable  Iron  Company. 

L.  H.  Blood,  mechanical  superintendent  ot  the  Wood  and  Brooks 
Company.  Buffalo,  N.  Y.,  has  become  associated  with  the  Lodge  and 
Shipley  Machine  Tool   Company,  Cincinnati,   O. 

Benjamin  E.  Bosler,  formerly  assistant  superintendent  of  shops  ot 
the  Cambria  Steel  Company,  Johnstown,  Pa.,  has  been  appointed  super- 
intendent of  the  mechanical  department  of  the  company. 

AUTHORS    OF    P.APERS,    ETC. 

C.  H.  Bierbaum  presented  a  paper  on  Graphite  at  the  November  29 
meeting  ot  The  Engineering  Society  of  Buffalo. 

Douglas  T.  Hamilton  delivered  an  address  on  Gages  and  Their 
Relation  to  Interchangeable  Manufacture  before  the  Springfield  So- 
ciety, Springfield,  Vt.,  on  November  14. 

B.  Xagy  presented  a  paper  on  Hydrated  Lime — Its  Use  in  Concrete 
and  Mortars,  at  the  November  3  meeting  of  The  Detroit  Engineering 
Society. 

Russell  Huff  will  present  a  paper  entitled  A  Plea  for  the  Four 
Cylinder  Engine,  at  the  December  IS  meeting  of  The  Engineering  Soci- 
ety of  Buffalo. 

M'.  L.  R.  Emmet  presented  a  paper  on  Alquist  Gearing  tor  Ship 
Propulsion  at  the  24th  general  meeting  of  The  Society  of  Naval 
Architects  and  Marine  Engineers,  held  in  New  York,  November  16 
and  17. 

Frederic  G.  Coburn  presented  a  paper  on  The  Power  Forging  of 
Chain  Cables  at  the  November  16  and  IT  meeting  of  The  Society  of 
Naval  Architects  and  Marine  Engineers. 

L.  W.  Helmreich,  head  ot  the  department  of  electrical  engineering 
of  The  David  Ranl;en,  Jr.,  School  ot  Mechanical  Trades,  St.  Louis,  Mo., 
gave  a  talk  on  the  purpose  and  scope  of  the  school  at  the  November  1 
meeting  ot  The  Engineers'  Club  of  St.  Louis.  The  meeting  which  was 
held  at  the  School,  was  followed  by  an  inspection  of  the  shops  and 
laboratories. 


NECROLOGY 


FR.\NK     EDSON      SHEDD 

Frank  Edson  Shedd  was  born  in  Sharon,  New  Hampshire, 
July  18.  18.56 :  attended  the  Conant  High  School  of  East  Jef- 
frey, New  Hampshire,  and  graduated  from  Dartmouth  College 
in  the  Class  of  1880.  After  a  year  of  teaching  as  principal  of 
a  High  School  he  was  in  the  service  of  the  United  States  Coast 


and  Geodetic  Survey  for  a  year,  his  work  being  on  the  chart- 
ing of  the  coast  of  Maine. 

In  1882  he  left  the  government  service  to  lake  up  civil  engi- 
neering in  Lowell.  In  1886  he  had  charge  of  the  erection  of 
the  Washington  Mills  at  Lawrence,  Mass.,  at  that  time  one 
of  the  largest  mill-construction  propositions  that  had  then 
been  undertaken,  and  now  owned  by  the  American  Woolen 
Company.  In  April,  1887,  he  became  a  member  of  the  staff 
of  Lockwood,  Greene  &  Co.,  who  designed  the  Washington 
Mills,  and  two  years  later  was  made  first  assistant  to  Mr. 
Stephen  Greene,  then  the  sole  member  of  the  firm,  and  has 
ever  since  maintained  an  intimate  connection  with  that  or- 
ganization. On  January  1,  1901,  upon  the  incorporation  of 
Lockwood,  Greene  &  Co.,  Mr.  Shedd  became  a  director  and  the 
vice-president  of  the  firm,  both  of  which  jiositions  he  held 
until  his  death. 

Mr.  Shedd  was  a  civil  engineer  of  high  standing,  had  de- 
signed many  large  mills  and  hydraulic  plants  in  various  parts 
of  the  United  States  and  Canada  and  was  considered  one  of 
the  leading  authorities  in  this  country  on  hydraulic  develop- 
ments. 

He  was  a  man  of  varied  interests;  a  member  of  the  Ameri- 
can Society  of  Civil  Engineers;  the  Boston  Society  of  Civil 
Engineers  and  The  American  Society  of  Mechanical  Engi- 
neers. 


JOHN    E.    MC  INTOSH 

John  E.  Mcintosh  was  born  at  Cayuga,  N.  Y.,  on  February 
17,  1858,  and  died  on  September  17,  1916.  He  was  educated 
at  Cayuga,  at  the  St.  John  School,  Mantius,  N.  Y.,  and  at 
Columbia  University.  He  founded  the  Mcintosh  &  Seymour 
Co.  about  1885  and  was  president  of  this  concern  until  his 
retirement  from  business  a  few  years  ago.  His  invention  of  a 
flywheel  governor  made  possible  the  beginning  of  the  company. 
Mr.  Mcintosh  had  great  ability  as  a  practical  mechanic  and 
also  as  a  boat  builder,  having  built  several  large  boats  for  his 
own  use. 

He  was  a  member  of  the  Citizens'  League  of  Auburn,  the 
City  Club  of  New  \"ork.  City  Club  of  Auburn,  Owasco  Country 
Club,  Technology  Club  of  Syracuse,  Atlantic  Deeper  Water- 
ways Association,  Auburn  Chamber  of  Commerce,  and  was 
National  Chancellor  of  the  Chamber  of  Commerce  of  the 
United  States.  He  also  served  one  term  as  Mayor  of  the  City 
of  Auburn.  Mr.  Mcintosh  became  a  member  of  the  Society 
in  1901. 


JOHN    VANDERVEER    BEEKMAN 

John  Vanderveer  Beekman  was  born  in  Peacock,  Morris  Co., 
N.  J.,  on  February  7,  1842,  and  received  his  education  in  the 
district  schools  near  his  home.  For  four  years  he  served  an 
apprenticeship  at  Dunham  &  Staats  Iron  Works,  at  Raritan. 
N.  J.  He  then  went  to  Brooklyn,  where  he  remained  for  si.x 
years  with  the  South  Brooklyn  Engine  Works.  For  two  years 
following  this  he  engaged  in  business  for  himself,  having  a 
general  machine  shop  in  Brooklyn  which  was  afterwards  or- 
ganized as  the  Pioneer  Iron  Works  of  which  he  was  manager. 
Finally  lie  became  interested  in  the  Lidgerwood  Manufacturing 
Company,  manufacturers  of  hoisting  engines  and  boilers.  He 
was  well  known  in  engineering  circles  and  was  the  inventor  of 
many  devices  now  in  use  on  hoisting  engines.  He  was  a  mem- 
ber of  the  Machinerv  Club,  and  also  of  the  Plainfleld  Country 
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Club,  and  the  Hydewood  aud  Stamford  Golf  Clubs.     He  be- 
came a  member  of  the  Society  in  1889. 

Mr.  Beekman  died  at  ids  home  in  Plaiulield,  N.  J.,  on  Sep- 
tember 11.  1910. 


EMIL    HERTER 

Emil  Herter  was  born  in  New  York  City  on  January  16, 
1860,  and  received  his  education  in  the  public  schools  of  New 
York.  From  1874  to  1880  he  served  an  apprenticeship  with 
Gustav  Burger,  and  from  1881  to  1883  held  a  position  in  the 
drawing  room  of  the  Rider  Hot  Air  Engine  Company  at  Wal- 
den,  X.  Y.,  and  with  J.  H.  AY  right  at  Bridgeport,  Conn.  From 
1883  to  1884  he  worked  in  the  shop  of  the  Colts  Patent  Fire 
Arm  Company.  His  other  practical  experience  included  posi- 
tions as  patternmaker  and  machinist  with  the  Goshen  Foundry 
&  Gas  Machine  Co.  at  Goshen,  N.  Y.,  draftsman  with  Brown 
&  Hall,  New  York  City,  and  Adams  &  Richards,  New  Bruns- 
wick, N.  J.  He  had  charge  of  erecting  machinei^y  at  the  Niles 
Tool  Works,  Hamilton,  0.,  and  following  that  worked  as 
draftsman  with  the  E.  W.  Bliss  Company  in  Brooklyn.  From 
1890  to  1892  he  had  charge  of  machine  shop  work  in  the 
Schenectady  branch  of  the  Edison  General  Electric  Company. 
After  this  he  held  the  position  of  chief  draftsman  with  the  New 
Jersey  &  Pennsylvania  Concentrating  Works.  At  the  time  of 
his  death  he  was  chief  mechanical  engineer  with  the  Edison 
Storage  Battery  Company,  working  on  many  of  Mr.  Edison's 
most  important  inventions. 

Mr.  Herter  became  a  member  of  the  Society  in  1894.  He 
died  on  August  23,  1916. 


THEODORE    NEWELL    ELY 

Theodore  Newell  Ely  was  born  at  Watertown,  N.  Y.,  on  June 
23,  1846,  and  died  at  his  home  at  Bryn  Mawr  on  October  28, 
1916.  He  received  the  degree  of  C.  E.  at  Rensselaer  Poly- 
technic Institute  in  1866,  and  the  honorary  degree  of  M.  A. 
from  Yale  University  in  1897,  and  that  of  Sc.  D.  from  Hamil- 
ton College  in  1904. 

Mr.  Ely's  entire  business  career  was  spent  in  the  employ  of 
the  Pennsylvania  Railroad,  the  engineering  department  of 
which  he  entered  in  1868.  From  1903  to  1910  he  was  chief  of 
motive  power  of  the  lines  east  and  west  of  Pittsburgh  and  Erie, 
and  at  the  time  of  his  retirement  in  1911  was  chief  of  the 
whole  system. 

He  was  also  a  director  of  the  Pennsylvania  Steel  and  the 
Cambria  Steel  Companies,  and  was  a  member  of  the  Permanent 
Commission  of  the  International  Railway  Congress,  a  member 
and  president  since  1904  of  the  Eastern  Railway  Association, 
and  a  member  of  the  American  Railway  Association,  the 
American  Society  of  Civil  Engineers,  the  American  Institute  of 
Mining  Engineers,  the  Institute  of  Civil  Engineers  of  Great 
Britain,  the  American  Philosophical  Society,  the  American 
Historical  Association,  and  The  Franklin  Institute. 

Mr.  Ely  was  a  fellow  of  the  American  Association  for  the 
Advancement  of  Science,  vice-president  of  the  American 
Academy  in  Rome,  and  was  an  honorary  member  of  the  Ameri- 
can Institute  of  Architects.  He  belonged  to  the  Centui-y.  Univer- 
sity, and  Engineers'  Clubs  of  New  York,  the  Philadelphia  and 
Engineers'  Club  of  Philadelphia,  and  the  Metropolitan  Club 
of  Washington.  He  was  known  for  his  interest  in  art  and 
music,  and  was  a  director  of  the  Philadelphia  Academy  of  Fine 


Arts  and  a  trustee  of  the  Drexel  Institute  and  the  Philadelphia 
Cummercial  Museum.  ]\Ir.  Ely  became  a  member  of  the 
Society  in  1880. 

SOCIETY  MEETINGS 

MEETINGS  of  the  Society  are  now  being  held  regularly 
at  established  Sections  at  Atlanta,  Birmingham,  Bos- 
ton, Buffalo,  Chicago,  Cincinnati,  Detroit,  Indianapolis,  Los 
Angeles,  St.  Paul  and  Minneapolis  (Minnesota  Section),  New 
Haven,  New  Orleans,  New  York,  Philadeljahia,  St.  Louis,  San 
Francisco  and  Worcester;  also  the  Providence  Engineering 
Society,  which  is  affiliated  with  our  Society,  holds  regular 
meetings.  Sections  are  in  prospect  at  Baltimore.  Erie,  Kansas 
City,  Meriden  aud  Rochester. 

It  is  of  the  highest  importance  in  the  development  of  the 
monthly  meetings  of  the  Society,  both  of  the  Sections  and  of 
the  Student  Branches,  that  comprehensive  reports  of  these 
meetings  be  published  in  The  Journal  regularly.  Secretaries 
of  the  Sections  and  Student  Branches  are  urged  to  make 
every  effort  to  get  the  complete  reports  of  their  meetings  to 
the  office  of  the  Society  as  quickly  as  possible  after  the  meet- 
ings are  held,  and  also,  where  possible,  copies  of  the  papers 
presented  should  be  sent  in;  if  desired,  the  copy  of  the  paper 
will  be  returned  after  examination.  Reports  of  meetings  must 
be  received  before  the  18th  of  the  month  in  order  to  appear 
in  the  next  issue  of  The  Journal. 

PROVIDENCE,  OCTOBER  25 

A  meeting  of  the  Providence  Engineering  Society  was  held 
on  October  25.  This  was  the  first  general  meeting  of  the  new 
Society  and  a  large  number  attended.  Forty-one  new  mem- 
bers were  elected  and  eleven  new  applications  were  received. 
Professor  Kennison,  Mem.Am.Soc.M.E.,  of  Brown  University, 
gave  am  instructive  talk  on  Iron — from  the  Ore  to  the  Finished 
Article,  which  was  illustrated  by  moving  pictures  of  the  vari- 
ous processes. 

Albert  E.  Thornley, 
Section  Secretary. 

BUFFALO,  OCTOBER  18 

The  Engineering  Society  of  Buffalo  held  its  first  meeting  for 
season  1916-17  on  October  18.  A  dinner  in  which  about  150 
members  participated,  was  a  feature.  After  the  dinner.  Dr. 
D.  S.  Jacobus,  President  of  the  Society,  gave  an  address  em- 
phasizing the  importance  of  cooperation  between  the  national 
societies  and  local  groups. 

Mr.  Rice  said  that  there  was  a  tendency  today  in  the  pro- 
fession toward  better  recognition  of  the  qualifications  of  the 
engineer  in  the  administration  of  municipalities  and  mentioned 
particularly  the  City  of  Cleveland.  He  also  stated  that  the 
professional  engineer  is  taking  a  leading  part  in  the  industrial 
preparedness  cjuestion. 

S.  J.  Foley, 
Corresponding  Secretary. 

ST.  LOUIS,  OCTOBER  14 

The  first  meeting  of  the  St.  Louis  Section  for  the  season 
191G-17  was  held  on  October  14 ;  about  40  members  were  pres- 
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ent.  The  speaker  of  the  evening  was  L.  C.  Nordmeyer,  Mem. 
Am.Soc.M.E.,  who  had  just  returned  from  an  eighteen-months' 
sojourn  in  China  where  he  was  supervising  the  construction 
and  starting  up  of  a  large  plant  for  storing  and  preparing  eggs 
for  export  shipment.  The  recounting  of  some  of  his  pei-sonal 
experiences  as  well  as  his  description  of  Chinese  life  in  various 
phases  was  very  interesting. 

H.  R.  Setz, 
Section  Chairman. 

ST.   LOUIS,   OCTOBER   18 

At  the  October  18  meeting  of  the  St.  Louis  Section  of  the 
Society,  a  paper  was  presented  by  E.  R.  Fish,  Mem.Am.Soe. 
M.E.,  on  Standardized  Boiler  Construction.  He  called  atten- 
tion to  the  meaning  and  importance  of  the  Boiler  Code  recently 
issued  by  the  Society  which  is  more  and  more  becoming  the 
recognized  standard  to  state  authorities  and  inspection  com- 
panies. 

In  the  discussion  which  followed,  representatives  of  inspec- 
tion companies  esijlained  why  there  had  at  first  been  some  op- 
position on  their  part  towards  this  new  code,  but  stated  that 
they  had  now  adjusted  themselves  to  the  new  condition. 

H.  R.  Setz, 
Section  Chairman. 

NEW   YORK,   NOVEMBER    14 

A  meeting  of  the  New  York  Section  was  held  on  the  evening 
of  November  14  in  the  auditorium  of  the  Engineering  Societies 
Building.  The  chairman  introduced  Baron  Shiba,  head  of  the 
mechanical  enegineering  department  of  the  Imperial  Univer- 
sity of  Tokyo  and  past-president  of  the  Japanese  Society  of 
Mechanical  Engineers,  who  brought  greetings  from  the  engi- 
neers of  Japan  to  the  Society,  and  who  received  the  greeting's 
of  our  members  in  return.  The  chairman  then  introduced  Mr. 
Charles  H.  Bedell,  electrical  engineer  of  the  Electric  Boat 
Company,  New  London,  Conn.,  who  delivered  an  illustrated 
lecture  on  submarines.  This  lecture  had  been  specially  ai'- 
ranged  as  a  sequel  to  the  joint  excursion  of  the  New  York. 
New  Haven,  Boston,  Worcester  and  Providence  Sections  on 
Saturday,  November  11. 

The  speaker  introduced  his  subject  in  a  very  interesting  way 
by  comparing  the  capabilities  of  the  Nautilus  of  Jules  Verne 
with  what  we  are  able  to  do  today.  With  tlie  aid  of  lantern 
slides  he  then  reviewed  the  history  of  the  submarine,  following 
with  a  complete  description  of  the  interior  of  a  modem  vessel. 
He  showed  numerous  pictures  of  the  latest  types  of  submarines, 
including  a  number  of  American  boats,  some  late  type  English 
submarines,  and  the  German  merchant  submarine  Deutschland, 
showing  photographs  of  the  interior  of  the  latter  and  com- 
paring it  with  fighting  vessels.  He  concluded  with  an  illus- 
trated review  of  submarines  in  operation,  showing  vessels 
awash,  partially  and  wholly  submerged  and  diving,  and  an  ex- 
position of  the  defensive  use  of  submarines  for  the  protection 
of  our  coasts. 

The  speaker  has  had  over  twenty  years'  experience  with  sub- 
marines, and  thi-oughout  his  lecture  he  recited  many  interest- 
ing incidents  in  connection  with  this,  so  that  his  audience  of  500 
were  well  entertained  duiing  the  whole  evening. 

The  meeting  was  preceded  by  an  informal  dinner  at  Offei-'s 
Restaurant,  .38th  St.  and  6th  Ave.,  at  which  fifty  were 
present. 

A.  D.  Blake, 
Section  Secretary. 


STUDENT   BRANCHES 


CARNEGIE    INSTITUTE    OF    TECHNOLOGY 

The  Student  Branch  of  the  Carnegie  Institute  of  Technol- 
ogy held  its  first  meeting  on  October  18.  H.  A.  Madison, 
Chairman  of  the  Branch,  in  his  opening  address  said  that  a 
new  feature  would  be  instituted  in  the  Branch  this  year  in 
the  form  of  a  "  Suggestion  Box,"  into  which  any  member  or 
non-member  can  drop  suggestions  as  to  subjects  or  speakers. 
He  felt  that  this  would  be  very  valuable  and  hoped  that  a 
large  number  of  students  would  make  use  of  it. 

The  speaker  of  the  evening  was  C.  W.  Starker  of  tlie  Edu- 
cational Department  of  the  Westinghouse  Electric  and  Manu- 
facturing Company.  His  subject  was  Electric  Drives  in  Me- 
chanical Engineering,  and  he  gave  a  very  interesting  illus- 
trated lecture  on  Westinghouse  motors  of  all  sizes,  from  the 
smallest  size  for  dentists'  use  to  motors  of  30,000  h.p.  The 
illustrations  included  applications  on  the  Great  Lakes.  Mr. 
Starker  also  pointed  out  the  advantages  from  the  use  of  the 
different  tvpes  of  motors  on  their  special  class  of  work. 

J.  H.  Davis, 
Branch  Corresponding  Secretary. 


CASE    SCHOOL    OF    APPLIED    SCIENCE 

Calvin  W.  Rice,  Secretary  of  the  Society,  addressed  the 
Student  Branch  of  the  Case  School  of  Applied  Science  at  its 
meeting  on  October  17  on  The  Recognition  of  the  Engineering 
Profession.  He  told  of  the  organization  of  the  scientific  and 
industrial  resources  of  the  nation,  urged  a  higher  motive  for 
scientific  researches  and  councils  and  spoke  of  the  increasing- 
necessity  for  the  engineering  profession  to  assume  its  proper 
place  in  public  affairs. 

At  a  meeting  of  the  Branch  on  November  1  the  students 
were  addressed  by  Professor  R.  H.  Danforth  on  Fuel  Com- 
bustion for  Gas,  for  fuel  oil,  for  pulverized  coal  and  for  bulk 
coal.    The  lecture  was  illustrated  by  lantern  slides. 

A.  Teeuhaft, 
Branch  Corresponding  Secretary. 


COLORADO    AGRICULTURAL    COLLEGE 

A  meeting  of  the  Colorado  Agricultural  College  Student 
Branch  was  held  October  16,  at  which  the  following  officers  for 
the  year  were  elected:  George  Law,  president;  Max  Gorton, 
vice-president,  and  Edwin  Johnson,  secretary-treasurer.  Pro- 
fessor L.  D.  Grain  was  recommended  to  the  Society  for  Hon- 
orary Chairman. 

Following  the  election  of  officers  Professor  Grain  gave  a 
talk,  explaining  the  object  of  the  Student  Branch  and  the 
benefits  the  students  will  derive  from  membershij)  in  it. 

Coy  Hoffman  gave  a  paper  on  the  new  boiler  plant  of  the 
Ford  Automobile  Company,  calling  particular  attention  to  the 
great  efficiency  of  floor  space,  saving  in  cost  of  building  per 
boiler  horsepower  and  saving  in  fuel  cost. 

Edwin  Johnson, 
Branch  Secretary. 

LEHIGH    UNIVERSITY 

The  first  meeting  of  the  Student  Branch  of  Lehigh  LTni- 
versity  was  held  on  October  26.  A.  H.  Langenheim,  '17,  spoke 
on  the  subject  of  The  Layout  of  an  Alkali  Plant  at  Niagara 
Falls.  Several  diagrams  were  used  by  him  to  make  his  de- 
scriptions clearer.  He  explained  how  alkalis  and  clilorine  are 
manufactured  by  an  electrolytic  process  in  which  the  raw 
brine  is  decomposed  by  a  strong  current,  thus  producing  the 
gas  and  leaving  a  dilute  solution  of  the  alkali,  which  is  con- 
centrated by  evaporation.  The  operation  must  be  carried  on 
with  great  care,  due  to  the  danger  of  handling  the  products. 

J.  E.  Frobisher,  '17,  read  a  paper  by  S.  T.  Harleman,  M.E., 
"01,  superintendent  of  the  Crucible  Department  of  the  Bethle- 
hem Steel  Company,  who  could  not  be  present  at  the  meet- 
ing.    This  paper  dealt  with  the  early  histoi-y  of  the  steel  in- 
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dustry  and  the  development  of  steel  making,  and  included  a 
discussion  of  the  ancient  wool  steel  and  finishing  with  the 
modern  processes,  such  as  crucible,  open  hearth,  Bessemer  and 
the  recent  electric  types.  Each  of  these  methods  was  taken  up 
in  turn  and  their  advantages  considered. 

F.  M.  Porter, 

Branch  Secretary. 


PURDUE    UNIVERSITY 

A  joint  meeting  with  the  Student  Branch  of  the  A.I.E.E. 
of  Purdue  University  was  held  on  October  24,  at  which 
Charles  Cottingham  gave  talks  entitled  A  Trip  through  the 
Krupp  Gun  Works,  Manufacture  of  Paper  and  The  Panama 
Canal  built  before  your  eyes.  The  slides  showing  the  Ivrupp 
Works  were  very  impressive  because  of  the  immenseness  of 
the  different  operations.  The  point  emphasized  in  the  manu- 
facture of  paper  was  that  the  raw  product  was  practically 
the  same  for  all  grades  of  paper,  the  difference  in  the  product 
being  introduced  in  the  methods  of  manufacture. 

G.  A.  RuEss, 
Branch  Corresponding  Secretary. 


UNIVERSITY    OF    ILLINOIS 

The  regular  meeting  of  the  Student  Branch  of  the  Uuivei'- 
sity  of  Illinois  was  held  on  October  12.  Following  a  short 
business  meeting,  F.  E.  Evans  talked  on  Manufacturing  Meth- 


ods at  the  Overland  Automobile  Factory.  His  talk  dealt  prin- 
cipally with  the  work  of  the  assembling  department  of  the 
factory  and  gave  a  chronological  outline  of  the  assembling 
process.  It  Avas  supplemented  by  a  fifteen-minute  discussion 
of  questions  put  to  liim  regarding  details  of  work  in  the  Over- 
land factory. 

At  a  meeting  of  the  Branch  on  October  26,  V.  S.  Day  spoke 
on  Power  Absorbing  Dynamometers.  The  talk  included  a  his- 
tory of  the  absorption  brake,  classification  of  the  different 
types  of  brakes  and  constructional  features  of  the  friction 
brake,  and  water  and  electric  brakes.  A  short  theoretical  de- 
velopment of  the  horsepower  formula  concluded  the  talk. 

V.  S.  Day, 

Branch  Chairman. 


WASHINGTON    XTNIVERSITY' 

A  meeting  of  the  Washington  University  Student  Branch 
was  held  on  October  2.5,  at  which  E.  H.  Tenney,  assistant  to 
the  chief  engineer  of  the  power  plant  of  the  Union  Electric 
Light  and  Power  Company,  of  St.  Louis,  IMo.,  gave  an  illus- 
trated lecture  on  the  construction  of  the  Ashley  Street  plant 
of  the  above  company,  showing  the  tunnels,  piping  and  in- 
stallation of  turbines  and  engines.  There  were  also  slides 
showing  the  method  for  reconstructing  a  part  of  the  plant. 

The  total  output  of  the  plant  at  the  present  time  is  about 
56,000  kw.,  and  when  additions  are  made  the  output  will  be 
about  81.000  kw. 

W^ALTER   HeNRY'    KuRTZ. 

Branch  Corresponding  Secretary. 


EMPLOYMENT  BULLETIN 

rHE  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the  Society 
the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with  special  oppor- 
tunities for  which  their  training  and  experience  qualify  them,  and  for  helping  anyone  desiring  engineer- 
ing services.      The  Society  acts  only  as  a  clearing  house  in  these  matters. 


POSITION'S  .VVAIL.\BLE 

III  jortourOinij  upplications,  st<imi>s  shotild  be  enclosed  /or  transmittal 
to  advertisers ;  applications  from  non-memhers  should  he  accompanied 
by  a  letter  of  reference  or  introduction  from  a  member,  such  reference 
letter  to  be  filed  with  the  Society.  Copy  for  notices  must  be  in  hand 
by  the  ISth  of  the  month. 

ESTIM.ATOR,  young  man,  technical  graduate  with  experience  in 
foundry  and  pattern  work  and  familiar  with  cast  iron  and  steel,  to 
take  charge  of  estimating  department  tor  large  foundry.  Location 
Maryland.     397 

SALESMEN  ON  POWEU  PLANT  EQDIPMENT,  commission  basis. 
Equipment  consists  of  boilers,  engines,  forced-draft  blowers,  pumps  and 
elevators.     402 

EXPERIENCED  MAN  on  twist  drills,  one  thoroughly  familiar  with 
twist  drill  making  machines  and  able  to  assist  in  designs  for  new 
factory ;  to  be  placed  in  charge  of  department  as  soon  as  started.     413 

ESTIMATOR,  a  plant  in  western  New  York  manufacturing  steel 
plate  tanks  and  receptacles,  desires  services  of  estimator  for  this  class 
of  work.  In  first  letter  please  state  age,  experience,  training,  whether 
single  or  married,  salary  expected,  present  employment.  Correspond- 
ence confidential.     634 

Three  or  four  recent  GRADUATE  MECHANICAL  ENGINEERS  re- 
quired on  tests,  inspection  of  materials,  writing  of  specifications,  etc. 
Salary  $1S  per  week.      635 

GR.ADUATE  ENGINEER  thoroughly  familiar  with  materials  of 
automobile  construction,  shop  practice  and  costs,  desired  oy  large 
automobile  manufacturer.  Good  opportunity  for  man  capable  of  re- 
ducing costs.  State  age.  experience,  references  and  salary  expected. 
Location  New  York  State.      636 

PRODUCTION  ENGINEER,  preferably  young  mechanical  engineer 
with  good  machine-shop  experience  in  costs,  efliciency  engineering,  and 
factory  management,  thorough  knowledge  of  modern  methods  in  secur- 


ing increased  output  and  decreased  costs.     Salary  according  to  experi- 
ence and  ability.     Location  Boston,  Mass.      640 

YOUNG  ENGINEER,  some  experience  in  modern  factory  transporta- 
tion ;  should  be  familiar  with  handling  methods,  and  with  use  of  lift 
trucks,  cranes,  conveyors,  etc.     Location  Connecticut.     041 

WORKS  MANAGER,  unusual  opportunity  for  right  man.  o5-40, 
must  be  graduate  engineer  and  have  thoroughly  demonstrated  ability 
as  machine  designer  and  production  man.  Good  organizer  and  hustler 
preferably  with  ability  to  invest  ?5.000  at  the  end  of  3  months  if  satis- 
factory.    642 

MECtI.\NIC.\L  ENGINEER  for  inspecting  various  lines  of  machin- 
ery with  different  manufacturers.     Headquarters  New  Y'ork.     643 

ENGINEERING  EDITOR  for  established  technical  monthly  pub- 
lished in  New  York  City,  Man  preferably  25  to  30  years  old,  either 
mechanical  or  electrical  engineering  graduate  with  some  experience  iu 
publishing  business.  Salary  $25  a  week  and  a  share  in  the  profits. 
Must  be  an  enthusiastic  writer,  energetic,  willing  to  attend  conven- 
tions, speaking  when  necessary.  Should  desire  to  make  publishing  his 
life  work,  and  be  ready  to  start  immediately.     644 

TECHNIC.\L  GRADUATE  having  several  years  successful  general 
engineering  experience  in  industrial  plant,  to  act  as  assistant  to  plant 
engineer:  must  be  keen  observer,  aggressive,  have  originality  and  initia- 
tive. State  age,  experience,  references  and  salary  received.  Name  con- 
fidential.    Location  Detroit.     64S 

FOUR  YOUNG  ENGINEERS,  about  25  years  of  age.  technical  gradu- 
ates. Two  for  technical  commercial  work  and  two  for  otfife  side  of 
work.     Some  mechanical  and  electrical  experience.     651 

MECHANICAL,  ELECTRICAL  and  COMMERCIAL  ENGINEElUNi: 
FIRM  in  New  York  desires  to  engage  a  business-getter  to  call  on 
prospective  clients,  attend  to  publicity  work  and  generally  develop 
business.  Man  about  30  years  of  age  with  technical  education  and 
some  selling  experience  desired.  Drawing  account  and  expenses  will 
be  allowed  and  liberal  percentage  on  the  business  developed.  Reply 
fully  stating  age.  experience  and  qualifications.     655 
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DRAFTSMAN,  on  plant  layout  and  machine  design.     65G 

ASSISTANT  TO  POWER  ENGINEER  of  large  industrial  plant. 
Teclinical  graduate.  For  general  power  testing  and  inspection.  Must 
be  familiar  with  testing  steam  and  electrical  equipment.  Salary  $1,000 
to  $1,200.     660 

CHIEF  ENGINEER  to  take  charge  of  power  plant  in  Greater  New 
York ;  SOO-h.p.  boilers,  engines,  etc.,  and  general  equipment.  Desire 
references,  experience,  nationality.     Salary  $40  to  $50  per  week.     662 

EXPERIENCED  PUMP  DRAFTSMAN.  Salary  $22  to  $26  a  week 
according  to  ability.     Permanent  position.     664 

HEATING  AND  VENTILATING  ENGINEER,  young  technical  grad- 
uate, with  three  or  four  years'  experience.    Location  Ohio.    665 

SUPERINTENDENT  for  an  automobile  tire  factory,  who  under- 
stands compounding,  and  is  experienced  in  machinery  and  Installation. 
Location  Minnesota.     666 

SUPERINTENDENT  or  MASTER  MECHANIC  for  large  industrial 
plant ;  competent  to  handle  the  mechanical  departments  of  company 
having  9,000  employees.     Location  Ohio.     667 

MECHANICAL  DRAFTSMAN,  experienced  on  general  engineering 
work,  preferably  including  some  structural  experience.  Location  South 
Bethlehem,  Pa.     668 

YOUNG  ENGINEER  to  go  to  England  ;  must  be  competent  to  under- 
take all  variety  of  engineering,  both  in  England  and  countries  on  the 
continent.    Apply  by  letter.     675 

INSTRUCTORS  for  school  of  mechanical  trades  in  Iowa.  Salaries 
$1,000  to  $1,200  per  year ;  promotion  dependent  to  large  extent  upon 
the  commercial  work  which  can  be  turned  out  during  the  year. 

(a)  Energetic  young  man  with  some  business  ability  to  take  charge 
of  automobile  department ;  must  know  his  subject  thoroughly  and  be 
able  to  build  up  the  department  educationally  and  commercially,  as  the 
department  is  doing  a  large  repair  business.  Competent  to  teach  in 
automobile  lines,  including  electric  cranking,  lighting  and  ignition 
course,  be  able  to  organize  material  and  work  in  such  way  that  a  maxi- 
mum number  of  students  can  be  handled  with  minimum  teaching  force 
.inrl  expense. 

(b)  Man  to  handle  foundry  and  machine  shop  and  possibly  forge. 
676 

PLANNING  DEPARTMENT  AND  TIME  STUDY  MEN.  A  well  es- 
tablished firm  can  ofiEer  exceptional  opportunities  for  effective  and 
interesting  work  to  engineering  graduates  who  have  had  substantial 
experience  with  modern  industrial  accounting,  with  special  reference  to 
time  study  the  determination  of  standard  tasks  and  planning  and 
scheduling  production.  In  reply  state  age,  education,  experience, 
present  and  expected  salary.     679 


MEN  AVAILABLE 

Only  memfters  of  the  Society  are  listed  in  the  published  notices  in 
this  section.  Copy  for  notices  should  be  in  hand  by  the  ISth  of  the 
month,  and  the  form  of  the  notice  should  be  such  that  the  initial  words 
indicate  the  classiffication.  Notices  are  not  repeated  in  consecutive 
issues. 

ENGINEERING  EXECUTIVE  or  confidential  position  by  man  just 
completing  standardization  proposition.  Practical  and  theoretical  ex- 
perience. Would  consider  connecting  with  new  enterprise,  development 
or  installation  of  new  project  or  system,  or  taking  charge  of  engineer- 
ing or  confidential  interests  of  individual  or  corporation.  Best  refer- 
ences of  ability,  standing,  etc.     Will  go  anywhere.     L-39S 

SALES  MANAGER,  EXECUTIVE  or  MANUFACTURERS'  AGENT. 
.\ssociate-Member,  age  40.  Seventeen  years  experience  in  boilers, 
stokers  and  kindred  lines.  Has  international  reputation  as  master 
salesman.  Diplomatic,  forceful  and  energetic  and  accustomed  to  meet- 
ing the  men  "  higher  up."  Desires  connection  with  manufacturers 
requiring  representation  in  Central  and  Northwest  with  headquarters 
in  Chicago.  Intimately  acquainted  with  largest  corporations  and  in- 
dustrial concerns  in  this  section.     L-399 

JUNIOR  MEMBER.  Stevens  graduate.  Varied  experience  as  safety 
engineer,  designer  and  test  engineer  on  power-plant  equipment  and 
assistant  to  chief  CDgiueei  on  ordnance  and  munitions.  Desires  to 
associate  with  engineering  firm  where  technical  and  business  knowledge 
can  be  used  to  advantage.  Vicinity  New  York  preferred.  Salary  sec- 
ondary to  opportunity,     .\vailable  immediately.     L-400 

WESTER.N  REPRESENTATIVE.  Member,  practical  machinist, 
Stevens  gradualc  ;  engineering  business  and  buying  experience.  East- 
erner with  residence  of  ten  years  in  the  West.  .\ge  36,  married.  Now 
employed  by  mechanical-engineering  contracting  concern.  Desires 
change  and  solicits  position  as  Pacific  Coast  representative  of  Eastern 


manufacturer.  Salary  and  commission  basis.  Would  consider  two  non- 
conflicting  lines.     References.     L-401 

EXECUTIVE.  Desires  position  in  medium-size  city  in  Middle  West 
as  manager  or  assistant  manager  and  superintendent  of  electric  power 
company  or  similar  position  with  manufacturing  company.  Graduate 
M.  E.,  age  34.  Eleven  years  experience  in  manufacture,  construction, 
operation  and  sale  of  power-plant  machinery ;  thoroughly  experienced 
in  managing  departments.     L-402 

STEAM  OR  DIESEL  ENGINES,  electrical  equipment,  air  compres- 
sors and  pumping  engines.  Member  experienced  in  these  lines  and  at 
present  holding  responsible  position  desires  change.     L-403 

EXECUTIVE  ENGINEER.  Desires  position  as  works  manager,  pro- 
duction manager,  superintendent  inspection  or  other  executive  position. 
Technical  education.  Fifteen  years'  experience  handling  men  and  pro- 
duction in  large  plants,  conveying  machinery,  automobile  axles,  type- 
writers, ball  and  roller  bearings,  wire  wheels  and  artificial  leather. 
Familiar  with  scientific  management.     L-404 

TECHNICAL  GRADUATE.  Junior  Member.  M.  E.,  Class  of  '15. 
Age  27,  four  years'  machine  shop  experience.  Desires  position  with 
future.    Now  employed.    Location  not  essential.     L-405 

M.  E.  GRADUATE,  1916.  Desires  position  where  technical  train- 
ing will  be  of  service  and  advancement  will  be  commensurate  with 
services  rendered.     At  present  employed.     L-406 

SALES  MANAGER,  SALESMAN  or  EXECUTIVE  ENGINEER. 
Technical  graduate,  thoroughly  experienced  in  shop  methods,  testing 
and  design  of  power-plant  equipment,  and  with  wide  experience  and 
successful  record  of  salesmanship  in  mechanical  lines.  New  York  or 
Middle  West  preferred.     At  present  employed.     L-407 

FACTORY  MANAGER.  American,  age  S6.  Graduate  M.  E.  Desires 
to  make  a  change.  Has  held  successfully  positions  of  machinist's 
apprentice,  foreman,  inspector,  erector,  chief  draftsman,  assistant 
superintendent,  superintendent  and  factory  manager.  At  present  em- 
ployed.   L-40S 

MECHANICAL  ENGINEER.     Junior  Member.      Age   29.  Six  years 

experience   in    machine-shop,    mill   and   power-plant   work.  Designing, 

testing  and  superintending  construction.  New  York  City  or  eastern 
location  preferred.     L-409 

WORKS    MANAGER,    SUPERINTENDENT   or   PLANT    MANAGER. 

M.  E.  Lehigh  University.  Several  years'  experience  in  management  of 
mechanical  department  of  railroad,  coal  mining  and  industrial  corpo- 
rations ;  extensive  experience  as  plant  engineer  in  mechanical,  elec- 
trical and  construction  lines  for  large  manufacturing  plants.  Good 
organizer  and  executive.  Qualified  to  fill  position  of  works  manager  of 
industrial  plant,  manager  of  coal-mining  property,  superintendent  of 
motive  power  of  railroad,  or  plant  engineer  for  large  manufacturing 
or  mining  company.     L-410 

MECHANICAL  AND  COMBUSTION  ENGINEER.  Junior  Member, 
age  28.  Technical  graduate  and  has  had  three  years'  experience  in 
steam  and  combustion  engineering.  At  present  employed  in  40,000- 
kva.  railway  power  station.  References  furnished  on  request.  Loca- 
tion immaterial.     L-411 

MECH.\NICAL  ENGINEER.  Junior  Member,  age  31,  married.  Ten 
years'  experience  in  design,  construction  and  operation  of  mechanical 
equipment  for  power  plants,  will  consider  position  as  sales  engineer  on 
salary  and  commission  basis.  Location  Philadelphia  ;  available  Janu- 
ary 1.     Present  salary  $135  per  month.     L-412 

MECHANICAL  AND  MINING  ENGINEER.  Member,  technical 
graduate,  age  47.  Many  years  practical  experience  in  consulting,  de- 
signing, constructioji  and  operation  of  power  plants,  copper  and  lead 
smelters,  crushing  and  concentrating  plants,  economical  handling  of 
materials,  or  SALES  ENGINEER,  handling  equipment  for  above  named 
plants.  At  present  employed,  desires  to  make  change  as  no  opportunity 
for  further  advancement  or  responsibility  is  afforded.  Location  any- 
where if  healthy.     References.     Salary  $6,000.     L-413 

CHIEF  ENGINEER,  SUPERINTENDENT  OF  CONSTRUCTION. 

General  master  mechanic,  maintenance  engineer,  twenty  years'  technical 
training  and  practical  experience  as  machinist,  pipe  fitter,  machine- 
shop  foreman,  draftsman,  designer,  chief  draftsman,  superintendent  of 
construction  and  acting  chief  engineer  on  all  classes  of  general  plant 
design,  details,  construction,  rebuilding,  improvements  and  auxiliaries. 
L-414 

M.INUFACTURERS'  REPRESENTATIVE  or  AGENT  on  commission 
basis  for  power-plant  equipment,  machine  tools,  machinery,  or  heavy 
hardware.  Graduate  mechanical  engineer,  ten  years'  experience  as  New 
York  district  manager  for  well  known  firm  manufacturing  mechanical 
equipment.  Would  like  to  hear  from  firms  who  desire  to  increase  their 
sales  in  the  East.  Highest  references  ;  can  prove  ability  and  success  in 
sales  engineering  with   record  of  Increased   business.     L-41.''> 
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KXL;('VTIVK:  iiiiuiuiiti.'  iiK'clianital  engineer,  six  yars  il«'si{;niii<;, 
manufacturing  and  seMini;  (.'xperionio.  At  present  on  the  ruad  but 
wishes  to  obtain  position  without  travel.  Tactful,  systematic  and 
conscientious  ;  excellent  references.     I.-41f; 

ASSISTANT  TO  EXECUTIVE  OR  CONSULTING  ENGINEER: 
Junior  member,  Cornell  graduate.  Age  27.  Experienced  in  fuel  and 
conilnistion  engineering  ;  testing  of  boilers,  engines,  stokers,  and  meters. 


etc.;  cost  distribution  and  operation,  maintenance,  construction  and 
inspection  work  in  connection  with  service  plants  supplying  compressed 
air,  refrigeration,  steam  and  hot  water  heat.     L-41T 

WORKS  MANAGER  OR  EXECUTIVE  ENGINEER  technical  grad- 
uate, with  varied  experience  in  office,  sales  and  executive  work  in  shop 
and  factory,  desires  position  of  representative  capacity  touching  the 
executive  and  commercial  side  of  business.     Employed.     L-418 


ACCESSIONS  TO  THE  LIBRARY 

A  List  of  Books  and  Pamphlets  Added  During  the  Past  Month  to  the  Library  of  the  Society 
and  of  the  United  Engineering  Societj',  Engineering  Societies  Building,  New  York 


LIBRARY  ACCESSIONS 

Amerhax  IxsTiTLTE  OF  ARCHITECTS.  Proceedings  ot  Annual  Con- 
vention.    47-49.      u.p.  J91S-19J5.     Gift  of  Institute. 

American  Society  of  Agricultural  Engineers.  Transactions. 
vol.  IX.     Ames,  1916.     Gift  of  Society. 

American  Sociktv  of  Mechanical  Engineers.  Transactions,  vol. 
37.  1915.     -Vfic   York,  1HI6. 

Automobile  Performance  Eurmulae.  H.  K.  Thomas.  Edited  by  .Tohu 
Younger.     I9t6.     Gift  of  .lobn  Younger. 

Cincinnati  (Ohio)  Water  Works  Depart.ment.  Annual  Report  191."i. 
Cincinnati,  1915.     Gift  of  Water  Works  Department. 

New  Y'ork  City.  Board  of  Water  Supply.  10th  .\unual  Report.  191.'i. 
New  York,  1915.     Gift  of  J.  Waldo  Smith. 

Personal  Reminiscences  of  James  Mapes  Dodge,  Charles  Piez. 
1916.     Chicago,  WIS.     Gift  ot  Link  Belt  Co. 

Western  Association  of  Electrical  Inspectors.  Proceedings  of 
11th   Annual  Meeting,   1916. 

Y'earbook.    August  1916.     CU'uuiiu,  19m.     Gift  of  Wm.  S.  Boyd. 

EXCHANGES 

American  Railway  Master  Mechanics'  .\ssoci.vrioN.  Report  of  the 
Proceedings  of  the  48th  Annual  Convention,   191."i.      Chirago,  1915. 

Canadian  Society  of  Civil  Engineers.  Report  of  Annual  Meeting, 
vol.  28,  1914.     Montreal,  19U. 

TRADE    CATALOGUES 

Berger  Mfg.  Co.,  Canton,  Ohio.     Bulletin  no.  12.     Metal  lumber. 

Chicago  Pneumatic  Tool  (_'o..  Chinago-Setc  York.  Bulletin  34-X. 
Giant  gas  engines. 

DuMOND  Power  Specialty  Co.,  Detroit,  Mich.  Power  notes.  Scptem- 
ber-Octoier  1916. 

Flannery  Bolt  Co.,  Pittsburgh,  Pa.     Staybolts.     October  1916. 

Glasgow  Iron  Co.,  Pottstoicn,  Pa.  Catalog,  1916.  Iron  and  steel 
plates,  muck  bars  and  flanged  and  pressed  work. 

Leschen,  a.  &  Sons  Rope  Co.,  St.  Louis,  Mo.  Leschen's  Hercules. 
October  1916. 

ROEBLiNG,  J.  A.  SoN.S  CO.,  Trcnton,  X.  J.  Wire  rope.  v.  1.  no.  4. 
WIS. 

Stow  Manufacturing  Co..  liinyliamton,  .V.  V.  Bulletin  no.  InO.  Elec- 
tric motors. 

no.   101.     Electric  tools. 

no.  102.     Flexible  shaft. 

Swexson    Evaporator    Co.,    Chirago,    III.      Evaporators.      Single   and 

multiple  effects. 
Texas  Company,  Houston,  Chicago,  New  York.     Texaco  Star.     October 

1916. 
United   Engineering   &   Foundry    Co.,   Pittsburgh,   Po.      Bulletin   M. 

"  United  "  merchant  mills. 
Wagner  Electric  Mfg.  Co.,  St.  Louis,  Mo.    Bulletin  li:i.     .\  synopsis. 
Walworth  Mfg.  Co.,  Boston,  Mass.     Walworth  Log.     October  1916. 


ADDITIONS  BY   THE  UNITED  ENGINEER- 
ING SOCIETY 


American  Petroleu.m  Industry,  R.  F.  Bacon  and  W.  A.  Hamor.     vols. 

1-2.     Neic  York,  1916. 
Applied  Electricity  for  Practical  Men,  A.  J.  Rowland.     New  York, 

1916. 
Chemical    Engineering    Catalog.      1916    edition.      Ncic    York.    7916. 

Gift  of  Chemical  Catalog  Company. 
Chemical    Study    of    Illinois    Coals.      Coal    Mining    Investigations. 

Bulletin  no.  3.     Vrbana.  1916. 
City  Managers'  Association.     Proceedings,  1915.     Niagara  Falls,  1915. 

<;ift    of  Association. 


Coal  Resources  of  District  VI — Illinois.  Coal  Mining  Investga- 
tions.     Bulletin  no.  15.     Vrbana,  1916. 

Coke  Industry  of  New  South  Wales.  New  South  Wales  Geological 
.Survey.     Mineral  Resources,  no.  23.     Sydney,  1916. 

Concise  Technical  Physics.     New  York,  1916. 

(_'ONGREss  and  the  RAILWAYS.  Hallway  Business  Association.  Bulle- 
tin  no.   19. 

Electrical  E.vgineerinc; — .\dvanced  Course,  E.  J.  Berg.  Ncic  York, 
niliJ. 

Engineering  Manual  of  the  .\merican  Electric  Railway  Engineer- 
in*:  Association.      Revised  December  1915. 

Flot-ation  Process,  H.  .\.  Megraw.     -Yeir  York,  1916. 

Franklin  Institute.     Year  Book  1916.     Philaiiclphiu,  19!6. 

Geology  and  Mineral  Resources  of  the  Yilgarn  Goldfiei.d.  West- 
ern Australia  Geological  Survey.     Bulletin  no.  63.     Perth,  1915. 

Die  gesteinsbildenen  Mineralien,  Ernest  Weinschenk.  Freiburg, 
imi. 

Handbook  uf  Ma<_hine  Shop  Electricity,  C.  E.  Clewell.  Ne\e  York, 
1916. 

International  Engineering  Congress,  1915.  vol.  VlII — Mining 
Engineering.     Nau  Francisco,  1915. 

.lAPAN  I.MPERiAL  GEOLOGICAL  SURVEY.  Gcologiial  Map.  Livi-ion  V. 
Tokyo,  1916. 

Mineral  Map.      Division  V.      Tokyo,  1916. 

List  of  Inspected  Electrical  Appliances,  Published  by  Under- 
writers  Laboratories.     April  1916.     Chicago,  1916. 

List  of  Refere.nces  on  Valuation  of  Railways,  August  1.  1916. 
Gift  of  Bureau  of  Railway  Economics. 

Los  Angeles.  Department  of  Public  Service.  Coiuplete  Iteport  on 
Construction   of  the  Los  Angeles  Aqueduct.     Los  Anyelt.y.   1916. 

Manual  of  Bibliography,  W.  T.  Rogers.  London,  1S9I.  i.itt  of 
Arthur   Worischek. 

Mechanism   of  Men-ofWar,  R.  C.  Oldknow.     London,  1S96. 

Method  for  Measuring  the  Viscosity  of  Blast  Furnace  Slag  .\t 
High  Temperatures.  U.  S.  Bureau  ot  Mines.  Technical  paper 
157.      Washington,  1916. 

Metodo  di  Richerche  Sperimentali  con  Modelli  Intokno  Alle 
QUALiTA  Evolutive  delle  Navi,  Nino  Pecoraro.  Genora.  1916. 
Gift  of   Rivista  Marittima. 

.Mining  Operations  in  the  Province  of  Quebec,  191."..  liipurt  on. 
Quebec,  1916. 

.National  Fire  Protection  -\ssociation.  Y'ear  Book.  -Vugust  1916. 
Gift    of   National    Fire   I'rotection   Association. 

The  New  Tyranny,  S.  O.  Dunn.  Address  before  the  Railway  Signal 
Association.  September  13,  1916. 

Preliminary  Oil  Report  on  Southern  Illinois.  Extract  from  Bul- 
letin no.  35.  III.  State  Geological  Survey.     Urbana,  1916. 

Principles  op  .\lternatin(!  Current  Machinery,  R.  R.  Lnvrence, 
New  York,  1916. 

Public  Utilities  Reports.     1916-D.     Rochester,  1916. 

Railroads  and  the  Pi  blic,  G.  E.  Ide.  AuguM  1916.  Gift  ot  I'.urcau 
ot   Railway  Economics. 

Railw.w  Freight  Rates,  M.  H.  Robinson.  .Ycir  Harcn.  Gift  ot 
Bureau   of   Railway   Economics. 

Rescue  .and  REcn\ERY  Operations  in  Mines  AF-rER  Fires  and  I-^xplo- 
sioxs,  J.  W.  Paul  and  H.  M.  Wolflin.     Washington,  1916. 

Selling  Passenger  Service.  .Vn  address  by  G.  D.  Dixon,  delivered 
before  the  .\mericau  Association  of  Traveling  Passenger  .\gents, 
October  2,  1916. 

St.atistics  of  the  Mineral  Production  of  .Vlabama  for  1913  .\la- 
bama  Geological  Survey.     Bulletin  no.   1.5.      Uuircrsity,  191-'i. 

Tributes  to  Frederick  W.  Taylor.    Gift  ot  F.  W.  Taylor  Co-operators. 

Underground  Wastes  in  Oil  and  Gas  Fields  and  Methods  of  Pre- 
vention. V.  S.  Bureau  of  Mines.  Technical  paper  130.  Wash- 
ington, 1916. 

Union  of  South  .-\frica.  General  Report  ot  the  Miners'  Phthisis  Pre- 
vention Committee.     Pretoria,  1916. 

U.  S.  Bureau  of  Census.  Financial  Statistics  of  States.  1915.  Wash- 
ington, 1916. 

V.  S.  Census  Bureau.     Mortality  Statistics.  1914.     W<ixhiiin1).n.  1916. 


ENGINEERING  SURVEY 

A  Review  of  Engineering  Publications  in  All  Languages.     All  the  leading  periodicals  of  the 

engineering  world,  embracing  over  1000  different  publications,  are  received  at  the  Library. 

These  are  systematically  examined  for  review  each  month  in  the  Survey. 


SUBJECTS  OF  ABSTRACTS 

AltRANGED    IN    THE    ORDEK    OF    THEIlt    Ari'EAKANCE     IN    THE    SUUVEV. 


AUTO.MiiHiLE  Engine  Rating. 

Piston    Speed   vs.   r.p.m.   as    B.isis    of 

Engine   Rating. 
Automobile    Engine    OrTi'iT    Cirves, 

Plotting. 
Large  Cylinders  v.s.   Small  Cylinders 

AND    Ol'TPUT. 

Estimating  Maximum  .Vutomobile  En- 
gine Power. 

Vacuum  Brake  for  .M'tci.mohiles. 

Balanced  Automatic  Control  Valve 
FOR  Vacuum  Brakes. 

Overhead  Traveling  Cranes. 

Tractive  Effort  op  Overhead  TR.ivEL- 

ERS. 

Angle  of  Repose,  Overhead  Travel- 
ers. 

Cast  Iron,  Tmer.mal  Reactions. 

Cast  Iron,  Expansion-Tempeiuture 
Curves. 

Cast  Iron,  Heggie  Tests. 

Aeroplane  Construction,  Materials 
Used  in. 

Aeroplane    Woods,    Physical    Peoier- 

TIES. 

Aeroplane  Steel  Tubing,  Physical 
Properties. 

Steel  Tubing.  Thin  Walled,  in  Aero- 
planes. 


Steel  Tubing,  Nickel  vs.  Low-Carbon. 

.Veroplanes  Joints  and  Wire  Connec- 
tions.  Strength. 

JIild-Steel  Bars,  Effect  of  Cold 
Twisting. 

Gating  of  Castings. 

Coal  (Illinois).  Specific  (.'r.wity 
Studies. 

Coal,  Bituminous,  Clinkering  op. 

Coal,  Chart  of  Cost  on  the  Heat- 
Value  Basis. 

ScHAPHORST  Chart  for  Deter.mining 
Cost  of  Coal. 

Hydraulic  Flow  Formulae. 

Piston   Rings. 

HiGH-SrEED  Steel  vs.  Oeturatih: 
Rings. 

Rings   in  .\luminum   Pistons. 

Rings  of  the  British  Chuck  &  Pis- 
ton Ring  Co. 

Metal  Bolts,  Lateral  Bending  Re- 
si  sta.nce. 

Lag  Screws,  Lateral  Bending  Re- 
sistance. 

ViCKERS    Surface-Hardening    Process. 

Strainer  for  Suds  Pumps. 

Springfield  Model  1903  Service 
Rifle. 

Springfield  Rifle,  Fixed  Base. 


Springfield  Rifle,  Final  Baiikel 
Operations. 

Browning  Rifle  Barrels. 

Mechanical  Stoking  on   Locomotives. 

Lubrication  of  Locomotives  and  Cost 
OF  Operation. 

Superheating   on    Locomotives. 

Locomotive  .Vkciies  and  Boiler  Effi- 
ciency. 

Boiler    operation.    ST.VNDARDIZ.VPlnN    OF. 

Boiler  Room.  Savings  in. 

Safety-Valve  .\reas. 

aias.sachusetts    formula    for    safety 

Valves. 
United   States   (.'overnment  Rule   for 

Safety  Valves. 
Philadelphia        Rule       for       Safety 

Valves. 
-i.    S.    M.    E.    Boiler    Cope    Rule    for 

Safety  Valves. 
Canadian  Rule  for  Safety  Valves. 
Boiler      Corrosion      by      Magnesium 

Chloride. 
Magnesiu.m  Chloride,  Detection  of. 
.\UT0.MATic   Balanced  Valve  on   Steam 

Turbines    for    Protecting    Against 

Loss  of  Vacuum. 
Wo.ME-v,    Employment    in    Great    Brit- 
ain. 


In  the  section  Steam  Engineenng'  will  be  found  an  abstract 
of  an  article  on  standardization  of  boiler  operating'  conditions. 
There  is  nothing  striking  in  tin's  article  except  the  big  lesson 
that  it  teaclies.  Subsequent  to  the  appointment  of  a  boiler- 
room  foienian  three  years  ago,  the  boiler-room  efficiency  has 
been  increased  40  per  cent.  Now  if  somebody  patente  1  a  new 
process  of  steam  generation  increasing  the  efficiency  of  the 
boilers  by  40  per  cent,  nine  plants  out  of  ten  would  probably 
have  found  it  worth  while  to  rebuild  entirely  their  machinery. 
and  to  consign  the  existing  equipment  to  the  scrap  hea]).  In 
this  case  a  saving  of  40  per  cent  has  been  attained  practically 
exclusively  by  the  application  of  common  sense  and  system, 
and  at  the  cost  of  a  few  indicating  and  recording  instruments. 

Of  course,  the  lesson  of  this  article  will  not  apply  to  every 
steam  plant,  because  in  order  to  effect  a  saving  of  40  per  cent 
by  such  methods  as  were  employed  in  this  instance  there  must 
have  been,  in  the  first  place,  a  loss  of  40  per  cent,  and,  fortu- 
nately, it  cannot  be  assumed  that  any  large  part  of  our  boiler- 
rooms  are  operated  at  such  a  loss. 

There  is,  however,  scarcely  any  doubt  but  tiiat  in  a  good 
many  plants  the  application  of  some  methods  like  the  ones 
described  here  might  bring  rather  unexpected  results  in  tlie 
way  of  increase  of  efficiency  and  saving  of  fuel  and  materials. 

This  is  all  the  more  important,  as  we  are  apparently  aji- 
proaching  a  period  of  intense  competition,  both  in  the  home 
and  world  markets,  when  any  saving  however  small  becomes 
worth  striving  for. 


THi.s  month's  articles 

Methods  of  practical  engine  rating  are  discussed  with  the 
view  of  developing  a  formula  more  corresponding  to  actual 
conditions  than  apparently  the  engine-rating  formula  of 
the  British  Institution  of  Automobile  Engineers.  Among  other 
things,  the  writer  shows  how  widely  divergent  results  may  be 
obtained  by  plotting  curves  of  automobile  engines  with  differ- 
ent stroke-bore  ratios — horsepower  against  piston  speed  on  one 
iiand,  and  horsepower  against  speed  in  revolutions  on  the  other 
hand.  The  comparative  efReiency  of  engines  with  large  and 
small  cylinders  and  of  various  types  is  likewise  discusse<^l. 

A  A-aeuum  brake  for  automobiles  is  described  with  an  inter- 
esting balanced  automatic  control  valve.  In  connection  with 
the  description  of  a  power  plant  in  Ohio,  mention  is  made  of 
an  improvement  in  underfeed  stokers,  namely,  the  incorpora- 
tion of  an  automatic  self-cleaning  clinker  attachment. 

In  the  section  Engineering  Materials  data  are  reported  on 
losts  l)y  James  S.  Mncgregor,  of  Columbia  University,  of  vari- 
ous kinds  of  timber  used  in  aeroplane  construction,  as  well  as 
on  steel  tubing.  As  regards  the  latter,  the  writer  deems  it 
inadvisable  to  use  very  tliin-walled  tubes  with  wall  thicknesses 
less  than  5  per  cent  of  the  outside  diameter.  As  to  the  mate- 
rial used  for  tubing,  the  author  does  not  believe  that  SV-j  per 
cent  nickel  steel  is  much  better  for  tubing  than  0.35  per  cent 
carbon  steel  with,  say,  0.6  per  cent  manganese. 

Thermal  reactions  of  cast  iron  is  the  subject  of  a  paper  jire- 
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seiited  by  Prof.  Thomas  Turner,  of  the  University  of  Bir- 
mingham, England,  to  the  recent  meeting  of  the  American 
Foundrymen's  Association  in  Cleveland.  The  paper  is  essen- 
tially of  an  experimental  nature,  and  presents  interesting  data 
on  the  points  of  arrest  in  cast  iron  as  a  function  of  its  impur- 
ities, and  also  as  a  function  of  the  thickness  of  the  casting. 

The  effect  of  cold-tvristing  on  the  properties  of  mild-steel 
bars  has  been  experimentally  investigated  at  the  laboratory  of 
the  University  of  Colorado.  This  subject  is  of  particular  in- 
terest because  of  the  extensive  use  of  cold-twisted  bars  as 
reinforcing  elements  in  concrete. 

A  brief  abstract  discusses  the  influence  of  gating  on  cast- 
ings. 

An  abstract  of  an  investigation  of  the  specific-gravity  rela- 
tions of  Illinois  coal  will  be  found  in  the  section  Fuels  and 
Firing.  In  the  section  Munitions  attention  is  called  to  the  con- 
tinuation of  the  description  of  the  manufacture  of  the  Spring- 
field Model  1903  Service  Rifle,  from  The  American  Machinist. 

The  factors  influencing  the  results  of  laboratory  fusion  of 
ash  are  investigated  by  F.  C.  Hubley,  who  recommends  incor- 
poration in  specifications  for  a  standard  test,  of  a  reference 
to  the  maximum  amount  of  carbon  to  be  allowed  to  remain  in 
the  sample  after  incineration. 

New  hydraulic  formulae  are  reported  from  a  review  of  a 
book  recently  published  in  England.  While  the  abstract  is 
necessarily  brief,  particular  attention  is  called  to  the  book 
itself. 

The  piston-ring  design  with  particular  reference  to  small 
gasoline-engme  sizes  (aero  and  automobile  engines)  is  dis- 
cussed in  an  article  abstracted  from  a  British  publication.  The 
writer  considers  it  inadvisable  to  arbitrarily  proportion  the 
gap  as  one-tenth  or  one-twelfth  the  diameter  of  the  ring,  and 
states  that  the  gap  should  be  calculated  on  the  basis  of  stress 
in  the  metal,  which  depends  as  much  on  thickness  as  on  diam- 
eter. Among  other  things  he  cites  a  case  when  a  reduction  of 
the  pressure  exerted  by  the  rings  increased  the  speed  of  a  car 
five  miles  per  hour.  The  best  is  to  adopt  rings  of  minimum 
pressure  compatible  with  gas-tightness,  and  many  ring-s  in  use 
todaj'  are  stronger  than  they  need  be. 

Data  on  the  lateral  bending  resistance  of  metal  bolts  and  lag 
screws  are  reported  from  tests  recently  made  at  the  Rose  Poly- 
technic Institute  by  Prof.  H.  A.  Thomas.  In  the  section  Ma- 
chine Shop  is  described  a  strainer  for  suds  pumps  for  use  in 
supplying  coolant  to  machine  tools. 

In  the  same  section  are  present  data  on  the  Vickers  surface- 
hardening  process,  esijecially  suitable  for  dealing  with  parts 
of  which  it  is  desired  to  surface-harden  only  a  small  portion. 

G.  H.  Boot  shows  that  the  accepted  theoretical  formula  as 
generally  used  to  calculate  the  pull  required  to  traverse  the 
load  with  hand-operated  overhead  traveling  cranes  is  not  cor- 
rect. Among  other  things,  experiments  have  been  made  to  de- 
termine the  angle  of  repose,  and  the  data  are  presented  in  the 
form  of  a  table  covering  2%  in.,  5-in.  and  10-in.  diameter  roll- 
ers. 

The  subjects  of  mechanical  stoking,  lubrication  of  locomo- 
tives, stiperheatiug,  and  the  use  of  brick  arches,  are  discussed 
in  abstracts  of  committee  reports  presented  at  a  recent  meet- 
ing of  the  Traveling  Engineers'  Association  in  Chicago.  All 
through  these  reports  and  the  other  papers  presented  at  the 
meeting,  prominently,  like  a  red  thread  in  a  white  cloth,  passes 
the  dominant  idea  of  the  necessity  of  devising  means  for  cop- 
ing with  the  increased  weights  of  trains  and  increased  amount 
of  steam  necessary  to  pull  them  in  on  time. 

In  the  section  Steam.  Engineering  attention  is  called  to  the 
article  on  boUer  corrosion  by  magnesium  chloride,  abstracted 


from  Tlic  Bailway  Engineer.  Among  other  things,  this  article 
gives  simple  means  for  detecting  the  presence  of  magnesium 
chloride. 

J.  E.  Terman,  in  one  of  his  popular  articles  running  under 
the  general  title  of  Visits  of  Inspector  Brown,  discusses  and 
compares  the  various  formulae  for  safety-valve  areas. 

Statistical  data  on  the  employment  of  women  in  Great  Brit- 
ain are  given  in  an  abstract  from  a  British  publication. 
Among  other  things,  it  presents  data  on  the  efficiency  of  wom- 
en and  the  amount  of  work  which  they  can  handle.  It  is  sig- 
nificant in  this  connection  that  competent  authorities  stated 
their  conviction  that  what  women  lacked  in  quantity  of  work 
they  made  up  in  quality.  The  same  authorities  expressed  their 
surprise  at  the  amount  of  work  women  could  get  tlu-ough  if 
they  had  sufficient  wages  to  feed  and  clothe  themselves  prop- 
erly. So  far  the  employment  of  women  is  confined  to  work  of 
a  repetitive  kind,  but  from  what  women  did  on  such  work  it 
appears  likely  that  under  different  conditions  they  might  be 
able  to  do  much  more  responsible  work. 

Attention  is  called  to  the  bibliographical  notes  on  conveying 
coal  through  pipes,  at  the  end  of  the  Selected  Articles  section. 


Aeronautics 

See  ExGiNEERiNG  Materials 


Automobiles 

Practical  Engine  Rating,  Edward  G.  Ingram 

Discussion  of  previous  attempts  at  developing  a  rating 
formula  and  of  various  considerations  bearing  on  this  subject. 
The  writer  considers  the  formula  of  the  British  Institution  of 
Automobile  Engineers  for  automobile-engine  rating  erroneous 
because  this  formula  takes  piston  speed  as  a  basis  of  rating. 

The  British  formula  necessitates  the  determination  of  the 
piston  speed  in  feet  per  minute  at  maximum  output,  instead 
of  the  r.p.m.  Where  the  piston  speed  is  already  known,  the 
formula  may  be  used,  but  it  is  practically  useless  where  the 
piston  speed  is  unknown  and  must  be  determined  for  engines 
of  various  displacements  and  stroke-bore  ratios.  In  its  at- 
temjit  to  find  the  piston  speed  at  maximum  power  of  engines 
of  different  stroke-bore  ratios,  the  British  Committee  repre- 
sented it  by  the  equation  s  =  600(r  +  l)  ft.  per  min.  This 
formula,  however,  gives  excessively  different  speeds  of  revolu- 
tion to  engines  having  the  same  stroke-bore  ratio  but  different 
displacements.  Thus,  assuming  equal  efficiency  of  engines  of 
the  same  displacement,  maximum  power  should  be  reached 
at  the  same  number  of  r.p.m.,  no  matter  what  the  stroke-bore 
ratio,  yet  the  piston  speed  given  by  the  formula  will  give 
different  speeds  of  revolution  with  engines  of  different  sti'oke- 
bore  ratios. 

Further,  the  British  Committee  decided  that  the  mean  ef- 
fective pressure  would  vary  with  the  size  of  the  cylinder,  but 
it  has  been  shown  since  that  the  average  m.e.p.  is  more  nearly 
the  same  for  cylinders  of  all  sizes.  Actually,  if  the  average 
number  of  r.p.m.  had  been  considered  instead  of  the  piston 
speed,  and  if  the  average  m.e.p.  had  been  determined  with 
relation  to  piston  displacement  and  not  to  the  bore,  the  Com- 
mittee would  have  obtained  a  much  more  satisfactory  formula 
than  the  one  arrived  at,  which  was :  brake  horsepower  =  0.45  X 
(6-1.18){l  +  b). 

It  is  much  better  to  plot  the  horsepower  against  r.p.m., 
instead  of  against  piston  speed  in  feet  per  minute.     For  ex- 
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ample,  in  Fig.  lA  are  shown  imaginary  curves  of  two  engines 
of  the  same  displacement  but  with  different  stroke-bore  ratios, 
in  which  power  is  plotted  against  piston  speed.  The  engines 
are  assumed  to  be  of  the  same  general  construction,  so  that  the 
power  developed  will  be  essentially  the  same  at  any  given 
number  of  r.p.m.  up  to  the  maximum.  But  at  any  point 
where  both  engines  are  developing  the  same  amount  of  power 
the  piston  speeds  will  be  different,  so  that  the  cui-ves  will  never 
coincide.  If,  however,  the  curves  are  plotted  against  r.p.m., 
one  curve  will  represent  both  engines,  as  shown  in  Fig.  B.  If 
these  two  engines  were  placed  in  identical  cars,  the  same  gear 
ratio  would  be  used  for  both,  and  the  cars  would  make  the 
same  number  of  miles  per  hour  when  the  engines  were  devel- 
oping  the   same   power.      The   piston   speed,    however,   would 
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Fig.  1  A,  Imaginary  Power  Curves  Plotted  Against  Piston 

Speed 
B,  Curves  op  Engines  in  Fig.  A  Plotted  Against  R.P.M. 

bear  no  direct  relation  to  the  engine  output  or  to  the  car  speed, 
but  would  depend  upon  the  stroke-bore  ratio.  On  the  other 
hand,  comparing  engines  on  the  basis  of  horsepower  per  cubic 
inch  of  displacement  is  really  the  same  as  considering  each 
to  be  of  the  same  total  displacement,  no  matter  what  is  the 
real  displacement. 

From  this  the  author  proceeds  to  the  comparison  of  differ- 
ent engines,  and  finds  a  wide  variation  in  the  power  developed 
per  cubic  inch  of  displacement  by  various  makes  of  engines. 

He  finds  also  that  the  tendency  is  for  engines  with  large 
cylinders  to  be  less  eflScient  than  those  with  small  cylinders, 
this  tendency  being  more  marked  in  the  case  of  cylinders  of 
over  74  cu.  in.  displacement.  But  while  engines  with  large 
cylinders  are  less  efficient  at  high  speeds  of  revolution,  there 
appears  to  be  a  tendency  for  them  to  be  more  efficient  at  low 
speeds,   which  may  be  due  to  the  better  thermal  efficiency. 


though  just  why  tliis  should  be  more  apparent  at  low  speeds 
is  not  altogether  clear. 

Further,  there  is  apparently  a  tendency  for  the  small- 
cylinder  engine  to  develop  maximum  power  at  a  very  high 
speed  of  revolution,  which  seems  consistent,  since  the  small 
cylinder  is  better  off  with  regard  to  vohimetric  efficiency.  A 
characteristic  of  the  Knight  stock-car  engines  is  high  power 
efficiency  at  low  revolution  speed,  even  where  the  cylinders 
are  small,  and,  besides,  maximum  power  is  reached  at  rather 
low  speed  compared  to  the  poppet-valve  engines.  This  may 
be  due  partly  to  higher  thermal  efficiency  and  partly  to  better 
volumetric  eflSeiency  within  the  engine's  speed  range.  Some 
engines  have  been  developed  so  as  to  give  an  abnormally  high 
power.  In  this  case  the  curve  is  very  high  at  high  speeds  of 
revolution  and  quite  low  at  low  speeds,  which  probably  indi- 
cates that  the  valve  timing  is  such  as  to  favor  high  maximum 
revolutions  at  the  expense  of  a  slight  comparative  inefficiency 
at  low  speeds. 

A  fair  idea  of  the  maximum  power  developed  by  the  average 
touring-car  engine  of  today  can  be  obtained  by  multiplying 
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Fig.  2     Section  op  Balanced  Automatic  Control  Valve 

the  total  piston  displacement  by  0.17.  While  many  efficient 
small-cylinder  engines  will  give  much  greater  power  than 
this,  and  while  very-large-cylinder  engines  or  engines  of  in- 
efficient construction  may  fall  below  this  output,  the  rule  will 
give  more  satisfactory  results  than  those  obtained  from  the 
rating  formula  now  in  general  use.  (The  Automobile,  vol.  35, 
no.  17,  p.  700,  October  26,  1916,  4  pp.,  4  figs,    gp.) 

Vacuum  Brake  for  Automobiles 

Description  of  an  air  brake  for  automobiles,  recently 
placed  on  the  market  by  the  Prest-0-Lite  Co.  of  Indianapolis, 
Ind. 

This  brake  utilizes  the  suction  prevailing  in  the  intake 
manifold,  the  difference  between  manifold  pressure  and  at- 
mospheric pressure  being  intensified  by  the  use  of  a  large 
piston.  It  is  stated  that  a  pressure  of  about  10  lb.  per  sq.  in. 
is  available,  as  a  rule,  and  this  is  used  on  a  piston  of  7  in. 
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diametei'  witli  an  available  stroke  of  4  in.  A  system  of  levers 
reduces  the  travel  and  multiplies  the  force  correspondingly, 
so  that  a  powerful  pull  on  the  brake-operating  rod  is  obtained. 
A  little  valve  is  placed  in  the  pipe  line  connecting  the  intake 
manifold  with  the  brake  piston,  and  this  valve  can  be  oper- 
ated either  by  foot  or  by  hand.  To  give  different  amounts 
of  pull  on  the  brake  rod,  the  valve  is  opened  by  pressing 
down  ou  a  spring,  which  in  turn  presses  on  the  valve.  The 
lower  side  of  the  valve  is  exposed  to  atmospheric  pressure 
continuously,  and  the  upper  side  of  the  valve  is  exposed  to 
the  pressure  existing  within  the  brake  cylinder.  Thus,  when 
the  valve-operating-  le\-er  is  moved,  it  presses  on  the  spring 
and  opens  the  valve.  Instantly  the  pressure  back  of  the  valve 
drops,  and  the  atmospheric  pressure  on  the  other  side  of  the 
valve  forces  it  up  against  the  spring,  so  cutting  off  the  suc- 
tion. In  this  way  the  depression  of  the  brake  cylinder  is  made 
proportional  to  the  amount  of  movement  given  to  the  valve 
operating  lever  or  pedal.  Directly  the  operating  lever  is  re- 
leased, the  valve  is  lifted  right  back,  and  this  admits  atmos- 
pheric pressure  to  the  cylinder,  thus  releasing  the  brake  in- 
stantlv.     Fia'.   2   shows  a   section   of  'the   balanced   automatic 


iflg.   3     expesi-mextal  apparatus  for   testing   overhead 
Travelers 

control  valve.     It  is  stated  that   practically  the  only  wearing 
portions  of  the  whole  outfit  are  the  cup  leathers. 

The  author  states  that  the  device  has  been  fitted  to  several 
car's.  {The  Automobile,  vol.  35,  no.  13,  p.  774,  November  2, 
1916,  2  pp.,  3  figs,    d.) 

Cranes 

Trai  TivE  Effort  of  Overhead  Travelers,  G.  H.  Boot 

The  author  attempts  to  show  that  the  accepted  tlieoretical 
formula  as  generally  used  to  calculate  the  jnill  required  to 
traverse  the  load  with  hand-operated  overhead  traveling 
cranes,  runners,  or  like  apjiliances,  is  not  correct. 

In  calculating  the  pull  required  to  travel  the  load  with  all 
hand-operated  gears,  the  effort  required  must  always  be  kept 
within  predetermined  limits.  The  ])ull  must  be  so  propor- 
tioned that  a  continuous  movement  may  be  obtained,  that  is, 
the  hand  chain  must  be  pulled  with  a  hand-over-hand  motion ; 
otherwise  the  crane  will  be  moved  in  a  series  of  jerks,  and 
the  static  friction  will  have  to  be  overcome  at  each  pull  of 
the  hand  chain,  entailing  a  considerable  amount  of  additional 
exertion. 

The  chief  point  to  be  noted  in  the  ease  of  hand-operated 
appliances  is  that  the  static  friction,  or  the  tractive  effort  to 
move  the  load  from  rest,  is  considerably  more  than  that  re- 
quired after  the  load  has  attained  a  certain  speed.  The  nest 
point,  and  the  one  jiartieularly  in  question,  is  as  to  the  influ- 


ence of  the  diameter  of  the  traveling  wheels  on  the  resulting 
l)ull.    The  usual  formula  for  tractive  effort  is 

IF 

F  =  _(|xr  +  /) 

where  F  =  the  tractive  effort,  TF  =  total  load,  R  =  radius  of 
wheel,  [J.  =  coefficient  of  journal  friction,  /  =  coefficient  of 
rolling  friction,  and  r  =  radius  of  axle. 

This  expression  assumes  that  the  tractive  effort  is  inversely 
proportional  to  the  diameter  of  the  wheel,  other  conditions 
being  the  same,  but  from  actual  tests  on  railway  cars  it  was 
found  that  with  wheels  34  in.  and  43  in.  in  diameter  the  static 
tractive  effort  with  a  load  of  32  tons  was  22.46  lb.  and  20..")4 
lb.  per  ton,  respectively,  while  from  the  above  formula  it 
should  be  as  34:43,  that  is,  for  the  43-in.  wheel,  17.7  lb.  in- 
stead of  20.54  lb.,  which  makes  a  difference  of  15  per  cent. 
If  a  hand  wheel  be  introduced  similar  to  that  used  on  hand 
cranes,  the  expression  becomes  such  as  to  show  that  where 
the  radius  of  the  hand  wheel  is  constant,  the  pull  required  to 
travel  the  load  is  the  same  for  any  diameter  of  wheel,  which 
does  not  agree  with  the  experimental  data  given  abo\e. 
Further,  from  tests  on  actual  cranes  it  appears  that  the  pull 
required  is  not  the  same  for  any  diameter  of  wheel. 

The  author  made  a  series  of  tests  which  confirm  these  facts. 
The  experimental  apparatus  used  is  diagi'ammatieally  shown 
in  Fig.  3,  the  rollers  being  of  wood  upon  wooden  rails. 

A  further  experiment  to  determine  the  angle  of  repose, 
that  is,  the  combined  angle  of  journal  and  rolling  friction  for 
the  2y2-in.,  5-in.,  and  10-in.  diameter  rollers  was  carried  out 
by  raising  one  end  of  the  rails  until  the  load  rolled  slowly 
down  the  incline,  being  started  by  a  slight  vibration  of  the 
apparatus.  The  combined  friction  angles  were  found  to  be 
the  same  for  each  load  of  20,  30,  and  40  lb.,  respectively,  on 
the  same  size  wheel,  but  the  angles  for  each  size  wheel  dift'er, 
as  shown  in  Table  1. 

TABLE  1,  DATA  OF  AXGLE-OP-REPOSE  TESTS 

Diameter  of  roller,  in 10  5  21/3 

Length    of  rail,   in 45  45  45 

Rise,    in 0.75  1.22  2.14 

Angle    d, 1°  1°35  2"'45 

Tan    d   =  ~^^^  7- 0.0165         0.0272  0.0475 

Length 

The  experiments  indicated  that  in  this  particular  case  /  is 
not  constant,  but  varies  approximately  as  the  square  root  of 
the  diameter  of  the  roller,  2E,  so  that  f^\/2R  =  /. 

The  formula  then  becomes 

F=l-(ar  +  /,V2^) 

where  D  =  radius  of  hand  wheel. 

The  original  article  contains  the  curves  plotted  from  results 
with  the  experimental  apparatus.  {Machinery  [London],  vol. 
8,  no.  211,  p.  869,  October  12,  1916,  2  ]ip.,  2  figs.     etA.) 


Eng;ineering  Materials 

Thermal  Reactions  of  Cast  Iron,  Prof,  Thomas  Turner 

The  writer,  who  is  professor  of  metallurgy  in  the  University 
of  Birmingham,  England,  explains  the  various  phenomena  of 
expansion  and  contraction  of  cast  iron  at  different  stages  of 
cooling,  based  on  previous  work  of  W.  J,  Keep,  of  Detroit, 
and  on  tests  made  by  the  writer  himself,  with  the  assistance 
of  Dr.  0.  F.  Hudson. 

Among  the  facts  ascertained  in  these  experiments  were  the 
following: 
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1  Tliat  must  metals  and  a  number  of  alloys  give  a  regular 
contraction  in  the  cast  bar. 

2  That  with  white  cast  iron,  free  rruui  piiusphorus,  there 
is  only  one  small  expansion,  and  one  temperatiue  arrest, 
which  occurs  at  about  670  deg.  cent. 

3  That  with  gray  cast  iron,  free  from  ]ihosphorus.  there 
are  two  well-marked  expansions,  and  two  distinct  temi)erature 
arrests,  which  occur  at  about  l,13.i  and  695  deg.  cent.,,  re- 
spectively. 

4  That  with  increase  of  silicon  these  arrest  points  occur 
at  higher  temperatures  and  nearer  together.  In  other  words, 
though  both  are  raised,  the  lower,  or  pearlite  point,  is  raised 
more  than  the  upi)er,  or  iron  carbide  eutectic  point. 

5  That  the  addition  of  a  small  quantity  of  manganese, 
together  with  silicon,  diminishes  the  rise  in  the  pearlite  point 
and   leads  to  a   more  complete  decomposition   of  the  pearlite 


ing  the  changes  of  length  of  the  two  sides  during  cooling  (in 
this  casting  one  side  was  much  thicker  than  the  other).  It 
was  found  that  the  expansions  in  the  thin  bar  were  similar 
to  those  in  the  thick  bar,  and  occurred  in  the  same  order, 
but  since  the  thin  bar  cooled  more  rapidly,  its  second  expan- 
sion occurred  wliile  the  thick  bar  was  contracting  after  its 
first  expansion.  Hence,  while  one  side  of  the  frame  was 
expanding,  the  other  was  contracting,  and  internal  strains 
were  set  up  in  the  easting.  Positive  and  negative  effects  fol- 
lowed, until  at  length  the  thin  side  was  uniformly  contracting 
after  its  thii-d  expansion,  while  the  thick  side  was  markedly 
expanding  at  about  700  deg.  As  the  metal  is  quite  solid  at 
such  temperature,  the  importance  of  the  strains  which  are  thus 
set  up  is  readily  ajipreciatcd.  ('Ihe  Iron  Trade  Beview,  vol. 
.')9,  no.  16,  p.  782,  October  li),  1916,  3  pp.,  2  figs.  Pajier  read 
at  the  Cleveland  meeting  of  the  American  Foundrymen's  As- 
sociation,    te. ) 
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carbide;  in  other  words,  to  the  production  of  tine-grained 
graphite  from  the  combined  carbon. 

6  That  in  gray  irons  containing  phosphorus  there  is  an 
additional,  or  third,  arrest,  which  occurs  at  a  temperature 
between  those  given,  or  at  about  900  deg.  cent.  A  typical 
expansion  cur\e  and  the  corresponding  temperature  curve  for 
gray  phosphoric  iron  are  given  in  Fig.  4. 

The  most  important  of  the  conclusions  which  were  derived 
from  these  experiments  have  since  been  confirmed  by  other 
investigations.  More  recently,  Mr.  Heggie  of  Birmingham 
has  conducted  a  number  of  tests  with  the  object  of  ascei-tain- 
ing  whether,  in  actual  practice,  with  varying  thicknesses  of 
castings,  the  exjiansions  follow  in  the  same  order  as  in  the 
earlier  experiments  of  the  writer.  The  tests  were  made  with 
a  rectangular  casting  of  special  pattern.  It  was  cast  in  sand 
in  the  ordinary  way,  but  arrangements  were  made  for  record- 


Investigations   Conducted   on    Materials   used    in   Aero- 
plane Construction,  James  S.  Maegregor 

Paper  read  before  the  Aeronautical  Society  of  America  on 
September  26,  1916.  The  author  is  in  charge  of  the  testing 
laboratory  at  Columbia  University. 

Table  2  gives  results  obtained  from  tests  upon  several  spe- 
cies of  wood,  and  records,  in  addition  to  the  fiexural  and  com- 
pressive resistances,  the  moduli  of  elasticity,  number  of  rings 
per  inch,  and  moisture  content. 

The  author  believes  that  the  curing  of  timber  and  curing 
methods  should  be  decided  upon  subsequent  to  an  examination 
of  the  anatomical  structure  of  the  timber  to  be  cured.  The 
rapidity  with  which  it  can  be  kiln-dried,  the  permissible  dry- 
ing temperature,  and  the  permissible  rapidity  of  variation  in 
temperature,  are  all  dependent  upon  structure. 

TABLE  L'.      I'llYSICAL  PliOPEIiTIES  OF  WOODS  USED  IN 
AEROPLANE    CONSTRUCTION 
Riags      Per  ct.  Wt.  per    Modulus  Compressive  Modulus 


Material. 


per  in. 

over. 


moisture,  cu.  ft. 


Virginia   spruce. .    12 

Cedar  white 13  liu 

Alaslia    spruce.  .  .    l(j 
Sitka    spruce. .  .  .  10-25 
Tamarack    


under. 
1.5 


5-13 

8 


lb. 
21 
25 

28 
20 


of 
rupture 
7,4G0 
16,010 
11.200 
11,000 


strength,  lb.     of  elas. 
,  per  sq.  iu.      (flexure) . 


4,720 
9,050 
7,510 
6,610 
6,049 


1.289,000 
1,920. 000 
1,512,000 
1,538,000 


TABLE  :l.  DATA  OF  TESTS  ON  STEEL.  TUBING 


Specimen  Tube 
diameter 
I.ISO 
1.180 
1.1S2 
1.184 
1.185 


SVi!  Per  Cent.  Nickel  Steel 
Torsion  tests. 
Wall         Fiber  stress 


No. 
1 
2 
3 
4 
5a 


tliickness. 
.022 
.040 
.061 
.076 
.096 
-Flexure  tests.- 


at  1^.  L. 

39,200 
41,000 
49,700 
43,500 


Specimen  Fiber  stress 


No. 
1 
2 
3 
4 
5a 


at  E.  L. 

45,100 

69,000 

85,790 

78,380 

94,300 


Fiber  stress 
maximum. 
68,400 
127,100 
127,920 
136,000 
139,400 


Fiber  stress 
maximum. 
38,820 
52,920 
61,210 
74,000 
75,620 
f Tension 

Yield  point. 
57,540 
68.470 
80,570 
76,510 
75,700 


Modulus. 
9,900,000 
11,600.000 
11,700,000 
11,000,000 
11,900,000 

tests. , 

Ultimate 
resistance. 
83,285 
102,800 
100,400 
116,580 
117,220 


As  regards  \arious  kinds  of  timber,  Sitka  spruce  has  com- 
paratively high  compressive  and  transverse  resistance,  and 
also  a  high  modulus  of  elasticity.  Specifications  covering  its 
purchase  should  always  include  limitations  as  to  the  number 
of  rings  of  growth  per  inch,  as  very  coarse  material  carries 
very  heavy  medullary  rays,  is  sub.i'ect  to  checking,  and  is  not 
as  strong  as  the  material  luiving  a  lai-ger  number  of  rings. 
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Another  material  which  is  rapidly  finding  its  way  into  use 
in  aeroplane  construction  is  steel  tubing.  There  has  been  a 
tendency  to  use  tubing  of  extremely  small  wall  thickness,  and 
apparently  it  has  been  assumed  that  the  greater  the  radius 
of  gyration  of  section  the  greater  would  be  the  resistance  to 
stress,  regardless  of  wall  thickness.  Table  2  shows  the  results 
of  a  number  of  tests  in  which  the  outside  diameter  of  the  tube 
was  kept  constant,  and  the  wall  thickness,  starting  with  ap- 
proximately 0.02  in.,  was  increased  by  increments  of  0.02  in. 
up  to  0.10  in.  It  was  found  that  the  fiber  stresses  developed 
by  the  tubing  increased  with  increase  of  wall  thickness.  A 
wall  thickness  of  about  5  per  cent  of  the  outside  diameter  de- 
velops the  full  strength  of  the  material  of  which  the  tubes  are 
composed. 

The  use  of  very-thin-walled  tubes  with  wall  thicknesses  less 
than  5  per  cent  of  the  outside  diameter  is  objectionable,  be- 
cause it  disposes  the  material  in  a  manner  which  does  not 
permit  of  the  development  of  the  full  fiber  stress,  because 
the  chances  of  local  deformation  are  very  great  in  such  cases, 
and  finally  because  light-walled  tubes  might  fail  with  particu- 
lar ease  if  rusted. 

As  to  the  material  used  for  tubing,  the  author  does  not  be- 


the  laboratory  of  the  University  of  Colorado,  a  series  of  tests, 
the  object  of  which  was  to  determine  the  effect  of  twisting 
upon  the  properties  of  steel. 

The  material  used  had  the  following  analysis :  Carbon,  0.22 
per  cent;  sulphur,  0.039  per  cent;  manganese,  0.34  per  cent; 
and  phosphorus,  0.032  per  cent.  The  bars  tested  were  %-in., 
%-in.  and  %-in.  plain  square  bars.  They  were  30  ft.  in 
length  and  were  cut  so  that  the  whole  series  of  tests  could  be 
performed  on  sjiecimens  cut  from  a  single  bar,  thus  assuring 
uniformity  of  composition  and  treatment.  The  specimens 
were  16  in.,  20  in.,  and  18  in.  long.  Half  of  the  specimens 
were  tested  unannealed  and  half  annealed.  The  following 
results  were  obtained : 

1  -The  Effect  of  Twisting  Upon  the  Elastic  Limit. — The 
elastic  limit  was  determined  from  Fig.  5A,  it  being  taken  as 
the  first  perceptible  point  of  bending  in  the  curve.  The  re- 
sults (given  in  a  table  in  the  original  article)  show  that  the 
elastic  limit  is  increased  by  amounts  varying  from  10.5  per 
cent  for  %-in.  bars  with  one  twist  in  12  *  (t  =  size  of  bar)  to 
80.45  per  cent  for  %-in.  bars  with  three  and  one-quarter  twists 
in  12  t. 

2  The  Effect   of  Twisting  Upon  the  Yield  Point.— There 
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Fig.  5A    Partial  Stress  Deformation  Curves 


lieve  that  31/2  pei'  cent  nickel  steel  makes  the  tubing  much 
better  than  a  0.35  per  cent  carbon  steel  with,  say,  0.6  man- 
ganese. 

Tension  tests  upon  tubing  of  this  latter  analysis  have  shown 
them  to  have  a  high  yield  point,  comparatively  high  ultimate 
resistance,  and  a  high  percentage  of  elongation. 

In  connection  with  the  question  of  heat  treatment  of  tubes 
after  drawing,  the  writer  describes  the  process  developed  by 
Snead  &  Co.,  of  Jersey  City.  Another  investigation  was  made 
upon  steel  wire  and  wire  connections  for  tie  rods,  both  un- 
soldered and  soldered  joints  of  various  lengths  having  been 
tested.  The  results  are  reported  in  the  form  of  a  table.  (Aero 
World,  vol.  1,  no.  3,  p.  46,  October,  1916,  5  pp.,  8  figs.    eA.) 

The  Effect  of  Cold-Twisting  on  the  Properties  of  Mild- 
Steel  Bars,  P.  B.  Whitney  and  G.  K.  Dohner 

Cold-twisted  bars  are  extensively  used  for  concrete  rein- 
forcement, but  have  been  sometimes  found  objectionable  be- 
cause of  their  brittleness.     The  authors  have  carried  out,  at 


was  no  perceptible  yield  point  in  any  of  the  twisted  bars, 
although  in  the  plain  bars  it  was  very  pronounced. 

3  The  Effect  of  Twisting  Upon  the  Ultimate  Strength. — 
The  ultimate  strength  was  increased  by  amounts  varying  from 
2.27  per  cent  for  %-in.  bars  with  one  twist  in  12  t,  to  37.86 
per  cent  for  one  %-in.  bar  with  three  and  one-half  twists  in 
12  t,  as  shown  in  Fig.  B. 

4  The  Effect  of  Twisting  Upon  the  Ductility. — Ductility 
is  indicated  by  the  per  cent  ultimate  elongation  and  the  per 
cent  reduction  in  area.  The  per  cent  elongation  for  %-in. 
bars  was  reduced  from  25.37  per  cent  for  plain  bars  to  3.25 
per  cent  for  bars  with  four  twists  in  12  t.  For  i/2-in.  bars 
the  reduction  was  from  28.7  per  cent  for  plain  bars  to  0.87 
per  cent  for  bars  with  four  and  one-half  twists  in  12  t.  For 
%-in.  bars  the  reduction  was  from  28.5  per  cent  for  plain 
bars  to  3.75  per  cent  for  bars  with  three  and  one-quarter 
turns  in  12  t. 

The  per  cent  reduction  in  area  was  reduced  from  56.0  per 
cent  for  plain  bars  to  3.7  per  cent  for  bars  with  three  and 
one-quarter  turns  in  12  <  for  %-in.  bars. 
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It  was  found  that  as  soon  as  a  permanent  set  has  been 
created  by  torsion  there  is  a  noticeable  increase  in  the  ultimate 
tensile  strength  and  elastic  limit,  but  a  limit  is  reached  in  the 
number  of  turns,  beyond  which  the  tensile  strength  is  reduced 
by  further  twisting.  The  twisting  gxeatly  reduces  the  ductil- 
ity. The  work  required  to  rupture  a  twisted  bar  is  much  less 
than  that  for  a  plain  bar,  and  decreases  vei-y  rapidly  as  the 
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Fig.  5B     Citrves  for  Ultimate  Strength,  Ultimate  Elon- 
gation,'and  Reduction  in  Area 

number  of  turns  increases.  These  results  depend  upon  the 
size  of  the  bar.  {Journal  of  Engineering,  University  of  Colo- 
rado, vol.  12,  no.  2,  p.  48,  February,  1916,  8  pp.,  3  flgs.    e.) 

Foundry 

Influence  of  Gating  on  Castings,  B.  D.  Fuller,  A.  M. 
Fulton,  W.  J.  Gilmore,  and  R.  R.  Clarke 

Symposium  of  four  papers  read  at  the  Convention  of  the 
American  Foundrymen's  Association  at  Cleveland,  Ohio. 

There  is  an  intimate  relation  between  the  location  of  the 
gate  and  the  shrinkage  problem.  When  castings  are  properly 
gated  and  are  provided  with  suitable  heads,  there  is  very 
little  trouble  from  shrinkage,  and  it  is  possible  virtually  to 
eliminate  the  use  of  chills  in  malleable  practice.     The  correct 


gating  of  any  casting  is  just  as  important  as  a  proper  mixture 
of  metal.  In  designing  any  gate,  two  points  should  be  con- 
sidered, first,  can  the  casting  be  fed  from  the  proposed  gate, 
excluding  slag  and  preventing  misruns,  and,  second,  can  the 
heavy  portion  be  fed  by  a  riser  located  at  the  top  of  the 
casting.  Proper  gating  is  specially  important  in  the  produc- 
tion of  non-ferrous-metal  castings,  on  accoimt  of  the  diffi- 
culties resulting  from  oxidation  of  the  metal  and  the  com- 
paratively low  temperature  at  which  the  metal  freezes,  (ep. 
Canadian  Foundryman,  vol.  7,  no.  10,  p.  147,  October,  1916. 


Fuels  and  Firing 

Specific-Gravity  Studies  op  Illinois  Coal,  Merle  L.  Nebel 

Report  of  an  investigation  carried  out  at  the  Engineering 
Experiment  Station  of  the  University  of  Illinois,  with  an  ob- 
ject to  determine  first  the  effect  of  moisture  upon  the  specific 
gravity  of  coal,  and  second,  the  methods  of  determining  this 
specific  gravity. 

As  regards  terminology,  the  present  investigation  follows 
the  practice  of  the  United  States  Bureau  of  Mines  in  distin- 
guishing between  the  apparent  and  the  true,  or  real,  specific 
gi-avity  of  coal,  the  apparent  specific  gravity  being  the  specific 
gravity  of  the  coal  including  the  moisture  or  air  contained 
in  its  pores,  while  the  true,  or  real,  specific  gravity  is  the 
specific  gravity  of  the  actual  coal  substance  corrected  for  air 
and  moisture  content. 

For  purposes  of  comparison  of  the  thermal  quality  of  vari- 
ious  coals  of  the  Illinois  type,  the  writer  uses  the  "  unit  coal " 
basis  developed  by  Parr.  Parr,  in  a  previous  investigation 
published  by  the  Illinois  State  Geological  Survey,  has  shown 
that  if  the  effects  of  all  the  impurities,  such  as  ash,  sulphur, 
and  moisture,  have  been  taken  into  account,  the  unit  B.t.u.  is 
remarkably  constant  for  the  coal  from  a  given  bed  over  a 
considerable  area. 

A  further  distinction  is  made  between  the  fresh  specific 
gravity  and  the  true  specific  gravity,  the  former  designating 
the  value  of  the  apparent  specific  gravity  of  the  coal  in  its 
fresh  condition,  that  is,  the  condition  in  which  it  exists  in  the 
ground. 

The  writer  shows  that  the  hindered  settling  ratio  (for  a 
discussion  of  the  hindered  settling  ratio,  see  Bulletin  No.  69, 
University  of  Illinois  Engineering  Experiment  Station,  paper 
on  Coal  Washing  in  Illinois,  by  F.  C.  Lincoln)  for  air-dried 
coal  is  just  twice  that  for  the  same  coal  when  fresh,  and, 
theoretically,  the  coal  when  air-dried  can  be  washed  with  a 
range  of  sizes  twice  as  great  as  when  fresh,  or  with  a  much 
cleaner  separation  for  the  same  range  of  sizes.  From  this 
point  of  view,  the  writer  advises  not  to  wash  fresh  coal,  or, 
in  other  words,  not  to  wash  coal  at  the  mine,  and  not  to  feed 
wet  coal  to  jigs  or  other  washing  machines. 

Practical  Uses  of  the  Specific  Gravity  of  Coal.  There  are 
several  practical  uses  to  which  a  knowledge  of  the  specific 
gravity  of  coal  may  be  applied,  chief  among  which  are  the 
following : 

1  The  calculation  of  the  tonnage  of  coal  in  the  gi-ound 
over  a  given  area. 

2  The  calculation  of  the  tonnage  of  quantities  of  broken 
coal,  such  as  the  coal  stored  in  large  bins  or  in  stock  piles. 

3  The  comparison  of  coals  by  the  rapid  estimation  of  the 
ash  and  moisture  content. 

4  The  determination  of  the  adaptability  of  coal  to  the 
removal  of  its  impurities  by  washing  processes. 
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Because  of  lack  of  space  only  the  conclusions  of  this  in- 
teresting investigation  can  be  here  reported. 

1  In  general,  no  fi.'-ed  value,  such  as  can  be  given  for 
mineral  substances  of  definite  chemical  composition,  can  be 
given  for  the  specific  gravity  of  coal.  Different  types  of  coal, 
such  as  anthracite  and  bituminous,  have  different  specific 
gravities,  and  even  coals  of  the  same  general  type  may  have 
quite  different  si^eciflc  gi-avities.  due  to  differences  in  content 
of  ash  and  moisture. 

2  Fresh  coal  of  the  Illinois  type  is  probably  saturated 
with  moisture,  most  of  which  is  held  mechanically  in  the  pores 
of  the  coal. 
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3  The  specific  gravity  of  fresh  coals  of  the  same  general 
types  should  be  about  constant  if  the  content  of  ash  is  about 
the  same.  The  specific  gravity  of  coal  in  the  fresh  condition 
has  been  called  the  "  fresh  "  specific  gravity. 

4  If  coal  has  dried  to  any  extent  its  specific  gravity  will 
vary,  depending  upon  the  amount  of  moisture  lost.  As  the 
moisture  content  decreases,  the  specific  gravity  should  de- 
crease (the  ash  content  remaining  the  same),  but  not  neces- 
sarily in  a  direct  ratio.  The  specific  gravity  uncorrect  for 
moisture  or  ash  content  has  been  called  the  "  apparent " 
specific  gravity. 

5  By  calculating  values  of  specific  gravity  to  exclude  the 
effect  of  moisture,  values  may  be  obtained  which  have  been 
called  the  "  real  "  or  "  true  "  specific  gravity,  and  which  might 
well  be  called  the  "  dry  "  specific  gravity  to  correspond  with 
analyses  of  coal  which  have  been  calculated  to  the  "  dry  "  or 
"  moisture-free  ''  basis.  By  excluding  both  ash  and  moisture, 
values  might  be  obtained  which  could  be  referred  to  as  the 
■'  unit "  specific  gravity,  to  correspond  with  the  unit  coal 
B.t.u.  of  Parr. 

6  By  saturating  air-dry  coal  with  moisture  before  de- 
termining' its  specific  gravity,  a  value  can  be  obtained  which 


represents  quite  closely  the  "  fresh "  value  of  the  specific 
gravity,  or  the  specific  gravity  of  the  coal  in  its  fresh  condi- 
tion. 

7  The  fresh  specific  gra\ity  of  coal  from  different  counties 
in  Illinois  was  found  to  vary  from  1.28  to  1.33,  with  an  aver- 
age of  between  1.30  and  1.31.  These  values,  excepting  those 
for  Vermilion  and  Montgomery  counties,  were  obtained  from 
air-dry  coal  by  the  ajiproximate  method  described  on  page 
20  of  this  bulletin. 

8  In  computing  tonnages,  it  is  suggested  that  (a)  for  coal 
in  the  ground,  the  fresh  sjiecific  gravity  is  the  proper  value 
to  use,  (b)  for  broken  coal  stored  under  water,  the  fresh 
specific  gravity  should  be  used,  and  (c)  for  broken  coal  stored 
in  bins  or  in  open  piles,  the  ap]iarent  specific  gravity  should 
be  found  for  the  average  condition  of  tiie  coal  at  the  time  the 
computations  are  made,  and  that  value  used. 

9  In  coal-washing  operations  the  coal,  theoretically, 
should  be  as  dry  as  feasible  when  fed  to  the  washing  machines, 
since  the  settling  ratios  are  considerably  greater  for  dry  than 
for  wet  coal,  and  dry  coal  can  consequently  be  washed  more 
efficiently.  (Universili/  of  Illinois  Bulletin,  vol.  13,  no.  44, 
.luly  3,  1916,  49  pp.,  9  figs,    e.) 

Clinkering  op  Bituminov.s  Coal,  F.  C.  Hubley 

Discussion  of  the  factors  that  infiuence  results  of  laboratory 
fusion  of  ash. 

The  writer  states  that  the  use  of  varying  amounts  of  dex- 
trin as  a  binder  for  the  test  piece  appears  to  have  consider- 
able effect  on  the  nature  of  the  fusion  and  the  final  melting 
pomt.  To  investigate  this  factor  thoroughly,  a  number  of  ash 
samples  representing  coals  from  different  localities  were  mixed 
witli  \arious  amounts  of  dextrin,  and  fusion  cum-es  developed 
along  with  the  binder-free  ash  fusion.  From  these  tests  it 
would  appear  that  if  these  fusiometer  tests  are  in  any  way 
comparable  with  the  Seger  cone  tests,  the  result  of  using  binder 
in  these  cones  is  of  so  variable  and  marked  a  nature  as  to  make 
the  use  prohibitive  in  fusion  work. 

In  the  specifications  for  a  standard  test,  some  mention  should 
be  made  of  the  maximum  amount  of  carbon  to  be  allowed  to 
remain  in  the  sample  after  incineration,  since  comparatively 
small  amounts  appear  to  change  the  position  of  the  final  melt- 
ing point,  and  the  nature  of  the  fusion.  {Power,  vol.  44,  no. 
17,  page  591,  October  24,  1916,  3  pp.,  7  figs,    e.) 

Chart  for  Determining  the  Cost  op  Coal  on  the  Heat- 
Value  Basis 

By  special  peimission  of  W.  F.  Schaphorst,  M.  E.,  by  whom 
it  is  copyrighted,  we  are  enabled  to  reproduce  a  chart  from 
which  direct  readings  showing  the  cost  of  fuel  on  the  heat- 
value  basis,  may  be  taken.  In  using  the  chart  it  is  necessary 
only  to  lay  a  straight  edge  across  the  points  on  the  scales 
corresponding  to  the  price  of  the  fuel  in  dollars  per  ton,  and 
the  heat  value  of  the  fuel  m  B.t.u.  per  pound,  its  extension 
across  the  third  scale  intersecting  at  a  point  which  indicates 
the  number  of  heat  units  compensated  for  by  each  cent  in- 
vested in  the  fuel,  which  is  the  important  factor  for  determi- 
nation.    (Fig.  6.) 

For  example,  if  the  price  of  a  given  grade  of  fuel  having 
a  heat  value  of  9000  B.t.u.  per  lb.  is  $3.00,  the  chart  will  show 
that  each  cent  of  investment  will  pay  for  60,000  heat  units. 
Again,  if  the  price  of  12,000-B.t.u.  coal  is  $4.00  per  ton,  it 
will  be  found  from  the  chart  that  the  cost  on  the  heat-unit 
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basis  is  the  same  as  before,  that  is,  (id, 000  heat  units  for  each 
cent  invested. 

The  .$4.00  coal  is  therefore  just  as  cheap  as  the  $3.00  coal, 
and  is  likely  to  be  the  preferred  fuel  from  the  fact  that  its 
higher  price  indicates  the  possibility  of  less  ash  and  other 
deleterious  content.  Should  the  heat  value  of  this  latter  fuel 
be  anything-  in  excess  of  12,000  B.t.u.  per  lb.,  there  can  be 
no  question  as  to  selection  from  the  standpoint  of  economy. 

The  range  of  the  chart  is  such  as  to  be  applicable  to  fuels 
ranging  in  cost  from  $1.00  to  $10.00  per  ton  and  from  8000 
to  111. 000  B.t.u.  per  lb.  in  heat  value.  (The  chart  is  actually 
reproduced  from  the  Bailway  Eeview,  vol.  59,  no.  13,  p.  422. 
September  23.  191  li.  2  pp.,  1  fig.     d.) 

Hydraulics 

Hydraulic  Flow  Reviewed,  A.  A.  Barnes 

The  book  is  in  two  parts,  the  first  of  which  deals  with  the 
flow  of  water  in  pipes  and  channels.  The  autlior  had  occasion 
to  investigate  certain  conditions  of  flow  in  the  Thirlmere 
Aqueduct  which  supplies  water  to  Manchester,  England,  and, 
finding  the  \ariation  in  the  coefficient  of  accepted  formulae 
unsatisfactory,  was  led  to  review  the  whole  subject  of  the 
.laws  of  flow,  with  the  result  that  he  has  devised  a  series  of 
formulae  in  which  the  coefficient  is  independent  of  variations 
in  tlie  size  or  gradient  of  the  conduit. 

He  shows  that  the  equations  of  five  well-known  experi- 
menters are  all  of  the  form  v  =  Km^'H^'^.  He  then  points  out 
that  the  square-root  indices  of  m.  {the  hydraulic  mean  depth) 
and  of  i  (sine  of  slope)  are  incompatible  with  the  constant 
value  for  the  eoetScient  K  for  a  particular  class  of  pipe  or 
channel.  He  recommends,  therefore,  the  adoption  of  the  more 
general  expression  v  =  Km'^t^',  and  from  the  analysis  of  a 
considerable  amount  of  published  data  assigns  a  series  of 
values  to  K.  a  and  h  which  gi\e  consistent  and  satisfactory 
results  wlien  applied  to  a  wide  range  of  eases.  The  formulae 
thus  obtained  are  sixteen  in  number,  and,  for  example,  for  new 
asphalted  cast-iron  pipes  the  value  is  -u  =  174.1to° '"V '^^^ 

In  the  second  part  of  the  book,  dealing  with  the  measure- 
ment of  water  by  means  of  triangular  notches,  rectangular 
weirs,  and  circular  orifices,  the  author  discards  the  basic  ex- 
pression in  common  use  and'  advocates  the  appilication  of  the 
general  formula  adopted  in  Part  1,  which  he  easts  in  the 
form  r  =  7v»r'7i'\     For  a  right-angled  V-nofch  tliis  becomes 


V  =  2.462m~ 


CI  -0OTO3TT0  -45703 


''H 


whence  Q  =  2.48H=" 

This  lattei'  expression  corresponds  very  closely  with  the 
results  obtained  quite  recently  by  Gourley  and  Crimp  in  re- 
searches made  on  the  River  Alwen.     Their  formula  reads 

Q  =  2.48wjF/=*' 

where  it  is  tlie  tangent  of  half  the  included  angle  of  the  notch 
and  tlierefore  is  unity  for  a  notch  of  90  deg. 
The  following  formulae  have  been  determined : 

for  weirs  with  end  contractions :  v  =  3.324m^°"H°''"' 
for  weirs  without  end  contractions :  v  =  3.32Am-° '°'H°  " 
for  circular  orifices :  v  =  4.6.52m-°  ""H"  ' 

The  author  claims  that  his  formulae  are  proved  correct  by 
experiments  for  quantities  as  small  as  0.00.34  cu.  ft.  per  sec. 
by  means  of  weirs.  (Book,  XI  and  158  pp.,  published  by  E. 
and  F.  X.  Sjion,  Ltd.,  London,  1916;  cp.  Nature,  vol.  98,  no. 
2449,  p.  87,  October  5,  1916,  2  p.     g.) 


Machine  Parts 

Notes  on  Pistox-Rixg  Design,  Gwilym  "Williams 

Many  facts  enter  into  the  attainment  of  the  gas-tightness 
of  piston  rings : 

1  The  ])ressure  ])er  square  inch  exerted  by  the  ring  on  the 

cylinder  wall ; 

2  The  uniformity  of  that  pressure; 

3  The  practical  degree  of  perfection  obtaining  in  the  manu- 

facture of  the  rings. 

Pressure  per  Square  Inch.  It  is  impossible  to  state  defi- 
nitely what  pressure  per  square  inch  a  given  ring  should 
exert  under  given  conditions,  as  it  is  imjiossible  to  predict 
what  part  may  be  played  by  distortion  of  the  cylinder  and 
consequent  leaks.  Proper  or  improper  fitting  of  joints,  strain 
in  siiringing  over  the  piston,  etc.,  have  also  to  be  considered. 
All  that  can  be  said  is  that  18  lb.  is  the  upper  limit  today  in 
aero  engines  working  under  high  compression,  and  the  aver- 
age pressure  of  car-engine  rings  is  10  lb.  per  sq.  in.  What 
pressure  is  best  suited  to  an  engine  is  a  matter  to  be  decided 
by  experiment.  It  is  important  because  friction  of  the  rings  is 
roughly  proportional  to  the  pressure,  and  for  instance,  in  an 
investigation  of  pressures  exerted  by  the  rings  in  a  3%-h.p. 
cycle  engine,  rmgs  of  8  lb.  per  sq.  in.  were  substituted  for  ones 
giving  11  lb.  to  the  sq.  in.,  with  a  resulting  gain  in  speed  of 
five  miles  per  hour.  The  best  is  to  adopt  rings  of  minimum 
pressure  compatible  with  gas-tightness,  and  many  rings  in  use 
today  are  stronger  than  they  need  be. 

Tlie  following  formula  for  calculating  pressures  is  accurate 
enough  for  all  practical  purposes  and  may  be  applied  to  con- 
centric and  eccentric  rings  alike.  Let  d  be  the  outside 
diameter  of  the  ring  in  inches,  t  the  thickness  opposite  the 
joint,  and  I  the  length  of  the  gap ;  then,  assuming  that  the 
radial  pressure  of  the  ring  is  uniform, 

i'  I  k 

Pressure  per  sq.  ni.  =  — 

d 

where  k  is  an  elasticity-section  coefficient.  For  a  ring  of  rec- 
tangular section  of  good  cast  iron  it  may  be  taken  as  2,200,- 
000. 

From  this  it  is  evident  that  the  pressure  per  square  inch 
of  the  ring  in  designing  may  be  varied  in  two  ways,  either  by 
allowing  a  greater  or  less  gap,  or  by  proportioning  the  thick- 
ness. There  is,  however,  a  limit  to  the  gap  which  a  ring  will 
stand,  and  it  is  desirable  to  avoid  inordinately  large  gaps  be- 
cause the  extreme  fiber  stress  in  the  metal  at  the  back  of  the 
ring,  in  closing,  increases  inversely  as  the  square  of  the  gap 
(there  are  also  other  reasons).  What  constitutes  an  average 
gap  may  be  calculated  from  the  formula: 

Length  of  gap  ui  inches   = 

"  t 

It  is  misleading  to  arbitrarily  projiortion  the  gap  as  one-tenth 
or  one-twelfth  the  diameter  of  the  ring.  The  gap  should  be 
calculated  on  the  basis  of  stress  in  the  metal,  which  depends 
as  much  on  thickness  as  on  diameter. 

The  problem  of  adequate  ring's  is  of  particular  importance 
for  aero  engines,  where  thick  rings  cannot  be  used  owing  to 
piston  weight.  The  rings  must  be  of  the  thinnest  permissible 
section,  yet  gas-tight;  they  must  be  flexible,  to  take  up  distor- 
tion of  the  cylinder,  yet  must  exert  sufficient  pressure  outwards 
to  counteract  centrifugal  friction  against  the  grooves  in  the 
radial  types. 

The  author  does  not  believe  in  the  use  of  high-speed-steel 
lings  in  jilace  of  the  ordinary  obturator  rings,  even  if  liners 
are  used  in  the  cylinders,  and  thinks  that  the  conditions  that 
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give  rise  to  these  rings  are  being  met  by  other  means  such  as 
the  adoption  of  aluminum  pistons.  These  permit  of  deeper 
grooves  than  east-iron  or  steel  pistons,  and  with  their  over- 
coming of  heat  distortion,  thin  cast-iron  rings,  properly 
dimensioned  to  give  the  requisite  pressure,  will  oust  both  ob- 
turator and  high-speed-steel  rings. 

The  even  radial  distribution  of  pressure  exerted  by  the  ring 
depends  entirely  upon  the  curve  of  the  ring  when  free,  and 
not  upon  eccentricity  or  concentricity.  While  eccentric  rings 
do  not  fulfil  the  fundamental  principle  for  which  they  have 
been  originated,  they  have  the  advantage  over  concentric 
rings  of  flexibility  towards  the  joints.  The  usual  method 
of  producing  rings  is  by  hammering,  and  internal  hammering 
applied  with  the  proper  degree  of  precision  will  produce  well- 
rounded  rings;  but  as  regards  its  effects  upon  the  rings,  the 
author  states  that  internal  hammering  strains  that  part  of  the 
ring  which  is  subjected  to  greatest  stress  when  in  the  cylinder. 
It  may  be  noted  in  this  connection  that  the  British  Chuck  and 
Piston  Ring  Co.,  of  Coventry,  have  another  method  of  ham- 
mering which  is  free  from  this  objection.  In  their  method  the 
hammering  is  done  on  the  part  of  the  ring  which  is  the  least 
stressed  when  closed.  The  stress  in  the  metal  at  the  back  of 
the  internally  hammered  ring  will  be  double  that  of  the  other. 
This  point,  however,  must  be  borne  in  mind  only  in  the  case  of 
special  rings  with  large  gaps.  The  majority  of  ordiuaiy  car- 
engine  rings  can  be  produced  equally  well  by  either  method. 
(The  Automobile  Engineer,  vol.  6,  no.  95,  p.  293,  October. 
1916,  2  pp.,  3  figs.,  g.) 

The  Lateral  Bending  Resistance  of  Metal  Bolts  and  Lag 
Screws,  Prof.  H.  A.  Thomas 

Summary  of  tests  recently  made  at  the  Rose  Polytechnic 
Institute,  Ten-e  Haute,  Ind.,  to  determine  accurately  the  re- 
sistance  of  bolts  and  lag  screws  in  wood  to  being  bent  by 
transverse  loads. 

The  lag  screws  and  bolts  used  were  ordinarily  mild  steel, 
commercial  stock,  or  sizes  varying  from  %  in.  to  Vg  iu-  in 
diameter.  The  woods  in  which  they  were  imbedded  for  testing 
were  yellow  pine,  oak,  and  white  pine.  In  the  majority  of  the 
experiments  the  bolts  or  lag  screws  were  free  to  bend,  as 
shown  in  Fig.  7A,  with  no  constraint  on  the  shaft  or  head.  In 
those  tests  in  which  the  load  was  applied  by  means  of  a  metal 
plate,  as  in  Fig.  B,  the  holes  in  the  plate  were  made  a  little 
larger  in  diameter  than  the  lag-screw  shafts,  and  the  lag-screw 
heads  were  screwed  down  to  a  very  loose  fit  only. 

Most  of  the  tests  were  not  carried  to  final  failure.  When 
a  complete  test  was  made,  the  failure  was  found  to  occur  in 
five  stages,  illustrated  in  Fig.  6,  which  is  the  load-deflection 
curve  from  the  test  on  the  joint  represented  diagrammatically 
in  Fig.  B. 

"During  the  fii'st  stage  ab  in  Fig.  C,  the  load  concentrates 
itself  at  point  A,  Fig.  B,  and  the  bolt  beds  itself  firmly  in  the 
bolt  hole  if  the  initial  fit  is  imperfect.  During  the  second 
stage  be  the  increasing  load  is  carried  by  the  elastic  resistance 
of  the  wood  fibers  at  D  and  the  metal  at  E.  The  load-deflec- 
tion curve  is  approximately  straight  during  this  portion  of 
the  test.  This  stage  is  terminated  at  the  yield  point  c  by  the 
simultaneous  yielding  of  the  wood  fibers  at  D  and  the  metal 
fibers  at  E.  During  the  third  stage  the  deflection  continues 
to  increase  with  little  or  no  change  in  the  load.  At  the  begin- 
nmg  of  the  fourth  stage  de,  the  bolt  makes  contact  at  B  or  C. 
The  load  again  increases  during  this  stage  up  to  the  beginning 
of  the  final  failure  at  e.    The  last  stage  ef  represents  the  split- 


ting of  the  wood  or  the  parting  or  pulling  out  of  the  bolts  or 
lag  screws. 

In  removing  the  bent  bolts  and  lag  screws  from  the  wood 
after  testing,  it  was  noticed  that  the  bend,  point  E  in  Fig.  A, 
was  in  every  case  quite  abrupt  and  not  a  gradual  eui-ve.  The 
straightness  of  the  bolts  between  the  bend  and  the  surface  of 
the  wood  suggested  the  possibility  of  writing  algebraic  expres- 
sions for  the  resistance  of  the  bolts  to  bending  against  the 
wood  fibers  on  the  assumption  of  a  straight-line  distribution 
of  the  stress  on  the  wood  fibers  between  points  E  and  D  in 
Fig.  A. 

Under  such  an  assumption  the  following  expressions  were 
obtained :  The  sum  of  the  vertical  forces  acting  on  the  bolt 
is  zero,  or 

IV  =  y2npad [1] 

The  point  of  maximum  bending  is  where  the  shear  is  zero,  at 
'the  mner  end  of  the  stress  triangle,  and  the  bending  moment 
at  this  point  is 

M  =  wa—iYznpad)  (2/3a)  =  l/32f%d' [2] 

Solving  these  equations  for  w  gives 

w  =  ysdr\/3Ttn     \fpf [3] 

In  order  to  adapt  equation  [3]  to  the  use  of  the  common 
safe  allowable  fiber  stresses  in  wood  and  steel,  a  change  in  its 
form  has  been  found  desirable,  due  to  the  fact  that  if  the 
ordinary  safe  allowable  fiber  stresses  for  metal  and  wood  are 
substituted  in  equation  [3]  to  obtain  safe  working  loads  for 
the  design  of  connections,  an  unnecessarily  large  safety  factor 
is  secured. 

Fig.  D  shows  the  moment-deflection  curve  from  the  test  of 
a  %-in.  round  mild-steel  bolt  in  cross-bending,  and  the  stress- 
strain  curve  from  the  test  of  a  similar  bolt  in  tension.  In  a 
cross-bending  test  of  a  round  bolt,  the  true  proportional  elastic 
limit  will  occur  when  the  distribution  of  the  stress  on  the  gov- 
erning section  of  the  bolt  is  as  shown  by  the  straight  line  aoa' 
in  Fig.  E.  At  this  instant  the  stress  in  the  extreme  fiber  is 
equal  to  the  tensile  elastic  limit  e  of  the  metal.  When  the  load- 
ing has  been  increased  until  the  distribution  of  stress  ap- 
proaches curve  abob'a',  the  bolt  will  deflect  under  a  constant 
load;  that  is,  the  yield  point  of  the  material  in  cross-bending 
will  be  reached.  In  the  first  case,  the  resisting  moment  of  the 
bolt  is  computed  by 

■Kd^ 


M, 


32 


.[4] 


M 


In  the  second  case,  the  resisting  moment  is  computed  by 

T.d'  C'  

,=f—.  =  4e\      +  \/r—  £-dx  =  4/3er'  =    ed/Q. ...  [5] 
Jo 

Solving,  f/e  =  16/3it  =  1.696 [6] 

That  is,  the  yield  point  in  cross-bending  is  170  per  cent 
higher  than  the  yield  point  in  tension.  Substituting  in  equa- 
tion [3]  the  value  of  /  from  equation  [6],  we  obtain 

w  =  0.500<f  V«Vpe'. [7] 

This  equation  gives  the  yield-point  load  can'ied  by  the  bolt 
in  terms  of  the  end-bearing  yield  point  of  the  wood  fibers  and 
the  tensile  yield  point  of  the  steel. 

In  order  to  make  use  of  equation  [3]  or  [7]  in  practice,  it 
is  necessary  to  know  the  value  of  n,  that  is,  the  ratio  of  the 
bearing  resistance  of  wood  against  round  pins  to  its  resistance 
against  square  pins.  A  considerable  number  of  tests  were 
made  to  determine  the  value  of  this  ratio.  The  values  of  n 
were  found  to  be  rather  en-atic,  apparently  depending  much 
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on  the  friction  of  the  wood  fibers  against  the  round  pins,  and 
being  affected  by  the  roughness  of  the  pin,  pitch  or  moisture 
in  the  wood,  and  the  method  of  boring  the  hole.  The  average 
value  of  n  in  end  bearing  on  the  wood  fibers  from  more  than 
sixty  tests  was  found  to  be  0.75.  This  value  is  used  in  equa- 
tion [8].  To  adapt  equation  [7]  to  the  use  of  working 
stresses,  let  TF  be  the  safe  load  allowed  on  a  bolt  or  lag  screw 
bending  against  wood  fibers,  P  the  safe  allowable  bearing 
stress  on  wood  fibers,  and  E  the  safe  allowable  tensile  stress 
for  metal.  The  final  working  equation  for  the  design  of  bolted 
or  lag-screwed  timber  connections  may  then  be  written 

w  =  i33dWPE [8] 

This  equation  should  be  used  only  for  lag  screws  or  bolts 
of  circular  cross-section,  of  metal  having  a  well-defined  yield 
point,  and  bearing  endwise  against  the  wood  fibers. 

The  notation  in  the  above  expressions  is  as  follows:  d  =  di- 


tlie  surface  of  the  part  to  be  treated  an  intensely  hot  flame 
from  an  oxy-acetylene  blowpipe.  The  effect  of  this  is  to  raise 
the  surface  of  the  object  to  a  high  temperature,  it  being  then 
immediately  quenched  by  the  cold  body  of  the  metal  beneath. 
The  equipment  is  only  that  usually  provided  for  the  oxy- 
acetylene  welding  process,  but  the  temperature  of  the  oxy- 
acetylene  flame  is  higher  than  that  used  for  the  latter  pro- 
cess, the  increase  being  obtained  by  adjusting  the  flame  as  for 
welding  and  then  slightly  increasing  the  supply  of  oxygen. 
Arrangements  should  be  made  for  keeping  the  work  as  cool 
as  possible,  so  that  the  body  of  the  work  is  maintained  at  a 
low  temperature  to  insure  that  the  quenching  is  sufficiently 
rapid.  For  small  parts  it  is  customary  to  immerse  the  parts 
in  a  tank  of  cold  water  fitted  with  an  adjustable  overflow  pipe. 
Bodies  of  large  parts  may  be  left  to  cool  off  by  themselves, 
but  where  necessary  a  supply  of  cold  water  may  be  allowed 
to  flow  over  the  work.    In  both  cases  the  actual  surface  to  be 
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Fig.  7    L.^teeal  Bending  Resistance  op  Metal  Bolts 


ameter  of  the  bolt  in  inches ;  a  =  distance  from  the  surface  of 
the  wood  to  the  point  of  maximum  bending,  inches;  w  =  load 
carried  by  the  bolt  at  the  instant  of  yielding,  pounds ;  /  = 
fiber  stress  in  the  metal  of  the  bolt  at  its  yield  point  in  cross 
bending,  pounds  per  square  inch ;  p  =  yield-point  bearing 
stress  of  wood  fibers,  pounds  per  square  inch ;  n  =  ratio  of  the 
yield-point  resistance  of  wood  fibers  in  bearing  against  the 
side  of  a  round  metal  bar  to  their  resistance  in  bearing  against 
a  square  metal  bar  of  the  same  diameter  and  length.  {The 
Rose  Techiiic,  vol.  26,  no.  1,  p.  6,  October,  1916,  5  pp.,  7  figs. 
de.) 

The   Vickers   Surf.^ce-Hardening   Process 

The  Vickers  process  of  local  surface  hardening  is  compara- 
tively little  known.     It  consists  of  applying  momentarily  to 


hardened  is  not  submerged  in  water  imless  it  is  desired  to 
give  only  a  very  shallow  depth  of  hardened  case. 

The  process  is  most  suitable  for  dealing  with  parts  of 
which  it  is  desired  to  surface-harden  only  a  small  portion.  It 
is  being  largely  used  at  the  present  time  in  England  for  gear- 
tooth  hardening.  In  calculating  the  cost  of  the  process  for 
the  purpose  of  comparison  with  furnace-treated  work,  it  must 
be  recognized  that — whereas  for  the  latter  process  it  is  cus- 
tomary for  the  machining  of  the  work  to  be  carried  out  to 
approximate  dimensions  only,  so  that  any  distortion  due  to 
the  heat  treatment  may  be  corrected  by  straightening  and 
grinding,  or  grinding  alone,  as  the  ease  may  be — by  the  local 
surface-hardening  process  the  work  is  machined  to  the  actual 
finished  dimensions,  since  there  can  be  no  distortion  during 
the  process. 

In  a  paper  read  before  the  Institution  of  Automobile  Engi- 
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neers,  Mr.  J.  11.  S.  Dit-kenson.  in  Xoveuiber.  lin."),  jioiiiteci  out 
that  he  had  made  several  experiments  to  show  the  vahie  of 
the  process  as  apiilied  to  the  local  hardening  of  radii  in  parts 
subjected  to  high  alternating  stresses,  and  pointed  out  that 
the  results  of  these  tests  went  to  prove  that  the  limiting  range 
of  alternating  stress  in  parts  thus  treated  showed  a  consider- 
able rise.  Mr.  Dickenson  stated  that,  as  a  result,  he  was  of 
the  opinion  that  in  the  production  of  automobile  crankshafts 
such  local  treatment  of  the  radii  had  some  obvious  advan- 
tages. (The  Automobile  Engineer,  vol.  6.  no.  9.5,  ]i.  299,  Oc- 
tober, 1916,  1  p.,  1  fig.    d.) 

Strainer  for  Suds  Pumps 

One  outstanding  feature  of  the  usual  troubles  in  sujjplying 
coolant  to  machine   tools   is  the  speed   with   which   the  usual 


Fig.  8    Strainer  for  Suds  Pujip 


type  of  pump  fails,  owing  to  grinding  out.  The  majority  of 
such  pumps  have  little  provision  of  an  effective  type  to  keep 
the  fluid  clear  of  particles  of  metal,  and  very  often  the  strain- 
ing devices  are  so  troublesome  that  they  have  to  be  discarded 
entirely.  Often  the  suction  pipe  draws  from  a  shallow  well 
in  the  suds  tray,  and  a  piece  of  Vs-in.  or  Vi„-in.  plate  filled 
with  a  number  of  small  holes  and  fitting  the  well  opening  is 
the  only  provision  for  straining.  Such  a  design  chokes  re- 
peatedly and  is  finally  discarded,  which  results  in  transferring 
the  trouble  to  the  pump,  now  void  of  any  protection  whatever. 
A  plate  laid  horizontally  is  in  the  worst  possible  position 
for  choking,  in  addition  to  which  the  holes  provided  are  much 
too  coarse,  so  that  finer  particles  of  metal  may  pass.     What 


is  nece-sary  is  that  tiic  strainer  jilate  shall  be  vertical  or  in- 
clined, and  not  laid  flat.  Further,  since  the  holes  now  pro- 
vided are  too  large,  it  is  better  to  use  fine  wire  gauze  inclined 
at  an  angle  of  45  or  60  deg.,  in  which  case  choking  would 
take  place  line  by  line,  and  clearing  be  less  frequent.  As 
gauze  by  itself  is  liable  to  damage,  it  has  to  be  reinforced, 
which  can  be  done  by  a  small-mesh  galvanized  expanded 
metal  known  as  cup  lathing.  The  strainer  can  be  either 
cylindrical,  or,  better  still,  an  inverted  cone.  The  accom- 
panying sketch  shows  the  writer's  suggested  solution.  An 
additional  imjjrovement  can  be  made  to  most  pumps  by  an 
enlargement  of  the  suction-pipe  area.  Suction  head  is  harder 
on  a  pipe  than  delivery  head,  and  for  this  reason  most  well- 
designed  pumps  have  larger  suction  than  delivery.  In  the 
sketch  (Fig.  8)  D  and  F  are  brass  rings,  grooved  to  receive 
the  larger  end  of  the  cones  made  by  the  brass-wire  gauze  and 
galvanized  expanded  metal  in  combination.  To  give  a  neat 
appearance  to  the  upper  end  of  the  cone,  the  points  of  the 
expanded  metal  can  be  eleated  over  the  gauze,  or  a  brass  ring 
of  similar  construction  to  D  and  F  can  be  used.  The  ring  F 
is  screwed  internally,  and  connected  to  the  reducing  socket  E 
by  means  of  a  short  screwed  nipple.  In  the  tray  strainer,  B 
represents  the  gauze  and  A  the  expanded  metal.  The  total 
clear  head  of  the  suction  ]npe,  without  obstruction,  should 
be  twice  that  of  the  strainer  cone.  Removal  of  the  cone  and 
suction  pipe  allows  the  well  to  be  thoroughly  cleaned  out, 
and  if  such  a  removal  is  made  an  easj'  matter,  it  is  likely  to 

receive  due  attention.  If  the  suds  pumj)  be  fitted,  say,  18 
inches  above  the  level  of  the  well,  the  cone  strainer  can  at  any 
time  be  fitted  for  easy  access  to  the  wall  for  clearance.  The 
suggestion  has,  moreover,  the  advantage  that  it  is  easily  fitted 
to  the  majority  of  existing  jobs  at  a  trifling  cost.    ,]Slachinery 

(London),  vol  8,  no.  211.  p.  871.  October  12.  1916.  1  p., 
1  fig.  d.) 


Munitions 

United  States  Munitions — The   Springfield  Model  1903 
Service  Rifle 

Continuation  of  the  article  abstracted  in  The  Journal, 
November,  1916,  p.  936.  This  issue  describes  the  manufacture 
of  a  fixed  base  and  the  final  barrel  operation.  The  article  is 
profusely  illustrated  by  drawings,  and  will  be  of  great  assist- 
ance to  those  who  may  have  to  engage  in  the.  proiluction  of 
the  Springfield  rifle. 

Among  other  things  is  described  in  detail  the  operation  of 
browning  rifle  barrels,  as  well  as  tlie  making  up  of  the  so- 
called  browning  solution.  The  article  also  describes  and  illus- 
trates special  machines  built  to  take  care  of  operations  which 
are  difficult  to  perform  on  a  standard  machine  tool,  and  also 
inconvenient  to  perform  by  hand.  One  such  operation  is  the 
smithing  of  the  bevel  seat  for  the  windage  screw,  for  which  a 
special  machine  has  been  designed  and  built  at  the  Springfield 
Arsenal. 

Some  of  the  fixtures  made  at  the  Springfield  Ar>cnal  are, 
in  fact,  so  elaborate  in  design  as  to  approach  special  tools  in 
complexity.  The  writer  draws  attention  to  the  fact  that  it  is 
hard  to  draw  the  line  in  some  instances  between  a  special  tool 
and  a  complicated  fixture.  This  is  particularly  true  regarding 
the  inspecting  fixtures.  Many  of  these  are  beautiful  exam- 
ples of  the  toolmaker's  art.  and  require  a  high-grade  skill 
on  the  part  of  the  rifle-shop  tool  room.  {American  Jllacliin- 
ist,  vol.  45,  no.  17,  p.  725,  October  26,  1916,  10  pp.,  81 
figs.     dA.) 
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Railroad  Engineering 

What  Effect  Does  the  Mechanical  Placing  op  Fuel  in 

FlKKBOXES    AND   LUBRICATION   OF    LOCOMOTIVES    HaVE 

ON  THE  Cost  of  Operation? 

Report  presented  at  the  ('oiivention  of  tlie  Traveling  Engi- 
neers' Association,  held  at  Chicago  on  October  24,  1016,  by  a 
committee — W.  L.  Robinson,  chairman. 

The  average  tractive  power  of  all  locomotives  in  the  United 
States  has  increased  in  the  past  ten  years  38.6  per  cent,  the 
heavy  locomotives  of  years  ago,  ranging  from  36,000  to  42,000 
lb.,  having  given  place  to  those  ranging  from  54,000  to  160,000 
lb.,  and  the  figures  increasing  yearly.  The  average  of  tons 
handled  per  freight  train  has  increased  54.1  per  cent  in  ten 
years.  As  the  amount  of  coal  consumed  by  a  locomotive  for 
a  trip  became  very  large,  some  roads  using  this  heavy  power 
found  serious  difficulty  during  the  summer  months  in  retain- 
ing ex])erienced  firemen  in  senice.  Therefore,  if  the  heavy- 
tonnage  trains  were  to  be  a  success  and  the  cost  of  operation 
held  to  a  minimum,  the  necessity  for  the  "  iron  fireman  "  was 
apparent. 

The  following  figures  covering  the  four  railways  using  the 
largest  number  of  locomotives  with  appliances  for  feeding 
fuel  mechanically,  and  by  which  a  large  proportion  of  their 
freight  traffic  is  handled,  show  interesting  comparisons  of 
average  train  loads.  These  figures  are  taken  from  reports 
made  to  the  Interstate  Commerce  Commission,  which,  among 
other  things,  comprise  figures  showing  that  the  locomotive 
fuel  cost  per  ton-mile  on  each  road  shows  a  decrease  for  1915 
as  compared  with  1904. 

TABLK   4.      Fiscal    Year    Ending    June    30,    1915.    Compared    with 
Fiscal  Year  Ending  June  30,  1904. 

Increase  in 
Incre.ise  Average  Number 

in  Average     <»f  Tons  of  Freight 
Tractive  Power,  Per  Train  Load. 
Per  Cent.  Per  Cent. 

Road    A 43  78 

lioad    B .      40  72 

Head    C 30.7  72 

Road    D.  .f 29  04 

The  report  discusses  further  the  firing  of  coarse  and  pul- 
verized fuel  by  mechanical  means,  and  concisely  indicates  the 
results  that  are  being  obtained.  The  following  is  of  jiarticular 
interest. 

The  experience  of  most  roads  is  that  better  time  is  made 
with  the  same  tonnage  on  the  same  grade  than  with  hand- 
fired  engines. 

The  necessity  for  shoveling  coal  ahead  by  laborers  is  elim- 
inated at  intermediate  points  where,  during  the  warm  months, 
it  had  been  necessary  witli  hand  firing. 

It  has  been  the  experience  of  some  roads  that  when  the 
appliances  and  fire  are  properly  handled,  gi-ate  shaking  be- 
tween terminals  is  not  necessary.  The  thinner  fire  makes  it 
possible  also  to  save  time  in  cleaning  fires.  Fewer  failures  are 
the  rule,  due  principally  to  ability  to  largely  overcome  defects, 
such  as  leaky  su|)erheater  units,  firebox  sheets,  flues,  cylinder 
packing,  valves,  etc.,  which  often  result  in  hiiiiil-flied  locoino- 
tives  setting  off  trains. 

Grades  of  coal  such  as  nut-pea-and-slack,  or  s<'reenings,  can 
be  utilized  successfully  (ep.  Table  5).  However,  except  in  the 
case  when  the  haul  would  be  small,  the  use  of  low-volatile 
screenings  is  undesirable,  due  to  their  slower-burning  prop- 
erties and  resultant  loss  through  fuel  being  drawn  through  the 
flues  and  out  of  the  stack  when  the  locomotive  is  being  worked 
to  capacity. 


Maximum  steam  pressure  can  be  maintained  at  all  times. 
This  has  been  stated  by  a  railroad  officer  following  up  locomo- 
tive operations  on  a  large  road,  in  the  following  words :  "  The 
engineer  does  not  have  to  consider  the  fireman,  but  can  '  beat  ' 
the  engine  all  he  desires,  as  the  fireman  is  made  of  '  iron.' '" 

The  maintenance  of  the  maximum  rate  of  steam  production, 
utilizing  full  boiler  capacity  over  extended  periods  at  points 
where  the  maximum  effort  of  the  locomotive  is  required,  has 
been  a  most  potent  factor  in  the  imi)rovement  in  the  handling 
of  trains. 

(Baihcay  Review,  vol.  59,  no.  18,  p.  588,   October  28,  1916, 
3  i)p.    g.) 


Advantages  of  Superheaters,  Brick   Arches,  and  Other 
Modern  Appliances  on  Large  Loco.moti\'es.  Espe- 
cially Those  of  the  Mallet  Type 

Report  presented  at  the  Annual  Meeting  of  the  Traveling 
Engineers'  Association,  at  (Chicago,  last  September,  by  a  com- 
mittee, J.  E.  Ingling,  chairman. 

The  report  covers  a  wide  field  in  an  interesting  manner. 
Owing  to  lack  of  space,  only  the  parts  of  gTeatest  interest 
to  the  body  of  mechanical  engineers  can  be  abstracted.  The 
rejiort  emphasizes  the  triumphant  progress  of  superheating 
in  locomotives,  and  especially  the  fact  that  the  superheater 
equipment  has  been  fully  standardized  and  is  almost  identical 
on  the  12,000-13,000  locomotives  now  operating  in  the  United 
States  and  Canada. 

TABLE  Ti. 

Soft  or  low  volatile 

, Gas. V  Scrcen- 

Nut-pea-slack.    Slack.  Run-miiie.       inpcs. 

Basis    per    h.p.-hr    3..'^S              4.23  4.32              ."i.lT 

Lb.   coal — relative   lb.    .'oal 100.00          109.00  111.19          132.9S 

Note. — Nut-pea-slack — Coal,    passing   through    a  IVi-in.    bar   screen. 

Slack — Coal,    passing   through    a  ?4-in.   bar   screen. 

The  locomotive  boiler,  when  considered  for  the  ajiplication 
of  a  superheater,  ])resented  many  limitations  that  necessarily 
had  an  important  bearing  on  the  design  and  the  construction 
of  the  superheater.  The  locomotive  boiler  is  in  no  case  larger 
than  is  absolutely  necessary,  and,  in  the  majority  of  cases,  is 
even  insufficient  in  evaporating  surface.  The  apijlicatioii  of 
the  superheater  necessitates  a  further  reduction  of  about  15-20 
per  cent  in  the  tube  heating  surface,  occasioned  by  the  use 
of  the  large  flues  in  which  the  superheater  units  are  located. 
In  addition  to  this,  a  certain  percentage  of  the  gases  which 
formerly  were  available  for  evaporation  of  the  water  must 
now  be  used  for  superheating  the  steam,  since  the  sujierheater 
does  not  provide  for  any  increase  in  the  maximuiu  rate  of 
combustion.  Nevertheless,  with  all  these  deficiencies,  the 
superheater  designer  has  been  able  to  produce  an  economy  of 
25  jier  cent  in  fuel.  The  curves  of  Fig.  9  give  an  illustration 
of  what  has  been  done  and  may  be  expected  to  be  done  in 
the  near  future.  The  curves  show  cylinder  tractive  effort  in 
j)er  cent  plotted  against  piston  speed.  The  low-est  curve  rep- 
resents the  speed  factor  for  an  average  superheated-steam 
locomotive.  The  next  curve  does  the  same  for  the  average 
modern  superheated-steam  locomotive  using'  between  200  and 
250  deg.  of  superheat. 

But  the  superheater  engineer  has  only  made  nsi-  thus  far 
of  the  same  flue  sizes  as  were  used  by  the  locomotive  designer 
for  tube  sizes.  With  the  use  of  a  size  different  from  the  two 
lire.sent  standards,  it  is,  however,  possible  to  obtain  in  a  super- 
heatei'  boiler  an  evaporating  surface  jiractically  as  great  as 
in   the  satuiated-slenm   hoilcr.      In    this  case  the  superheating 
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surface  will  be  a  net  gain  to  the  beat-absorbing  surface  of  the 
boiler,  and  a  greater  capacity  may  reasonably  be  expected. 
The  top  curve  shows  approximately  what  may  be  confidently 
looked  forward  to  in  the  near  future.  For  some  time  past 
large  passenger  locomotives  have  been  operated  very  success- 
fully with  steam-chest  temperatures  running  between  750  and 
800  deg.  fahr.  The  top  curve  in  Fig.  9  is  representative  of  lo- 
comotives using  this  degree  of  steam-chest  temperature,  which 
means  350-400  deg.  of  superheat. 

From  superheater-locomotive  experience  it  has  been  found 
that  the  pyrometer  is  a  great  aid  to  engineers  and  firemen  in 
determining  just  how  much  superheat  they  are  getting.  In 
fact,  as  a  railroad  man  states,  what  the  duplex  air-brake  gage 
is  to  the  brake  system,  the  pyrometer  is  to  the  superheater.  In 
one  case,  on  an  engine  just  turned  out  of  the  shop,  where  a 
superheater  had  been  applied,  during  the  fii'st  few  trips  there 
was  no  trouble  to  get  a  reading  of  630  deg.,  but  after  a  few 
trips  the  readings  decreased  until  they  finally  fell  back  to  580 
or  590  deg.  This  showed  at  once  how  necessary  it  is  to  keep 
the  flues  absolutely  clean  of  all  cinders  and  sparks  in  order 
to  get  the  full  benefit  of  the  superheat.  On  another  occasion 
the  engineer  who  had  a  pyrometer  on  the  engine  was  getting 
along  nicely  with  a  reading  of  about  600  deg.,  when  the  engine 
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Fig.  9  Boiler  Efficiencies  with  and  without  Superheater 

started  to  foam  and  the  superheater  dropped  back  very  rap- 
idly. This  indicated  to  the  engineer  the  importance  of  keeping 
the  water  down  to  a  safe  level,  to  prevent  the  working  of 
water  through  the  superheater. 

In  the  matter  of  brick  arches,  tlie  committee  states  that  the 
arches  are  now  apjilied  to  get  more  power  without  increasing 
fuel  consumption,  whereas  formerly  they  were  used  to  reduce 
the  fuel  consumption  for  the  same  power  output.  The  arch 
increases  the  boiler  capacity  directly  by  aiding  combustion 
and  by  reducing  the  heat  losses,  and  thus  increases  boiler 
efficiency,  which  latter  is  a  thing  that  a  sujjerheater  cannot  do. 
The  committee  gives  a  chart  indicating  what  efficiency  may 
be  expected  when  using  a  good  quality  of  bituminous  coal  in 
a  modern  high-pressure  superheater  locomotive  (Fig.  10). 
This  chart  shows  that  the  efficiency  of  the  arch  increases  as 
the  rate  of  combustion  or  the  amount  of  coal  burned  per 
square  foot  of  gTate  area  per  hour.  This  is  due  to  the  fact 
that  as  the  rate  of  combustion  increases,  the  boiler  efficiency 
decreases  and  the  heat  loss  increases,  thereby  increasing  the 
field  of  usefulness  of  the   arch.     The   dotted   line   shows  the 


boiler  efficiency  without  arch,  while  the  solid  line  above  shows 
the  boiler  efficiency  with  the  arch,  the  distance  between  the 
two  measuring  the  efficiency  of  the  arch  as  a  fuel  saver  or 
capacity  increaser. 

As  the  chart  shows,  the  heat  losses  due  to  imperfect  com- 
bustion, or  CO,  range  from  0.5  to  5  per  cent,  while  the  loss 
due  to  sparks  varies  from  2  to  16.5  per  cent.  These  are  the 
averages  of  a  large  number  of  tests.  Tests  indicate  also  that, 
at  a  rate  of  combustion  of  100  lb.  of  coal  per  sq.  ft.  of  grate 
area  per  hour,  the  arch  will  effect  a  reduction  of  42  per  cent 
in  spark  losses,  equivalent  to  an  increase  of  boiler  efficiency 
of  7  per  cent.  As  to  smoke  production,  reports  from  many 
roads  indicate  that  a  decrease  of  50  per  cent  can  be  obtained 
by  the  use  of  the  arch,  and  on  most  roads  the  brick  arch,  with 
proper  firing  instructions  proved  sufficient  to  overcome  ob- 
jectionable smoke  and  to  keep  within   the  law. 

Aside  from  this,  the  brick  arch  is  now  recognized  as  being 
an    im])ortant    factor   in    reducing   flue    failures   due   to   fines 
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Fig.  10    LoroMOTTVE  Boiler  Efficiencies  with  and  without 

Arch 

plugging  and  honeycombing.  {'Ihe  Traveling  Engineers'  As- 
sociation. Advance  Copy  of  Committee  Reports  and  Subjects 
for  Discussion,  28  pp.,  10  figs,    gd.) 

Steam  Engineering 

Standardization  of  Boiler  Operating  Conditions 

Description  of  the  Aurora,  Elgin  &  Chicago  Railroad  power 
station,  and  the  boiler-house  operation  and  equipment  of  same. 

The  power  station  has  a  total  capacity  of  over  19,000  h.p., 
and  supplies  current  to  several  interurban  railroad  lines,  and 
also  light  and  power  to  a  number  of  small  cities  lying  along 
these  lines. 

Of  particular  interest  in   this  description  is  the  part  refer- 
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ring  to  the  operation  and  equipment  of  the  boiler  plant.  Sub- 
sequent to  the  appointment  of  a  boiler-room  foreman  three 
years  ago,  the  boiler-room  efficiency  has  been  increased  40  per 
cent,  a  result  all  the  more  remarkable  that  it  was  attained 
practically  exclusively  by  the  application  of  good  sense  and 
system  in  operation. 

Before  any  tests  were  attempted  each  boiler  received  a  thor- 
ough scouring,  and  scale  was  removed  completely — for  the 
first  time  in  some  tubes.  Combustion  chambers  and  breechings 
were  the  next  to  receive  attention,  with  the  result  that  many 
barrows  of  soot  and  dust  were  removed.  An  inspection 
showed  that  the  front  baffles  of  several  boilers  had  sliifted, 
and  these  were  correctly  reset.  Operating  tests  disclosed  the 
fact  that  in  some  of  the  boilers  combustion  was  imperfect.  By 
adding  one  or  two  rows  of  tile  to  the  first  baffle,  and  thus 
reducing  the  flue-gas  velocity,  the  combustion  was  materially 
improved. 

Draft  and  CO,  values  and  thickness  of  fire  were  investi- 
gated and  standard  values  adopted.  Differential  draft  gages 
were  installed  on  each  boiler,  an  Orsat  instrument  and  a  con- 
tinuous COj  recorder  were  provided,  which  could  be  connected 
to  any  boiler,  and  portable  steam-flow  meters  were  placed  on 
several  of  the  boilers. 

Extensive  evaporation  and  fuel-consumption  tests  applied 
to  all  the  boilers  showed  that  the  best  results  were  obtained 
when  the  draft  over  the  fire  was  approximately  one-third  that 
at  the  damjier,  or  about  0.32  in.  and  0.95  in.,  respectively.  A 
fuel-bed  thickness  of  5  in.,  12  per  cent  of  CO,  at  the  damper, 
and  boiler  operation  at  200  per  cent  rating  were  standards 
adopted  as  a  definite  basis  of  operation. 

All  boilers  are  subjected  regularly  to  an  evaporation  test 
to  determine  their  condition,  and  a  record  of  this  test  is  placed 
on  file  in  the  boiler-room  foreman's  office. 

On  one-half  of  the  boiler-room  log  sheet  are  recorded  the 
customary  data,  such  as  line  diagrams  of  boilers  m  full  sei'vice 
and  boilers  banked,  total  number  of  boiler  horsepower  hours, 
boilers  down  for  inspection  and  repair,  details  of  repair  and 
approximate  time  required,  number  of  men  working  on  coal 
and  ashes,  number  of  repair  men,  kinds  of  coal  being  used, 
tons  of  coal,  total  B.t.u.,  and  weightometer  readings. 

Placed  in  one  section  of  the  remainder  of  the  sheet  are  the 
hourly  readings  of  stack  draft,  outside  and  inside  tempera- 
tures, and  minimum  steam  pressure.  In  another  section  are 
recorded  such  constants  as  total  hours'  run  of  coal  conveyor, 
average  tons  of  coal  handled  per  hour  by  the  conveyor,  total 
lb.  water,  total  lb.  coal,  total  B.t.u.,  total  kw-hr.  output  for  the 
day,  maximum  i/o-hour  peak  in  kw.,  kw.  per  boiler  h.p.  rating 
at  peak,  lb.  water  per  lb.  coal,  lb.  water  per  kw-hr.  output,  lb. 
coal  per  kw-hr.  output,  B.t.u.  per  kw-hr.  output,  and  average 
load  factor  based  on  y2-hour  peak. 

In  the  office  of  the  boiler-room  foreman,  besides  the  usual 
indicating  instruments,  there  is  a  six-pen  gi'aphic  recorder 
which  indicates  when  and  how  long  the  coal-  or  ash-system 
motors  were  in  operation;  when  and  how  long  pop  valves  and 
blow-off  valves  were  open;  when  the  damper  regulator  was 
shut  tight,  and  when  the  heater  overflowed. 

A  feature  of  great  importance  in  the  carrying  out  of  the 
system  adopted  is  its  permanence,  in  that  the  system  is  en- 
forced rigidly  and  all  the  time.  (Practical  Engineer,  vol.  20, 
no.  21,  p.  907,  November  1,  1916,  5  pp.,  7  figs,    d.) 

Safety- Valve  Areas,  J.  E.  Terman 

This  is  part  of  a  general  article.  Visits  of  Inspector  Brown, 
and  is  devoted  to  the  matter  of  safety  valves.    The  writer  dis- 


cusses the  various  formula  for  safety-valve  areas,  and  com- 
pares them  by  means  of  the  diagram  Fig.  11.  The  three  lower 
lines  represent  the  requirements  of  the  Massachusetts  form- 
ula. United  States  Government  rule,  and  the  Philadelphia  rule, 
or  on  the  basis  of  9  lb.  of  water  evaporated  per  pound  of  fuel, 
and  16  lb.  of  fuel  burned  per  square  foot  of  grate  per  hour. 
The  heavy  line  above  that  represents  the  requirements  of  the 
Canadian  rule  for  all  conditions,  regardless  of  how  the  pos- 
sible rate  of  driving  may  vary. 

The  three  top  lines  represent  the  requirements  of  the  Mas- 
sachusetts formula,  the  United  States  Government  and  Phila- 
delphia rules,  where  32  lb.  of  fuel  are  assumed  to  be  burned 
per  square  foot  of  grate  per  hour,  9  lb.  of  water  being  as- 
sumed to  be  evaporated  per  pound  of  fuel  as  before.  The 
heavy  offset  line  running  across  the  sheet  represents  the  values 
as  given  by  the  Massachusetts  tables  for  safety,  valves,  which 
in  reality  is  the  Massachusetts  rule  for  safety  valves,  since 
the  formula  on  which  these  tabular  values  are  based  is  never 
used  for  determining  the  size  of  safety  valves  for  use  on  boil- 
ers in  Massachusetts.  The  two  dotted  lines,  the  lower  of 
which  represents  the  values  by  the  United  States  Government 
rules,  as  mentioned,  and  the  upper  represents  the  minimum 


gage  pressures 
Fig.  11     Chaet  of  Safety  Valve  Formula  Requirements 

valve  area  required  per  square  foot  of  grate  surface  by  the 
A.  S.  M.  E.  Boiler  Code  rule,  on  the  assumption  that  a  4-in. 
valve  with  the  maximum  lift  and  with  a  flat  seat  is  used,  and 
that  the  ratio  of  grate  to  heating  surface  is  1  to  50  in.  in  the 
case  of  the  top  dotted  Ime,  and  1  to  35  in.  in  the  case  of  the 
bottom  dotted  line,  which  coincides  with  the  line  representing 
the  Government  formula  with  an  assumed  rate  of  combustion 
of  16  lb.  of  fuel  burned  per  square  foot  of  grate  per  hour. 

It  is  impossible  to  show  a  real  comparison  between  the  Code 
rule  and  the  other  rules,  for  the  Code  takes  into  consideration 
the  actual  discharge  area  of  a  valve — that  is,  how  high  it 
lifts — but  all  the  other  rules  are  based  on  the  nominal  area 
of  the  valve  regardless  of  its  Uft.  The  Government  rule  and 
the  Philadelphia  rule  take  into  consideration  the  actual  amount 
of  fuel  burned  on  the  grate,  but  the  Massachusetts  rule,  as 
given  in  the  table  for  determining  the  size  of  safety  valves, 
arbitrarily  fixes  the  amount  of  fuel  with  certain  variations  in 
pressure.  (Power,  vol.  44,  no.  17,  p.  587,  October  24,  1916,  3 
pp:,  1  fig,    go.) 

For  the  Carlo  formula  for  safety  valves  with  high  Uft,  the 
German  police  requirements,  and  a  ijroposed  improved  for- 
mula see  The  Journal,  August,  1915,  p.  481). 


1044 


ENGINEERING  SURVEY 


The  Journal 

Am.Soc.M.E. 


Boiler  Corrosion  by  Magnesium  Chloride,  James  Scott 

One  of  the  substances  occurring  in  water  and  either  forming 
scale  or  directly  attacking  the  metal,  is  magnesium  chloride. 
This  substance  exists  practically  exclusively  in  a  state  of  solu- 
tion. 

The  primary  sources  of  magnesium  chloride  are  magnesium 
limestone  (or  dolomite)  and  magnesium  carbonate  (or  mag- 
nesite),  together  with  chlorine  usually  derived  from  the  de- 
composition of  animal  remains.  Such  combinations  can  be 
carried  dissolved  in  water  for  many  miles.  Rain  in  descend- 
ing through  the  soil  and  sub-soil  extracts  these  elements,  which 
are  then  chemically  resolved  into  magnesium  chloride.  This 
salt  is  particularly  evident  in  sea  water  and  spring  water. 
Unlike  other  salts,  magnesium  chloride  does  not  separate  out 
of  its  solution  by  boiling;  instead,  when  a  solution  of  magne- 
sium chloride  is  boiled,  the  salt  is  decomposed  into  its  primi- 
tive constituents,  magnesia  and  hydrochloric  acid  or  chlorine, 
and  that  is  what  gives  it  the  dangerous  power  of  attacking  the 
boiler  shell.  If  a  solution  of  magnesium  chloride  be  heated  or 
evaporated,  there  remains  a  white  film  which  is  practically 
magnesium  oxy chloride.  This,  too,  at  once  begins  to  dissolve 
in  the  moisture  it  draws  to  itself. 

When  magnesium  cliloride  held  in  solution  in  boiler  water 
is  heated,  its  magnesia  combines  with  the  oxygen  of  the  water 
and  releases  the  chlorine,  which  is  expelled  above  the  general 
surface  and  combined  with  the  hydrogen  of  the  ascending 
vapor,  thus  forming  hydrochloric  acid,  which  immediately  on 
contact  with  the  metal  begins  the  process  of  corrosion. 

To  obtain  magnesium  chloride  in  a  more  stable  condition  it 
is  necessary  to  mix  with  it  another  salt  such  as  ammonium 
chloride  (sal  ammoniac).  When  magnesium  chloride  is  pres- 
ent the  boiler  plates  above  the  water  line  and  the  condenser 
tubes  are  the  parts  most  likely  to  be  affected.  Usually  the  con- 
tinuous attacks  form  a  brownish-red  ferric  chloride,  which  is 
capable  of  crystallizing  when  quite  pure.  It  resembles  rust 
in  color.  There  is,  however,  an  intermediate  stage  in  which  the 
salt  occurs  as  red-green  crystals,  which  merge  off  into  shape- 
less brown-gi'een  particles. 

This  iiarticular  corrosion  would  be  conspicuous  were  the 
boiler  emptied  and  the  metal  dried.  As  a  rule  it  remains  in 
solution,  being  then  really  even  more  active  in  an  objectionable 
sense.  The  disturbed  metal  finally  wears  down  into  a  fractur- 
able  state. 

If  given  an  opportunity  the  magnesia  would  settle  as  a 
white  powder,  but  only  a  chemical  test  can  distinguish  it  from 
lime,  which  is  similar  to  it  to  the  naked  eye.  A  good  test  is  to 
add  to  a  solution  of  magnesium  chloride  a  little  silver  nitrate. 
An  insoluble  precipitate  of  silver  chloride  is  then  formed, 
which  turns  purple  or  black  in  daylight.  {Bailway  Engineer, 
vol.  37,  no.  441,  p.  235,  October,  1916,  3  pp.,  3  figs.,  g.) 

New  Fremont,  Ohio,  Power  Plant,  Warren  O.  Rogers 

The  new  power  plant  of  the  Ohio  State  Power  Co.,  near 
Fremont,  Ohio,  is  practically  completed.  In  the  turbine  room 
there  are  three  6250  kv-a.  4000-volt  turbo-generators.  The 
steam  pressure  carried  is  250  lb.,  superheated  125  deg.  The 
main  turbines  are  oi)erated  without  providing  an  atmospheric 
exhaust  in  case  the  vacuum  should  be  lost.  The  turbines  and 
condensers  are  protected  against  excessive  steam  pressure, 
in  ease  of  the  vacuum  falling  below  about  8  in.,  by  a  specially 
designed  balanced  valve,  automatically  controlled  by  the 
vacuum  in  the  discharge  outlet  of  the  turbine.     The  operation 


of  the  valve  is  simple,  the  vacuum  acting  against  the  pressure 
of  a  spring.  The  vacuum  acting  on  a  diaphragm  holds  the 
valve  open  while  the  turbine  is  running.  The  spring  holds 
the  valve  closed  when  the  turbine  is  not  running,  or  in  case 
the  vacuum  falls  below  that  necessary  to  hold  the  valve  open. 
In  order  to  start  the  turbine,  the  condenser  air  pump  must 
be  got  up  to  speed  so  as  to  create  a  vacuum  sufficient  to  open 
the  automatic  valve.  If  the  vacuum  is  lost,  the  valve  imme- 
diately stops  the  flow  of  steam  to  the  turbine. 

Each  boiler  furnace  is  equipped  with  a  four-retort  under- 
feed stoker.  In  the  general  design  of  these  stokers,  an  im- 
jjrovement  has  been  incorporated  in  that  an  automatic  self- 
cleaning  clinker  attachment  has  been  applied.  It  consists  of 
a  revolving  ash  grate  operated  by  a  ratchet,  the  speed  of 
which  is  adjustable  so  that  any  desired  regulation  can  be  made 
to  the  movement  of  the  cleaning  device. 

A  network  of  piping  for  the  condenser  system  has  been 
eliminated  by  putting  in  a  simple  system  by  which  the  turbine 
driving  the  condensing  apparatus  receives  steam  from  the 
8-in.  steam  line  that  supplies  the  main  turbine  through  a 
lV2-iii-  steam  pipe  that  is  tapped  into  the  main  line  above  the 
throttle  valve. 

Operated  in  connection  with  the  steam  units  is  a  water- 
power  plant  containing  three  4000-volt  three-phase  60-eycle 
generators,  driven  by  a  1900-h.p.  water  turbine  operating  with 
a  40-ft.  head.  {Power,  vol.  44,  no.  17,  p.  576,  October  24, 
1916,  7  pp.,  13  figs,    d.) 


Varia 

The  Employment  of  Women  in  Great  Britain 

The  data  in  the  article  abstracted  here  are  taken  from  a 
book  entitled  Credit,  Industry,  and  the  War,  containing 
reports  and  papers  presented  to  the  Section  of  Economic 
Science  and  Statistics  of  the  British  Association  at  its  Man- 
chester meeting  in  1915. 

It  contains  the  results  of  inquiries  arranged  by  the  same 
Section  during  the  current  and  past  year,  and  is  of  particu- 
lar interest  because  of  the  great  care  taken  in  the  carrying 
out  of  the  investigation. 

As  regards  the  work  of  women  under  war  conditions,  the 
committee  which  dealt  with  this  subject  writes: 

"  Summing  up  on  this  whole  question  of  the  extent  of  the 


TABLE  6    EMPLOYMENT  OF  WOMEN  ON  SCOTTISH  RAILROADS 

Number  ol               Number  Total  number 

women  employed  employed  since  now  employed, 

Company.                   before  war.  August,  1914.  Oct.  30,  191D. 

A    733                           451  1,184 

B    393                           265  65S 

C    120                             30  150 

D   41                             27  6S 

E    473                           205  678 

Total 1.760                           978  2,738 


replacement  of  men  by  women,  it  may  be  said  that  only  in 
rare  instances  are  women  actually  to  be  found  performing 
the  same  work  as  was  done  by  highly  trained  and  specialized 
men.  In  general,  the  employment  of  females  is  confined  to 
work  of  a  repetitive  or  routine  kind,  the  degree  of  skill 
necessai'y  for  which  can  be  acquired  after  a  short  period  of 
training.  But  the  ability  which  has  been  shown  by  women  on 
such  work  shows  that,  under  different  conditions,  they  might 
be  able  to  do  much  more  responsible  work." 
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SCOTTISH  RAILWAYS  AND  THE  EMPLOYMENT  OF  WOMEN 

Dealing  with  the  replacement  of  men  by  women  in  indus- 
try, the  committee  report  appeared  in  Table  6  in  regard  to 
the  Scottish  railways. 

"  From  statistics  supplied  by  comjianies  A  and  B,  it  is  clear 
that  the  numbers  have  largely  increased  since  October  30, 
1915,  and  it  may  be  accepted  that  the  employment  of  women 
has  advanced  by  100  per  cent  from  what  it  was  before  the 
war. 

"  The  following  figures  may  be  given  as  making  clear  the 
general  position  in  the  railways : 


COMPANT    "A." 

Women 
employed 
previous 
Department.  to  war. 

Accountants 14 

Audit 23 

Canal    '.        4 

Coacliing    175 

Joint  lino •.  .  .  .        7 

Enf^inecring   4 

Factors 4 

Goods    47 

Head  office  charwomen 67 

Hotels  and  refreshment  rooms 246 

Laundry   56 

Locomotive 7 

Solicitors   4 

Stores  18 

Telegraph   57 

Total 733 


Number 

Total 

employed 

number 

since 

employed  on 

outbreak. 

May  8, 1916. 

7 

21 

4 

27 

5 

9 

346 

521 

7 

4 

8 

4 

103 

150 

67 

58 

304 

7 

63 

25 

32 

1 

5 

29 

47 

50 

107 

639 


1,872 


" '  Coaching '  is  the  only  department  that  relates  definitely 
to  transport:  it  comprises  ticket  collectors,  booking  clerks, 
carriage  cleaners,  and  porters.  Of  these,  carriage  cleaners  and 
booking  clerks  are  the  only  grades  not  included  in  the  agree- 
ment come  to  on  August  16,  1915,  between  the  companies  and 
the  National  Union  of  Railwaymen :  there  were  women  car- 
riage cleaners  before  the  war,  and  there  were  a  few  booking 
clerks.  Other  grades  are  paid  at  the  minimum  rate  paid  to 
men :  in  one  comjjany  the  carriage  cleaners  are  all  paid  at  the 
old  rate — 12s.  for  a  working  week  of  fifty-four  hours,  with  a 
war  bonus  of  3s.;  wlule  in  another  they  are  now  paid  the 
minimum  men's  rate.  The  same  applies  to  booking  clerks  in 
the  same  companies.  But  ticket  collectors  and  porters  are 
paid  all  over  at  the  minimum  rate  at  the  men's  grade,  the 
former  receiving  in  a  representative  company  21s.  per  week, 
with  a  war  bonus  of  4s.  In  the  "  A  "  company  there  are  now 
54  women  serving  as  ticket  collectors ;  in  the  "  B  "  company, 
57.  They  work  the  same  hours  as  men,  and  have  early  and 
late  duty.  In  company  "  A  "  there  are  now  93  women  por- 
ters, in  "  B  "  there  are  58.  These  are  said  to  be  largely  drawn 
from  the  class  of  women  accustomed  to  heavy  work,  such  as 
farm  servants  and  fish  girls;  while  the  ticket  collectors  and 
booking  clerks  are  drawn  from  warehouses  and  shops.  There 
is  a  large  demand  for  work  in  connection  with  these  two  rail- 
way companies  that  have  their  headquarters  in  Glasgow.  In 
company  "  A  "  there  were  58  women  carriage  cleaners  before 
the  war;  now  there  are  191.  They  work  from  ten  to  eleven 
hours  per  day,  with  two  hours  off  for  meals;  the  working 
week  is  six  days.  At  one  station  there  are  day  and  night 
shifts;  elsewhere  there  are  day  shifts  alone.  The  quality  of 
work  done  is  stated  to  be  as  good  as  the  men's,  but  the  quan- 
tity is  not  the  same,  especially  that  in  the  inside  of  the  car- 
riages. In  company  "  B "  there  were  31  women  carriage 
cleaners  before  the  war,  while  there  are  now  115   (May  31, 


1916).  They  work  ten  hours,  less  two  meal  hours,  taking 
early  and  late  duty  alternately.  At  present  they  have  no 
night  duty.  The  quality  of  their  work  is  said  to  be  an  im- 
provement on  the  men's,  but  the  quantity  is  a  little  less. 
Twenty-four  are  now  cleaning  the  outside  of  locomotives  '  to 
the  satisfaction  of  the  company.' 

"  Opinions  differ  as  to  the  work  of  women  on  the  railways. 
One  authority  of  wide  experience  expressed  his  conviction  that 
three  women  are  needed  for  every  two  men  employed  in  a 
work  like  carriage  cleaning — not  that  three  women  would  take 
the  same  time  as  two  men,  but  two  women  would  not  suffice, 
and  a  tliird  would  need  to  be  employed.  The  same  authority 
also  held  to  it  that  women  could  not,  for  physical  reasons, 
work  the  same  hours  as  do  men  in  strenuous  employment; 
and  would  prefer,  as  experience  had  taught  him,  shorter 
hours  and  less  pay.  But  others  again  stated  their  conviction 
that  what  women  lacked  in  quantity  of  work  they  made  up  in 
quality;  and  expressed  their  surprise  at  the  amount  of  work 
women  could  get  through,  if  they  had  sufficient  wages  to  feed 
and  clothe  themselves  properly. 

"  As  in  the  case  of  the  tramways,  time  is  needed  to  show 
whether  women  can  undertake  the  same  hours  and  duties  as 
men  as  carriage  cleaners,  ticket  collectors,  and  booking  clerks; 
or  whether  changes  must  be  made  to  allow  of  their  partial  em- 
ployment. It  is  hardly  likely  that  they  will  wish  to  continue 
as  porters;  the  work  is  too  heavy  even  for  the  few. 

"  Women  were  admitted  to  the  RaUwaymen's  Union  two 
years  ago,  and  '  quite  a  few  '  have  joined."  (Railway  News, 
vol.  106,  no.  2752,  p.  401,  September  30,  1916,  2  pp.,  gs.) 


It  is  announced  that  the  sis  leading  engineering  societies 
of  the  German  Empire,  with  a  collective  membership  of  about 
44,000,  have  amalgamated  "  for  the  purpose  of  confronting 
the  great  new  tasks  which  now  so  urgently  require  to  be 
cooperatively  solved."  The  new  association  will  be  known  as 
the  Deutseher  Verband  technisch-wirtsehaftlicher  Vereine. 


Detecting  the  presence  of  internal  defects  in  iron  and  steel 
castings  is  accomplished  by  a  current  which  is  supplied  from 
a  small  alternator  to  the  primary  of  an  induction  coil,  and 
which  induces  in  the  secondary  a  current  which  is  passed 
through  the  coils  of  two  horseshoe  magnets  mounted  at  a  fixed 
distance  apart  and  movable  to  and  fro  over  the  surface  of 
the  casting.  The  fields  of  both  magnets  will  be  affected  uni- 
formly if  the  structure  is  homogeneous.  Defects,  however, 
will  disturb  the  lines  of  force  from  the  nearest  magnet.  In  a 
vibrating  sounder,  connected  to  a  secondary  coil  on  the  mag- 
net, the  tone  produced  will  differ  in  pitch  from  that  given  out 
from  the  corresponding  sounder  on  the  other  magnet.  Ampli- 
fication of  sound  is  secured  by  microphone  attachments,  en- 
abling the  observer,  by  means  of  telephone  receivers,  to  detect 
the  locality  of  hidden  flaws  as  the  magnets  are  moved  over  the 
casting. — Mechanical  World,  Oct.  6,  1916. 


CLASSIFICATION  OF  ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
tive; d  descriptive;  e  experimental;  g  general;  h  historical; 
m  mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  by  the  reviewer.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion in  connection  with  articles  reported  in  the  Survey. 
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SELECTED  TITLES  OF  ENGINEERING  ARTICLES 


AEHOXAUTICS 


DIES 


The   American   Aircraft   Rigid   Dirigihi.e.      Aircraft,   vol.   7,   no.   :'.. 
Ootuber  191G,  3  pp.,  illustrated. 

DfiTAIt..S    RELATIF.S    AC    BAI.I.ON    QI'I    FIT   PERIR    I.ES    INFOKTI'NES    TlLATltE 

DE  RoziEU  ET  ROMAiN  i.E   13  JuiN   178'],  Diitcrtre-Yviirt.     L'Aoro- 
phile,  vol.  24,  no,  17-lS.  September  1-15,  1910,  3  pp.,  illustrated. 
Details   of    the   disastrous   asiension    of    tbe  Moutgoltier    lialloon    cm 
June  15,  1785. 


.\iR<riAFT  Motors,  O.  E.  Hunt. 
October  191G,  8  pp. 


The  Michigan  Technic,  vol.  29,  no.  3. 


AIR    MACHINERY 


IIigh-Pres.si  RE  A1R-C0.MPRESSOR.S,  Joseph  M.  Foril.     Engineering,  vol. 
102,  no.  2(>51,  October  20,  1916,  3  pp.,  11  tigs. 

Recent  I.mproveme.nts   in  Air  Comfressors.     Mine  and  Quarry,   vol. 
9,  no.  o,  October  1916,  5  pp.,  illustrated. 


Die  DESIGS.S  for  rRODCciNG  Same  Pieces,  G.  T.  Dubois.  Steel  and 
Iron,  vol.  50,  no.  10,  October  1916,  IVa  pp.,  8  flgs. 

.\roct  Die  Ca.stings.  Brass  World  and  Platers'  Guide,  vol,  12,  no. 
10,  October  1916,  %  p. 

The  II.«tDNESs  Depth.  Proioktion  and  Finish  in  Dies,  Edward 
Dean.  American  Machinist,  vol.  45,  no.  18,  November  2,  1916,  4% 
pp.,  11  flgs. 


ELEVATORS  AND  CRANES 


Self-Starting    and    Self-Stopping    Elevators.      Cassier's    Engineer- 
ing Monthly,  vol.  50,  no.  4,  October  1916,  2  pp.,  illustrated. 

Tractive  Effort  of  Overhead  Traveller.s,   G.   II.   Boot.     Machinery 
(London),  vol.  8,  no.  211,  October  12.  1916,  2  pp.,  2  flgs. 


ENGINEERING   MATERIALS 


AUTOMOBILES 


Practical  Engine  Rating.  Edward  G.  Ingram,  The  Automobile,  vol. 
35,  no.  17,  October  26,  1916,  3%  PP-,  4  figs. 

IIow  Weights  .\dd  Power.  Hcdson  Balance  System  Cuts  Down 
Friction — Permits  High  Engine  Speeds  and  Gre.iter  Range. 
Automobile  Topics,  vol.  43,  no.  12,  October  28,  1916,  2  pp.,  illu,-*- 
trated. 

Glossary  of  Terms  Used  in  Specifications.  The  Commercial 
Vehicle,  vol.  15,  no.  7,  November  1,  1916,  3Vi  pp. 

Vacuum  Brake  for  Automobiles.  The  Automobile,  vol.  3.5,  no.  Is, 
November  2,  1916,  1^2  pp.,  illustrated. 

Hudson  Engine  in  Test  Runs.  The  .\utomobile,  vol.  35,  no.  17, 
October  26,  1910,  'X.  p.,  illustrated. 


A  Series  of  Treaties  on  the  Rare  Metals,  Tungsten,  Molybdenum, 
Vanadium,  Ur\nium.  Herman  Fleck.  Proceedings  of  the  Colo- 
rado Scientific  Society,  vol.  11,  October  1916,  73  pp. 

The  Resistance  of  Iron  and  Steel  to  Complete  Reversals  of 
Stress,  Notes  on  Some  Recent  Experiments,  W.  C.  Popple- 
well.  The  Engineering  Review,  vol.  30,  no.  4,  October  16,  1916, 
2'/,  pp.,  S  figs. 

A  Study  of  the  Silica  REFR.iCTORiES,  J.  Spotts  McDowell.  Bulletin 
of  the  American  InstiUute  of  Mining  Engineers,  no.  119,  November 
1916,  SaVi  pp.,  31  figs. 

Grain  Growth  Phenomena  in  Metals,  Zay  Jeffries.  Bulletin  of  the 
American  Institute  of  Mining  Engineers,  no.  119,  November  1916, 
11  pp.,  5  flgs. 

Metals  in  Structural  Engineering  :  Their  Wastage  by  Corrosion, 
W.  H.  Maxwell.  Cassier's  Engineering  Monthly,  vol.  50,  no.  4, 
October  1916,  7  pp. 


CONVENTIONS 


Traveling  Engineers'  .\ssociation  Convention.  Railway  Age 
Gazette,  vol.  61,  no.  18,  November  3,  1916,  GV2  PP. 

Fifth  National  Safety  Congress.  Electric  Railway  Journal,  vol. 
48,  no.  18,  October  28,  1916,  4  pp. 

Convention  of  the  Bridge  and  Building  Association.  Railway  Re- 
view, vol.  59,  no.  18,  October  28,  1916,  2'/^  pp.,  illustrated. 

Convention  of  the  Traveling  Engineers'  Association.  Railway 
Review,  vol.  59,  no.  18,  October  28,  1916,  i%  pp. 

American  Association  of  Passenger  Traffic  Officers.  Railway 
Age  Gazette,  vol.  (il.  no.  17,  October  27,  1916,  %  p. 

Annual  Congress  of  National  Safety  Council.  Railway  .\ge 
Gazette,  vol.  61,  no.  17,  October  27,  1916,  514  pp. 

Bridge  and  Building  .\ssoci.\tion  Convention.  Railway  .\ge  Ga- 
zette, vol.  61,  no.  17,  October  27,  1916,  8  pp. 

The  Traveling  Engineers'  Association.  Twenty-fourth  Annual 
Meeting,  Chicago,  Illinois,  September  5th  to  8th,  1916,  66y,  pp.. 
illustrated. 

The  National  Safety  Congress.  Railway  Review,  vol.  .">9,  no.  17. 
October  21,  1916,  3%  pp.,  2  flgs. 

The  American  Association  of  Refrigeration  Hold  Sixth  Annual 
Convention  at  Chic.igo,  October  11,  12  and  13 — Exhibit  a 
Special  FE.iriRE.  Refrigerating  World,  vol.  51,  no.  4,  October 
1916,  4  pp. 


The  Chemical  and  Physical  Properties  of  Foundry  Irons,  J.  E. 
Johnson.  Jr.  Metallurgical  and  (^'hemical  Engineering,  vol.  15, 
no.  9,  November  1,  1916,  7  pp.,  9  figs. 

INSULUMINUM,  TESTS  OF  A  NEW  METAL  WITH  HEAT  RESISTING  QUALI- 
TIES, Robert  June.     Practical  Engineer,  vol.  20,  no.  21,  November 

1,  1916,  1%  pp.,  5  flgs. 

Le  traitement  thermique  du  bronze  d'aliiminum  a  10  0/0  d'alumi- 
NUM,  A.  Portovin  ct  (J.  .\rnou.     Revue  de  Mt5tallurgie,  vol.  13,  no. 

2,  March-April  1916,  15  pp..  15  figs. 

Heat  treatment  of  aluminum  bronze  containing  10  per  cent  of  alumi- 
num, 

SuR  LA  limite  feLASTiyUE  DE  L'AciER,  N,  I,  Belaiew  et  N.  T.  Goudtsow. 
Revue  de  MStalUirgie,  vol.  13,  no.  2,  March-April  1916,  33  pp.,  37 
flgs. 
Elastic  Hunt  of  steel. 

Studies  Regarding  Concrete  Mixtures  Employed  in  Construction 
OF  Shoal  Lake  .\queduct,  W.  G.  Chace  and  Douglas  L.  McLean. 
The  Canadian  Engineer,  vol.  31,  no.  17,  October  26,  1916,  3V4  pp. 

Notes  on  the  Inspection  of  Bronze  and  Brass,  Ernst  Jonson.  X 
paper  presented  at  the  Annual  Meeting  of  the  American  Institute 
of  Metals,  September  11-15,  1916,  at  Cleveland,  Ohio,  S\~j  pp. 

Recent  Progress  in  Metallography,  William  Campbell.  A  paper  to 
be  presented  at  the  .\nnual  Meeting  of  the  American  Institute  of 
Metals,  September  11-15,  1916,  at  Cleveland,  Ohio.  63  pp. 

Thermal  Reactions  of  Cast  Iron,  Thomas  Turner.  The  Iron  Trade 
Review,  vol.  59,  no.  16,  October  19,  1916,  3  pp.,  2  flgs. 


FOUNDRY 


Ninth  Annual  Convention  A.  R.  E,  E,.  October  31-November  3, 
Hotel  La  Salle,  Chicago,  Committee  Reports.  Railway  Elec- 
trical Engineer,  vol.  7,  no.  17,  October  1916,  28  pp.,  7  flgs. 

Special  I.ndependent  Oil  Men's  .Association  Convention  Report. 
Oil.  Paint  and  Drug  Reporter,  vol.  90,  no.  20,  October  30,  1916. 
16  pp.,  illustrated. 


The  Work  of  the  .\ssoci.4tion  of  Manifacturers  of  Chilled  Car 
Wheels,  (ieorge  W.  Lvndon.  Railway  -Age  Gazette,  vol.  f.Jl,  no. 
IS,  November  3.  1916,  M;  p. 

Casting  Car  Wheels  with  Manganese  Treads,  The  Foundry,  vol. 
44,  no.  291,  November  1916,  4  pp.,  11  flgs. 


Proceedings  of  the  Semi-Annual  Meeting,  1916,  The  American 
Society  of  Heating  and  Ventilating  Engineers.  Journal  of 
the  American. Society  of  Heating  and  Ventilating  Engineers,  vol. 
23,  no.  1,  October  1916,  32  pp. 


CRUSHING 


Saving  ov  Slag  Through  Efficient  Crushing.  H,  V,  Schiefer,  The 
Blast  Furnace  and  Steel  Plant,  vol,  50,  no,  11,  November  1916, 
4  pp.,  R  figs. 

Builds  Coal  Breaker  and  Unloader,  The  Iron  Trade  Review,  vol, 
59,  no,  IS,  November  1,  1916,  1  p,,  illustrated, 


FUELS  AND  FIRING 


Specific  Gravity  Studies  of  Illinois  Coal.  Merle  L.  Nebel.  Univer- 
sity of  Illinois  Bulletin,  vol.  13,  no.  44,  July  3,  1916,  45  pp.,  9 
flgs. 

Gasfeuerungen    fur    D.vmi'fkessel,    Pradel.      Zeitschrift    fiir    Dampf- 
kessel  und  Maschinenbetrieb,  vol.   39,  no.   40,  October  6,   1916,  2 
pp.,  5  flgs. 
Gas  flrlDg  for  steam  boilers. 

Firebox  Efficiency,  J.  T,  .Vnthony,  Railway  Review,  vol.  59,  no.  IS. 
October  28,  1916,  4  pp, 
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Pfi.VKitiZKD  CoAi,  AS  A  MKTAi.i.URCiicAL  FVEI,,  Jaiiics  Wheeler  Fuller. 
The  Blast  Furnace  and  Steel  Plant,  vol.  50,  no.  11,  Oy^  pp. 

PiiLVKRizED  CoAi,  Fdii  Oi'EX  IlEARTH.s,  Jauies  Wheeler  Fuller.  The 
Iron  Trade  Keview,  vol.  09,  no.  IS,  NoveiubiT  1,  191G,  5Va  pp.,  7 
flgs. 


HYDR.\ULICS 


Modules  and  Uniform  Discharge  Device.s  for  Irrigation  and 
Waterworks,  Hugh  Munro.  The  Journal  of  the  Institution  of 
Mechanical  Engineers,  no.  7,  October  I'JK;,  4,s'/j  pp.,  33  figs. 

Manitoba  Uydro.metric  Si'rvf.v.  The  Canadian  Engineer,  vol.  31, 
no.  17,  October  20,  1910,  21/2  pp.,  illustrated. 

Hydraulic  Formula  Reconstruction,  A.  A.  Barnes.  Nature,  vol.  9S, 
no.  2449,  October  5,  1910,  1/2  P- 

Experimext.s  with  Submerged  Orifices  and  Tubes,  T.  C.  Rogers 
and  T.  Iv.  Smith.  Engineering  News,  vol.  70,  no.  18,  November  2, 
1910,  2  pp.,  3  figs. 

Hydraulic  Packing  at  Bai.larpur  Colliery,  C.  P..  R.  S.  Davies. 
Transactions  of  the  Mining  and  Geological  Institute  of  India,  vol. 
10,  no.  2,  September  1910,  In  ijp. 

Maskinella     Utrustningen     Till     Trollhatte     Kanals     Slussar, 
Giista  V.  Stapelmohr.     Teknisk  Tidskrift  Mekanik,  vol.  40,  no.  90, 
Octolier  1910,  0-12/  pp.,  12  flgs. 
Mechanical  equipment  of  the  Trollhattan  canal  gates. 

Flow  of  Water  Over  Right-.-Vnoled  V-Notch  Weir,  Horace  W. 
King.     The  Michigan  Technic,  vol.  29,  no.  3,  October  1910,  GVi  pp. 


INTERNAL  COMBUSTION  ENGINEERING 

Wi.scONsiN  Opposed  Pis'ixin  Diesel  Engine.  Motorship,  vol.  1,  no.  ij, 
September  1910,  1  p.,  illustrated. 

Cr\ig-Diesel  Engines  for  U.  S.  Submarines,  T.  Orchard  Lisle. 
Motorship,  vol.  1,  no.  7,  November  1910,  2  pp.,  4  flgs. 

Calct'lations  on  Marine  Engine  Design.  The  Practical  Engineer, 
vol.  .'54.  no.  1.547,  October  19,  1910,  VA  pp.,  2  flgs. 

MACHINE  SHOP 

Gauging  and  Inspection  Methods — I.  Machinery  (London),  vol.  9, 
no.  213,  October  20,  1910,  4%  pp.,  4  flgs. 

Marking  Curved  Surfaces  by  Machinery.  Steel  and  Iron,  vol.  50. 
no.  10,  October  1910,  2J4  pp.,  13  figs. 

Special  Machines  for  Making  Fuse  Parts.  Machinery  (London  1. 
vol.  8,  no.  211,  October  12,  1910,  S  pp.,  23  flgs. 

The  Vickers  Surface-Hardening  Process,  nie  .\utomobile  Engi- 
neer, vol.  0,  no.  95,   October  1910,   1   p..   illustrated. 

Chromium  in  Ball  Bearings.  The  .\utonuibile  Engineer,  vol.  0,  no. 
95,  October  1916,  1   p.,  3  figs. 

Notes  on  Pisto.v  Ring  Design,  Gwilym  Williams.  The  Automobile 
Engineer,  vol.  6,  no.  95,  October  1910.   IV2  pp.,  3  flgs. 

New  Machine  for  Testing  Boxes.  Illustrated  World,  vol.  20,  no.  3, 
November  1910,   1   p.,  illustrated. 

Glossary  of  Terms  Used  in  Connection  with  the  Cutting  and 
Measuring  of  Screw  Threads.  Greenfield  Tap  and  Die  Corpora- 
tion, Catalog  37,  4  pp. 

A  Graphic  Method  for  Correcting  Steel  Tapes.  Walter  Scott 
Weeks.  Mining  and  Scientific  Press,  vol.  113,  no.  IS,  October  2.S, 
1910,  3  pp. 

Bushing  Engine  Cylinders.  National  Engineer,  vol.  20,  no.  11, 
November  1910,  1  1-3  pp.,  3  flgs. 

Small  Size  Cold  Metal  Sawing  Machine.  The  Iron  Trade  Review, 
vol.  59,  no.   18,  November  2,  1910,  Vj  p.,  illustrated. 

Pressing  and  Stamping  Metals,  Oberlin  Smith.  Industrial  Manage- 
ment, vol.  52,  no.  2,  November  1910,  12  pp.,   17  figs. 

The  Development  of  Irregular  Sheet  Metal  Pipe  Connections. 
Marine  Engineering  of  Canada,  vol.  0,  no.  10,  October  1910,  1  4-5 
pp.,  3  figs. 


Concerning  Worm  Gearing,  P.  M.  lleldl.  The  Horseless  Age,  vol.  38, 
no.  8,  October  15,  1916,  'i'A  pp.,  7  flgs. 

ToLMAN's  Principle  of  Similitude,  P.  W.  Brldgniau.  The  Physical 
Review,  vol.  8,  no.  4,  October  1910,  8Vj  pp. 

Noise  in  Gearing,  and  Some  Methods  of  Overcoming  It,  A.  Fisher. 
Machinery  (Loudon),  vol.  8,  no.  211,  October  12,  i910,  2'/j  pp., 
3  figs. 

The  Lateral  Bending  Resistance  of  Metal  Holts  and  Lag  Screws 
IN  Wood,  H.  .\.  Thomas.  The  Rose  technic  Hose  Polytechnic 
Institute,  vol.  20,  no.  1,  October  1910,  5  pp.,    1    flg.s. 

Ueber   den    Wert   von   Modellversuchen.    H.    Engels   and    H.    Krey. 
Mitteilungen  des  K.  K.  Technischen  Versuchsamtes,   vol.  5,  no.  .'i, 
1916.   121/0  pp. 
Discussion  of  the  value  of  tests  on  models 

The  Efficiency  of  Worm-Gears,  Robert  F.  McKav.  Mechanical 
World,  vol.  GO,  no.  155G,  Octolier  27,  1910,  2-3  p.,  3  figs. 


PUMPS 

More  Data  on  Test  of  Montreal  Centrifugal  Pcmp,  A.  I'eterson. 
Engineering  News,  vol.  70,  no.  18,  November  2,  1910,  2  pp. 

RAILROAD  ENGINEERING 

British  Express  Locomotives,  Example  of  High  Speed  Passenger 
En(!ixes  Showing  the  Tendencies  of  Modern  British  Pr-ic- 
tice.  E.  C.  Poultney.  Raihvav  Mechanical  Engineer,  vol.  90,  no. 
11,   November  1910,  0%   pp.,   illustrated. 

I'owDERED  Coal  in  E.ngine  Service,  C.  W.  Corning.  Railway  Mechan- 
ical Engineer,  vol.  90.  no.  11,  November  1910,  2M!  PP-,  Hhistrated. 

Institution  of  Locomotive  Engineers.  The  Railway  Gazette,  vol. 
25,  no.  15,  October  13,  191G,  11/2  PP. 

Determining  Car  Acceler.ation,  P.  M.  Heldt.  The  Horseless  .Vge. 
vol.  38,  no.  8,  October  15,  1910,  3  pp..  Illustrated. 

Locomotive  Fuel  Economy  and  Boiler  Design,  J.  T.  Anthonv. 
Railway  Age  Gazette,  vol.  01,  no.  16,  October  20,  1916,  5  pp.,  0 
flgs. 

The  Young  Locomotive  Valve  Gear.  Railway  and  Locomotive  Engi- 
neering, vol.  29,  no.  11,  November  1916,  2  1-3  pp.,  0  flgs. 

Peat  Powder  as  Locomotive  Fuel.  Engineering,  vol.  102,  no.  2051. 
October  20,   1916,  4-5  p. 

Rules  and  Instructions  Governing  the  Application  of  Counter 
balance  to  Locomotives,  Southern  Pacific  Co.  Railway  Review, 
vol.  59,  no.  19,  November  4,   1916,  IVi  pp.,  2  flgs. 

Fuel  Economy  and  Proper  Drafting  of  Locomotives.  D.  R.  Mac- 
Bain.  Central  Railway  Club.  a<lvance  copy  of  paper  presented  at 
regular  meeting  on  November  10,   1910,   17  pp.,   10  flgs. 


REFRIGERATION 


The  Kapadia  System,  Some  Results  of  Refrigerating  Tests.  Cold 
Storage,  vol.  19,  no.  223,  October  19,   1910,   1%  pp.,  illustrated. 

Refrigeration  in  Transit.  M.  E.  Pennington.  Railway  Review,  vol. 
59.  no.  19,  November  4,   1910,  214  pp.,   0  flgs. 

-'V  Study  of  Heat  Transfer  Showing  the  Impossibility  of  .Arriv- 
ing AT  A  Figure  Which  Will  Do  for  .\i.l  Conditions  and 
Arrangements,  A.  G.  Sohimon.  Refrigerating  WorUl,  vol.  51,  no. 
4,   October  1910,   IVi  pp. 


SHOP  MANAGEMENT 


The  Economics  of  Miterial  Handling  in  Manufacturin<;  Plants. 
Reginald  Trautschold.  Industrial  Management,  vol.  02,  no.  2, 
Novemlier  1910,   18  pp..  25   flgs. 

Works  Organization,  .V.  D.  C.  Parsons,  Edwin  L.  Orde  and  (J.  II. 
Tweddell.  North-East  Coast  Institution  of  Engineers  and  Ship 
builders,  advance  proof  of  paper  to  be  read  at  a  General  Meeting 
of  the  Institution,  28  pp.,  10  flgs. 


MEASURING    AND    RECORDING    INSTRUMENTS 


STEAM   E.NGINEEKING 


Indicators — I,  Intimate  Knowledge  of  Their  Operation  and  Con- 
struction OF  Vital  Importance  to  Power  Plant  Engineers. 
Practical  Engineer,  vol.  20,  no.  21,  November  1.  1910,  31/,  pp.,  8 
flgs. 

A  New  Auto.matic  Oxygen  Carbon  Monoxide  and  Carbon  Dioxide 
Recorder.  Metallurgical  and  Chemical  Engineering,  Vol.  15,  no. 
9,  November  1,   1916,  1%  pp.,  4  figs. 


MECHANICS 

The   Influence   of    Speed  on    Endurance   Tests,    W.    C.   Popplewell. 
Thp  Engineer,  vol.  122,  no,  3173,  October  20,  1916,  1  2-3  pp.,  2 


I'ower  and  Stea.m  Tests  at  Central  Florida.  E.  W.  Kerr.  Sugar, 
vol.  18,  no.  9,  September  1916,  21/2  pp..  illustrated. 

Westinghouse  Geared  Turbine  Drive.  Shipping  Illustrated,  vol.  57, 
no.  730,  October  28,  1916,  3  pp. 

Aurora,  Elgin  &  Chicago  R.  R.  Power  Station.  Practical  Engineer, 
vol.  20,  no.  21,  November  1,  1916,  514  pp.,  7  flgs. 

Scientific  Management  of  a  Boiler  Room.  H.  II.  Bailey.  Proceed- 
ings of  the  Engineering  .\ssociation  of  the  South,  vol.  27.  no.  3, 
.Tuly,  .\ugust,  September  1910.  7I4  pp. 

Boiler  Settings  for  Smokeless  Combustion.  Osborn  Monnett. 
gopthern  Engineer,  vol.  26,  no,  3,  November  1910,  31/2  pp.,  11  flgs, 
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VALUATION 

GiiOWTH  AND  DErnEciATiON,  Julian  Loebenstein.  Proceedings  of  the 
American  Institute  of  Electrical  Engineers,  vol.  35,  no.  11,  No- 
vember 1910,  ISVo  pp.,  illustrated. 

Continuous  Inventories  :  Their  Prepar.ation  and  Value,  Harry  E. 
Carver.  Proceedings  of  the  American  Institute  of  Electrical  Engi- 
neers, vol.  35,  no.  11,  November  1916,  12'/3  pp. 

The  Effect  of  Recent  Decisions  on  the  Work  of  Inventory  and 
Appraisal,  Philander  Betts.  Proceedings  of  the  -American  Insti- 
tute o£  Electrical  Engineers,  vol.  35,  no.  11,  November  191B,  6  pp. 

Obsolescence  in  Appr-aisals  for  Rate  Making,  C.  C.  Harshman. 
Engineering  News,  vol.  76,  no.  18,  November  2,  1916,  1>4  pp. 


The  E.xtexsion  of  Women's  Employment  During  the  War.  The 
Railway  News,  vol.  lOG,  no.  2755,  October  21,   1916,  1/2  p. 

The  Co-operative  Effort  in  Industry.  Machinery  (London),  vol. 
8,  no.   211,  October  12,   1916,  1/2  p. 

The  -National  Physical  Laboratory — Its  Work  and  Aims,   Walter 
Rosenhain.     The  Journal  of  the  West  of  Scotland  Iron  and  Steel 
Institute,  vol.  23,  no.  6,  April  1916,  49  pp.,  32  flgs. 

Thb  Life  and  Work  of  Wilbur  Wright,  Grifiath  Brewer.  The  Aero- 
nautical Journal,  vol.  20,  no.  79,  July-September  1916,  ISV'  pp., 
17  flgs. 

Making  Blast  FuRN.iCE  Work  Safe — I,  Frederick  H.  Fillcox.  The 
Iron   Trade   Review,   vol.   59,   no.    IG,   October   19,    1916,   514   PP-, 

7  flgs. 


VARIA 


A  Serviceable  Oiling  System,  G.  H.  Kimball.  Practical  Engineer, 
vol.  20,  no.  19,  October  1,  1916,  2  pp.,  3  flgs. 

Development  of  Engineering  Shop  Courses  at  Wisconsin,  A.  L. 
Goddard.  The  Wisconsin  Engineer,  vol.  21,  no.  1,  October  1916, 
8%  pp.,  illustrated. 

Economics  Effected  by  Washed  Stack  Gas,  Charles  C.  Lynde. 
The  Blast  Furnace  and  Steel  Plant,  vol.  50,  no.  10,  October  1916, 
5  pp.,  5  flgs. 

Modern  Steam  Laundry  Machinery.  The  Engineer,  vol.  122,  no. 
3173,  October  20,  1916,  1  1-3  pp.,  5  figs. 

Motion  and  Relative  Positions  of  Projectiles  in  Plight.  Cana- 
dian Machinery  and  Manufacturing  News,  vol.  16,  no.  12,  Sep- 
tember 21,  1910,  1%  pp.,  3  flgs. 

Production  of  Dies  and  Marking  Devices,  Charles  C.  Lynde.  Steel 
and  Iron,  vol.  50,  no.  9,  September  1916,  4  pp.,  S  flgs. 

Remarkable  British  Admissions  in  re  Foreign  vs.  American 
Pipe.     Mill  Supplies,  vol.  6,  no.  10,  October  1916,  2%  pp. 


What  Can  Best  Be  Done  to  Advance  the  Interests  of  the  Engi- 
neering Profession  in  the  United  States,  J.  A.  L.  Waddell. 
Proceedings  of  The  Engineers'  Society  of  Western  Pennsylvania, 
vol.  32,  no.  6,  July  1916,  97y2  pp. 


CHARTS 


Bearing  Loads  of  Helical  Bevel  Gears.  The  Horseless  Age,  vol.  38, 
no.  8,  October  15,  1916. 

A  Graphic  Method  for  Correcting  Steel  Tapes,  Walter  Scott 
Weeks.  Mining  and  Scientific  Press,  vol.  113,  no.  18,  October  28, 
1916. 

Tape  Correction  Chart :  Correcting  tor  Sag,  Stretch  and  Temper- 
ature on  any  Slope,  and  for  any  length  of  Tape,  when  Pull  = 
2000  X  wt.  of  1  ft.  of  tape. 

Chart  showing  effect  of  rate  of  combustion  on  efliclency  of  arch, 
efliciency  of  boiler  and  beat  losses.  Committee  Reports  and  Sub- 
jects for  Discussion.  The  Traveling  Engineers'  Association. 
Twentv-fourth  Annual  Meeting,  Chicago,  III.,  September  5th  to 
Sth,  1910. 


CONVEYING   COAL  THROUGH  PIPES 

(Bibliographical  notice  compiled  in  the  Library  of  the  United  Engineering  Society) 


Darley  Suction  Conveyor  for  Coal  and  Ashes.     Iron  Age,  vol.  85, 
pp.  1132-1135,  1910. 

Boston  Elevated  Ry.  installation.  Illustrated  description  of  pipe 
conveyor  for  coal. 

Pneumatic  Ash  Elevator  and  Conveyor.     Compressed  Air  Mag.,  vol. 
15,  p.  5659,  1910. 

Illustrated  description  of  apparatus  made  by  Darley  Engineering 
Co.,  N.  y. 

Pneum.^tic   Transportation   of  Coal.  M.   Buhle.     Oliickauf,   vol.   49, 
pp.  1945-6,  1913.     Compressed  Air  Mag.,  vol.  19,  pp.  7119,  1914. 
Details  of  a  German  plant  using  a  pipe  line  and  compressed  air 
for  transporting  coal. 

Conveying  Coal  by  Suction.    Zeit.  Ver.  deut.  Ing.,  vol.  57,  pp.  474-76, 
1913. 

An  illustrated  article  showing  apparatus  for  conveying  coal 
through  pipes  by  suction. 

Ash  and  Coal  Handling  Equipment,  H.  J.  Edsall.     Coal  Age,  1913, 
vol.  4.  p.  78. 

Center  of  article  describes  pneumatic  system  for  handling  ashes 
and  coal  with  remarks  on  cautions  to  be  observed.  No  illus- 
tration. 

Transporting   Coal   Through   Pipe   Lines.     Power,   vol.   38,   p.   447, 
1913.     Coal  Age.  vol.  4,  p.  307,  1913. 

A  short  account  of  a  proposed  method  of  conveying  coal  through 
pipes  with  water  pressure.    No  technical  details. 

Railless  Co.u.  Transportation.     Coal  Age,  vol.  3,  p.  342,  1913. 

Does  not  consider  pipe  method  seriously,  but  makes  detrimental 
comments  on  its  feasibility. 


Pneumatic  Conveying  of  Brown  Coal,  Schorrig.  Braunkohle,  vol.  12, 
pp.  447-51.  1913. 

Description  of  a  plant  for  conveying  coal  in  pipes. 

Pneumatic  Conveying  of  Coal,  Schroder.  Braunkohle,  pp.  684-86, 
1913. 

General  description  of  coal  conveying  apparatus.     No  diagrams. 

Coal  and  Ash  Handling  at  Pierce  Arrow  Plant.  Power,  vol.  39, 
pp.  40-43,  1914. 

Description  and  illustrations  of  apparatus.  The  coal  and  ashes 
are  conveyed  by  suction. 

Pneumatic  Coal  Transporter,  E.  Koenigs.  Engin.  Mag.,  vol.  48,  pp. 
438-40,  1914. 

Description  of  an  apparatus  for  conveying  small  coal  from  bunk-r 
to  boiler  ;  illustrated. 

A  New  Method  for  Transporting  Small  Coal,  E.  Koenigs.  Proc. 
South  Wales  Inst,  of  Engrs.,  vol.  30,  pp.  469-88,  1915.  Compressed 
Air  Mag.,  vol.  20,  pp.  7478-9,  1915. 

A  very  good  article  with  illustrations  and  plans.  Considers  pneu- 
matic transportation  through  pipes,  and  is  the  most  complete 
article  found. 

Pneumatic  Conveying  of  Grain,  M.  Buhle.  Zeit.  d.  Ver.  deut.  Ing, 
vol.  42,  p.  921,  189S. 

Pneumatic  Giliin  Elevators,  M.  Buhle.  Zeit.  d.  Ver.  deut.  Ing., 
vol.  53,  p.  354,  1909. 

Principles  possibly  applicable  to  coal  handling.     Make  use  of  pipes. 

Suction  Grain  Conveyor,  Etc.,  M.  Buhle.  Zeit.  d.  Ver.  deut.  Ing , 
vol.  57,  p.  362,  1913. 

Description  and  cuts  of  grain  conveyor.  Principles  applicable  to 
coal  conveying. 
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